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HEVPOEHJOKPUHHI E®@EKTU ITPEHATAJIbHOI'O
OITPOMIHEHHA PAATOAKTUBHUM NOAOM (orsim)

NepepymoBa. HelipoeHAOKPUHHI eeKTV NpeHaTanbHOro ONpoMiHEHHA pafioakTUBHUM HO4OM NPM aBapisx Ha AAep-
HUX PEAKTOpax € OfHUM 3 K/YOBMX NUTaHb padialinHoi MeanunHK i paaialiniHoT 6e3nekn yepes BUKIOYHY pafio-
YYTAUBICTb OpraHi3my, WO PO3BMBAETHCS.
MeTta po6oTu. [poaHanisyBati cyyacHi enigemMionoriyHi, KniHiYHi Ta ekcnepuMeHTaNnbHi faHi CTOCOBHO HellpoeHoK-
PUHHWX e(eKTiB NpeHaTanbHoOro onpomiHeHHsa “'I.
06'ekT i MmeToamn pocnigxkeHHa. MNMowyk y pedepatnBHiint Meanko-6ionoriyxii 6a3i gaHux PubMed/MEDLINE, Google
Scholar Ta pyyHuit nowyk BiANOBiAHMX AxKepen iHpopmallii.
Pe3ynbtatu. OTpMaHO OLiHKM NOTIMHYTUX 103 BHYTPilWHbOYTPOOHOTO ONPOMiHEHHS WKUTONOAIOHOT 331031 paaioak-
TUBHUM MOAOM Ha ocHoBi Mybnikauii 88 MKP3, ouiHku etheKTUBHUX [03 ONPOMiHEHHA eMOpioHa i NioAa, a TaKoX
OLiHKM eKBiBaNEHTHMX 103 HA FONIOBHUI MO30K Npu onpoMiHeHHi in utero, ki noTpebyloTh yTouHeHHs. MpeacTasne-
HO JOKa30Bi AaHi WoA0 paaialiiHO acouiioBaHOTO 3MeHIWEHHS OKPYXXHOCTI rofI0BM i TPYAHOT KNiTUHM NpW Hapoa-
KEHH1, @ TaKOX WO0A0 paAiaLiiiHO acoliioBaHOro eKCLEeCy BEMKOBY3N0BOr0 300y Ta, MOXMBO, paKy WUTONOAiOHOT
3a1031 Micns NpeHaTasbHOro ONpoMiHeHHs pagioHyknigom *'I. [laHi WoAO BHYTPilWHOYTPOOHOMO ypaKeHHS rofnoB-
HOTO MO3KY Cynepeynunsi, ane 6inblwicTb LOCNIAHMUKIB NOLINAE TOYKY 30pY NPO HAABHICTb KOTHITUBHMX i eMOLilHO-NO-
BEiHKOBMX PO3/1afiB BHACNiOK Npe- i NOCTHATaNbHOrO ONPOMiHEHHSA i NCcUxocoLianbHUX NPUYMH. BigmivyeHo 3poc-
TaHHSA HEPAKOBMX EHLOKPUHHUX 3aXBOPIOBaHb Ta CYAWHHO-AereHepaTUBHOT NaTonorii CiTkiBkM oka. Bnepuwe cTBope-
HO eKcnepuMeHTanbHy MOAEeNb BHYTPilWHbLOYTPOOHOTO onpomiHeHHs **'I wypis Bictap, ska ekcTpanontoe pafioHeiipo-
embpionoriyHi ehekTn y WypiB Ha 0Ci6, BHYTPiLWHbLOYTPOOHO ONPOMiHEHMX BHACAiIAOK YOpHOOMNbCLKOT KaTacTpodu.
BinnaneHi HeliponcuxiaTpuyHi Ta eHOOKPUHHI eeKT MOXKYTb OyTM 3yMOB/EHi BiJTHOCHO KOPOTKOYACHWUM BMIUBOM
iOHi3yI0YOro BUNpPOMiHIOBAHHSA, PiBEHb AKOrO paHille BBaXaBcs 6e3neyHum. 06rpyHTOBAHO HeobXigHiCTb Helpon-
CUXiaTPMYHOTrO Ta EHAOKPUHOMOMYHOrO MOHITOPUHTY 3@ BHYTPiWHLOYTPOOHO ONpOMiHEHMMW BHacnigok “YopHo-
OuNbCbKOT KaTacTpodu ocobamu NPOTATOM YCbOro IXHLOTO KUTTSA. KNOYOBUM HANPAMKOM Y NOAANbLIOMY JOCHiIKEHH]
papiauinHmx edekTis, 0co6MBO NOB'A3aHUMM 3 MANUMK 103aMW PaAialii, € eKCNepUMeHTaNbHi AOCNIMKEHHS Ha TBa-
puHax. Hailbinblw akTyanbHUMK HUHI € NOAANbLIT eKCNepUMEHTaNnbHO-KNiHiYHI Hellpopaaio6ionoriyHi foCNigKeHHHS
CNPSMOBAHI Ha BUBYEHHA BNAMBY i0Hi3yIOYOr0 BUNPOMIHIOBAHHA HA rinoKkamnanbHuUii HelporeHes.
KniouoBi cnoBa: ™'I, npeHatasbHe ONpOMiHeHHs, BigfaneHi eHAOKPUHHI Ta HelponcuxiatpuyHi edektu, YopHo-
OunbcbKa KatacTpoda, natoreHes.
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NEUROENDOCRINE EFFECTS OF PRENATAL IRRADIATION FROM
RADIOACTIVE IODINE (review)

Background. Neuroendocrine effects of the prenatal radiation exposure from radioactive iodine in an event of
nuclear power reactor accidents are a key issue in the field of radiation medicine and radiation safety because of a
dramatic radiosensitivity of the developing organism.
Objective. Review of contemporary epidemiological, clinical and experimental data on neuroendocrine effects of
prenatal exposure to 'I.
Object and methods. Search in the PubMed/MEDLINE and Google Scholar abstract databases, along with a manual
search for the relevant data sources.
Results. Estimated absorbed doses of intrauterine thyroid irradiation from radioactive iodine were obtained based
on ICRP Publication 88, both with estimates of effective radiation doses on embryo and fetus, and estimates of the
brain equivalent doses upon exposure in utero. The latter ones are subject to updating. The evidence-based data has
been presented regarding a radiation-associated reduction of head and chest circumference at birth, as well as a
radiation-associated excess of goiter with large thyroid nodules, and possibly of thyroid cancer after a prenatal
exposure to ®'I radionuclides. Data on intrauterine brain damage are controversial, but most researchers share the
view that there are cognitive and emotional-behavioral disorders due to prenatal and postnatal irradiation and psy-
chosocial impacts. Incidence increase of non-cancerous endocrine disorders and degenerative vascular disease of
retina was noted. An experimental model of intrauterine irradiation from "'I on Wistar rats was for the first time
ever created, extrapolating the radioneuroembryological effects in rats to individuals prenatally exposed after the
Chornobyl disaster. Late neuropsychiatric and endocrine effects may be resulted from the relatively short-term
impact of ionizing radiation at a level previously been considered safe. The necessity of neuropsychiatric and
endocrinological monitoring of individuals exposed prenatally to ionizing radiation after the Chornobyl catastrophe
throughout their life is substantiated. Experimental animal studies are a key direction in the further research of
radiation effects, especially associated with low radiation doses. Further experimental and clinical neuroradiobio-
logical studies aimed at exploration of the effect of ionizing radiation on hippocampal neurogenesis are most rele-
vant nowadays.
Key words: ™'I, prenatal irradiation, late endocrine and neuropsychiatric effects, Chornobyl disaster, pathogenesis.
Problems of radiation medicine and radiobiology. 2019;24:20-52. doi: 10.33145/2304-8336-2019-24-20-52

PAIIOAKTUBHUI NOJT RADIOACTIVE IODINE

di3unyHi i ximiuHi BNacTuBOCTI

Hon (sam. Todium), 1, ximiunuii exement VII tpynu
Ilepiognunoi cucteMu MeHaeneeBa 3 MOPSIAKOBUM
HoMepoM 53, aToMHO10 Macolo 126,9045 HalexXUTh 10
rajoreHiB. Binkputuii ¢ppaHily3bKUM XiMikom bepHa-
poM Kyptya (¢ghp. Bernard Courtois) y 1811 poui. Ha3By
OTPUMAB BiJl IPelIbKOTO cjoBa iodicus — dioneToBUiA
(3a kosbopoM TapiB). YopHo-cipa KpucTajaiyHa pedo-
BMHA 3 METaJiYHUM OJIMCKOM; LIIBHICTh 4,94 r-cM3,
tan 113,5 °C, tin 184,35 °C. BumapioeTbed 1mpu KiMHaT-
Hili TeMmepaTypi, TIpy ClIaOKOMYy HarpiBaHHi CyOJIi-
Myetbes [1]. TTpuponnuii i3oton omy — 'I. Bimowmi

Physical and chemical properties

Iodine (Latin lodium), I, is a chemical element of
group VII of the Mendeleev Periodic System with
order number 53 and atomic mass 126,9045. It
belongs to the halogens. The French chemist
Bernard Courtois discovered it in 1811. It was
named from the Greek word iodicus — purple (the
color of the vapor). Iodine is a black and gray crys-
talline substance with metallic shining, 4.94 g - cm-?
density, 113.5 °C melting point, and 184.35 °C boil-
ing point. Iodine evaporates at a room temperature
and sublimates under a gentle heating [1]. Natural
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pamioakTUBHi i30TONMM 3 MacoBUMU uyuciaamu 115—126
Ta 128—141 [2]. HaiiGinbiie pagioTOKCMYHE 3HAUEHHS
Mmae 'l — B- i y-BunpominioBau. Eg= 0,25 + 0,812 MeB,
E,= 0,08 + 0,722 MeB. Ilepion HaniBpo3nany "*'l ckia-
nae 8,04 mo6m [1]. Mae mmpoke BUKOPUCTAaHHS B
SJEpHi eHepreTlli, MeIUYHil AiarHOCTHILI Ta JIiKy-
BaHHi, BUAOOYBaHHI MIPUPOTHOTO ra3y (0COOIUBO METO-
JIOM TiIpaBJIiYHOIO PO3PUBY IJ1ACTiB), HAYKOBUX AOCJiI-
XeHHsIX. 3a3Buuaii 'l oTpuMyIOTh y pe3yabTraTi HeuT-
POHHOTI'O OIPOMIHEHHS IIPUPOIHOTO TEIypy B SIICPHUX
peakTopax.

AHTpoOnoreHHi gyxepena 3abpyaHeHHs JOBKinng
papioakTMBHUM MOAOM

PagioakTuBHI i30TONM oMYy YTBOPIOIOTHCS B Peakilisix
MOJIiy ypaHy i IIyTOHit0. 3a0pyIHEHHS pagioaKTUBHUM
0IOM HAaBKOJMILHBOIO CEPeIOBUILA 3AiICHIOETHCS MPU
LITaTHiN pOOOTI SIIEPHUX EHEPreTUYHUX i JOCTiIAHULIbKUX
peakTopiB (y He3HAYHIl KiJbKOCTI), pamialliifHIX aBapisix
Ha sSIepHUX peakTopax, BUIIPOOYBaHHI Ta 3aCTOCYBaHHI
saepHoi 30poi. Cepel KOPOTKOICHYIOUMX TPOAYKTIB
NoAily ypaHy paaioi3oTonM ioay MalTh HaKOiIblle
npakTU4He 3HaueHHs. [Ipu Bubyxax aroMHUX O0MO BUXi,
130TOITiB oy B IPOAYKTaX MOy ypaHy csrae 2,8% [1].
B sinepHOMY peakTopi HaKomuuyeThest 10 9,25 - 10 bk 'l
i BeJIMKa KiJIbKiCTb KOPOTKOICHYIOUMX i30TOIiB oy Ha 1
MBT TernioBoi NOTYXKHOCTI peakTopa. ToMy B MUTaHHSIX
pamiaiiiiHoi 6e3MeKu paaioakKTUBHOMY 01y MPUILISIETh-
cs BUKJIOYHa yBara [3]. Yepe3 HeTpuBaiuil mepion
HaniBpo3nanmy "'l maiixke BimCyTHiil y BigmpalbOBaHOMY
simepHoMy TanuBi, Ha BinMminy Bim '?1 (Ti,=1,57 - 10’
pokiB) [2]. PamioakTuBHMII 1104 HEraTMBHO BIUIMBAE Ha
3M10poB’sd HacejeHHsI. CyTTeBI BUKWAW PaliOaKTUBHOTO
ony B atMocepy BiOyJIMCS BHACTINOK HA3eMHUX BUII-
poOyBaHb sHepHUX 030poeHb B 1950-Ti poxkm [4],
BHacainok YopHoouminbebkoi Ta MykyciMcbKoi KaTacTpod
[5—7]. Mon XxapakTepu3yeTbCsl BUCOKOIO MirpalliiiHOO
3naTHicTio. TToTpamisitoun 10 HaBKOJMIIHBOIO CEpelo-
BUIA Ta BKJIIOYAIOYMCh A0 OiOJOriYHMUX JAHIIOTiB
Mirpaiiii, BiH CTa€ JIxKepejioM 30BHIIIHBOTO i BHYTPIllIHb-
oro orpoMiHeHHs JoauHu. [IpakTuHe 3HaYeHHS MalOTh
NepopaibHUM Ta iHTAISILIMHUN LIJISIXU TIOTPaTUISIHHS
pazmioifony 1o opraHi3my JIOOWHU [2].

PapioakTuBHu” nop;:

YopHoOunbcbka Ta dykycimcbka kaTtacTpodpu

3a omiHkamMm JlepskaBHOTO KOMITETY 3 BUKOPUCTAHHS
atomHoi eHeprii CPCP (1986), min yac aBapii Ha YopHo-
ounbcokii AEC aktuBHicTh Bukuay '1 nHa 26.04.1986
Oyia omiHeHa B 16,65, a Ha 06.05.1986 — 27,01 - 10" Bk.
HoJist aKTUBHOCTI, BUKMHYTOI 3 peakTopa, ckiagana 20%.

iodine isotope is the '¥’I. There are known radioac-
tive iodine isotopes with mass numbers 115—126
and 128—141 [2]. The "I isotope is of a prime
radiotoxic importance being the - and y-emitter.
Its Eg=10.25 £ 0.812 MeV, E,=0.08 + 0.722 MeV.
The half-life of "' is 8.04 days [ 1]. It is widely used
in the nuclear power industry, medical diagnostics
and treatment, natural gas production (especially
by hydraulic fracturing), and scientific research.
Typically, "' is obtained through the neutron irra-
diation of natural tellurium in nuclear reactors.

Anthropogenic sources of environmental
contamination with radioactive iodine
Radioactive isotopes of iodine are produced in the
fission reactions of uranium and plutonium. Envi-
ronmental contamination with radioactive iodine
occurs at a regular work of the nuclear power and re-
search reactors (in small amounts), in event of radi-
ation accidents at nuclear reactors, testing or delive-
ry of nuclear weapons. Radioisotopes of iodine are of
the greatest practical importance among the short-
lived uranium fission products. At atomic bombings,
the yield of iodine isotopes in uranium fission prod-
ucts reached 2.8% [1]. Up t09.25 - 10" Bq of *'l and
a large number of short-lived iodine isotopes cumu-
late in a nuclear reactor per 1 MW of its thermal
capacity. Therefore, the radioactive iodine is given
an exceptional attention in the matters of radiation
safety [3]. Because of a short half-life, "*'I is almost
absent in the spent nuclear fuel, unlike I with
Ty = 1.57 - 107 years) [2]. Radioactive iodine has a
negative impact on public health. Significant atmos-
pheric emissions of radioactive iodine have resulted
from the ground-based nuclear weapons testing in
the 1950™ [4], and as a result of the Chornobyl and
Fukushima catastrophes [5—7]. Iodine is character-
ized by the high migratory capacity. Getting into the
environment and becoming involved in biological
chains of migration, it becomes a source of external
and internal exposure to humans. Oral and inhala-
tion routes of radioiodine incorporation are of prac-
tical importance in human [2].

Radioactive iodine:

Chornobyl and Fukushima catastrophes
According to the estimates of the USSR State Com-
mittee on Atomic Energy Use (1986), the activity of
emission of "*'I on 26.04.1986 during the Chernobyl
accident was estimated at 16.65 - 10'® Bq, and on
06.05.1986 at 27.01 - 10" Bq. Fraction of activity
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Haii6inbi Bucoki koHueHTpauii *'I crocrepiranuch y Ku-
iBcbkomy Bopocxosuiili 03.05.1986 — 11,1 - 10> bk - ' [8].
3a octaHHiMu olliHKamHu [9], i3 3pyitHoBaHOTO IV G10KY
YAEC 6yno BukuHyto npuonuszno 1760 ITbk (176-10'
bx) "'I. ¥ 3Biti HaykoBoro komitery OOH 3 nmii aToMHO1
paniauii (HKJIAP OOH) «BmiuBu Ta edekt YopHo-
omnabchbKoi aBapii» [«Exposures and effects of the
Chernobyl accident»] 2000 poky [10] 3a3HayeHo, 1110 3
paniosorivHoi Touku 30py *'11'¥'Cs € HallBaXJIMBIIIUMK
pagioHYKJIiJaMu JJIs1 BUBYEHHSI, OCKIJIbKM BOHM BiJIO-
BifaJibHi 3a OLJIbIY YACTUHY OTPMMAHOI0 OIPOMiHEHHSI
HaceneHHaM. [1ing gac aBapii Ha [lepuiiit DykyciMCbKMit
atroMmHiit enektpocranuii (11.03.2011) mo atmocdepu
Oyso BUKMHYTO 0a13bK0 160 Bk (16 - 10' Bk) "' [7],
TOOTO Ha MOPSIAOK MeHIle, HixK npu YopHOOUIILCHKIiN
KaTtacTpodi.

Haii6inpin BaroMyM, 3 OISIAY Ha pamialliiHUi BIIAB
Ta OYiKyBaHi pamioiHAYKOBaHi Hacaiaku micast YopHo-
OMIBbCHKOI KaTacTpodu, OYJIO ONMpPOMiIHEHHS IIIATO-
nomioHoI 3a103u AiTeil pamiofiogoM, 110 HaAXOAUB, T'O-
JIOBHUM YMHOM, 3 PalioaKTUBHO 3a0pyIHEHUM MOJIO-
KOM, MOJIOKOTIPOAYKTaMU Ta JIMCTOBOIO 3€JEHHIO Y
KBiTHi—umHi 1986 p. ¥ pobori [5] po3pobiieHo i Be-
pudikoBaHO Ha pe3yJabTraTax IpPSIMHUX BUMipIOBaHb
TPUPIBHEBY CUCTEMY PEKOHCTPYKIIil 03 ONMPOMiHEHHS
IIMTONOAIOHOI 3aJT03U JIS BCiX HACEJAEHUX ITyHKTiB YK-
painu. HaiiGinbuii cepeaHi 03U ONMPOMiHEHHS IUTO-
noxioHoi 3amo3u oTpuManu Aith y Bii <7 pokiB (55
mIp), ocobnuso y ZKutomupcekiii (231 mIp), KuiBebkiit
(202 mIp), PiBHeHchkilt (177 mIp), YepHiriBebkiit (151
MmIp) Ta Yepxkacekiit (142 mIp) obmactax [11]. ¥V mac-
Mefia € TIOIIMPEeHUM TepMiH «MOTHUI Mepiod aBapii»,
mig sIKUM MaeTbesl Ha yBasi 10 mepioniB HamiBpo3magy
B, tobto 80,4 mobu. IHIIMMU clioBaMM, <«AOTHUI
nepion YopHOOMIBCHKOI KaTacTpodu» TPUBaB 10 cepe-
avHU uiHa 1986 p.

YV 30Hax eBaKyallil HacCeJIeHHS MicsI aBapii Ha aTOMHI
eaekTpoctaHmii Mykycima-/laidyi MaKcHMMaJIbHi ITOTIN-
HYTi O3M OIPOMiHEHHS pamioizororroM “'I mmuro-
noxaioHoi 3ano3u aiteit 1 Ta 10 pokiB Ta JOPOCINX CTAaHO-
Buau 22,0, 11,0 ta 4,7 mIp BignmosigHO. MakcuMasbHi
MOIJIMHYTI A03UM ONPOMiHEHHS ILIMTOIOAIOHOI 3a7103U1
LIUX TPHOX I'PYIl Y 30HAX, 3 IKUX eBaKyallisl He IIPOBOIN-
Jlacsl, CTAaHOBMJIM BimmosigHo 9,5, 4,7 ta 2,0 mIp [12].!
To6to, mo3m ompomiHeHHs "'l muTOomoOmiOHOI 3a031
BHacainoK YopHOOMUJIbCHKOI KaTtacTpodu Oyau 3HAYHO
(v 10—100 Ta i1 6inblre pa3iB) OUTBITMMHU, HixXK BHACTITOK
DyKyciMCbKOI.

ejected from the reactor was 20%. The highest con-
centrations of *'T (11.1 - 10> Bq - I'") were observed in
the Kyiv reservoir on 03.05.1986 [8]. According to
the latest estimates [9], ~1760 PBq (176 - 10" Bq) of
BIT were ejected from the destroyed ChNPP unit IV.
A report by the United Nations Scientific Commit-
tee on the effects of Atomic Radiation (UNSCEAR)
«Exposures and Effects of the Chernobyl Accident»
in 2000 [10] stated that, from a radiological point of
view, both "'l and ""Cs are the most important
radionuclides for research, as they are responsible
for the most part of public exposure. During the First
Fukushima Nuclear Power Plant accident (March
11, 2011), about 160 PBC (16 - 10" Bq) of "*'I were
emitted to the atmosphere [7], which is an order of
magnitude less than in the Chornobyl disaster.

Exposure of thyroid gland in children from
radioiodine was the most important event in a view
of radiation effects and expected radio-induced
aftermath of the Chornobyl disaster. Radioiodine
incorporation occurred mainly through the con-
sumption of radioactively contaminated milk,
diary products and leafy herbs in July-April, 1986.
A three-level system of reconstruction of thyroid
radiation doses for all settlements of Ukraine was
developed and verified on the results of direct
measurements [5]. Children aged <7 years had
received the highest average thyroid doses (55
mG@Gy), especially in Zhytomyr (231 mGy), Kyiv
(202 mGy), Rivne (177 mGy), Chernihiv (151 mGy)
and Cherkasy (142 mGy) [11]. The term «iodine
period of the accident» is now commonly used in
mass media, which means the time span of 10 half-
life period of "*'l, i.e. 80.4 days. In other words, the
«iodine period of the Chornobyl disaster» lasted
until mid-July 1986.

In the zones of public evacuation after the
Fukushima-Daichi Nuclear Power Plant accident
the maximum absorbed thyroid radiation doses from
Bl in children 1 and 10 years old, and also in adults
were 22.0, 11.0 and 4.7 mGy, respectively. The max-
imum absorbed thyroid radiation doses in persons of
three population groups within areas from which the
evacuation was not carried out were respectively 9.5,
4.7,and 2.0 mGy [12].! That is, the thyroid radiation
doses from "'l due to the Chornobyl disaster were
significantly (10—100 and more times) higher than
those due to Fukushima nuclear event.

'B opuriHati 103a HABOAUTLCS B OOWHUILISX €KBiBAJICHTHOM 1031 (M3B) y JaHbI IyOJTikallii ixX mepeBeIeHo 10 OAWHUIIb
NomIMHYTOIL 103U (MIP) WIS 3pyYHOCTI MOPiBHSHHS 3 IHIIUMU Jkepeaamu. [IpuM. aBT.

'In the original reference the dose is given in units of equivalent dose (mSv), here it is transferred to absorbed dose units
(mGy) for ease of comparison with other sources. The author’s note.
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MpeHaTanbHa Tokcukonoria '3l

[IpakTnyHe 3HAYEHHS MAalOTh MEPOPAJIBHUI Ta iHTa-
JISIMIMHUM LUISIXM HaJOXOIXKEeHHsT panaioiony. ITpoTrsarom
MEepIIoi TOAWHU ITiCAsI HAIXOIXKEHHS MOIy Y BEpXHbOMY
BiIIiJli TOHKOro KHUILKIBHMKA BCMOKTYEThcs 80—90%
loro KiabkocTi. BeinunHa i BUAKICTb BCMOKTYBAHHSI,
HaKOIIMYEHHSI paJioOHyKJIila B OpraHax Ta IIBUIKICTb BU-
BEIECHHS 3 OpraHi3My 3aJiexkaTh Bifl BiKy, CTaTi, KOHLIEHT-
paitii crabigpHOro omy Ta iHImmMX pakTopiB. OcoOIUBO
BeJIMKa J103a (DOPMYEThCS y IIUTOIOAIOHIN 321031 JiTel,
1110 TOB’SI3aHO TOJIOBHMM YMHOM 3 MaJIMMU PO3MipaMH
1boro opraHy. OCHOBHUM IIUISIXOM BUBEIEHHs Homy €
nupku. [Ipu bomy 70% iiomy BUBOAMTHCS 3 TIEPiOIOM
HamiBBuBeneHHs T6=0,25—0,35 n1o6u, a 30% — 3a1eXXHO
Bim Biky 3 mepiogoM 15 = 11—120 i, mo moB’s3aHo 3
3aTPUMKOIO Moy y IIUTONONiIOHIM 3am03i [2, 13].

PanioakTuBHUIA fioA 3 opraHi3aMy BariTHOI XiHKM IIe-
pEXOaUTh 4Yepe3 IUIAlleHTY N0 TJIona, MpU UbOMY 3i
301JIbIIEHHSIM TePMiHY BariTHOCTI 3011bIIIYETHCS TIEPEXi
pagioakTUBHOCTI y muaig. Ilicaa HapomkeHHSI TUTUHU
pazioiiof BUBOAUTHCS 3 MOJIOKOM y MaTepiB, SIKi TOMy-
0Tb rpynmo. lle crae MpUYMHOIO BHYTPIIIHBOIO OII-
POMiHEHHSI HEMOBJISITU, a TAKOX MOJIOYHOI 3aJ103U Ma-
tepi [1, 14—16]. Y mmuTononiOHiii 3ay103i 1oaa HaKOM-
yyeThes 10 60% iioay, 10 MiCTUThCS Y Moro Tim. Y 3a-
JIO31 TIoga MOXYTb (OpMyBaTUCS MO3M, Yy JEKiabKa
pasiB OiITBIII, HiXK Yy 3aJ1031 BariTHOI >XiHKH [2, 17, 18].

IMopsia i3 mmUTOINOAIOHOIO 32103010, TiModi3 TaKOX €
KPUTUIHUM OPraHOM IIPY ONPOMIHEHHI pamioaKTUBHU-
MM i30TOIIaMu #omy. BcTaHOBIEHO, 1110 €K30I€HHOTO MO-
Iy B Tirmodi3i HakonmnmayeThes y 10 i OinbIe pasiB, HiXX B
iHIIMX OpraHax 3a BUHSITKOM IIUTOIOMAIOHOI 3al103U
[19]. HaBenenmii (hakt Ma€ maToreHeTUYHE 3HAYEHHS Y
¢dopMyBaHHI MOpPYyLIeHb MNCUXIYHOTO i (Pi3UYHOrO PO3-
BUTKY BHYTPilIHBOYTPOOHO OMPOMiHEHUX JiTEIA.

ITatromoposoriudi 3MiHM MPU TOCTPOMY YpaKeHHi
mypiB 'y no3i 8,88—14,8 - 10* bk - 1! XapakTepu3y0Th-
Ccsl PO3BUTKOM MECTPYKTHUBHMX IIPOLIECIB Yy IIUTO-
NoAiOHIN Ta MPUIIMTONOAIOHMX 3aJ103aX, a TAKOX peak-
TUBHUMM 3MiHaMmu y rinodisi. [Ipu minrocrpomy ypa-
JKeHHI Ta XpOHiYHOMY BIuMBi "*'l BUHMKae mojirianmy-
JISIpHA €HJOKPUHHA I1aTOJIOTis 3i 3MiHaMU MepeIHbOl
YACTUHU Timo@i3y Ta ommocepeIKOBAHUMHU 3MiHAMM HaJl-
HUPHUKIB. s XpoHIUHOI cTafii ypaxkeHHsI XapaKTep-
HUM € PO3BUTOK Hedpockiieposy. Y BiamageHi TepMiHU
ImicJIst onpOMiHEeHHS pamioHykiigoM 'l y TBapuH po3Bu-
BalOTbCS MYXJIMHU LIUTOMOAIOHUX, MPUIIUTONOAIOHUX
Ta MOJIOYHUX 3a7103. bractomorennuii epexr *'1 3ymoB-
JICHUI TIpSIMUM BIJIMBOM 10Hi3YI0OUOTO BUIIPOMiHIOBaH-
Hs Ha FeHeTUYHi, TpoiuHi Ta iHIII CTPYKTYPU KIIITHH,
110 BiATIOBiZaIOTh 32 OHKOTeHe3 [1,14].

Prenatal toxicology of '3l
Both oral and inhalation routes of radioiodine
incorporation are of a practical importance.
During the first hour after iodine intake 80-90% of
the amount are absorbed in upper part of small
intestine. The magnitude and rate of absorption,
accumulation of radionuclide in organs and rate of
excretion depend on age, gender, preexisting con-
tent of stable iodine and other factors. A particu-
larly large dose is formed in thyroid of children,
which is mainly due to the small size of this organ.
Kidneys are the principal way of iodine excretion.
In this case 70% of iodine is excreted with a half-
life of 0.25—0.35 day, and other 30% depending on
age with a period of 11—120 days, which is associ-
ated with iodine retention in thyroid [2, 13 ].
Radioactive iodine passes from the body of a preg-
nant woman through placenta to the fetus. At that, a
transition of radioactivity to fetus increases along
with pregnancy term. After the childbirth the iodine
in breast-feeding mothers is excreted with breast
milk. This appears to be a source of the infant’s
internal exposure as well as the mother’s breast [1,
14—16]. Up to 60% of the iodine contained in orga-
nism of fetus is accumulated in his thyroid. Radia-
tion doses on fetal thyroid can be several times high-
er than in the gland of pregnant woman [2, 17, 18].
Along with thyroid, the pituitary gland is also a
critical organ under the irradiation from radioac-
tive iodine isotopes. The exogenous iodine has
been found accumulating in pituitary 10 times or
more than in other organs with the exception of
thyroid [19]. The above fact is of a pathogenetic
role in the origin of disorders of mental and phys-
ical development in prenatally exposed children.
Pathomorphological changes in acute radiation
injury from "'l at a dose of 8.88—14.8 - 10* Bq - g! in
rats are characterized by the development of
destructive processes in thyroid and parathyroid
glands, as well as by reactive abnormalities in pitu-
itary gland. In case of subacute injury and chronic
exposure to "' the polyglandular endocrine disor-
ders occur, featuring changes in the anterior pitu-
itary and indirect changes in adrenals. Chronic stage
injury is characterized by the development of neph-
rosclerosis. Tumors of the thyroid, parathyroid and
mammary glands develop in animals in the late
terms upon exposure to *'I radionuclides. The blas-
tomogenic effect of "*'l is driven by a direct influence
of ionizing radiation on genetic, trophic and other
cellular structures involved in oncogenesis [1, 14].
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OLiHKW BHYTPILLHbOYTPOOHUX 403

CyyacHi Moneni po3paxyHKy BHYTPilLIHbOYTPOOHUX
pamiauiiHux no3 mnpenacrtaiaeHo y Ily6mikawii MixHa-
pomHOI KoMicii 3 pamiojioriuHoro 3axucty (MKP3) 88
«J1031 onpoMiHeHHsI eMOpioHa i TJIoJa BiJ HAIXOIXKEH-
Hs padioOHYKJiAiB, oTpuMaHuxX Matip’to» [17]. V wuii
ITy6nikauii HaBeaeHi HOBi OI0KIHETUYHI i JO3UMETPUYHI
Mozeni eMOpioHa / TioAa, sSIKi BpaxoBYIOTh Tepexif pa-
TMIOHYKJIiTiB yepe3 IJIALeHTY, PO3MOIiI i YTpUMaHHS pa-
JIOHYKJIiIiB y TKaHMHAaX IUI0Aa, PO3BUTOK II0Aa, a Ta-
KOX (DOTOHHE OIPOMIHEHHS BiJ pamioHYKJIiIiB y ILia-
LeHTi Ta TKaHuHax Martepi [17]. [IpyHUIMIIOBUM € Te, 1110
srinHo 3 Ily6nikauiero 88 MKP3, n1o3u BHYTpIilLIHHOTO
OINPOMiHEHHS IIMTONOAIOHOI 3a7103U in utero 3poCTaloTh
OpoNopLiiHO [0 Mepioay recraiuii BianoBigHO 10 30i1b-
TabOoJ1i3My.

B VYkpaini 8 HHIIPM 3 MeTO10 OOCTiAKEHHS MOTEH-
LiTHUX e(DEKTIB ypakeHHS TOJIOBHOTO MO3KY in utero 0y-
JIO 3[iliICHEHO TPU OLLIHKW BHYTPIlLIHbOYTPOOHMX J03 BHA-
cinok YopHOOMIBCHKOI KaTacTpOMu — IMiT KEPiBHULIT-
BoM npod. B.C. Penina, kana. men. Hayk C.FO. He-
yaeBUM Ta KaHJ. ¢i3.-mat. Hayk C.B. Macrokowm. Ilepmia
olliHKa Oas3yBajiacsl Ha MPUMYIIEHHI TOTOXHOCTI 103
BariTHUX, eMOpioHa i rjojga, MpUYOMYy BBaxKajocs, 110
piBeHb BHYTPIIIHBOYTPOOHOTO PO3BUTKY HE BIIMBAE Ha
JTO3U OTIPOMiHEHHS in utero [20—22]. Apyra i TpeTs OLiH-
KM 03 BHYTPIlIHBOTO OMPOMiHEHHST eMOpioHa i mona,
€KBIBaJICHTHUX 103 OIPOMIHEHHS TOJIOBHOTO MO3KY Ta
MONJIMHYTUX J03 Ha LIMTOIOAIOHY 3a/103y in utero Oyau
BUKOHaHI Ha migcTaBi [Tyomikanii 88 MKP3 [17], 3rigHo 3
SIKOIO JO3U ONMPOMiHEHHS IIUTOMNOAIOHOI 3aJI03U ik utero
3pOCTalOTh 3 MEePioOM IecTallii BilMOBiAHO 10 30ibILIEeH-
HS Macu IIUTOMOAIOHOI 3aJ103U Ta aKTWBaLlil ii MeTa-
0oJi3my. /1031 onpoMiHEHHS I1JIoJa i TOJIOBHOIO MO3KY
10112 3a paXyHOK 30BHIIIHBOTO OMTPOMiHEHHSI pO3paxo-
BYBJIMCSI Ha MiJCTaBi pe3yJbTaTiB MPSIMHUX BUMIipiB IO-
TY>XKHOCTi €KCIO3MLIAHOI 103U Y MiClUsX MepeOyBaHHS
BariTHoOI y Iepioj aBapii.

Ilepma ouiHka iHAWMBIAYaJTbHUX 103 OIMPOMiHEHHS
eMOpioHa i II0/1a, €KBiBAJIECHTHUX 103 OIPOMiHEHHS TO-
JIOBHOTO MO3KY Ta IMOTJIMHYTHX A03 Ha IIUTOMNONiOHY 3a-
JI03Y in utero OyJla BUKOHaHA CIiBpOOiTHUKaMU Jlabopa-
Topii iHAWMBiZyaldbHOI i pPO3PaxXyHKOBOI JO3UMETPii
Binainy no3umetpii IHCTUTYTY emigemiostorii i mpodinak-
TUKU npoMeHeBux ypaxxkeHb HHIIPM min KepiBHULIT-
BoMm Tipod. B.C. Pemina 3rimHO MapHIpyTHUX HOKY-
MeHTIB («wincTiB») [20—23]. 3a nepioio OLiHKOI0, 1034
OIIPOMiHEHHSI IUIOAA BBaXajacsl iIEeHTUYHOKI H03i
BariTHoi. /11 po3paxyHKiB €KBiBaJIEHTHOI A03U OIl-
POMiHEHHSI TOJIOBHOTO MO3KY i utero BAKOPUCTOBYBAIN

Estimates of intrauterine doses

Contemporary models for the calculation of intra-
uterine radiation doses are presented in Publication
88 of the International Commission on Radiologi-
cal Protection (ICRP) «Doses to the Embryo and
Fetus from Intakes of Radionuclides by the Mo-
ther» [17]. This Publication introduces new bioki-
netic and dosimetric embryo/fetal models that take
into account the transfer of radionuclides across
placenta, distribution and retention of radionuc-
lides in fetal tissues, fetal development, and photon
irradiation from radionuclides in placenta and
maternal tissues. It is fundamental that, according
to ICRP Publication 88, the internal radiation
doses on thyroid in utero increase in proportion to
the gestation period in accordance with increase in
thyroid mass and activation of its metabolism.

Three assessments of in utero radiation doses due
to the Chornobyl catastrophe were conducted in
Ukraine at the NRCRM in order to investigate the
potential effects of brain damage in utero, namely
under the leadership of Prof. V. S. Repin, of Cand.
Med. Sci. S. Yu. Nechayev and Cand. Phys.-
Math. Sci. S. V. Masiuk. The first estimate was
based on an assumption that pregnant female,
embryo, and fetal doses were identical, consider-
ing the level of prenatal development does not
affect the in utero doses [20—22]. The second and
third estimates of embryo-fetal internal doses,
equivalent doses to the brain, and absorbed thyroid
doses in utero were performed on the basis of ICRP
Publication 88 [17], according to which the thy-
roid dose in ufero is increasing along with thyroid
mass increase and activation of thyroid metabo-
lism. Fetal doses and fetal brain doses due to exter-
nal irradiation were calculated by applying the
results of direct measurements of exposure dose
rate at the locations of the pregnant woman’s stay
during the accident.

The first assessment of individual radiation doses
on embryo and fetus, equivalent doses of brain
irradiation and absorbed thyroid doses in utero was
performed by the staff of the Laboratory of indi-
vidual and calculative dosimetry of the Depart-
ment of Epidemiology of the Institute of Epide-
miology under a supervision of Prof. V. S. Repin
according to itinerary documents («sheets»)
[20—23]. According to the first estimate, the dose
of fetal irradiation was considered identical to that
of pregnant woman. To calculate the equivalent
dose of brain irradiation in utero the results
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pe3yabTaTi, OTPUMaHi Ha TKAHWHHO-EKBiBaJIEHTHOMY
¢danTomi moauHu [22]. 103y OnpoMiHEHHS LIUTOIO-
JIiOHOI 3aJ103M in utero po3paxoBaHO, MTOYMHAIOUN 3 8-TO
TVXKHSI BHYTPIITHLOYTPOOHOTO PO3BUTKY. Ll10 mo3y pe-
KOHCTPYIOBJIM Ha MiJCTaBi pe3y/bTaTiB MPsSIMUX BUMi-
pIOBaHb BMICTY pajioaKTMBHOTO MOy Y LIMUTOIOMIOHIMI
3aj103i MarepiB, Oepyuu 0 yBaru BiK, CITiBBiIHOILICHHS
130TOITiB BUKMHYTOT'O 3 peakTopa oy, IBUIKICTb i HaIl-
psIM BIiTpY Ta iHIII Kopurytodi dakropu. CepeaHs: cTaH-
JapTU30BaHa J03a OMPOMiIHEHHS IIUTOIOAIOHOI 321031
npopocyioro HacejneHHs M. Ipur’sti cknanza 0,605 Ip
(cranmaptHa moxubka 7%). 3axyucHuii e(hexT Bin mpuito-
My IpenapaTiB cTabiIbHOTO omy (SIK MpaBWJIO, Y BUT-
naai niryaok KI) 6yno npuitnaTo 3a 0,75. BpaxoByouu
Te, 110 KoeilliEHT TpaHCILJIalleHTapHOIO MepeHocy io-
Iy € 1, a KoOHLIeHTpallil ooy B MaTEpUHCHKUX i (peTaib-
HUX CTPYKTYpax aHaJIOTiyHi, BBaXKaJocs, 110 AO3U OIl-
POMiHEHHS IUTOMOAIOHOT 31031 MaTepi Ta IIoAa Ofi-
HaKOBi Ta He 3aJieXaTh BiJl Mepioay BHYTPILLIHbOYTPOO-
HOTro po3BUTKY [20—23].

Ha miacrasi Ilyomikanii 88 MKP3 [17] 3 ypaxyBaH-
HIM Iepiogy TrecTaliilHOTO BiKy Ha MOMEHT OII-
pomiHeHHs KaHa. Men. HayK C.}HO. HewaeBuM y 1abopa-
TOpil JO3MMETPil BHYTPIIIHHOTO OMPOMiHEHHS BiImiTy
JOo3UMeTpil Ta pamiauiiiHoi ririeHu IHcTUTyTY pamia-
HiiHo1 ririeHu ta enigemiosnorii HHIIPM 6yna npose-
JleHa Apyra OliHKa 103 BHYTPIlIHbOIO OIPOMiHEHHS
eMOpioHa i maoaa Ta eKBiBaJIEHTHUX 103 OIMPOMiHEHHS
TOJIOBHOTO MO3KY i IIMTOIOMIOHOI 3a/03U in utero y
JiTeit, HapoJKeHUX BiJl MaTepiB, eBakylioBaHUX 3 Hop-
HOOMJILCHKOI 30HM Biguy>KeHHs (OCHOBHA Ipyra) Ta Ki-
SHOK (rpymna nopiBHsHHS). OCHOBOIO pPO3paxXyHKiB 103
3a Mogesumto Ily6nikamii MKP3 88 [17] € BenmuuuHa
BHYTPILIHBOTO HAaAXOMKEHHSI PamdioOHYKIiIiB OO0 Op-
raHiamy BariTHoi Matepi. J1s1 po3paxyHKiB BHYTPillIHb-
Or'0 HAJIXOMKEHHS padioOHYKJIiiB 10 OpraHi3My BariTHOI
MaTepi BUKOPHUCTaJIM MOJEb iHTAISLiHOIO HaAXOM-
KeHHs [21]. OcoOauBiICTIO L€l 1O3MMETPUYHOT MOJIEIII €
MIPUMNYIIEHHS, 1110 HaaxokeHHs ' 3a mepion 10 eBaKky-
allii € MpoIopLiMHUM CcepelHiil cTaHIapTU30BaHiil 1031
OMPOMiHEHHSI IIUTOIMOAIOHOT 3a103U IS MEIIKaHILIiB
M. [pur’aTi, sKy BoHu otpuMainu 1o esakyaitii (0,605 Ip)
0e3 ypaxyBaHHS ITpuiioMy cTtabinpHoro iony [21]. Jo3u-
METPUYHY XapaKTepPUCTUKY OOCTEXKEHUX I'PYH BiAMOBII-
HO J10 JBOX TO30BUX OILIIHOK OIPOMiHEHHSI eMOpioHa i
TJI0JIa, TOJIOBHOTO MO3KY Ta IIUTOMOMIOHOI 3aJ03U in
utero Ha IICTaBI PEKOHCTPYKIIii 103 BariTHuX [20—24]
Ta BigmosigHo o IMy6aikauii 88 MKP3 [17] HaBeneHo B
Tadmn. 1 [25-27].

AHaJli3 1O03MMETPUYHUX OLIHOK BUSIBUB IE€BHi pO3-
OixkHOCTi. TaKk B OCHOBHI I'pyIli 1032 ONIPOMiHEHHSI €M-

obtained on tissue-equivalent human phantom
were used [22]. Thyroid dose in utero was calculat-
ed beginning from the 8" week of intrauterine
development. This dose was reconstructed by
applying the results of direct measurements of
radioactive iodine content in maternal thyroid,
taking into account age, isotope ratio in iodine
releases from the destroyed reactor, wind speed
and direction, and other corrective factors. The
average standardized thyroid dose in the adult
population of Pripyat city was 0.605 Gy (at 7%
standard error). The protective effect of stable
iodine administration (usually in the form of KI
pills) was taken as 0.75. Given that the transpla-
cental iodine transfer coefficient is 1 and the
iodine concentrations in maternal and fetal tissue
structures are similar, it was considered that mater-
nal and fetal thyroid radiation doses were the same
with no dependence on a period of intrauterine
development [20—23].

Based on the ICRP Publication 88 [17] with taking
into account the gestational age at a time of exposure,
a second assessment of internal irradiation doses on
embryo and fetus and equivalent doses on thyroid
and brain in utero was accomplished in children born
to mothers evacuated from the Chornobyl exclusion
zone (main group) and inhabitants of Kyiv (compar-
ison group). This assessment was held by Cand. Med.
Sci. S. Yu. Nechayev at the Laboratory for dosimetry
of internal irradiation of the Department of Dosi-
metry and Radiation Hygiene, Institute of Radiation
Hygiene and Epidemiology of the NRCRM. The
amount of radionuclide input to the body of a preg-
nant mother is a background of dose calculations
according to the model from ICRP Publication 88
[17]. To calculate the radionuclide entry into the
body of a pregnant mother, a model of inhalation
intake was used [21]. Assumption that the intake of
BIT for the pre-evacuation period is proportional to
the average standard thyroid irradiation dose in the
residents of Pripyat city, which they received prior to
the evacuation (0.605 Gy) without taking the prepa-
rations of stable iodine is a peculiarity of this dosi-
metric model. Dosimetric characterization of the
examined groups according to the two radiation dose
estimates of embryo and fetus, brain and thyroid
gland in utero on the basis of reconstruction of doses
of pregnant women [20—24]| and according to the
ICRP Publication 88 [17] is given in Table 1 [25—27].

Some discrepancies were revealed in the review of
dosimetric estimates. For example, the radiation
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Taoauuya 1

EchekTuBHi f031 onpomiHeHHA em6pioHa i nnoaa, eKBiBaJieHTHi 4031 HA rONIOBHUIW MO30K Ta NOTNIMHYTI fO3U Y
wutonofi6bHin 3ano3i in utero 3a gBOMa fO3UMETPUYHUMM OLliHKaMK [apanToBaHO 3 25-27]

Table 1

Effective radiation doses on embryo and fetus, equivalent doses on brain, and absorbed thyroid doses in utero

(two dosimetric estimates) [adapted from 25-27]

OcHoBHa rpyna

Fpyna nopiBHAHHS

[o3za Mapametp Main group Comparison group

| ouinka Il ouinka L ty P Pu | ouinka Il oujinka
Dose Parameter Estimate| Estimate Il Estimate | Estimate Il

(ICRP 88) (ICRP 88)

EdekTnBHa 1032 ONPOMIHEHHS M=SD 33,5£20%** 66,6+37,3*** 1,2+0,5 1,3+0,4
embpioHa i nnona, M3B [Jiana3oH /range (7,8 — 156,8) (10,8 — 269,2) 11,4 12,4 <0,001 <0,001 0-27) (0,2-2,7)
Effective radiation dose MepiaHa / median 29,5 60,4 1,2 1,2
on embryo and fetus, mSv
ExsiBaneHTHa 032 Ha FOMOBHWIA M=SD 21,7£13,1* 19,3+12,1* 0,75+0,2** 0,83+0,3**
MO30K in utero, M3B [Jiana3oH /range (5,1 — 101,9) (0,001 — 101,6) 11,3 10,8 <0,001 <0,001 (0-1,5) (0,1 -1,7)
Equivalent dose on brain MepnjaHa / median 19,0 18,4 0,76 0,8
in utero, mSv
MornuHyTa f03a Y WMTONOAiOHI M=SD 685,5+324,1 791,0+673,8 44 1£0 38,2+39,1
3a103i in utero, MIp [Jiana3oH /range (41,2 —2041) (0 -3210,5) 122 7,9 <0,001 <0,001 (44,1) (0-110,7)
Absorbed thyroid dose MepiaHa / median 605,0 760,0 441 27,4
in utero, mGy

Mpumitka. * — po3bixHocTi Mix ouiHkamu fo3 npu p < 0,05; ** — p < 0,01; *** — p < 0,001 3a t-kpuTEPIEM LIS 3ANEXHUX 3MIHHX.
Note. * — differences between dose estimates with p < 0.05; ** — p < 0.01; *** — p < 0.001 using t-test for the dependent variables.

OpioHa i maoAa 3a MeplIolO OLIIHKOIO € BipOTiIHO MEH-
oo, Hixk 3a Mogeuo Ilyonikanii 88 MKP3 (Menianu
29,5 ta 60,4 M3B, BiAMOBIAHO), €KBiBaJIEHTHA [103a OIl-
POMiHEHHS TOJIOBHOTO MO3KY i# utero HaBIIakKu — JEIIO
oinbmioro (Memianu 19,0 ta 18,4 M3B, BiANoBigHO), a
MOIIMHYTA 1032 Y IIUMTONOAIOHIN 3251031 in utero xoua i
CTaTUCTUYHO HE Bipi3Hsacs 3a JBOMa OLliHKaMu, Oy-
Jla 3a TMEepUIo OLIHKOI0 MEHIIOI, HiXX 3a MOAEJUTIO
IMy6nikauii 88 MKP3 (memianu 605 ta 760 MmIp,
BinmosizHO) [26].

PagianiiiHuii BIJIMB Ha ILIMTOMNOAIOHY 3aj03y ILIOAA
OyB IOCUTH 3HAYHUM: Y AiTell OCHOBHOI TPy JOMYCTH-
muii no3osuii aiMit 0,3 Ip Oysio nepesuineHo Ha 88 % (3a
MepIIoIo OLIiHKOI0) a60 Ha 71 % (3a momesumio [Ty6ikarii
88 MKP3), npuyomy miis 35 % nmiteit 1031 OIIPOMiHEHHS
LIMTONOIIOHOI 3a5103U in utero 6ynu >1 Ip [24, 26].

OuiHKU 103 ONpOMiHEHHS eMOpioHa i rioaa Ta rojioB-
HOTO MO3KY in utero 3Ha4HO KOPEJIOBAJIA OJHA 3 OTHOIO
(r=20,51ir=0,77; p < 0,001), ane ouiHKK 103 OI-
POMiHEHHS IIUTOIOAIOHOT 3aJI03U in utero OyIu 30BCiM
pizHumu (r = 0,04; p > 0,05). 3rinHo moaeni ITyomikanii
88 MKP3, 1031 onpoMiHeHHS IIUTONOAIOHOI 321031 in
utero 3pOCTalOTh IMPOIOPLIAHO A0 Iepiody recralii Ha
MOMEHT ONPOMiHEHHS, 1110 ITOKa3aHO Ha puc. 1.

Ho3u onmpoMiHeHHs MaTepiB OCHOBHOI rpynu (M *
SD: 51,3 £ 25,4 m3B) 3Haxoauiaucd y giamnas3oHi 16,3—
210 M3B, H0o3M OMPOMIHEHHS IXHBOI IIUTOMOHIOHOT

dose on embryo and fetus in the main group at first
estimate was reliably less than according to ICRP
Publication 88 model (median 29.5 and 60.4 mSy,
respectively), the equivalent irradiation dose on
brain in utero vice versa was slightly higher (median
19.0 and 18.4 mSy, respectively), and the absorbed
thyroid dose in utero, although not statistically dif-
ferent by two estimates, was by the first estimate
less than according to ICRP Publication 88 model
(median 605 and 760 mGry, respectively) [ 26].

The radiation impact on fetal thyroid was quite sig-
nificant, as the tolerable dose limit of 0.3 Gy in chil-
dren of the main group was exceeded by 88 % (first
estimate) or by 71% (according to the ICRP Publi-
cation 88 model), provided that thyroid radiation
dose in utero in 35% of children was > 1 Gy [24, 26].

Dose estimates for embryo, fetus, and brain in ufero
significantly correlated with each other (r = 0.51 and
r=0.77; p <0.001), but estimates of thyroid doses
in utero were quite different (r = 0, 04; p > 0.05).
According to ICRP Publication 88 model, the thy-
roid doses in utero increase in proportion to the
gestational period at the time of irradiation, as
shown in Fig. 1.

Exposure doses of mothers in the main group (M =
SD: 51.3 £+ 25.4 mSv) were in the range of 16.3—
210 mSy, radiation doses of their thyroid (M % SD:
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PucyHoOK 1. CepepHi reomeTpuuHi go3 onpomiHeHHA wutonofi6bHoi 3ano3u in utero Ta ix norapudgmiyHa an-
POKCUMALiA 3aN1e}KHO Bif TMXKHIB recTalii Ha MOMEHT onpoMiHeHHA fiTel, HApOAKeHUX Bif maTepiB, eBaKyno-
BaHMX 3 YOpHOOUNbCbKOT 30HM BifUyXKeHHA, 32 MOAEII0 AO3UMMETPUYHOT peKOHCTPYKUiT NMy6nikauii 88 MKP3
[apanToBaHo 3 24-27].

Figure 1. Geometrical mean of thyroid radiation doses in utero and their logarithmic approximation depend-
ing on gestation week at the time of irradiation in children born to mothers evacuated from the Chornobyl
exclusion zone. Dosimetric reconstruction model from ICRP Publication 88 was applied [adapted from 24-27].

3ano3u (MxSD: 676,7+211,9 mIp) — 412—1363 mIp.
YV MatepiB Ipylnu MOPiBHSAHHA Wi A03U OyJIu 3HAYHO
Hukuumu (p<0,001): 1,3 m3B ta 44,1 mIp BignmoBiaHO
[24, 26].

TpeTs1 no3uMeTpUYHA OLIiHKA 103 BHYTPIILIHHOYTPOOHO-
TO OMPOMiHEHHS IIMUTOIOAIOHOI 3aJI03U 3 METOIO JOCTi/I-
JKEHHST MOXJIMBUX paaioHepoeMOpiosoriyHMX e(heKTiB
BHacIinoK YopHOOMIBCHKOI KaTacTpoy BUKOHAHA KaH]I.
¢iz.-Mat. Hayk C.B. Mactokom Ha migcraBi [Tyomikarii 88
MKP3 [17] Ta nornepeaHix nocmimkens [5, 6, 18, 20—22,
28—30]. IIa peBi3iss m03 BHYTPiLIHBOYTPOOHOIO OII-
POMiHEHHSI IIUTONOAIOHOI 3a/I03U BUSIBMJIA OiIbLI HiX
MOJBiiTHE 3MEHILIEHHS 1LIMX J03 TTOPiBHSIHO 3 TTOTNepeaAHIMI
OLlIHKAaMM, IO IMiIBUIIYE PUNKM padialliiiHUX e(heKTiB.
bynu oTpuMaHi Taki BeIMYMHU NOIJIMHYTUX 103 OMPOMi-
HEHHS LIATOIIOAIOHOI 3a103U in utero — M £ SD: 297 .45 +
221,46 mIp (mianmazon — 0—757,7 mIp) nopiBHSHO 3 TT0IIE-
penHiMu manumMu — 1) M £ SD: 685,5 + 324,1 mIp (niama-
30H — 41,2—-2041,0 mIp) Ta 2) M £ SD: 791,0 &+ 673 mIp
(miamazon — 0-—3210,5 mIp) [31].

ITin xepiBHuuTBOM TIpod. I.A. JlixTapboBa [18] 3mii-
CHEHa OlliHKa 103 Ha IIUTOIOAIOHY 3a7103y YKPaiHChKUX
JiTeil B paMKax eIlieMioJoriYyHOro J0CiIKeHHs BILUTUBY
BHYTPILLIHLOYTPOOHOTO OIPOMiHEHHS LIATOIOAIOHOI 3a-
JIO3U Ha PO3BUTOK paKy Ta iHIIMX XBOPOO IIUTOTOAIOHOL
3a1034 micast YopHOOMIBCHKOI KaTacTpodu. 3acTocoBa-
HO Taki NpUHLMNOMU: 1) eKoJioriyHa MOAEAb PO3PaAXyHKY
JI03U OIIPOMiHEHHS IIUTOIOAIOHOI 331031, 1110 BPaXOBY€E

676.7 £ 211.9 mGy) were within 412 —1363 mGy.
In mothers of the comparison group these values
were significantly lower (p <0.001): 1.3 mSv and
44.1 mGry, respectively [24, 26].

The third dosimetric assessment of intrauterine
thyroid doses in order to investigate possible
radioneuroembryological effects due to the Chor-
nobyl catastrophe was performed by Cand. Phys.-
Math. Sci. S. V. Masiuk by applying the ICRP
Publication 88 [17] and previous research data [3,
6, 18, 20—22, 28—30]. This revision of intrauterine
thyroid doses revealed more than a double reduc-
tion in these values compared to the previous esti-
mates, which increased the risks of radiation
effects. The following values of absorbed thyroid
doses in utero were obtained: 297.45 + 221.46 mGy
(M £ SD, range 0—757.7 mGy) compared to pre-
vious data — (1) 685.5 + 324.1 mGy (M £ SD,
range 41.2—2041.0 mGy) and (2) 791.0 + 673 mGy
(M = SD, range 0—3210.5 mGy) [31].

Thyroid radiation doses in children of Ukraine were
estimated under the guidance of Prof. I. A. Likh-
taryov [18] in the framework of epidemiological
study of the effects of intrauterine thyroid exposure
on cancer and other thyroid disease development
after the Chornobyl catastrophe. The following key
points were applied: 1) ecological model for calcu-
lating the thyroid radiation dose, which takes into

) 28



ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

REVIEWS

piBeHb JOCTYIMHOI 11040 iHAMBIAa iHdopMaii [5, 6]; 2)
MozeJib IS PO3PaxXyHKY J03M BHYTPILIHbOYTPOOHOTO
OIPOMIHEHHSI LIUTOMOAIOHOI 3a1031 [28, 29]; 3) Biarmo-
Bimi, HamaHi MaTepsIMU JiTEH IiJ yac 0COOMCTUX iHTep-
B’10 (iH(hopMallist 11010 MiClI€3HAXOKEHHST MaTePiB MixK
JacoM 3a4aTTsI i HApOMKEHHSIM OUTHHU, CIIOXMBAHHS
MOJIOKa, JIMCTOBUX OBOYIB Ta IIperapaTiB CTaOiIbHOIro
ony); 4) pe3yabraTu MOpPSMHUX BUMipIOBaHb IIUTO-
nonibHoI 3a7103u AiTel, MaTepiB Ta iHIIMX XIiHOK, 10
MELIKAaJIM Y TOMY K HaceJeHOMY MyHKTi [18].
OO0cTtexeHo 2582 mapyu MaTU—IUTAHA, B SIKUX MaTH Oy-
Jla BariTHa mig yac aBapii Ha YopHoOunbcwKiit AEC a6o
3aBariTHiJIa IPOTATrOM 3-X MicsLiB micis aBapii, koau 'l
e OyB MPUCYTHIN y MpoayKTax XxapuyBaHHs. 3 HUX 1494
0cobu OyJIM BiIHECEHI 10 KaTeropii orpoMiHEeHMX; TpyIia
nopiBHgIHHSA (n=1088) BBaxkamacsi HEOIPOMiHEHOIO.
IHnuBinyanbHI OLIIHKKA BHYTPIIIHBOYTPOOHUX 103 OIM-
POMiHEHHSI IIMTOIOAIOHOT 321031 cTaHOBUIU Bin 1 MIp
1o 3200 mIp, cepente apupmernune — 72 mIp Jdo3u ori-
POMiHEHHS IIUTOMNOAIOHOI 3371031 3MiHIOBAJIMCS, Y TIep-
Iy 4Yepry, 3aJeXXHO BiJ CTajil BariTHOCTI IiJ 4Yac OIl-
POMiHEHHSI Ta PiBHS padiOaKTUBHOIO 3a0pyaHEHHS Yy
micui npoxuBanHs. Baussko 200 (7,7%) niteit orpuma-
JI OINMPOMIHEHHSI IIMTOIOAIOHOI 3aJI03U TIiC/IsT HApOAd-
>KEHHS, 10 CTaHOBUThL IpuHaiiMHi 10% Bim 3aranbHOI
031 (OTPUMAHOI in utero Ta Ticjsl HApoIXKeHH: ) [18].

EINITEMIOJIOI'TYHI I KJITHIKO-
EINIITEMIOJIOI'TYHI JOCIII2KEHH S
PanioemOpiosioriyHi 3aKOHOMipHOCTi, HEMPOOHTOrEHE-
TUYHI e(EeKTU OINPOMiIHEHHSI FOJJOBHOIO MO3KY eMOpi-
OHa i TJI0/4a, a TaKOX 0i0JIoTiuHiI e(heKTH MpeHaTaIbHO-
ro onpoMiHeHHsT HaBeeHi y [Ty6mikarrisix 49 (1986) [32]
i 90 (2003) MKP3 [33]. BogHovac, mpOTSATroM OCTaHHb-
Oro yacy oTpMMaHi HOBI JaHi 11040 HeAPOEHIOKPUHHUX
edexrin .

B eninemiosoriunomy mociaimkenni xkoroptu 2582
BHYTPILIHbOYTPOOHO OMPOMiHEHMX MiTeil 3 MiBHIYHUX
perioHiB YkpaiHu, misl IKUX OyJaud OTpUMAaHi OLIIHKU
MOTJIMHYTUX J03 OMPOMiHEHHsS IIMTOMNOAIOHOI 3a7103U
B, mpoBeneHO PeTPOCIEeKTUBHUI TIeperysia IpeHa-
TaJIbHUX, TOJIOTOBUX Ta PaHHiX MOCTHATAJIbHUX (TTEepPiof
HOBOHAPOKEHOCTi) 3amuciB. BusBieHO CcTaTMCTUYHO
3HAUYIIi J10303aJeKHi CKOPOUEHHS IK OKPYKHOCTI TO-
JoBu (-1,0 cm - Ip™!, p = 0,005), TaK i OKPY>KHOCTI Ipy/i-
Hoi kaituHU (-0,9 cm - Ip!, p = 0,023), a TaKOX HE3HAYU-
He 3MEHILIEHHs 3pocTy HoBOoHapoxkeHux (-0,6 cm-Ip-,
p = 0,169). Craructuuno 3Hauyioro (p > 0,1) BruBy
11X 103 Ha Macy Tijia IMpY HapOKEHHI HE CIIOCTepiraio-
cs. BusiBiaeHuit y poOOTi 3B’130K OMPOMiHEHHSI padioak-

account the level of information available on the
individual [5, 6]; 2) model for the dose calculation
of intrauterine thyroid irradiation [28, 29]; 3)
responses provided by mothers of children during
personal interviews (information on the location of
mothers between conception and birth, consump-
tion of milk, leafy vegetables, and intake of stable
iodine preparations); 4) results of the direct meas-
urements of thyroid in children, mothers and other
women living in the same settlement [18].

The 2582 mother—child paired cases were exam-
ined where the mother was pregnant or had
became pregnant within 3 months period upon the
Chernobyl NPP accident when the "'l was still
present in food. Of these, 1,494 subjects were
attributed to the category of irradiated ones; the
comparison group (n = 1088) was considered non-
exposed. Individual estimates of intrauterine thy-
roid radiation doses ranged from 1 mGy to 3200
mGy with 72 mGy arithmetic mean. Thyroid radi-
ation doses varied depending particularly on the
stage of pregnancy at the time of radiation expo-
sure. About 200 (7.7%) children have received the
thyroid irradiation after birth, which is at least 10%
of the total dose i.e. received in utero and after
birth [18].

EPIDEMIOLOGICAL AND CLINICAL-
EPIDEMIOLOGICAL STUDIES
The consistent radioembryological patterns,
neuro-ontogenetic effects of embryonic and fetal
brain irradiation, as well as biological effects of
prenatal irradiation are reported in the ICRP
Publications 49 (1986) [32] and 90 (2003) [33]. At
the same time, some data on the neuroendocrine
effects of *'I have been obtained recently.
Retrospective review of prenatal, parturient and
early postnatal (neonatal) records was performed
in a framework of epidemiological study on a
cohort of prenatally irradiated children (n=2582)
from the northern regions of Ukraine for whom
the estimates of absorbed thyroid radiation doses
from "*'I were obtained. The statistically significant
dose-dependent reductions in both head circum-
ference (-1.0 cm - Gy, p = 0.005) and chest cir-
cumference (-0.9 cm - Gy!, p = 0.023) were
revealed, as well as a slight decrease in height of
newborns (-0.6 cm - Gy, p = 0.169). No statisti-
cally significant (p > 0.1) effect of these doses on
birth weight was observed. The connection
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TUBHUM MOJOM 31 3MEHIICHHSIM OKPYKHOCTI TOJIOBU Ta
rpyAaHOI KJITUHU [34] y HOBOHAPOIXKEHUX Y3TOIKYETHCS
31 CIOCTEePEXKEHHSIMUA BHYTPIILIHBOYTPOOHO OIIPOMiHE-
HUX BHACIIIOK aTOMHMX OoMOapayBaHb B fAmoHii [35].
BonmHouac ekcTpamnoJsiisi SIMOHCBKOTO AOCBilIy aTOM-
HUX 6oMOapayBaHb Ha MpeHaTalbHi e(eKTH BHACIiIOK
YopHOOMITBCHKOI KaTacTpo(hU Ma€E 3MiHCHIOBATUCS TyXKe
00epeKHO, TOMY 110 PiBHI HAAXOIKEHHS pagioaKTUBHO-
ro lomy B opraHi3Mm ocid, mocTpaxaajinux MpU aTOMHUX
OomMOapIyBaHHSIX, Oy 3HAYHO MEHIIMMU, HixX Tipu Yop-
HOOMIIBCHKIi# KaTacTpodi. BHacmimok atToMmHnx 6oMbap-
JyBaHb O3U 30BHIIIHHOTO OIMPOMiHEHHSI eMOpioHa i
mioga Oyau BUILNMMM, a JO3M BHYTPIilLIHLOYTPOOHOTO
OIMPOMiHEHHS IIUTOMOAIOHOI 3a7103M — MEHIIMMM, HixX
TP aBapisx Ha SIOepHUX peakTopax [24]. Kpim Toro, Ha
Binminy YopHoOwns, y Xipocimi Ta Haracaki Baromuit
BHECOK Yy J03y 30BHIIIHLOTO OIPOMiIHEHHSI 3POOUJIO
HEUTpOoHHE onpoMiHeHHs [36, 37].

VY Bili 5—6 Ta 10—13 poKiB Yy BHYTPILIHBOYTPOOHO
OMpPOMiHEHUX AiTell BHaAcAiZoK YopHOOUIbCHKOI Ka-
TacTpodU aHTPOIMOMETPUYHI MOKA3HUKU HE BiApi3HSI-
JIUCS Bif rpyn mopiBHSHHS [23, 24, 26], 1m0 MOXHa
MOSICHUTH KOMIIEHCAIIi€I0 IPOTSITOM IIOIAJbIIOrO
PO3BUTKY.

IIpeHataibHE 30BHIIITHE OMPOMIHIOBAHHS € aCOIlili0-
BaHMM i3 3aTPUMKOIO POCTY Y IiIJITKOBOMY Billi cepen
TUX, XTO BUXKMJIU ITiCJIsl aTOMHMX 60MOapayBaHb Xipo-
cimu i Haracaki. BogHouac 3 mornepenHix 1oCaimKeHb He
OyJ0 3po3yMmiNio, SIK BHYTPIllTHBOYTPOOHE BHYTPIlIIHE
onpoMiHeHHs "', KW KOHLUEHTPYETHCS B IIUTO-
nomiOHi 3a7103i, BrimBae Ha (Gi3udHMit po3BUTOK. [1pn
JOCIiIKeHHi 3B 3Ky MiX OILIIHKOIO J03W BHYTPIllTHHO-
YTPOOHOTO OMIPOMiHEHHS IIIMTOITOAIOHOI 3aJ103U i caMo-
OLIiIHKAMU POCTY Ta Macu Tijia B Koropti 2460 oci6, or-
poMmiHeHUx B pe3ynbTaTi aBapii Ha YAEC (cepenHs mosa
Ha IIMTOMOAIOHY 3ano3y Bim "'l cranoBurh 72 MmIp),
3HAYHMX JO30BMX 3aJIEXKHOCTEH POCTY Ta iHAEKCY Macu
tita (IMT) 3HaiineHo He OyJjio. OTpuMaHi pe3yJabTaTh He
OiATBEpAWIN TilOTe3y MpO Te, 110 BHYTPILLIHBOYTPOO-
Huii Brutis 'l BHaciimok YopHoOMIBCHKOI KaTacTpodu
MOXe OYTH IMOB’SI3aHUM 3i 3HAUYIIIMMU BiAMiHHOCTSIMU
B ITiUIITKOBiN aHTponoMeTpil [34].

¥V 3a3HaueHili Bullle KOTOPTi BHYTPILLIHbOYTPOOHO OI1-
poMiHeHUX oci0 BHacIinoK YopHOOMIBCHKOI KaTacTpo-
(u olliHeHO PU3UKU PO3BUTKY 3JIOSKICHUX Ta JOOpO-
SJKiCHMX BY3JiB IuTOmnoaioHol 3ano3u. Ha migcrasi
BOCbMU BMIAAKiB, JiarHOCTOBAHUX MPU OOCTEXKEHHSIX Y
2003—2006 Ta 2012—2015 poxax, BUSIBJICHO IOMITHO
MiIBUILIEHNUH, X04a i CTATUCTUYHO HE 3HAYYIINI, 1030-
3aJIeXXKHUI PpU3MK paky IIMTOMOAIOHOI 3ajlo3U (eKclec
Binnomenus mancis (EOR) - Ip' = 3,91; 95% JI: -1,49;

between irradiation from radioactive iodine and
decrease in head and chest circumference [34] in
newborns is consistent with the results of observa-
tions of prenatal irradiation due to the nuclear
bombings in Japan [35]. Meanwhile, the extrapo-
lation of the Japanese experience of atomic bomb-
ing to prenatal effects due to the Chornobyl disas-
ter should be considered very carefully, as the lev-
els of radioactive iodine incorporation upon
nuclear bombings were much lower than those after
the Chornobyl catastrophe. External radiation
doses on embryo and fetus due to the atomic bom-
bardments were higher and the intrauterine thyroid
doses were lower than in case of nuclear reactor
accidents [24]. In addition, in contrast to the
Chornobyl event, a significant contribution to the
external radiation dose in Hiroshima and Nagasaki
was made by the neutron irradiation [36, 37].

Anthropometric values at the age of 5—6 and
10—13 years old in children irradiated in utero after
the Chornobyl catastrophe were not different from
the respective values in comparison groups [23, 24,
26], which can be explained by the compensation
during further development.

Prenatal external exposure in survivors of the
Hiroshima and Nagasaki atomic bombings was
associated with growth retardation in adolescence.
At the same time, it remained unclear from the
previous studies how an intrauterine internal irra-
diation from the "*'I, which is concentrated in thy-
roid, affects physical development. In the study of
relationship between the estimate of intrauterine
thyroid dose and self-esteem of growth and body
weight in a cohort of 2460 people irradiated as a
result of the Chornobyl accident (72 mGy average
thyroid dose from "'I) no significant dose
dependencies of height and body mass index
(BMI) were found. The obtained results provided
no support to hypothesis that intrauterine impact
of B! due to the Chornobyl disaster may be relat-
ed to the significant differences in adolescent
anthropometry [34].

Risks of development of malignant and benign
thyroid nodules were assayed in the aforementio-
ned cohort of individuals prenatally irradiated as a
result of the Chornobyl disaster assessed. Based on
the eight cases diagnosed within surveys in 2003—
2006 and 2012—2015 a significantly increased,
although not statistically significant, dose-de-
pendent risk of thyroid cancer was revealed (excess
odds ratio (EOR) - Gy!' = 3.91; 95 % CI: -1.49;
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65,66). Ha 2-my nukii (n=1786) 3HaiiAeHO CUJIBHUIA i
3HAYyIIUA 3B’SI30K MiX BHYTPilHIHbOYTPOOHO 103010
ONPOMIHEHHS IIUTONOAI0HOT 3a1031 ' 1 BUSIBACHUMU
Mig yac CKPUHIHTY BEJIMKUMU JOOPOSKiCHUMU By3J1aMu
(> 10 mm) (EOR - Ip!' = 4,19; 95% A1: 0,68; 11,62; p =
0,009), ane 3HAYHOrO 30iAbIIECHHS PU3MKY ST MaKUX
By3niiB (<10 mm) BugBieHo He oyno (EOR - Ip! = 0,34;
95% A1:-0,67;2,24; p = 0,604). 3po6iieHO BUCHOBOK ITPO
Te, 110 3HaliieHa 10303aJIeXKHITh PU3UKY caMe BEJIUKUX,
a He MajiX BY3JiB ILIMTOIOAIOHOI 3aJI03U MOAiOHA 10
TaKol, OTPUMAHOI IIpU OOCTEXKEHHi OMPOMiHEHUX OiTei
Ta MiaJiTKiB binopyci. Yepe3 HeBeIMKY KilbKiCTh BUITA/I-
KiB MOXHa Bil3HAYUTU MOTECHUIMHUI BIUIMB J03U BHYT-
PILLIHBOYTPOOHOIO OMPOMIHEHHS IIMTOMOAIOHOI 3a71031
pamioizoTorioM 3!l Ha pr3uK paky wiei 3ano3m [38].

3arajpbHOBIIOMO, 110 TOJIOBHUI MO30K Yy IpeHaTallb-
HUI mepioa po3BUTKY BKpaii pagiouyTiuBuid. Ilicias 30B-
HIlIHBOTO BHYTPIilIHLOYTPOOHOTO OMNPOMIHEHHSI CIOC-
Tepirajmcs KOTHITUBHI po3nagy (po3ymMoBa BifCTaiCTh),
Harmagy Ta Mikpouedalis SK MposB 3arajJbHOro BimcTa-
BaHHS y po3BUTKY [32, 33, 39, 40]. IlutaHHsg 1Ipo pojb
MpeHaTaJbHOIO OMPOMIHEHHSI B PO3BUTKY LIU30(PEHIT €
nuckyciitauMm [41, 42]. JlocmimKkeHHs TTOTeHIIITHINX Hel-
poOICUXiaTpUYHUX e(eKTiB BHYTPIlLLIHOYTPOOHOTO OIT-
POMIHEHHS paioaKTUBHUM HOIOM OOMEXYIOThCS Iepe-
BaxkHO HacjigkaMu YopHOOUIbCHKOI KaTacTpodu, i 1
JaHi € moBoti cynepewmBumu [10, 23—27, 43—45].

Y 1992—1995 pokax BcecBiTHSI opraHizallisi OXOpOHU
3nopoB’st (BOO3) 3pificHuna IlinotHuit mpoekt «Brain
Damage in Utero» («BHyTpilllHOYTpOOHE MOIIKOMKEHHS
TOJIOBHOTO MO3KY») Y paMKax «International Programme on
the Health Effects of the Chernobyl Accident» (IPHECA)
[«MixnaponHa Ilporpama 3 MenMuHMX HacliaKiB YopHo-
ombebKoi aBapii» (AIDEKA)]. Xou y pe3y/Israti aHamizy
orpuMaHux gaHux y binopyci, Pociiicekiit @enepatiii Ta
VYKkpaiHi BUSIBJIEHO 30ilbIIeHY MOLIMPEHICTh JIETKOI PO3y-
MOBOI BiICTAJIOCTi Ta €MOILIIITHO-TTIOBEIiIHKOBUX PO3JIAIiB Y
BHYTPILLIHLOYTPOOHO OMPOMiHEHMX AiTei, BiICYTHICTb J0-
3MMETPUIHOTO CYIIPOBOMLY HE Hamajla MOXKJIMBOCTI BU3HA-
YUTHU pOJib TIPEHATAILHOTO OMPOMiHEHHST BHacinok Yop-
HOOWJIBCHKOI KaTacTpodu y IeHe3i HelporncuxiaTpuaHuX
edekTiB y IMX AiTeil B paMKax JaHOro MpoekTy [46, 47].

Haii6inbi Hebe3neuHuM HacaigkoM YopHOOMIbCHKOT
KaTtacTpodu Oyl10 ONMPOMiHEHHS IIMTOIOAIOHOI 3a71031
y Oiteit papioizotomamu ioay. OcobaMBOI0O pamiouyT-
JIMBICTIO XapaKTepU3y€EThCS IIIMTONOAIOHA 321034 TTI0A.
Papgiauiiine ypaxkeHHsI LLIMTOIIOAIOHOI 3aJI03U € MoyYar-
KOBOIO JIAHKOIO 3aJIyY€HHS /10 MATOJIOTIYHOIO MPOLECY
Ta iHIIMX eHAOKPUHHUX 3aJI03 Yepe3 CUCTEMY IIUTOIIO-
niOHa 3ayo03a — rinodis — rinotanamyc. ITopyiueHHs eH-
JOKPUHHOI'O CTaTyCy IIPOSIBISIETHCS Yy IIOPYIICHHI

65.66). Strong and significant relationship was
found on the 2™ cycle (n = 1786) between the
intrauterine dose of thyroid irradiation from B!l
and the large benign nodes (> 10 mm) detected
during screening (EOR - Gy =4.19; 95% CI: 0.68;
11.62; p = 0.009), but no significant increase in risk
for small nodes (<10 mm) was found (EOR - Gy"!
=0.34; 95% CI: -0.67; 2.24; p = 0.604). It is con-
cluded that the dose dependence of risk of just large
but not small thyroid nodules is similar to that in
exposed children and adolescents in the Republic
of Belarus. Due to the small number of cases, it is
possible to note a potential effect of the dose of
intrauterine thyroid exposure to *'I radioisotope on
the risk of cancer of this gland [38].

It is well known that the brain in prenatal period
is extremely radiosensitive. After external intra-
uterine irradiation the cognitive disorders (mental
retardation), seizures and microcephaly were
observed as a manifestation of the overall develop-
mental delay [32, 33, 39, 40]. Issue of the role of
prenatal radiation in development of schizophre-
nia is debatable [41, 42]. Studies of the potential
neuropsychiatric effects of intrauterine irradiation
from radioactive iodine are limited mainly by the
consequences of Chornobyl disaster, and these
data are quite controversial [10, 23—27, 43—45].

In 1992—1995 the World Health Organization
(WHO) implemented the Brain Damage in Utero
pilot project within a framework of the
International Programe on the Health Effects of
Chernobyl Accident (IPHECA). Although the
analysis of data that were obtained in three coun-
tries, i.e. the Republic of Belarus, Russian Fede-
ration and Ukraine revealed an increased preva-
lence of mild mental retardation and emotional
and behavioral disorders in prenatally irradiated
children, the lack of dosimetric support within this
project made it impossible to determine the role of
prenatal irradiation due to the Chornobyl catas-
trophe in the origin of such neuropsychiatric
effects [46, 47].

Thyroid irradiation from radioisotopes of iodine
in children was the most dangerous consequence
of the Chornobyl disaster. Fetal thyroid is charac-
terized by the particular radiosensitivity. Radiation
damage to thyroid is the starting point of its
involvement in a disease process both with other
endocrine glands through the system thyroid —
pituitary gland — hypothalamus. Endocrine status
disruption is manifested through an impaired
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(yHKIIA iHIIMX opraHiB, (i3MYHOMY Ta TICUXIYHOMY
PO3BUTKY IUTUHU [48].

OgHUM 3 MOXKIMBHUX 0i0JIOTIYHMX MEXaHi3MiB BUHUK-
HEHHSI HEPBOBO-TICUXiYHUX pO3JadiB y IMpeHaTaJbHO
OINPOMiHEHUX NiTeil BHACHiZoK YopHOOUIBCHKOI KaTa-
cTpodHU € padialiiiHO iHAyKOBaHa TUCGYHKIIS Tinodi-
3apHO-TUPEOITHOI CUCTEMHU TIPU J03aX Ha LIUTONOAIOHY
3ayo3y in utero, oinpiux 3a 0,3 Ip [49]. ¥ npeHaTaabHO
OINPOMiHEHUX BHaACiA0K YOpHOOMIBCHKOI KaTacTpodu
NiTell BUSBJICHO AWUCTAPMOHIIO PO3BUTKY iHTEJEKTYy 3a
pPaxXyHOK 3HIDKEHHS BepOaTbHOTO KOeilliEHTY iHTeJIeK-
tyanbHOCTi (Intellectual Quotient, 1Q), GibIIYy YacTOTY
HU3bKOAMIUTITYIHOTO i €MienTUu(GOPMHOIO IaTepHiB
enexktpoeHuedanorpamu (EET) i3 niBonmiBKy/abHOIO J1a-
Tepasi3alieo ucyHKIIii, 30iIbIIIeHHST AeabTa- i OeTa-
MOTYKHOCTI MPY 3MEHIIeHHi ajlbda- i TeTa-ToTy>KHOC-
teit EEI, 30iiblleHHs 4acTOTU MapoOKCU3MalIbHUX i Op-
raHiYHUX NCUXIYHUX PO3JIaliB, coMaTO(OPMHOI BereTa-
TUBHOI TUCHYHKIIiI, pO3JIadiB IICUXOJOTiYHOTO PO3BUT-
KY, a TaKOX eMOILIiiHO-TIOBeAiHKOBUX po3iaaiB. HepBo-
BO-TICHXiYHi pO3JaJu Y BHYTPillTHBOYTPOOHO OIPOMiHe-
HUX JiTeil po3IiIsamalnch sIK HACTIIOK ITOPYIIEHHS PO3-
BUTKY LiepeOpalIbHUX CTPYKTYP Ta (OYHKIIi# B pe3yJIbTaTi
B3a€EMOJii Tpe- i MOCTHATalbHUX YMHHUKIB 3a Ha-
SIBHICTIO pafialliiHuX e(eKTiB y ToJIOBHOMY MO3KY, 110
po3BUBAETHCA [23].

B pamkax ®@paHKo-HIMELbKOI iHILIaTUBH 3 BUBYEHHS
HacnigkiB aBapii Ha YAEC (French-German Initiative
for Chernobyl, FGI), npucBsiueHOi MOTeHLITHUM edeK-
TaM TIPEHATaJTbHOTO OIMPOMIHEHHS TOJIOBHOTO MO30KY
JiTeit, aKi Hapoauancs Mix 26 kBiTHsT 1986 p. i 26 jm10TO-
ro 1987 p. Bin MatepiB, eBakylioBaHuX 3 Micta [Tpumn’sTi
no Kuesa, He Oy/10 BUSBJIEHO BUITAIIKiB TSIXKKOI pO3YMO-
BOI BiCTan0CTi Ta Mikpouedatiii, ajie B HUX 1iarHOCTY-
Bajy Oinblle IOpPYyLIeHb MCUXOJIOTIYHOTO PO3BUTKY,
eMOLIIHHO-TTOBEIIHKOBUX Ta OpPTaHiYHUX TICUXIYHUX
po3naliB, a TaKOX MapOKCU3MaJlbHMUX CTaHIiB. Y
BHYTPiLIHbOYTPOOHO OMNpPOMiHEHMX AiTed MmoBHUM [Q
OyB HM3KYMM 3a paxyHOK 3MEHIIIeHOTO BepOaibHOTro 1Q,
B pe3yJbTaTi Y4Oro 4acToTa AMCTapMOHIYHOTO iHTEJIeKTY
Oyna Buiow. Konu nucrapmonis 1Q (HeBepOanbHuit IQ —
BepOanbHuil 1Q) y mpeHaTajlbHO ONPOMiHEHUX IiTel Tme-
peBuUIIyBaja 25 MyHKTIB, BOHA KOPETI0BaJa 3 103010 OIT-
poMiHeHHs 1Toaa [24].

binopychbKi AOCAIAHUKU BiICTOIOIOTh TOYKY 30py IPO
Te, IO TOJIOBHMMHM NPUYMHAMM BUHUKHEHHS TICUXid-
HUX PO3JadiB y BHYTPILLIHbOYTPOOHO OIPOMiIHEHUX
JiTel € colialibHO-AeMOoTpadiuHi Ta COLiaIbHO-KYJIbTY-
pOJIOTiYHI YMHHUKU. A came, 30iJiblIeHa YacToTa CIie-
HM(pIYHUX PO3JIaaiB MOBHU i eMOLIIAHUX MTOPYIIEHb, a Ta-
KOX 3HIDKeHMI Oan 3arajbHOTO 1Q i TMigBUIeHa Kilb-

function of other organs and abnormal physical
and mental development of the child [48].

The radiation-induced dysfunction of pituitary-
thyroid system at thyroid doses in utero exceeding
0.3 Gy is one of the possible biological mecha-
nisms of neuropsychiatric disorders origin in chil-
dren prenatally exposed as a result of the Chor-
nobyl catastrophe [49]. Disharmony of intellectu-
al development through reducing of the verbal
Intellectual Quotient (I1Q), higher incidence of the
low-amplitude and epileptiform patterns of elec-
troencephalogram (EEG) with left-hemisphere
lateralization of dysfunction, amplified EEG delta
and beta power along with decreased theta power,
increased incidence of paroxysmal and organic
psychiatric disorders, somatoform autonomous
dysfunction, disorders of psychological develop-
ment, and emotional and behavioral disorders
were revealed in children exposed to prenatal irra-
diation due to the Chornobyl catastrophe.
Neuropsychiatric disorders in prenatally irradiated
children have been considered as a consequence of
impaired development of cerebral structures and
functions resulted from the prenatal and postnatal
factors interaction with the presence of radiation
effects in the developing brain [23].

In a framework of the Franco-German Initiative
for the Study of the Consequences of the ChNPP
Accident (French-German Initiative for Cher-
nobyl, FGI), dedicated to the potential effects of
prenatal cerebral irradiation in children born
between April 26, 1986 and February 26, 1987 to
the mothers evacuated from Pripyat city to Kyiyv,
no cases of severe mental retardation or micro-
cephaly were detected, but children were diag-
nosed with more abnormalities of psychological
development, emotional, behavioral and organic
mental disorders, and paroxysmal conditions. In
prenatally irradiated children the total IQ was
lower due to a reduced verbal 1Q, resulting in a
higher incidence of disharmonious intelligence. If
the disharmony of I1Q (non-verbal 1Q — verbal 1Q)
in prenatally exposed children exceeded 25 points,
it correlated with the dose of fetal irradiation [24].

Researchers in the Republic of Belarus argue that
socio-demographic and socio-cultural factors are
the main causes of mental disorders in prenatally
exposed children. Namely, the increased incidence
of specific disorders of speech and emotional disor-
ders, as well as the decreased total 1Q score and the
increased incidence of a borderline IQ in prenatally
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KiCTh BUITaJIKiB MexX0OBOTO0 1Q y mpeHaTaabHO OIpOMiHe-
HUX MeLIKaHLiB binopyci 6yau BinHeceHi 10 BILUIMBY J1-
IIIe COLIAJIbHUX i IICUXOJOTIUHNX (PAKTOPIB. 3B’I30K MixK
BHYTPILLIHHOYTPOOHUM ONPOMIHEHHSIM Ta 3HMIKEHHSIM
1Q, a TakoX MOTipllIEHHSIM MCUXiYHOIO 3A0POB’S AiTei
He OyB 3HaiaeHuii [10, 50—52]. BoHu mifAluv 10 BUC-
HOBKY, 1110 BUpILLIAJIbHY POJb Y BAHUKHEHHI MEXOBOTO
iHTeJIeKTyaaIbHOTO (PYHKIIIOHYBaHHS Ta eMOLIIHUX PO3-
JIaZliB Y BHYTPIIlTHBOYTPOOHO OIPOMiHEHUX aiTeil bino-
pyci Biirpaju HeCHpUSTAUBI COLIiaJIbHO-TICUXOJIOTIYHi
Ta COLIaJIbHO-KY/IBTYpOJIoriuHi dakropu [50—56], xoua
i cepenniii 1Q y HaitOiIbII orpoMiHEHUX 0cCib (1031 Ha
IIUTONIOAIOHY 3a103Yy in utero >1 Ip) OYB HUKYUM TTOPiB-
HSHO 3 yciMa ompoMiHeHMMM AiTbmu [52]. Helipodi-
310JIOTYHI BIAXUJIEHHS Y BHYTPILLIHLOYTPOOHO OMPOMi-
HeHUX ocid binopyci 3 manHOM yacy BUNIpaBUJINCS, i Ha-
pasi 3a nanuMu EET [53—56] 11i ionuy He BiApi3HAIOThCS
BiJ HEOMMPOMiHEHOIro KOHTpoJto. BogHouyac paxiiie Oy-
JI0O ony0JIiKOBaHO JaHi 1040 3aTPUMKHU iHTEJIEKTyalb-
HOT'0 PO3BUTKY IIPpU J03aX Ha IIUTOIONIOHY 32103y Oijib-
mwmx 3a 0,5 Ip, mpu onpomiHeHHi 10 1,5 piyHOTO BiKY B
TOMY YMCIi in utero [57]. V nmiteit, onpoMiHEHUX MpeHa-
TaJIbHO, 0COOJIMBO Ha 8—15-My TMKHSIX recTailii, BUSIB-
JIeHo Oiyble (PYHKUiOHAJTBHUX Ta OPraHiuHUX pO3JadiB
HeHTpaiabHoi HepBoBoi cuctemMu (LITHC), mexxosoro 1Q i
aHoManbHuX EET, 1110 NOSICHIOETHCS BILIMBOM pafialiiii-
HUX Ta TICUXOJIOTIYHUX (pakTopiB [58].

Y Pociiicekiit Denepaitii y aiTeil, ONMpoOMiHEHUX in
utero BHacIigoK YopHOOMIBCHKOI KaTacTpodu, BUSIBIIE-
HO BUILi MOKAa3HUKM IICUXiYHOI 3aXBOPIOBAHOCTI, MiABU-
ILIEHY YaCTOTY MEXKOBOI0 iHTEJIEKTyaJIbHOT'O PO3BUTKY Ta
PO3YMOBOI BiICTaJIOCTi, 1110 MOB’SI3YETHCS 3 MPeHaTaIb-
HUM orpoMiHeHHsM [59, 60]. ITpu 11bOMYy BCTaHOBJIEHO,
o ypaxeHHs: [IHC € pe3ynbraToMm sIK 6e3rnocepeaHbo-
ro BIUIMBY iOHi3yIOUOr0 BUIIPOMiHIOBAHHSI HA MO3KOBY
TKaHUHY (30BHIILIHE OMPOMiHEHHS), TaK i MPOHUKHEH-
H$ yepe3 reMaTo-eHiedaliyHnil 6ap’ep pagioaKTUBHUX
PEYOBUH (BHYTPIlIHE OnIpoMiHeHHs) [61].

VY pesyiabraTi NpOCHEKTUBHUX YKpPaiHChbKO-aMepU-
KaHCBhKUX JOCTiIKEHb, a TAKOXK 00CTEKEHHS eMIiTpaHTiB
no I3paino y BHYTPIIHBOYTPOOHO OMPOMIHEHUX Y pe-
3yabTati aBapii Ha YAEC miTeil HisIKMX 03HaK KOTHITUB-
Horo AediuuTy OTpMMaHO He 0yJio [62—65], aje BusiBie-
HO CHUHApoM AedilluTy yBarm Ta TillepakKTUBHOCTI
(Attention-Deficit/Hyperactivity Disorder, ADHD) [65].
ITpumiTHO, 110 eBaKyiOBaHi MaTepi BHYTPillIHbOYTPOO-
HO OTIPOMIHEHMX JiTeil y 4 pa3u yacrilie, HixK y KOHT-
pOJii, MOBIZOMIISIIM TIPO HAsIBHICTh MPOOJIeM 3 IaM’SITTIO
y iXHiX AiTeil, oJHaK 3a pe3yjbTaTaMu BUKOPUCTAHUX
HEUPOIICUXOJOTIYHUX TECTiB Ta OLIIHKOIO IIKIJbHOI
YCITILIHOCTI BiAIMiHHOCTEM Bil KOHTPOJIIO He OyJIo 3Hali-

exposed residents in the Republic of Belarus were
attributed to the impact of social and psychological
factors only. No link was found between the
intrauterine irradiation and decreased 1Q, as well as
with deterioration of mental health in children [10,
50—52]. They concluded that the unfavorable
socio-psychological and socio-cultural factors were
of a decisive role in the emergence of borderline
intellectual functioning and emotional disorders in
prenatally irradiated children in the Republic of
Belarus [50—56], albeit the average 1Q in cases of
the most intensive exposure (thyroid dose in utero >
1 Gy) was lower than in all irradiated children [52].
Neurophysiological abnormalities in the prenatally
irradiated persons in the Republic of Belarus have
corrected over time, and now according to EEG
data [53—56] these people are not different from the
non-irradiated control. At the same time, data on
retardation of intellectual development at thyroid
doses exceeding 0.5 Gy under the exposure up to 1.5
years of age, including in utero, were published pre-
viously [57]. More functional and organic disorders
of the central nervous system (CNS), borderline 1Q
and abnormal EEG, that are explained by the influ-
ence of radiation and psychological factors were
found in children exposed in prenatal period, espe-
cially at the 8—15™ weeks of gestation [58].

Children exposed in utero as a result of the
Chornobyl catastrophe in the Russian Federation
have been found having higher rates of mental ill-
ness, increased rates of borderline intellectual
development and mental retardation associated
with prenatal exposure [59, 60]. At the same time,
CNS lesions were found to be a result of the direct
effect of ionizing radiation on brain tissue (exter-
nal irradiation) and penetration of radioactive sub-
stances through the hematoencephalic barrier
(internal irradiation) [61].

In its turn, no signs of cognitive deficit were
revealed as a result of prospective Ukrainian-Ame-
rican studies in children prenatally irradiated after
the ChINPP accident, as well as in a survey of the
same immigrants to Israel [62—65], however the
attention-deficit/hyperactivity disorder (ADHD)
was detected at that [65]. It is noteworthy that
evacuated mothers of prenatally irradiated chil-
dren were 4 times more likely than controls to
report memory problems in their children, but no
neuropsychological tests were used to evaluate the
differences in school performance compared to
controls [63]. At the same time, the authors con-
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neHo [63]. BomHovac aBTOpW iMIIUIM BUCHOBKY IIOJIO
BUpIilIaJIbHOI POJIi Y CTaHi 3arajJbHOTO Ta MCUXiYHOTO
3I0POB’S JiTel «I0PHOOMITBLCHKOT TPUBOTH» a00 CIIpUTi-
HSTTS PU3UKY iXHIMM MatepsMmu [66, 67]. HeobxinHo
3a3HAYMTU, 1O Li aBTOPU HE MaJIM HisIKOTO JTO3UMET-
PUYHOro 3a0e3IeUyeHHs JOCTIIKEeHHs, a TAKOX B3araji
He OLIIHIOBAJIM BepOaJbHUI iHTEJIEKT Ta iHII (QPYHKILIT
JOMiHAHTHOI JIiBo1 (Y MpaBIlliB) remichepu.

He BukiIioueHO, 110 pe3yabTaTh <«3axiAHUX» JOCHil-
JKEeHb CBiT4aTh MPO BiACYTHICTb LiepeOpalbHUX MOPYIIEHb
Y BHYTPIilIHbOYTPOOHO OMpPOMiHEHMX OCi0, TOI SIK JaHi
«JIOKAJIbHUX» JOCJIIKEeHb BUSBISIOTH 30UIbIIEHHS B OC-
TaHHIX KOTHITUBHMX po3nafiB. OgHak ekcreptu YopHo-
ounbebkoro ¢popymy OOH Bce X Taku BigHecau eheKTh
y TOJJOBHOMY MO3KY, IO PO3BHBAETHCS, OO KIFOUYOBHUX
HeliponcuxiaTpuuHux npo6sem asapii Ha YAEC [68].

YV HalMX DOCTiIXKEHHSIX MOKa3aHo, 10 BHYTPIillIHbO-
yTpOOHO onpoMiHeHi BHAcHi 0K HopHOOMIBbCHKOI KaTa-
cTpodu AiTU, HAPOIKEHI BiJl BariTHUX, €BaKyHOBaHUX 3
micta [Ipum’sari (3a3Hanu rocTporo NMpeHaTajabHOIO OIT-
pOMiHEHHS), BIApI3HSIWCSA Bi HiTel-KUsIH (Tpymna
MOPiBHSIHHS) CTATUCTAYHO TOCTOBIPHO HIKYMM 3arajib-
HAM Ta BepOanbHUM [Q, a TakoxX OibIIOI0 AUCTap-
MOHIIMHICTIO («aCUMETPi€I0») iHTEIEKTYyaJbHOIO PO3-
BUTKY 3a paXyHOK 3HWXXeHHs BepbaibHOTO 1Q [25, 26].
ITpu BUKJTIOUEHHI 3 aHaJi3y AiTelt 3 MOMiIpHUMU, TSKKU -
MU Ta IyKe TSLKKUMUA TPaguliiHUMUA YMHHUKAMU PU3H-
Ky BUSIBJIEHO, 1110 Y BHYTPIIIHEOYTPOOHO OMPOMiHEHMX
JiTel i YMHHUKU He BIUIMBAIOTh Ha 3HMKCHHS 3arajib-
Horo i BepOaiabHOro IQ, a TakoxX AMCrapMOHIMHICTb
IHTEJIEKTyaJbHOTO PO3BUTKY. IHTENEKT AiTeil € reTepo-
TeHHUM (EeHOMEHOM, 110 BM3HAYAETHCS CHOJYYCHUM
BIUIMBOM HasiIBHUX MCUXIYHUX PO3JIaiB i 3aXBOPIOBAaHb
HEpPBOBOI CUCTEMM AUTWUHU, €KOHOMiIYHMX YMHHMKIB,
TpagULiiHUX (aKTOPiB PUBUKY, OCBITHHOIO pPiBHS
0aThKiB (0COOJMBO OaThKa), COMATUYHOTO Ta TICUXIUHO-
To 3M0pOB’S MaTepi, a TaKOX MPEeHaTaJIbHOIO Ji€l0 OIl-
POMiHEHHS Ta CTpec-YMHHUKIB YOpHOOUIBCHKOI KaTa-
ctpodu. BHecok mpeHaTaabHOTO ONIPOMiIHEHHS Y TTOPY-
IIEHHS iHTeJeKTyaJbHOIO PO3BUTKY AUTUHU B CEPEIHb-
oMy ckiagae 11% (p = 0,03). I1pu 1boMy BHECOK 03U
OINPOMiHEHHSI LIIUTONOAIOHOI 3a71031 in utero € HaOiIb-
LIMM Yy IPpYTOMY KPUTUYHOMY Mepioi LepedporeHesy —
Ha 16—25-My TMXXHSX TecTalii HA MOMEHT aBapii — i
cknanae 20% y nosuuii 1Q (p = 0,04) ta 24% — y Bep-
6anbHuii 1Q (p=0,014) [25, 26].

Y BHYTPiLIHBOYTPOOHO ONMPOMIHEHUX JiTei 3 AUCrap-
MoHiero 1Q (HeBepOanbHuil 1Q - BepbanbHuit 1Q > 25
0ajiiB) LSl AUCTapMOHisI BipOTiAHO 3pOCTa€ 3ajexKHO SIK
Bia 1031 onpoMiHeHHs eMOpioHa i rtoga (ICRP-88 [17]:
(M+£SD) 58,6 + 26 M38B; miamazon: 24,4—116,9 m3B)

cluded that the «Chernobyl anxiety» or mothers’
risk perception was of a decisive role in the gen-
eral and mental health of children [66, 67]. It
should be noted that these authors had no dosi-
metric support in their study and evaluated nei-
ther verbal intelligence nor other functions of the
dominant left hemisphere (in the right-handed
persons) at all.

It is not unlikely that the results of the «Western»
studies indicate the absence of cerebral disorders
in prenatally irradiated persons, while the data of
«local» studies show an increase in cognitive disor-
ders in them. The UN Chornobyl Forum experts
nevertheless attributed the effects in developing
brain to the key neuropsychiatric problems of the
Chernobyl accident [68].

Our studies show that children born to pregnant
women, evacuated from the city of Pripyat, i.e.
experienced an acute prenatal exposure due to the
Chornobyl catastrophe, featured a statistically sig-
nificantly lower total and verbal 1Q, and more pro-
nounced verbal disharmony («asymmetry») of
intellectual development by reducing verbal 1Q
compared to the children from Kyiv city (compar-
ison group) [25, 26]. When excluding the children
with moderate, severe and very severe traditional
risk factors from data review it was found that these
factors do not affect the reduction of general and
verbal 1Q, as well as the disharmony of intellectual
development in the prenatally irradiated subjects.
Children’s intelligence is a heterogeneous phe-
nomenon, determined by a combined influence of
the existing mental disorders and diseases of the
child’s nervous system, economic factors, tradi-
tional risk factors, educational level of parents
(especially of the father), somatic and mental
health of the mother, as well as prenatal exposure
to radiation and stress factors of the Chornobyl
disaster. Contribution of prenatal exposure to the
impairment of the child’s intellectual development
ison average 11 % (p = 0.03). Contribution of thy-
roid radiation dose in utero at that is highest in the
second critical period of cerebrogenesis, i.e. on
weeks 16—25 of gestation at the time of the acci-
dent amounting to 20% in a full scale 1Q (p = 0.04)
and 24% in verbal 1Q. (p = 0.014) [25, 26].

The 1Q disharmony (non-verbal IQ - verbal IQ > 25
points) in prenatally irradiated children is likely to
exacerbate depending on embryonic and fetal irradia-
tion dose (ICRP-88 [17]: (M % SD) 58.6 & 26 mSy;
range: 24.4—116.9 mSv) (r = 0.5; p = 0.029) and the
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(r=20,5; p=0,029), Tak i TVKHSI TecTallii HA MOMEHT aBa-
pii Ha YAEC (mmounHarouu 3 12-ro TvkHs: r = 0,6; p =
0,027). ¥ mpeHaTaIbHO OIPOMIHEHUX IITeH 3 IIe OiLIBIIT
BUpaXeHOIO aucrapMoHiero 1Q (>29 6GaiiB) 3a1exXHiCTh
«103a—e(eKT» CYTTEBO TMOCWIIOEThCS. Y 1MX BUIaIKaX
3pocTaHHs aucrapMoHii 1Q mpomnopuiiiHo A0 403U OIpo-
MiHEeHHS eMOpioHa i TIT0/1a Ma€ XapakTep JIiHiiTHOTO (hyHK-
LIIOHAJILHOTO KOpeJIALiiftHoro 38’a3Ky (69,5 + 21,3 M3B;
niamasoH: 46,6—102,3 m3B; r = 0,97; p < 0,001). IMTocu-
JIIOETHCS TaKOX CUJIa 3B’SI3KY AUCTAapMOHIl iHTEeIEKTy Ta
TUKHS rectailii Ha MoMeHT aBapii Ha YAEC (mounHato-
yn 3 14-ro TmxHsa: r = 0,8; p = 0,035). ¥V umx giteit
MPOCTEXKEHO TAKOX 3B’SI30K MTUCrapMOHil iHTEJIEKTY Ta
031 ONPOMiHEHHS IIMTOIOMIOHOI 3al03U in utero
(871,3 £ 330,2 mIp; miamazon: 421,3—1281,1 mIp r =
0,7; p~0,05) [25-27].

JurcrapMoHito iHTEJIeKTy 3a paxyHOK 3HWXKEHHS Bep-
boaibHoro IQ MoxHa BBaxaTu paaioHepoemMOpioso-
riYyHUM e(MEeKTOM MpeHaTaJIbHOrO OIIPOMiHEHHSI BHa-
CJIiIOK aBapii Ha sAepHOMY peakTopi. JlaHuii edekT
MPOCTEKEHO MPU OMPOMiHEHHI Ha 8-My i OUIBII Mi3HiX
TMXKHSIX TecTalil mpu mo3ax Ha 1miig > 20 M3B i muTo-
noxmiony 3ano3y in utero > 300 mIp, a y BUmaaky ori-
poMiHeHHd Ha 16—25-My TxKHAX recrawii — >10 mIp Ta
>200 mIp BinnmosigHo. Helipodizionoriunnmu Mapkepa-
MU BHYTPIillIHLOYTPOOHOI'O OIMPOMiHEHHSI MOXHa BBa-
KaTu 3MEHIIEeHHS CIEeKTPaJibHOl MOTYXHOCTI TeTa-
nianmaszony EEI' (oco6nuBo y JiBili TOOHO-CKPOHEBIit mIi-
JITHL), 30iAblIeHHsI OeTa-aKTUBHOCTI Ta 1i JiaTe-
paniizalilo 10 AOMiHAHTHOI remicepu, MOpPYLIEHHS
HOpPMAaJIbHO1 aCUMETpii 30pOBUX BUKJIMKAHUX MOTEHLIi-
aJiiB i BepTeKc-ToTeHLian. Halbinb KpUTUIHUMMU Tie-
piogamu 1epebporeHe3y NpU pafdialliliHiii aBapii Ha
SIACPHOMY pPEaKTOpi, IO CYIPOBOIKYETHCSI MACUBHHUM
BUKUJIOM palioiiony Y AOBKiJUISL, € OiUIbLI Mi3HI CTPOKU
rectauii (16—25 THXHIB), HiXK TP piBHOMipHOMY 30B-
HIITHLOMY ONpOMiHeHHi (8—15 THXKHIB). ¥ BHYTPIllIHb-
OyTPOOHO OmpoMiHeHMX Yy pe3yiabraTi aBapii Ha HAEC
JiTel 1 mimmiTKiB Oyja 30ijbllIeHa 4yacToTa OpraHiyHUX
MCUXIYHUX pO3JadiB, MOPYIIEHb MCUXOJIOTIUHOIO PO3-
BUTKY, NAPOKCU3MaIbHUX CTaHiB (CUHAPOMU FOJIOBHOTO
00110, MirpeHb, erniienTUMOPMHI CUHAPOMHU), COMATO-
¢opMHOI BeretaTMBHOI AMUC(PYHKIIiI, MOBETIHKOBHUX i
eMOLIIHUX PO3/1aiB IUTIYOTO BiKy [25—27].

Hucrapmonist 1Q 306i1blIyeETHCS 3 TEPMIHOM TecTallii,
1110 MOXHA MOSICHUTHA POCTOM IIMTOIOAIOHOI 3aJI03U Ta
30iTBIIEHHAM iHTEHCUBHOCTI 11 MeTabosizMy. Ocobmm-
BOCTi OTIPOMiHEHHS MPU aBapii Ha IASPHOMY peaKkTopi 3
BUKUAOM Yy JOBKiJLUISI padioaKTUBHOIO HOAY 3yMOBWIU
PO30i>KHOCTI CTOCOBHO palioHEHPpOeMOPioNOTiYHUX PU-
3UKiB y nepioau uepedporeHesy. Halibinbln KpUTUUHU-

week of gestation at the time of the Chernobyl disas-
ter (starting from the 12" week: r = 0.6; p = 0.027).
The «dose-effect» dependence is significantly ampli-
fied in prenatally exposed children with even more
pronounced 1Q disharmony (> 29 points). In these
cases the increase in 1Q disharmony in proportion to
radiation dose on the embryo and fetus has the char-
acter of a linear functional correlation (69.5 + 21.3
mSy; range: 46.6—102.3 mSv; r = 0.97; p < 0.001).
The strength of correlation between the disharmony
of intelligence and week of gestation at the moment of
the Chernobyl disaster is also increasing (starting from
the 14th week: r = 0.8; p = 0.035). A correlation of
intelligence disharmony and thyroid dose in ufero is
surveyed also in these children (871.3 + 330.2 mGy;
range: 421.3—1281.1 mGy r = 0.7; p~0.05) [25-27].

Intellectual disharmony for the account of a
decreased verbal IQ can be considered a radioneu-
roembryological effect of prenatal irradiation as a
result of a nuclear reactor accident. This effect was
observed upon irradiation on the 8th and later
weeks of gestation at fetal doses > 20 mSv and thy-
roid doses in utero > 300 mGy, and in case of irra-
diation on the 16—25™ weeks of gestation at doses
accordingly > 10 mGy and > 200 mGy. Decrease in
the spectral power of EEG theta range (especially
in the left fronto-temporal region), increase in
beta activity and its lateralization to the dominant
hemisphere, disturbance of normal asymmetry of
the visual evoked potentials and vertex-potential
can be considered the neurophysiological markers
of intrauterine irradiation. Later gestation terms
(16—25 weeks) are the most critical periods of ce-
rebrogenesis against a backdrop of the nuclear
reactor accident accompanied by the massive radio-
iodine release into environment, than under a uni-
form external exposure (at 8—15" weeks). Inci-
dence of organic psychiatric disorders, psycholog-
ical disorders, paroxysmal conditions (headache
syndromes, migraines, epileptiform syndromes),
somatoform autonomic dysfunction, behavioral
and emotional pediatric disorders was increased in
children and adolescents irradiated in utero as a
result of the Chernobyl accident [25—27].

1Q disharmony becomes more intense along with
gestation term, which can be explained by the growth
of thyroid gland and increase in the intensity of its
metabolism. Peculiarities of irradiation in the event of
a nuclear reactor accident with environmental release
of radioactive iodine has caused the differences in
radioneuroembryological risks in specific periods of
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MM TiepiofaMu 1iepedporeHesy € 8—15-i1 i 16—25 TxHi
recraiii, 110 ITOBHICTIO BiAmnoBigae uepedpalibHUM
edeKTaM 3a YMOB JIMIIIE 30BHIIITHHLOTO OTPOMIHEHHS, SIKi
crocTepirajaucs Iiclisl aTOMHUX OoMOapayBaHb SAmoHii.
Opanak, nipu aBapii Ha YAEC BimHOCHO MaJi J03U Ofl-
POMiHEHHS TToAa y HalOIbII KPpUTUYHOMY MEpioAi Le-
pebporeHe3y — Ha 8—15-My TM3KHSIX recTallii — He TTopy-
LMK Mirpaliii HelipoHiB. ¥ 1ieil mepioa muTOnoniOHa
3aj03a MJjoja Ilue AyxXe Maja, a il MeTabodizM —
MiHiManbHUil. ToOTO, HA03M OINPOMiHEHHS IIMTO-
noaioHol 3aj03u in utero 1, BIOIIOBiAHO, JO3W OII-
pOMiHEHHs eMOpioHa i TI0Ja TaKoX He3HayHi. Y Hac-
TYITHOMY KPUTUYHOMY TIepioi epedporeHesy — 16—25-
MY THKHSIX — TTOCUJTIOETHCS KJIITUHHE AU(EepEeHLIiI0BaH-
Hsl, 30UIbLIYETHCSI CMHAINTOreHEe3, HaMIiYa€TbCsl LIUTO-
apXiTeKTOHIKa MO3KY, 3aBepIIyEThCS (POPMYBAHHS OC-
HOBHHUX CTPYKTYyp JiMOi4HOI cucTteMu i 1i 3B’SI3KiB Ta
(GopMyIOTbCSI acUMETpil TOJOBHOTO MO3KYy Ta JA0-
MiHaHTHicTb fforo miBkyJab (ICRP 49 [32]). 36inbleHH
Macu Ta MeTaboJ1i3My IIUTOIOAIOHOI 3aJI03U 3yMOBIIIO-
I0Th 3POCTAaHHS J03M OIPOMIHEHHSI LIbOTO OpraHy in
utero i, BiINMOBIAHO, MO3U OIPOMiHEHHSI eMOpioHa i
nnoga. Too6To, came y IpyroMy KpUTUYHOMY T1epiofi Lie-
pebporeHesy — 16—25-My THXKHSX — BilOYBa€ThCS MEB-
HUU «epexpecT» KPUTUIHOCTI LiepedporeHesy i 30i1b-
IIEHHS 103 IPEHATAJIbHOTO OIPOMIHEHHS, IO ITOKa3a-
HO Ha puc. 2. CaMe MOpyLUIeHHIM HelpoeMOpio-
JIOTIYHUX MOMiil IIbOTO Mepioay lLepedporeHe3y MoxKHa
MOSICHUTU BUSBJICHUN pamdioHeHpoeMOpiooTiyHnA
epexT — mucrapmodito 1Q. Cnig BpaxoByBaT, LIO Y
HACTYITHI TEPMiHU recTallii, Xxoua pagiodyTJIUBICTh MO3-
Ky, 110 PO3BUBAETHCS, 1 3MEHIIYETHCS, 03U IpeHa-
TaJIbHOT'O OMPOMiHEHHSI IIUTONOAIOHOI 3aJT03U1 Ta ILIO-
Jla HaBIaKM 3pocTaioTh. Lle 3yMOBIIIOE HAsSIBHICTH IHC-
rapMoHii 1Q i Ha GinblI Mmi3HiIX cTpokax recrauii (+26
TUXKHIB) [25—27].

V Hammx nepmux podoTax 0yj0 BUCIOBJICHO MPUITY-
IIEHHS IIOJ0 IIepeBakaHHS IIOPYIIEHb QYHKIIi
JTOMIHAHTHOI (JTiBO1) ITiBKYJIi TOJIOBHOTO MO3KY, OCOOJII-
BO 1Or0 KOPTUKAJIBHO-JTIMOIUHUX CTPYKTYP, Y BHYTPillI-
HBOYTPOOHO OMPOMIHEHUX AiTe B pe3ybTaTi aBapil Ha
YAEC [23, 25, 26]. Y noganbiioMy MU JiALIIA A0 BUC-
HOBKY IIOAO MOPYLIEHHS PO3BUTKY HAOMiHAHTHOI
MiBKYJIi MicJis MpeHaTaJbHOTO OMPOMiHEHHS BHACiZ0K
YopHOOMIIbCHKOT KaTacTpodu. Y OMPOMiHEHUX MiTei
BUSBJICHO OilbLIY KiJbKiCTb HEPBOBO-TCUXIYHUX PO3-
JIaiB, HEBPOJIOTIYHUX TIPOSIBIB TIOpYIIEHHS (DYHKIIIN
JIiBOi remicepu, 3HMKEHHS MOKAa3HUKIB MTOBHOTO i BEp-
banpHoro 1Q, nucrapmonito 1Q 3a paxyHOK 3HMXKEHHS
BepOanbHoro 1Q, nesopranizosani natrepHu EET, excuec
JlaTepaii3oBaHOl 0 JiBOi JOOHO-CKPOHEBOI HIISIHKU

cerebrogenesis. The 8" to 15" and 16™ to 25" weeks of
gestation are the most critical periods of cerebrogene-
sis. The latter phenomenon is fully consistent with the
cerebral effects of purely external irradiation observed
after the atomic bombing in Japan. However, fetal
irradiation at relatively low doses upon the Chernobyl
accident has not disturbed the neuronal migration
during the most critical period of cerebrogenesis,
namely at weeks 8—15 of gestation. Fetal thyroid dur-
ing this period is still very small and its metabolism is
at a minimal level. That is, the thyroid dose in utero
and, accordingly, the dose on embryo and fetus are
also negligible. In the next critical period of cerebro-
genesis, namely at 16—25" weeks the cellular differen-
tiation and synaptogenesis are intensified, brain
cytoarchitectonics begins to take shape, formation of
the basic structures of limbic system and its connec-
tions is completed, and the cerebral asymmetries with
hemisphere dominance are formed (ICRP 49 [32]).
The increase in thyroid weight and intensification of
its metabolism drive an increase in radiation dose on
this organ in utero and, accordingly, the radiation dose
on embryo and fetus. That is, a certain «intersection»
of'the criticality of cerebrogenesis and increase in pre-
natal radiation doses occurs just in the second critical
period of cerebrogenesis i.e. on 16—25" weeks of ges-
tation, which is shown in Fig. 2. The revealed
radioneuroembryological effect i.e. the 1Q disharmo-
ny can be explained by the disordered neuroembry-
ological events and processes in this period of cere-
brogenesis. It must be kept in mind that in the follow-
ing gestational periods, although radiosensitivity of
the developing brain decreases, the prenatal thyroid
doses and fetal radiation doses increase. This results in
1Q disharmony at the later gestation terms (+26
weeks) [25—27].

It was suggested in our previous works that the
dominant (left) cerebral hemisphere, especially its
cortical-limbic structures, may be preferentially
impaired in prenatally irradiated children as a result
of the Chernobyl accident [23, 25, 26]. Subse-
quently we came to a conclusion of the impaired
development of dominant hemisphere upon prena-
tal irradiation as a result of the Chornobyl disaster.
A greater number of neuropsychiatric disorders,
neurological manifestations of the left hemisphere
dysfunction, decrease in parameters of the full scale
1Q and verbal 1Q, disharmony of 1Q due to reduc-
tion of the verbal 1Q, disorganized EEG patterns,
excess of an EEG delta and beta power lateralized
to the left fronto-temporal zone with depression of
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PuUCyHOK 2. YMoBHe 306paXeHHA cniBBiAHOWEHHA KPUTMUHUX NnepioaiB uepebporeHe3y i AMHAMiKM 3pocTaH-
HA f031 oNpoMiHeHHA WwuTonofi6HoT 3ano3u in utero y 3a mopgennto ICRP-88 y BHYTPilWHbOYTPOOHO ONpoMiHe-
HUX BHacNifgoK YopHobunbcbKoi KatacTpodu aitent (nnowa 3eneHoi dirypu Bignosigae cryneHio BpasnnuBoCTi

roJI0BHOr0 MO3KY /10 ONPOMiHEHHA pajionofoMm).

Figure 2. Conventional representation of interrelationship between the critical periods of cerebrogenesis
and increase in thyroid dose in utero according to the ICRP-88 model in pre-natally irradiated children due to
the Chornobyl disaster (area of green figure corresponds to the degree of brain vulnerability).

nensra- i 6era-notyxxkHocti EEI mpu genpecii tera- i
anb(da-TOTYKHOCTI, a TaKOX MIXIIBKYJIbHY iHBEPCIiIO
00poOKM 30poBoi iH(popmaliii. [IpuunHamu nux epekTiB
€ TOTipIIeHHST MCUXiYHOTO 3[0pOB’Sd MaTepiB, CTpecC,
npeHaTajJbHe OMPOMiHEHHS i TpaaguLiiiHi YUHHUKU PU-
3UKYy [27].

BukimoyHO BaXJIMBUM Yy 0O0’€KTMBHOMY PO3yMiHHI
HACJIiIKiB BHYTPIiIlTHBOYTPOOHOTO OMPOMiHEHHS TOJIOB-
HOI'0 MO3KY B pe3ysibraTi HopHOOMIBbCHKOI KaTacTpou
€ pe3yJbTaTh JOCHiIKeHb HOpBE3bKMX Kouser [69, 70].
BcTtanoBneHo, 110 BHYTPIillIHBOYTPOOHO OMNpPOMiHEHi
nimtitku B HopBerii MOpiBHSIHO 3 HEOITPOMiHEHUMMU O~
HOJIITKAMU MaloThb 3HMKEHiI MOKAa3HUKHU BepOabHOI
OIepaTUBHOI MaM s Ti, BepOaJIbHOTO HAaBYaHHS i TTaM’sITi,
IIBUIKOCTI 00poOKM iH(opMmalii Ta BUKOHABYOIO
(ynkuionyBaHHs1. HeoOXimHO MigKpecauTH, IO pe-
3yJIBTaTU TOCIiI)KeEHb HOPBE3bKMX aBTOPiB HANAlOTh HO-
BE CYTTEBE ITiATBEPIKEHHS HAIIIMX JaHUX 1010 YPaKeH-
Hs JOMiHAHTHOI MiBKyJi MpU MpeHaTaJIbHOMY OIPOMi-
HeHHi BHacainok asapii Ha YAEC [69, 70].

Bussnene Hamu [23—29] i HOpBe3bKMMU JOCTiAHUKA-
mu [69, 70] 3HmKeHHsT BepbaibHoro 1Q micast mpeHa-
TaJbHOTO OIPOMiHEHHSI Y3rOIKYEThCS 3 IHINMMU JaHU-
mu. Tak, dyepe3 HEOOCKOHAJICTh TEXHOJIOTIN i Hemoc-
TaTHE OYMILIEHHS BiIXOMdiB y Meplli poKd poOOTU Ha
panioxiMiuHOMY KOMOiHaTi «Masik» («Yens16iHChK-40» /

theta and alpha power, as well as an inter-hemi-
spheric inversion of visual information processing
were revealed in the irradiated children. These
effects are caused by the maternal mental health
deterioration, stress, prenatal radiation exposure
and traditional risk factors [27].

Results of the studies by Norwegian colleagues
[69, 70] are extremely important for an objective
understanding of the effects of intrauterine brain
irradiation as a result of the Chornobyl disaster.
Prenatally exposed adolescents in Norway have
been found to have lower levels of verbal operative
memory, verbal learning and memory, informa-
tion processing speed, and executive functioning
than non-exposed adolescents. It should be
emphasized that the results of studies by the
Norwegian authors provide a new significant con-
firmation of our data on the dominant hemisphere
injuries upon a prenatal irradiation due to the
Chernobyl accident [69, 70].

Decreased verbal 1Q after a prenatal irradiation
found by us [23—29] and by Norwegian researchers
[69, 70] is consistent with other data. Thus, due to the
imperfection of technologies and insufficient waste
treatment in the first years of operation at the Mayak
radiochemical plant (Chelyabinsk-40 / Ozersk,
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O3epcek, IliBgennuii Ypai, Pociiicbka @enepalrist) Ma-
JIN Miclle HEKOHTPOJIbOBaHI Ta30a€pO30JbHI BUKUAN B
atMocdepy, OCHOBHUM I030yTBOPIOIOUNM €JIEMEHTOM
sakux o0y “'I. 1o 1953 p. cnocrepiraiocst pizke 30i1b-
ILIEHHS pagioaKTUBHUX BUKUIIB Bill 1€KiJIbKOX JECSTKIB
10 4000 Ki - mic!'. MakcuMabHOTO 3HAYEHHS MOTYX-
HicTh BUKUIY mocsaria B KiHui 1954 p. (5200 Ki - mic™).
29 BepecHs1 1957 poky Ha 11bOMy KOMOiHaTi cTajacs
pamialiiiHa aBapis, BimoMa K «KuIITUMCbKa aBapisi».
MakcuManibHa HaKOTMYEHA €KBiBAJIEHTHA /1032 OIl-
pominenHs ' ckiana 6im3bko 4 3B [71]. Y Bimmanennii
nepion Mmicis UUX pafialliiHuX iHOUMAeHTIB Ha IliBneH-
HOMY Ypasli y MOCTpaKaaauXx, SIKi 3a3Haan 30BHIIITHBOTO
i BHYTPILLIHBOTO OMPOMiHEHHS B MEpPioa aHTeHATaJlbHO-
ro pO3BUTKY, OyJI0 BUSIBAEHO JOCTOBIPHO OilbIIY Kilb-
KiCTb 0Ci0 3 HENMCUXOTUYHUMMU TICUXIYHUMHU po3jagaMu
3 TepeBakaHHSIM OpraHiYHUX MCUXiYHUX MOPYIIEHb.
OpraHiyHMi xapakTep IMaToJIOTIi MiATBEpAXKYyBaBCs Aa-
HAMM HeHpodi3ioIoTiYHMX TOCHiIKeHb (OiTbIT rpyoi
3MiHM 3 OOKY 0i0eJeKTPHUYHOI aKTUBHOCTI TOJJOBHOTO
MO3KY, HasIBHICTb MATOJIOTIYHUX PUTMIB). 3a JaHUMM
KJTiIHIKO-TICUXOJIOTIYHOIO JOCIiIKeHHsI OyJIu BUSIBICHI
JIOCTOBipHE 3HMXXEHHSI 3JaTHOCTI JO aHaIiTUKO-CUHTE-
TUYHOI NisSIBHOCTI Y OMPOMiHEHMX OCi0, a TaKOX JI0C-
TOBipHO HVDXYMU piBeHb 3arajbHOTO i BepOaabHoro 1Q.
3a3HavyeHi 3MiHM CYIPOBOIXKYBAINUCS BUILIUM BMiCTOM Y
KPOBi LIMX 0Ci0 KOPTU30.1Y i MeJIaTOHiHY, 1110 3a0e3Ieuy-
IOTh aKTUBAllilO i HAMPYTy MeXaHi3MiB agamnTatii [72].

3a JaHMMU 3 HaiOIbLI ITOBHOI 6a3K JaHKUX Ha 562 637
oci0, HapomkeHux y 1983—1988 pokax y IIBeuii, BcTa-
HOBJICHO, 110 Y LIKOJISIPIB, SIKi TlepedyBaliu in utero mif
yac YopHoOUIbCHKOI KaTacTpodu, OyJIM TipIlli pe3yib-
TaTW YCITIIIHOCTI MOPiBHSIHO 3 omHojdiTKaMu. Ilorip-
ILIEHHS WKUIbHUX pe3yJbTaTiB OyJ10 HAWBUILUM y OCi0,
HapomxeHux y perioHax IlIBewii 3 HalOLIbIIMMU pamio-
aKTUBHUMM BUIMAAiHHSIMU, MaTepi SIKMX Ha MOMEHT aBa-
pii Ha YAEC 6ynu Ha 8—25-My THXXKHSX BariTHOCTI. Ta-
KMM YMHOM, IIpeHaTaIbHE OIPOMIiHEeHHS J03aMU pafia-
Lii, sIKi paHillle BBaXKalIuch 0€3MeUHUMM, MOXKE MTOPYILLY-
BaTU KOTHITUBHI 31i0HOCTI [73]. IIpoTsirom 25-piyHoro
TOCTiIXKeHHST OTPMMaHO HEIOCTaTHbO A0KAa3iB TOTO, IO
MaJi piBHi paaiauii y Hopgerii, 3ymoBieHi YopHOOUIb-
CbKOIO KaTacTpodo10, 30UIbILIYIOTh PU3UK TSIKKUX HEM-
POOHTOreHeTUYHUX MOopylIeHb. BogHoYac He BUKIIIOUE-
HO, 1110 Y ONPOMiHEHHUX OCi0 YCITiX¥ Yy BUBYEHHI MaTeMa-
TUKW € HIDKYMMM, 10 Y3TOMKYETBCS 3 pe3yJbTaTaMU
TOCIiIKeHb, TipoBeacHux y LlBerrii [74].

BB YopHoOUIBCHKOI KaTtacTpou Ha BariTHUX
JKiHOK BUSIBUBCSI CTPECOPHUM 1100 MOBEAIHKY MpeHa-
TaJbHO ONpoMiHeHMX IMMITKIB y Pinnaumii. Ti 3 HUX,
o mnepedyBanu in ufero Ha HOPYromMy TpUMECTpi

Southern Urals, the Russian Federation) the uncon-
trolled gas-aerosol atmospheric emissions occurred
with "'l being the principal dose-forming element.
By 1953 there was a sharp increase in radioactive re-
leases ranging from a few dozen to 4000 Ki - month™.
The maximum emission power was reached at the
end of 1954 (5200 Ki - month™). On September 29,
1957 there was a radiation accident at this plant
known as the «Kyshtym Accident». The maximum
accumulated equivalent radiation dose of "'l was
about 4 Sv [71]. In the late period after these radia-
tion incidents at the Southern Urals a significantly
greater number of cases of non-psychotic mental dis-
orders with a predominance of organic psychiatric
disturbances were revealed in survivors exposed to
external and internal radiation during the antenatal
development. Organic nature of the disease was con-
firmed by neurophysiological studies, namely by the
revealed more severe changes in cerebral bioelectric
activity and presence of abnormal rhythms.
According to the clinical-psychological study a sig-
nificant decrease in the ability to analytically-syn-
thetic activity was revealed in irradiated persons, as
well as the significantly lower levels of general and
verbal 1Q. These changes were accompanied by a
higher content of cortisol and melatonin in blood
serum of these individuals, that provide activation
and strain of adaptation mechanisms [72].
According to the most complete database for
562,637 people born in 1983—88 in Sweden it was
found that students who were in utero during the
Chornobyl disaster have had worse results in school
performance than their agemates. Worsening in
educational achievements was more pronounced
among those born in the regions of Sweden with the
most intense radioactive fallout, whose mothers
were on the 8—25™ weeks of gestation at the time of
the ChNPP accident. Thus, a prenatal irradiation at
the doses previously considered safe might impair a
cognitive capacity [73]. During the 25-year study an
insufficient evidence was obtained that low levels of
radiation in Norway, caused by the Chornobyl
catastrophe, increased the risk of serious neuro-
ontogenetic disorders. At the same time, it is possi-
ble that exposed persons have showed less success in
studying mathematics, which is consistent with the
results of studies conducted in Sweden [74].
Impact of the Chornobyl disaster on pregnant
women turned out been stressful over the behavior
of prenatally exposed adolescents in Finland. Those
who were in utero during the second trimester of
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BariTHOCTI, Manu y 2,32 pasa Bumumii pusuk (95 %
noBipuuii intepBai: 1,13; 4,72) BAHUKHEHHSI CUMIITOMiB
Jeripecii i BeJIMKOro ASHPECMBHOIO poO3jaay 3a Kpu-
tepismu DSM-III-R (BinHomeHHs maHciB 2,48; 95 %
noBipumii iHTepBax: 1,06; 5,7), a TaKOX CUHIPOMY
nediuuTy yBaru i rinepaktuBHocTi. BogHouac acouianii
npeHaTaabHOro BIUMBY aBapii Ha HAEC 3 TpUBOXHNM i
OITO3UIIIAHO-BU3UBHUMM pPO3JIalaMy BUSIBIEHO He Oy-
J10. ToOTO, MOpPYLLIEHHS PO3BUTKY (heTaTbHOTO FOJIOBHO-
ro MO3Ky MOXe 30i7bllyBaTH MOIUUPEHICTb AeMpecii i
CUHIpOMY NedillMTy yBaru Ta TiMEepaKTUBHOCTI MicJIs
BIUIMBY IIpEHATaJbHOIO CTPECY Y NPYyroMy TPUMECTpi
BariTHocTi [75]. Takox OyJ10 J0oCiaKeHO MOTeHUiAHUI
edeKT IIpeHaTaJIbHOTO CTpecy, acolilioBaHoro 3 YopHo-
OMIBCHKOK KaTacTpodolo, Y CTPYKTYpi MOTOUYHOTO Te-
HETUYHOTO eiAeMiOIOTiYHOTO ToCimKeHHsT y DiHsIH-
nii. PiBeHb KOpPTU30Jly Yy MPEACTaBHUKIB 000X cTaTei i
piBEHb TECTOCTEPOHY Y AiBYATOK OYJIM 3HAYHO MiABUILIE-
Hi ITicJIsl IpeHaTalbHOIO MaTePHUHCHKOTO CTPECY Ha Apy-
ToOMy TPUMECTPi BaTiTHOCTI MOPiBHSIHO 3 KOHTPOJILHOIO
rpymor. BHecok mpeHaTaabHOTO BIUIMBY 0 3MiH PiBHIO
KOpTH3011y cKiaB 3 %, Tomi SIK TecTocTepoHy — 18 %.
ITpuyomy npu BILUIMBI Ha MepLIOMY a00 TPETbOMY TpU-
MeCTpax BariTHOCTiI po30ixKHOCTiI Oynu BigcyTHiMM. Ta-
KUM 4YHWHOM, BHYTPIilIHbOYTPOOHUI MaTepPUHCHKUIA
CTpec y ApYyroMy TPUMECTpPi BariTHOCTI MOXe BinOuTuCs
Ha TIpeHaTaJbHOMY IporpaMyBaHHI (i3i0JOTiIHNX CHC-
TeM, 110 BiIMOBiIaIOTh 3a MiATPUMKY PiBHiB KOPTU3OJY i
TECTOCTEPOHY [76].

ITpu peTpocnekTuBHil ouiHUi gaHKMX KiiHiko-emine-
mionorignoro peectpy (KEP) HHIIPM 3a 23 poxu
(riepion 1992—2014 pp.) BCTaHOBJIEHO, 1110 YacCTOTa THU-
peoiaHOI MaToJIOrii cepell BCiX 0cid, MOCTpaKJaJuX BHA-
ciigok aBapii Ha YAEC, y ToMy 4uCli BHYTPilIHbOYT-
poOHO omnpomiHeHux, ckiazae 40,29 %, 10 3HAYHO
oinbiie (p < 0,001), HiX y 3aranbHii nomyssuii (3,9 %)
HaceJieHHs YKpaiHu. HailOoinbin momupeHuMu He3Jo-
SIKICHUMY €HIOKPMHHUMH 3aXBOPIOBAHHSIMU OYJIN: BY3-
JioBUil 300 — 14,4 %, XpOHIYHUI1 ayTOIMyHHMI TUPEO-
inut ~8 %, nepenoxupinus/oxupinus 41,9 % / 36,8 %,
niepenniader/miadet 15,5 % / 21,4 %. Kputuunoto rpy-
noo Oyau AiTh eBakyioBaHi 3 30-KM 30HM BiIUy>KEHHS,
oIpoMiHeHi y Billi 3—6 pokiB. Audy3Huil HETOKCUYHMIA
300 miarHoctoBaHo y 43,7 % 3 HUX, XpOHIUHUWI ay-
TOIMYHHUI TUpeoinuT — y 1,7 %, mepBUHHUI TiMOTUpe-
03 — 1,0 %, By3noBuii 306 — 2,6 %, a MK NOIIMPEHOCTI
XPOHIYHOTO ayTOIMyHHOrO TUPEOIAUTYy IIpUIlaB Ha
2001—2003 pp. — mepiof iX aKTUBHOT'O CTaTeBOIO J03Pi-
BaHHs. HesnosikicHa eHIOKpUHHA MAaTOJIOTisl Yy OIl-
POMiHEHUX AOPOCAUX i NiTell € MOLIMPEHOI0, 3YCTPi-
yaeTbesa y 3—53 % 0cib, BUHUKAE y OLIBIIOCTI TTOCTPAXK-

pregnancy have had a 2.32-fold higher risk (95%
confidence interval: 1.13; 4.72) of symptoms of
depression and major depressive disorder according
to the DSM-III-R criteria (odds ratio of 2.48; 95%
confidence interval: 1.06; 5.7), as well as of atten-
tion deficit hyperactivity disorder. In the meantime
there were no associations of prenatal impact of the
ChNPP accident with anxiety and oppositional
defiant disorders. That is, an impaired fetal brain
development may increase the prevalence of
depression and attention deficit hyperactivity disor-
der after a prenatal stress in the second trimester of
pregnancy [75]. The potential effect of prenatal
stress associated with the Chornobyl catastrophe
was also investigated in the structure of ongoing
genetic epidemiological study in Finland. Serum
levels of cortisol in both genders and testosterone
levels in girls were significantly increased after the
prenatal maternal stress in the second trimester of
pregnancy compared with the control group.
Contribution of prenatal exposure to the changes in
cortisol levels was 3%, whereas for testosterone it
reached 18%. Moreover, there were no differences if
exposure occurred at the first or third trimesters of
pregnancy. Consequently, the intrauterine maternal
stress in the second trimester of pregnancy may
affect a prenatal programming of physiological sys-
tems responsible for maintaining cortisol and
testosterone levels [76].

A retrospective evaluation of the NRCRM Clinical
and Epidemiological Registry (CER) data for 23
years (1992—2014 period) showed that the incidence
of thyroid disease among all persons affected by the
Chernobyl accident, including the prenatally
exposed, was 40.29 %, which is significantly more (p
< 0.001) than in the general population (3.9%) of
Ukraine. The most common non-malignant
endocrine diseases were nodular goiter (14.4 % inci-
dence), chronic autoimmune thyroiditis ~8 %, over-
weight/obesity 41.9 % / 36.8 %, and prediabetes/dia-
betes 15.5 % / 21.4 %. Children evacuated from the
30-km exclusion zone, irradiated at the age of 3-6
years were the critical group. Diffuse non-toxic goiter
was diagnosed in 43.7 % of them, chronic autoim-
mune thyroiditis in 1.7 %, primary hypothyroidism
in 1.0 %, and nodular goiter in 2.6 %. The peak
prevalence of chronic autoimmune thyroiditis
occurred in 2001—2003 — just in the period of their
active puberty. Non-malignant endocrine disease in
irradiated adults and children is widespread being
diagnosed in 3—53% of population. It occurs in the
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nanux yepes 10—15 pokiB mmiciis onmpoMiHEeHHS i TPOIOB-
KY€ ToBiJIbHO HapocTaTu uyepe3 30 pokiB [77].

JwucoyHIlig rimotagamMivHUX i TinodizapHUX IEHTPIB,
3aJIy4eHUX JI0 peryJsiiii CHHTe3y Ta ceKpellii ajbpa-me-
JIAHOLIUT-CTUMYJII0I0YOro ropMoHy (anbpa-MCI'), cbo-
TOIHI BU3HAETHCSI HOBMM aCIEKTOM pamdiOiHIyKOBaHMX
nepedpanbHUX e(eKTiB y JIOOWHW. Y pe3yabraTi
MpUrHidyeHHs cuHTe3y anbpa-MCI'y onmpoMmiHeHUX oci0
CIIOCTEpiraeThecsl BiporigHe 30iJbIIIEHHSI 3aXBOPIOBa-
HOCTi Ha OXUpPiHHSI y MOEAHAHHI 3 nemnpeciero. Takuit
TUI LIEHTpaJbHUX PO3JaAdiB 3YMOBIIIOE aHOMaJIbHE iH-
TerpajbHe peryjJloBaHHSI €HEPreTMYHOro OajlaHCy Ta
po3sntagu XxapuayBaHHs. [1pyn IbOMY BUSIBJIEHO 3HUKCHHS
KOHLIEHTpalil cepoTOHiHY i MenaToHiHy. PamiauiiiHe
YPaxKeHHSI IIPULLUTOIOAIOHMX 327103 BUSIBUIOCS 1€ O/ -
HUM TTi3HIM e(eKTOM OIPOMiHEHHS pagioaKTUBHUM HO-
JIOM 3 IOJATBIINM MOPYIIEHHSM MeTa001i3My KaJIbIIilo i
docdopy, 1110, Y CBOIO Uepry, BIUIMBAE Ha LiepeOpaibHi
¢yHKii. 3pobIeHO BUCHOBOK, IO OIIPOMiHEHHS pajio-
aKTUBHUM HOIOM TMEBHUX lLiepeOpaibHUX CTPYKTYp i
MPUILIUTOIOAIOHUX 3aJI03 CIIPUYMHSIE MOSIBY ITi3HBOI
IpsIMOi Ta HEMPSIMOiI TOPMOHAJIBLHO-OIIOCEePEIKOBAHOI
mucdyuknii HHC [78]. 36inpmenuit piBeHb HEOHKO-
JIOTIYHUX 3aXBOPIOBaHb IIUTOMOAIOHOT 3a71031 (TUPEO-
naTii) 3apeecTpoBaHO TaKOX y 0Ci0, BHYTPiTHLOYTPOO-
Ho ompomineHux 'l y Kanysbkiii obmacrti (Pociiicbka
Deneparis) [79—81].

IIpeHaranbHe OMPOMiHEHHS IIMTOMOMIOHOI 303U
palioaKTUBHUM HOIOM € OHUM i3 (haKTOpIiB, SIKi MOXYThb
BIUIMHYTH Ha iHTeJeKTyaabHUIA pO3BUTOK. ONPOMiHEHHS
LIMTONOAI0HO1 371031 MOXKe IMOTEHLIIAHO 3yMOBUTHU 3aJ1y-
YEHHS iHIINX EHIOKPUHHUX 3aJ103 JI0 TTaTOJIOTiYHOTO MPOo-
LIeCy Yepe3 CUCTEMY «IIIMTOMoAiOHa 3ajio3a — Tinodi3z —
rinotanamyc». Lli mopyileHHsI MOXYTh CTaTU MPUYMHOIO
pPO3yMOBOI BiICTAJIOCTI i MepelKOoIXaTh A03piBaHHIO
LIHC. Kpim Toro, 11e MoXe CIIpUSTH MOPYIIEHHIO IICHUXO0-
JIOTIYHOTO i €eMOLIIITHOrO PO3BUTKY Ta iHIIMX MCUXIYHUX
posnaniB. CyKynmHUI MOTeHLial paaialiiiHO iHIyKOBaHOI
IUCYHKIII IIATOIONIOHOI 3aJI03M, a TaKOX Hepasmia-
HiftHUX (pakTopiB (piBeHb MCUXIYHOTO 3IOPOB’Sl OATHKIB,
COLiaIbHO-€KOHOMIYHWIA CTaH ciM’i, MpeHaTaabHi YCK-
JIaTHEHHS) MOXYTb BifirpaBaTu IeBHY POJib B ITAaTOreHE31
MNCUXIYHUX PO3JIadiB Y 0Ci0, sIKi 3a3Ha/IM BIUIMBY pajiallil B
yTpo6i Matepi. [ToTeHLiiTHMIT HETaTUBHUI BIUIUB pajiallii
Ha TICUXIYHUI pO3BUTOK MOXKe OYTH ITOCUJICHUI HECTIPH -
STAUBAMU TICUXOCOLIaIbHUMK (aKTOpaMU, TaKUMU,
HamnpukJiaj, sIK MPUMYCOBe IlepecesieHHsI abo amarraiis
JI0 HOBUX YMOB XUTTSI B 3a0pyaHeHiit 3oHi. Lli dakropu
MOXYTb CTaTW IPUYMHOIO TICMXOEMOLIMHMX CTPECiB Y
0aTbKiB 1 BIUIMBAIOTh Ha AMHAMIKY CIMEMHMX CTOCYHKIB.
BoHu Takox MOXKYTh HEraTUBHO BIUIMBATU HA iHTEJIEKTY-

majority of survivors 10—15 years upon irradiation
and continues to increase slowly 30 years after [77].

Dysfunction of hypothalamic and pituitary cen-
ters involved in regulation of synthesis and secre-
tion of alpha-melanocyte-stimulating hormone
(alpha-MSH) is today recognized as a new aspect
of the radio-induced cerebral effects in human.
Inhibition of the alpha-MSG synthesis in irradi-
ated individuals is likely results in the increase of
incidence of obesity with concomitant depression.
This type of central disorder causes an anomalous
integral regulation of the energy balance and eat-
ing disorders. Upon that a decrease in the concen-
tration of serotonin and melatonin was revealed.
Radiation injury to parathyroid glands emerged as
an another late effect of irradiation from radioac-
tive iodine, followed by an impaired metabolism
of calcium and phosphorus, which, in turn, affects
the cerebral functions. It has been concluded that
irradiation of the certain cerebral structures and
thyroid gland from radioactive iodine predis-
posed to onset of a late direct and indirect hor-
mone-mediated CNS dysfunction [78]. An
increased level of non-cancer thyroid disease
(thyropathy) was also diagnosed in persons pre-
natally exposed to "'l in the Kaluga region
(Russian Federation) [79—81].

Prenatal thyroid irradiation from radioactive
iodine is one of the factors that can affect intellec-
tual development. Thyroid irradiation can poten-
tially cause involvement of other endocrine glands
in pathological process through the thyroid-pitu-
itary-hypothalamus system. These disorders can
cause mental retardation and impede the matura-
tion of CNS. In addition, it can predispose to the
abnormal psychological and emotional develop-
ment and other mental disorders. Cumulative
potential of the radiation-induced thyroid dys-
function, as well as non-radiation factors
(parental mental health, family socio-economic
status, prenatal complications) can play a role in
pathogenesis of mental disorders in subjects
exposed to prenatal ionizing irradiation. A poten-
tial negative impact of radiation on the mental
development may be exacerbated by the adverse
psychosocial factors such as forced resettlement
or adaptation to the new living conditions in con-
taminated area. These factors can cause psycho-
emotional stress in parents and affect the dynam-
ics of family relationships. They can also adverse-
ly affect the intellectual abilities. Thus, both the
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aJIbHi 30i0HOCTI. TaKuM YMHOM, B OLIIHIL BILJIMBY aBapii
Ha YopHoOunbchbKiit AEC Ta 11 BIUIMBY Ha MCHUXO-
JIOTIYHMIA PO3BUTOK HEOOXimHO OpaTu 10 yBaru sik J0-,
TaK i MiC/ISITIONOroBe OIMPOMIHEHHSI, a TaKOX TICUXO-
colliaJbHi YUHHKKY [24—27, 43—45, 49—56, 82].

YV BHYTPilIHLOYTPOOHO OMPOMiHEHUX OCiO 30iJbIlIe-
Ha MOIINPEHICTh MmaToioTii cynuH ciTkiBku [83]. Io-
IIMPEHICTh MaKyJSIpHOI JAereHepallii CiTKiBKM Y Billi
14—30 pokKiB y ONpOMiHEHUX in utero ocid cTaHOBUJIA
95,23 = 32,03 Ha 1000 i mopiBHSIHO 3 BIKOBUM KOHTPO-
seM (17,86 £ 10,31 na 1000) Oyna 1OCTOBIPHO BHUILIOIO
(x> = 7,827; p = 0,0026). Lli makynsipHi nereHepailii,
BUsIBJIEH] y Billi 10 30 poKiB, 3a KJIiHIYHOIO KapTUHOIO
HaraJayoTh BiKOBY MaKyJsSIpHY JereHepaltiito [84].

Y Bimi 23—25 pokiB y BHYTPIITHLOYTPOOHO OTI-
poOMiHEeHUX 0ci0 30iabllIeHa YacToTa HEPBOBUX i
MCUXIYHUX XBOPOO 3a paxyHOK IapOKCU3MaJbHUX
posnaniB (G40, G43), 3okpeMa emijencii i emicuHa-
pomiB (G40), BereToCyTMHHOI AUCTOHII i CHUHIPOMIB
rosioBHoro 6omto (G44, G90.9), nopcainrii (M54),
HEBPOTUYHUX i comaToopMHMX posnaniB (F40 —
F48). KornituBHi 0cO0JMBOCTI ONPOMiHEHMX MpPeHa-
TaJILHO OCi0 TToJIITaroTh y AucrapMmoHii 1Q 3a paxyHok
3HMXKEHHS BepOajbHoTO Q. ¥V HuxX 30inblIeHa yacTo-
Ta MaTOJIOTIYHUX eJIEKTpoeHIe(halorpaM 3a paxyHoOK
NapoKCu3MaabHOI aKTMBHOCTI Ta MiXITiBKYJbHOIL
acuMeTpil 3i 3MiHaMu y JiBiil JIOOHO-CKPOHEBIiA
JiIsiHI. BusHaueHi YMHHUKY PU3UKY PO3BUTKY HEM -
POKOTHITUBHOTO Ae(illUTy y BHYTPIIITHHOYTPOOHO
OMpPOMiHEHHUX 0Ci0: pe3uayaibHO-OpraHiyHa Leped-
pajibHa HEIOCTaTHICTb, 3JI0BXMBAHHS IICHMXOAKTUB-
HUMM PEYOBMHAMM, CTax MajiHHSA Oilblle 5 pOKiB,
OMpOMiHEHHsI eMOpioHa i TjIoga, OMPOMiHEHHS Y-
TONOAIOHOI 3271031, recTalliiHMil BiKk HA MOMEHT OIl-
poMiHeHHsI. Bu3HaueHO BIUIMB J03U ONPOMiHEHHS
Ha TMOPYIIEHHS MCUXO0- Ta HeHpPOo@di3ioJoTiuHUX IMO-
Ka3HUKIB i 3aJIeXXHICTh MOJIEKYJISIPHO- Oi0JIOTIYHUX
MNOKa3HUKIiB Big m03M omnpomiHeHHs. OTpuMaHi
nepuli JgaHi mwono O0ioJoriyHMX MexaHi3MiB pajia-
LilTHO-IHAYKOBAHOTO YypaxKeHHSI TOJOBHOTO MO3KY,
1o po3BuBaeThcs. HelipobionoriuHi MexaHi3Mu ypa-
JKEHHS TOJIOBHOTO MO3KY in utero BHacainok YopHo-
OMIBLCHKOI KaTacTpodu, 3 aKIIEHTOM Ha TTOPYIICHHS
PO3BUTKY JIOMiHAHTHOI ITiBKYJi TOJOBHOTO MO3KY,
MIillIEHHIO SKOTO BUCTYITa€ KOPTUKO-JIiMOiuHa cucTe-
Ma (TimoKamIl), MOXYTb MOJISIraTH B padialliiiHO iHIYy-
KOBaHOMY MOpPYLIEHHI perysiii amnomnTosy, Mopy-
LIeHHi mpodiaio eKcrpecii reHiB, Helpo3anaabHUX
peakiisix, ayTOiIMyHHHUX IIpollecax i 3MiHax aH-
TUBipYCHOIO Ta NPOTUITYXJIMHHOTO iMyHiTeTy [44, 45,
85—87].

prenatal and postpartum exposures and psychoso-
cial factors [24-27, 43-45, 49-56, 82] should be
taken into account in assessing the impact of the
Chernobyl accident and its effects on psychological
development.

Prevalence of the retinal disease is increased in per-
sons irradiated in utero [83]. Prevalence of macular
degeneration at the age of 14—30 years in the irradiat-
ed in utero subjects was 95.23 * 32.03 per 1000 being
significantly higher (17.86 = 10.31 per 1000) com-
pared to the age control (y2 = 7.827, p = 0.0026).
These cases of macular degeneration diagnosed at the
age of 30 years resemble by clinical pattern the age-
related macular degeneration [84].

At the age of 23—25 years the incidence of nerv-
ous and mental disease for account of paroxysmal
disorders (G40, G43), in particular of epilepsy and
epileptic syndromes (G40), autonomous vascular
dystonia and headache syndromes (G44, G90.9),
dorsalgia (M54), neurotic and somatoform disor-
ders (F40 — F48) is increased in prenatally
exposed persons. The cognitive peculiar features in
the prenatally irradiated individuals reside in the
1Q disharmony at the expense of reducing the ver-
bal 1Q. They have an increased incidence of
abnormal electroencephalograms due to paroxys-
mal activity and interhemispheric asymmetry with
changes in the left fronto-temporal area. Risk fac-
tors for the development of neurocognitive deficits
in the prenatally irradiated persons were deter-
mined, namely the residual-organic cerebral insuf-
ficiency, psychoactive substances abuse, smoking
experience for more than 5 years, irradiation of
embryo and fetus, thyroid irradiation, and gesta-
tional age at the time of exposure. Influence of
radiation dose on the abnormal psychophysiologi-
cal and neurophysiological parameters and the
dependence of molecular-biological parameters
on the radiation dose were determined. The first
data on biological mechanisms of developing of
the radiation-induced brain injury were obtained.
The neurobiological mechanisms of brain injury in
utero due to the Chornobyl catastrophe with an
emphasis on impaired development of the domi-
nant cerebral hemisphere, the target of which is
the cortico-limbic system (hippocampus), may
consist in the radiation-induced abnormal apopto-
sis regulation, abnormal gene expression, neuroin-
flammation response, autoimmune processes and
changes in antiviral and antitumor immunity [44,
45, 85-87].
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EKCIIEPUMEHTAJIBHI I KJITHIYHI
ITPEHATAJTbHI HEMPOEHJIOKPUHHI

E®EKTHA "1

BcTtaHoBeHO 3B’S130K pamialliifHOTO ypakKeHHS IIUTO-
noaioHol 3aj103U 3 HEMPOEHIOKPUHHUMM, CEPLIEBO-CY-
JIUHHUMM, IMYHHUMU TopylueHHsSMu. HaiGinbin 3ar-
pPO3IMBUMHU € OacTOMOTeHHi edekTu. JJoOposaKicHi Ta
37105IKICHI MTyXJIMHU PEECTPYBAIMCS HE TUIbKU Yy LIUTO-
noaioHii 3ay03i, aje i B iHIIMX OopraHax, 110 MaloTb 3
Hel TiCHUI (YHKUiOHAJbHUIA 3B’S130K (rOHAgu, MO-
JIouHi 3amo3n) [48]. He3Baxkatoum Ha oTpMMaHi pe3yJib-
TaTH, KiTbKiCTh €KCIIEPUMEHTATBHUX AOCiIKEHb HEl-
POCHIOKPUHHUX e(PEKTiB MPeHAaTaJTbHOTO OIPOMiHEHHSI
caMe pajlicaKTUBHUM MOJIOM € HEJOCTaTHHOIO.

VY 6esnoponHux IL1ypiB, MaTepi SIKMUX OTPUMYBaIUd B
Ppi3Hi epioay BariTHOCTI palioaKTUBHUI o/ (TTOTINHEe-
Ha 1032 Ha LIIUTOIOAIOHY 327103y MaTepiB CKjiaja OJu3b-
Ko 60 Ip), Ma HU3BKY NTOBEAIHKOBY AKTUBHICTh. ¥ II1y-
piB, OIIPOMiHEHUX B NOIMILIAaHTALIIMHUWI TIepiof i iepio,
opraHoreHe3sy, OyJjia 3apeecTpoBaHa MiKpodTalibMis, 1110
CBiIUUTH MPO MPSIMY €MOpPIOTreHHY Mi10 OMPOMiHEHHSI.
VY 11ypiB, onpoMiHEeHMX B AOIMIUIAaHTALiAHUI mepiod,
Tnepiogn opraHoreHe3y i peToreHe3y, peecTpyBaar MPU-
XOBaHUH TiMOTUPEO3, SIKUI 3HUXKYBAB MOBEIiHKOBY aK-
TuBHiCTh TBapuH [88]. Ilicas mpeHaTaabHOTO OMpOMi-
HeHHs mypiB 'l Oyo BUSBIEHO 3MiHU (DYHKIIOHAb-
HOTO CTaHY IIMTOIIOAIOHOI 3a103u [89].

¥ poGori [31] Briepiiie CTBOPEHO eKCIIEPUMEHTATBHY MO-
JIeJIb BHYTPIITHBOYTPOOHOTO OINPOMiHEHHs IypiB BicTap
BT uIsIXoM OJHOPA30BOr0 MEPOPATLHOIO BBEAECHHST Ha
12—14-1y moby recrauii 27,5 Kbk pamioHykmiimy (mo3a Ha
mmToroAioHy 3ano3y iona (0,72 * 0,14) Ip), ska ekcrpa-
MOJIIOE pafioHeHpoeMOpiooriuHi eekTH y IIypiB Ha
BHYTPILLIHBOYTPOOHO OMNMPOMiHEHUX BHacHimok YopHo-
OMIBCHKOI KaTtacTpodu ocib. BukopmcraHo aBTOpCHKMIA
CITOCiO BU3HAUEHHS MOIIMHEHOI 03U BiJl iIHKOPIIOPOBAaHO-
ro "'l Ha MTOITONIOHY 3aJ103Y TU10/1a JJAOOPATOPHUX IYpIB,
110 BKJIIOYAE MaTeMaTU4Hy ¢opmatizallilo eKCrepuMeH-
TaJIbHO OTPMMAaHMX JaHUX II0A0 3aKOHOMipHOCTEH IIepe-
xomy "'l yepe3 rutaLeHTapHMIA 6ap’€p Ta 0OUMUCICHHST 1000-
BHX 3Ha4eHb: TMUTOMOI akTUBHOCTI 'l B 3aposKy Ta Iwiomi
(3aJ1eXKHO Bif KiJTbKOCTI 130TOITy, 1110 HAAIAIIOB 10 OpraHi3-
My, 1 BapiaHTy Oro HaaxOMXKeHHsI), CepeaHbOl iHTerpab-
HOI Macu eMOpioHa i ruioaa, cepeAHbOI000BOI AKTUBHOCTI Y
TUIO/I B Mepio yTBOPEHHS IIUTOIMOIIOHO1 371031, CepeIHb-
071000BOi aKTUBHOCTI, 1110 TIEPEXOAUTh y IIUTOIOAIOHY 3a-
JIO3y TUIONA, KUTbKOCTI po3nazis ' y IUTonomioHiii 3a103i
U101, MacHu IIUTOMNOMIOHOI 3aJI03U TUIoAA, TTOTIMHEHOI Y
LLIMTOIOAIOHI 321031 103U i HaKonu4yeHoi 103U [90].

BpaxoBywouu Te, 1110 cepeaHsl HalliBjieTajlbHa J103a
(JTs0/30; pamiarifina mo3a, 1110 BUKJIMKAE 3arn6enb 50 %

EXPERIMENTAL AND CLINICAL

PRENATAL NEUROENDOCRINE

EFFECTS OF “'1

The interaction of thyroid radiation injury with
neuroendocrine, cardiovascular and immune dis-
orders has been established. Blastomogenic effects
are the most threatening here. Benign and malig-
nant tumors have been reported not only in thy-
roid, but also in other organs being in a close func-
tional relationship with it, namely the gonads and
mammary glands [48]. Despite the results
obtained, a scope of experimental studies on neu-
roendocrine effects of prenatal irradiation with just
radioactive iodine is insufficient.

The outbred rats, mothers of which were admin-
istered a radioactive iodine (maternal thyroid dose
was about 60 Gy) expressed a low behavioral
activity. Microphthalmia was detected indicating
a direct embryogenic radiation effect in rats
exposed during the preimplantation period and
period of organogenesis. In rats exposed during
the preimplantation period and periods of
organogenesis and fetogenesis the latent hypothy-
roidism was registered, being a reason of the
reduced behavioral activity [88]. Thyroid dys-
function was detected after the prenatal irradia-
tion of rats from the 'I [89].

An experimental model of intrauterine irradia-
tion of Wistar rats from the "'I through a single
oral administration of 27.5 kBq of radionuclide
(0.72 £ 0.14 Gy fetal thyroid dose) at 12—14™ day
of gestation was for the first time proposed in [31],
which provided an extrapolation of radioneuroem-
bryological effects in rats on intrauterine exposure
in human as a result of the Chornobyl catastrophe.
The authorial method of determining the absorbed
dose from incorporated "'l to the fetal thyroid of
laboratory rats was applied, which included the
mathematical formalization of experimentally
obtained data on the patterns of "'l passage across
the placental barrier and calculation of daily values
of the "'l specific activity in the embryo depending
on the amount of incorporated isotope and rote of
incorporation, average integral mass of the embryo
and fetus, average daily activity in the fetus during
the formation of thyroid, average activity that daily
enter the fetal thyroid, number of "'I decays in
fetal thyroid, fetal thyroid mass, absorbed and
cumulative thyroid dose [90].

Given that the average half-lethal dose (L.Dso,30,
i.e. radiation dose that causes death of the 50%
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OIPOMiHEHUX BOPOJIOBXK MICSLIs) IS JIIOAUHU CKIIaa€e
3 Ip, a mig mypiB — 8,5—9 Ip [81], MokHA BBaxaTu, 1110
IIypy pamiocTiikimmi 3a moauHy y 2,8—3 pasu. TooTo,
3aCTOCOBaHi B ILIbOMY EKCIIEPUMMEHTi JO03M Ha IIUTO-
noaioHy 3anoszy mioga (0,72 = 0,14) Ip y mypiB
Binmosigaiots 0,24—0,26 Ip y moaguHu, 1110 CHiBBiIHO-
CUTBCSI 3 JO3UMMETPUYHMMU OLIIHKAMU IIpeHaTaJIbHUX
03 OIMPOMIiHEHHST ILIUMTOIOMIOHOI 3aJl03U BHACITOK
YopHobuibchbKoi KaTactpodu [5, 23-27, 31].

B exkcnepuMeHTi Ha MpeHaTalbHO ompoMiHeHux "'l
mIypax BikoM 3—5 Mic. BCTAHOBJIEHO JIOKOMOTOPHY i eMO-
LilfHY pPO3raJibMOBaHIiCTb, 3HWXXEHHSI PiBHS MOCHIiJI-
HUUBKOI aKTUBHOCTI, 3MiHM B AMHaMIilli BUPOOJIEHHS
YMOBHUX TajIbMiBHUX pedeKciB, IMOpylIeHHsT 30epe-
JKEHHSI CHIimy Tmam’sTi Ta ITIBUIIEHHS PiBHS CYIOMHOIL
rotoBHocCTi. IligTBepIKeHO ayTOIMyHHY TillOTe3y pO3-
BUTKY IPOMEHEBUX YIIKOIKEHb TOJIOBHOTO MO3KY (BU3-
HayeHOo ITiABUILEHY KOHLEHTpALlil0 y CUPOBaTLi KPOBi
ayroantuTin mo S-100 ¢paxiiii ocHOBHOro 6inka Mie-
JIiHy). BcTaHOBIEHO MOPYILIEHHS MPO-aHTUOKCUIAHTHOL
piBHOBaru i PO3KOOPAMHOBAHICTh Yy (PYHKIIIOHYBaHHI
rinotajaMyc—rino@iz—TUpeOoinHOI CUCTEMU.

YV BHYTPILIHBOYTPOOHO OMPOMiIHEHUX OCIO 30epira€Thb-
Csl XapaKTepHUI KOTHITUBHUM Ae(ilUT, SIKUH TONATaE Y
JMUCTapMOHIl IHTEJIEKTyaJJbHOTO PO3BUTKY 3a PaXyHOK
BilIHOCHOTO 3HMKEHHST BepOAJIbHOTO IHTEIEKTY MOPiBHSI-
HO 3 BIZHOCHUM 3POCTaHHSIM HeBepOaJIbHOTO iHTEJIEKTY,
1110 MOXK€e CBiTUUTHU MPO AUCGHYHKIII0 KOPTUKO-TiMOIYHOL
CUCTEMM, OCOOJIMBO TiMOKaMITy JTOMiHAHTHOI reMicepu.
3HUXKEHHS CHEeKTpaibHOI IMOTY>XKHOCTI TeTa-Iiana3oHy
(4—7 Ii1) OioeNeKTpUIHOI aKTUBHOCTI TOJJOBHOTO MO3KY Y
JIiBifi TOOHO-CKPOHEBill AiMSHILI Y BHYTPIllIHHOYTPOOHO
OIPOMiIHEHUX OCi0 CBIAYMUTH TPO TiMOKaAMITaJbHY IUC-
(¢yHK1iI0, TTepeBaXXHO Y JOMiHAHTHIN remicdepi. biono-
TiYHM 0a3MCcOM LBOTO eeKTy MOoXKe OYTH TOpPYIIeHHS
TinoKaMIIaJJbHOTO HeWMpOoreHe3y BHAC/INIOK IpeHaTallb-
HOTO OIPOMiHEHHS palioaKTUBHUM Ioaom [31].

ITopiBHsIIbHA OLIiIHKA €KCIEPUMEHTAAbHUX 1 KJli-
HIYHMX paJioHeHpoeMOPioJOriYHUX POOIT MiATBEPAXKYE
pagioBpa3IMBICTh LIEHTPAJILHOI HEPBOBOI CUCTEMM 10 il
HaBiTh Majux H03 iOHi3ylo4oi pamiauii, 3okpema “'I.
Hami xmiHiyHi ¥ ekcnepuMeHTaJIbHI JOCHiIXKEHHS
BHYTPILIHbOYTPOOHO OMPOMiHEHUX OCi0 Ha palioaKTUB-
HO 3a0pynHeHUX BHaciaimok amapii Ha YAEC Ttepu-
TOpisIX, Y TOMY yrcili B YOpHOOMIBCHKIN 30Hi1 BiTUyKeH-
HS$I, IOPIBHSIHO 3 BiAnoBimHUMM no3aMu Bim ' B ekcrie-
PUMEHTI, TEePEKOHJMBO CBiluyaTh MPO HAasSBHICTb KOT-
HITUBHOTO Ae(illUTy Ta eMOLiHO-TIOBEAiHKOBUX PO3-
naniB [31].

Takum ynMHOM, panialliiiHe ypakeHHsI eMOpioHa i rtona
JIIOAVMHU MOXe MPOSIBUTUCS KOTHITUBHUM Je(illUTOM Ta

of organisms irradiated during a month) is 3 Gy
in human and 8.5—9 Gy in rats [81], one can
consider that rats are 2.8—3 times more radiore-
sistant than humans. That is, the 0.72 = 0.14 Gy
dose applied on fetal thyroid in this experiment in
rats corresponds to 0.24—0.26 Gy in humans,
which correlates with dosimetric estimates of
prenatal thyroid doses due to the Chornobyl dis-
aster [5 —27, 31].

The locomotor and emotional disinhibition, de-
creased research activity, abnormal dynamics of pro-
duction of the conditioned inhibitory reflexes, disor-
ders of a memory trace preservation and increased
convulsive readiness level were established in experi-
ment on rats aged 3—5 months and prenatally irradi-
ated from the "'I. The autoimmune hypothesis for
the brain radiation injury development has been tes-
tified through the revealed increase in serum concen-
tration of autoantibodies to the S-100 fraction of
myelin basic protein. Antioxidant equilibrium distur-
bances and incoordination in functioning of hypo-
thalamus-pituitary-thyroid system were established.

A characteristic cognitive deficit persists in the in
utero irradiated individuals featuring a disharmony
of intellectual development due to a relative
decrease in verbal intelligence compared to a rela-
tive growth of non-verbal intelligence, which may
indicate a dysfunction of the cortico-limbic sys-
tem, especially hippocampus of dominant hemi-
sphere. Decrease in the theta band (4—7 Hz) spec-
tral power of cerebral bioelectric activity in the left
fronto-temporal region in the prenatally irradiated
persons indicates a hippocampal dysfunction,
mainly in the dominant hemisphere. An impaired
hippocampal neurogenesis due to prenatal irradia-
tion from the radioactive iodine can be a biological
basis of this effect [31].

A comparative evaluation of the results of experi-
mental and clinical studies in a field of radioneuro-
embryology confirms the radiosensitivity of the cen-
tral nervous system to an impact of ionizing radiation
even in low doses from the 'l in particular. Our clin-
ical and experimental research in prenatally irradiat-
ed persons living on the radiologically contaminated
territories as a result of the Chernobyl disaster, inclu-
ding in the Chernobyl exclusion zone, compared to
the corresponding doses from "'l in experiment,
conclusively demonstrate the presence of cognitive
deficits and emotionally-behavioral disorders.

Thus, the radiation damage to human embryo
and fetus can be evident as the cognitive deficits
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IHIIMMU HEPBOBO-TICUXiYHUMM PO3JIaTaMU i €HIOKPUH-
HUMM NopylIeHHSIMU. | 11i, paHillle He po3Mi3HaBaHi Bigga-
JIeHi HeHpoIIcnXiaTpUyHi Ta eHIOKPUHHI e(DeKTH, MOXYTh
OyTH 3yMOBJIEHi BiTHOCHO KOPOTKOYACHUM BIUIMBOM iO-
Hi3yl04oro BUMPOMIHIOBAaHHS, PiBEHb SIKOTO paHillle BBa-
KaBcs 6e3neuHuM [92]. besymoBHO, 11 0ci0, OITpoMiHe-
HUX BHYTPILLTHLOYTPOOHO BHACIiTOK YOpHOOMIBLCHKOI Ka-
TacTpou, HEOOXiTHUI HEHWPOIICUXiaTpUUHUI Ta €HIOK-
PUHOJIOTIYHUI MOHITOPUHI IIPOTSITOM YCHOI'O KUTTS.
KJi1touoBrM HaIpsIMKOM Yy TOJAJIBIIOMY PO3YMiHHI pajia-
HiitHUX epeKTiB, OB’ I3aHNX 3 OCOOIMBO MAJTMMU JO3aMHU,
€ aZieKBaTHi eKCIIepMMEeHTH Ha TBapuHax [93]. Takum 4u-
HOM TMOJAJbIi €eKCIEePUMEHTAIBHO-KIIiHIYHI Heupo-
paniobioIoriyHi AOCHiIKEHHHSI, CIIPSIMOBaHi HA BUBYEHHS
BIUIMBY i0OHI3yIOUOT'O BUIIPOMiHIOBAHHSI Ha TillOKaMIIasb-
HUIi HEPOreHe3, HUHI € HalOUIbII aKkTyanbHUMU [94, 95].
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and other neuro-psychiatric disorders and endo-
crine abnormalities. And these previously unrec-
ognized late neuropsychiatric and endocrine
effects can arise from the relatively short-term
impact of ionizing radiation at a level that was pre-
viously considered safe [92]. Of course, the neu-
ropsychiatric and endocrinogic monitoring
throughout the life is required for people prenatal-
ly exposed due to the Chornobyl disaster. The ade-
quate animal experimentation is a key direction in
further understanding of radiation effects associat-
ed with particularly low radiation doses [93]. Thus,
further experimental and clinical neuroradiobio-
logical research focused at studying the effects of
ionizing radiation on hippocampal neurogenesis is
currently most relevant [94, 95].

REFERENCES

1. Zhuravlev VF. [Toxicology of radioactive substances]. Moscow:
Energoatomizdat; 1990. 336 p. Russian.

2. Bazhenov VA, Buldakov LA, Vasylenko IYa. [Harmful chemicals.
Radioactive substances]. Leningrad: Khimia; 1990. 464 p.
Russian.

3. lliin LA, editor. [Radioactive iodine in the problem of radiation
safety]. Moscow: Atomizdat; 1972. P. 27-30. Russian.

4. Institute of Medicine (US) Committee on Thyroid Screening
Related to I-131 Exposure; National Research Council (US)
Committee on Exposure of the American People to I-131 from
the Nevada Atomic Bomb Tests. Exposure of the american peo-
ple to lodine-131 from Nevada nuclear-bomb tests. Review of
the National Cancer Institute Report and Public Health
Implications. Washington: National Academy Press; 1999. 272 p.

5. Likhtarov I, Kovgan L, Vavilov S, Chepurny M, Bouville A,
Luckyanov N, et al. Post-Chornobyl thyroid cancers in Ukraine.
Report 1: estimation of thyroid doses. Radiat Res.
2005;163(2):125-36.

6. Likhtarev |, Bouville A, Kovgan L, Luckyanov N, Voilleque P,
Chepurny M. Questionnaire- and measurement-based individ-
ual thyroid doses in Ukraine resulting from the Chornobyl
nuclear reactor accident. Radiat Res. 2006;166(1 Pt 2):271-86.
https://doi.org/10.1667/RR3545.1.

7. Lebel LS, Dickson RS, Glowa GA. Radioiodine in the atmosphere
after the Fukushima Dai-ichi nuclear accident. J Environ
Radioact. 2016;151(Pt 1):82-93. doi: 10.1016/j.jenvrad.2015.
06.001.

8. [The accident at the Chernobyl nuclear power plant and its con-
sequences]. Moscow: State Atomic Energy Committee of the
USSR; 1986. Russian.

9. Devell L, Guntay S, Powers DA. The Chernobyl reactor accident
source term: Development of a consensus view. NEA/CSNI/R,
1996. Vol. (95)24. 29 p.

h 44



ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

REVIEWS

12.

18.

19.

20.

21.

22,

23.

24.

rpagis | 3a pen. A. M. Cepnatoka, B. I. bebeluka, [. A. basuku.
TepHonins : TAMY, 2011. C. 35—-65.

Kawai M., Yoshizawa N., Suzuki G. '3'l dose estimation from intake
of tap water in the early phase after Fukushima Daiichi nuclear
power plant accident. Radiat. Prot. Dosimetry. 2018. Vol. 179,
no. 1. P. 43-48. doi: 10.1093/rpd/ncx208.

. International Commission on Radiological Protection. Agedepen-

dent doses to members of the public from intake of radionuclides:
part 2. Ingestion dose coefficients. Oxford: ICRP; ICRP Publication
67. Ann. ICRP. 1993. Vol. 23(3-4).

. Unbuna L. A., MockaneHko t0. W. Pacnpepenetue, kuHetuka 06-

MeHa 1 bronoruyeckoe AeNCTBME pPaaMoakTUBHBIX U30TOMOB MO-
Ja. Mocksa : Meauupmna, 1970. 130 c.

. International Commission on Radiological Protection. Doses to

infants from radionuclides ingested in mothers’ milk. Elsevier:
ICRP; ICRP Publication 95. Ann. ICRP. 2004. Vol. 34(3—4).

. Transfer of 1-131 into human breast milk and transfer coefficients

for radiological dose assessments / S. L. Simon, N. Luckyanov, A.
Bouville et al. Health Phys. 2002. Vol. 82. P. 796—806.

. ICRP Publication 88. Doses to the embryo fetus from intake

radionuclides by the mother. Amsterdam: Elsevier (Pergamon).
Ann. ICRP. 2001. Vol. 31/1-3. 518 p.

Estimation of the thyroid doses for Ukrainian children exposed in
utero after the Chornobyl accident / I. Likhtarov, L. Kovgan, M.
Chepurny et al. Health Phys. 2011. Vol. 100, no. 6. P. 583—593.

Denos B. ., llenos U. W., CtenaneHko B.®. PaamauponHas aH-
JokpuHonorus. Mockea : Megumumna, 1993. 208 c.

Likhtarev I. A., Chumak V. V., Repin V. S. Retrospective reconstruc-
tion of individual and collective external gamma-doses of popula-
tion evacuated after the Chernobyl accident. Health Phys. 1994.
Vol. 66, no. 6. P. 10.

Penun B. C. PagnaumoHHO-rMrMEHNYECKOE 3HAYEHWNE UCTOYHM-
kOB 1 103 06ny4eHns Hacenenns 30-kM 30HbI MOCE aBapum Ha
YASC (npobnembl peKOHCTPYKLMKW, OLEHKA PUCKOB) : aBTOped.
auc. ... 0. 6. H.: 14.02.02 / IHcTuTYT MemuumHm npauj. Kuis,
1996. 31 c.

OuiHka BrMBY CTagji BAriTHOCTI HA GOPMYBaHHS [103 HA OpraHm Ta
TKaHWHU nnogy. Po3pobka napameTpiB Moaeni ONPOMIHEHHS no-
ZJy in utero, o6ymoBneHoro aeapieto Ha YopHobunbebkiit AEC / B.
C. Penin, C. 0. Heyaes, M. A. ®pusiok Ta iH. Hayka. YopHobwib-
96: Te3n p[onosigesi HAaykoOBO-NPakT. KOH®. M. Kwi, 11-
12.02.1997 p. Kuis, 1997. C. 157—158.

Intelligence and brain damage in children acutely irradiated in
utero as a result of the Chernobyl accident / A. |. Nyagu, K. N.
Loganovsky, T. K. Loganovskaja et al. KURRI-KR-79. Recent
Research Activities about the Chernobyl NPP Accident in Belarus,
Ukraine and Russia / ed. by T. Imanaka. Kyoto : Research Reactor
Institute, Kyoto University, 2002. P. 202—230.

Effects of prenatal brain irradiation as a result of the Chernobyl
accident / A. I. Nyagu, K. N. Loganovsky, R. Pott-Born et al. /nt.
J. Rad. Med. 2004. Vol. 6, no. 1-4, Special Issue. P. 91-107.

10. UNSCEAR 2000 report to the General Assembly, with scientif-
ic annexes. Sources and effects of ionizing radiation. Sources.
United Nations Scientific Committee on the Effects of Atomic
Radiation. New York: United Nations, 2000. Vol. I. Annex J.
Exposures and effects of the Chernobyl accident. p. 451-566
URL: http://www.unscear.org/unscear/en/chernobyl.html

11. Likhtarev IA, Kovgan LM, Chumak W, Vasylenko W, Tsygankov
MYa, et al. [Dose of irradiation]. In: Serdyuk AM, Bebeshko
VG, Bazyka DA, editors. [Health consequences of the
Chornobyl catastrophe: 1986-2011]. Ternopil: TDMU; 2011.
p. 35-65. Ukrainian.

12. Kawai M, Yoshizawa N, Suzuki G. 1311 dose estimation from
intake of tap water in the early phase after Fukushima Daiichi
nuclear power plant accident. Radiat. Prot. Dosimetry.
2018;179(1):43-8. doi: 10.1093/rpd/ncx208.

13. International Commission on Radiological Protection.
Agedependent doses to members of the public from intake of
radionuclides: part 2. Ingestion dose coefficients. Oxford:
ICRP; ICRP Publication 67. Ann. ICRP. 1993;23(3-4).

14. lliina DA, Moskalenko Yul. [Distribution, exchange kinetics and
biological effect of radioactive iodine isotopes]. Moscow:
Meditsina; 1970. 130 p. Russian.

15. International Commission on Radiological Protection. Doses to
infants from radionuclides ingested in mothers’ milk. Elsevier:
ICRP; ICRP Publication 95. Ann. ICRP. 2004;34(3-4).

16. Simon SL, Luckyanov N, Bouville A, VanMiddlesworth L,
Weinstock RM. Transfer of I-131 into human breast milk and
transfer coefficients for radiological dose assessments. Health
Phys. 2002;82:796-806.

17. ICRP Publication 88. Doses to the embryo fetus from intake
radionuclides by the mother. Amsterdam: Elsevier
(Pergamon). Ann. ICRP. 2001;31/1-3. 518 p.

18. Likhtarov I, Kovgan L, Chepurny M, Ivanova O, Boyko Z, Ratia
G, et al. Estimation of the thyroid doses for Ukrainian children
exposed in utero after the Chornobyl accident. Health Phys.
2011;100(6):583-93. DOI: 10.1097/HP.0b013e3181ff391a.

19. Dedov VI, Dedov I, Stepanenko VF. [Radiation endocrinology].
Moscow: Meditsina; 1993. 208 p. Russian.

20. Likhtarev IA, Chumak W, Repin VS. Retrospective reconstruc-
tion of individual and collective external gamma-doses of pop-
ulation evacuated after the Chernobyl accident. Health Phys.
1994;66(6):10.

21. Repin VS. [Radiation-hygienic significance of sources and
doses to the population in the 30-km zone after the Chernobyl
accident (reconstruction problems, risk assessment)] [thesis
of dissertation]. Kyiv; 1996. 31 p. Russian.

22. Repin VS, Nechaev SYu, Friesyuk MA, et al. [Assessment of the
effect of pregnancy on the formation of doses on the organs
and tissues of the fetus. Development of parameters of the
model of irradiation of the fetus in utero caused by the acci-
dent at the Chernobyl Nuclear Power Plant]. In: Science.

45 @



ornsaosl CTATTI

25,

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

h 46

ISSN 2304-8336. [poGnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

JloraHoeebka T. K., Hewae C. 10. Meuxodisionoriuni edexn y
npeHaTasbHO ONPOMIHEHUX AiTel Ta NigiTKiB BHACNIAOK aBapil Ha
YopHobunbcokiit AEC. Meauunnii Bcecsit. 2004. T. 4, Ne 1.
C. 130-137.

JloraHoecbka T. K. lcwxiydi posnagu y Aitei, ki 3a3Hanm
BHYTPILUHLOYTPOOHOIO OMPOMIHEHHSI BHACMIAOK aBapii Ha YopHo-
ounbcbkii AEC : astoped. amc. ... k. med. H. 03.00.01 -
papiobionorisi / Haykouin LeHTP papjauiidoi meanumHn AMH Yk-
paitu, Kuis, 2005. 24 c.

Disrupted development of dominant brain hemisphere following
prenatal irradiation / K. Loganovsky, T. Loganovskaja, S. Nechayev
et al. The Journal of Neuropsychiatry and Clinical Neurosciences.
2008. Vol. 20. P. 274-291.

Berkovski V. Radiation and Thyroid Cancer. Radioiodine biokinet-
ics in the mother and fetus. Part 1. Pregnant woman. Publication
No. EUR 18552EN of the European Commission. World Scientific
Publishing, 1999a. P. 319-325.

Berkovski V. Radiation and Thyroid Cancer. Radioiodine biokinet-
ics in the mother and fetus. Part 2. Fetus. Publication No. EUR
18552EN of the European Commission. World Scientific
Publishing; 1999b. P. 327-332.

Likhtarov I. A., Kovgan L. M., Chepurny M. 1., Masiuk S. V. Inter-
pretation of results of radioiodine measurements in thyroid for res-
idents of Ukraine (1986). Probl. Radiac. Med. Radiobiol. 2015.
Vol. 20. P. 185-203.

Cerebral impact of prenatal irradiation by *'l: an experimental
model of clinical neuroradiobiological effects / V. V. Talko, K. M.
Loganovsky, |. P. Drozd et al. Probl. Radiac. Med. Radiobiol.
2017. Vol. 22. P. 238—-269.

ICRP Publication 49 Developmental effects of irradiation on the
brain of the embryo and fetus. - A report of a Task Group of
Committee 1 of the International Commission on Radiological
Protection, 1986. Oxford, New York, Toronto, Sydney, Frankfurt :
Pergamon Press, 1986. 43 p.

ICRP Publication 90. Biological effects after prenatal irradiation
(embryo and fetus). Amsterdam : Elsevier (Pergamon), 2003.
230 p.

Neonatal outcomes following exposure in utero to fallout from
Chernobyl / M. Hatch, M. P. Little, A. V. Brenner et al. Eur. J.
Epidemiol. 2017. Vol. 32, Ne 12. P. 1075-1088. doi:
10.1007/510654-017-0299-y.

In utero exposure to iodine-131 from Chernobyl fallout and anthro-
pometric characteristics in adolescence / G. Neta, M. Hatch, C. M.
Kitahara et al. Radiat. Res. 2014. Vol. 181, Ne 3. P. 293-301. doi:
10.1667/RR13304.1.

US-Japan Joint Reassessment of Atomic Bomb Radiation
Dosimetry in Hiroshima and Nagasaki. Final Report, Dosimetry
System 1986 (DS86) / ed. by W. C. Roesch. Hiroshima : RERF,
1987.

Reassessment of the Atomic Bomb Radiation Dosimetry for
Hiroshima and Nagasaki. Report of the Joint US-Japan Working

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

Chornobyl-96: abstracts of scientific papers. conf. 1997 Feb 11-
12; Kyiv, Ukraine. Kyiv; 1997. p. 157-8. Ukrainian.

Nyagu Al, Loganovsky KN, Loganovskaja TK, et al. Intelligence and
brain damage in children acutely irradiated in utero as a result of
the Chernobyl accident / KURRI-KR-79. In: Imanaka T, editor.
Recent Research Activities about the Chernobyl NPP Accident in
Belarus, Ukraine and Russia. Kyoto: Research Reactor Institute,
Kyoto University; 2002. p. 202-30.

Nyagu Al, Loganovsky KN, Pott-Born R, et al. Effects of prenatal
brain irradiation as a result of the Chernobyl accident. Int J Rad
Med. 2004;6(1-4, Spec Iss):91-107.

Loganovska TK, Nechaev SYu. [Psychophysiological effects in pre-
natally infected children and adolescents as a result of the Chernobyl
accident]. Medychnyi vsesvit. 2004;4(1):130-7. Ukrainian.
Loganovska TK. [Mental disorders in children who have undergone
intrauterine irradiation as a result of the Chernobyl accident] [the-
sis of dissertation]. Kyiv: Research center for Radiation Medicine;
2005. 24 p. Ukrainian.

Loganovsky K, Loganovskaja T, Nechayev S, Antipchuk YY, Bomko
MA. Disrupted development of dominant brain hemisphere follow-
ing prenatal irradiation. J Neuropsychiatry Clin Neurosci.
2008;20:274-91. doi: 10.1176/appi.neuropsych.20.3.274.
Berkovski V. Radiation and Thyroid Cancer. Radioiodine biokinetics
in the mother and fetus. Part 1. Pregnant woman. Publication No.
EUR 18552EN of the European Commission. World Scientific
Publishing; 1999a. p. 319-25.

Berkovski V. Radiation and Thyroid Cancer. Radioiodine biokinetics
in the mother and fetus. Part 2. Fetus. Publication No. EUR
18552EN of the European Commission. World Scientific Publishing;
1999b. p. 327-32.

Likhtarov 1A, Kovgan LM, Chepurny MI, Masiuk SV. Interpretation of
results of radioiodine measurements in thyroid for residents of
Ukraine (1986). Probl Radiac Med Radiobiol. 2015;20:185-203.
Talko W, Loganovsky KM, Drozd IP, Tukalenko YeV, Loganovska
TK, Nechayev SYu, et al. Cerebral impact of prenatal irradiation by
1311: an experimental model of clinical neuroradiobiological
effects. Probl Radiac Med Radiobiol. 2017;22:238-69.

ICRP Publication 49 Developmental effects of irradiation on the
brain of the embryo and fetus. - A report of a Task Group of
Committee 1 of the International Commission on Radiological
Protection, 1986. Oxford, New York, Toronto, Sydney, Frankfurt:
Pergamon Press; 1986. 43 p.

ICRP Publication 90. Biological effects after prenatal irradiation
(embryo and fetus). Amsterdam: Elsevier (Pergamon); 2003. 230 p.
Hatch M, Little MP, Brenner AV, Cahoon EK, Tereshchenko V,
Chaikovska L, et al. Neonatal outcomes following exposure in utero
to fallout from Chernobyl / Eur. J. Epidemiol. 2017;32(12):1075-
88. DOI: https://doi.org/10.1007/s10654-017-0299-y.

Neta G, Hatch M, Kitahara CM, Ostroumova E, Bolshova EV,
Tereschenko VP, et al. In utero exposure to iodine-131 from
Chernobyl fallout and anthropometric characteristics in adoles-




ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

REVIEWS

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Group, Dosimetry System 2002 (DS02) / ed. by R. W. Young, G.
D. Kerr. Hiroshima : RERF, 2005.

Thyroid cancer and benign nodules after exposure in utero to fall-
out from Chernobyl / M. Hatch, A. V. Brenner, E. K. Cahoon et al.
J. Clin. Endocrinol. Metab. 2019. Vol. 104, Ne 1. P. 41-48. doi:
10.1210/jc.2018-00847.

Otake M., Schull W. J., Lee S. Threshold for radiation-related
severe mental retardation in prenatally exposed A-bomb survivors:
are-analysis. Int. J. Radiat. Biol. 1996. Vol. 70, no. 6. P. 755-763.
Otake M., Schull W. J. Radiation-related brain damage and growth
retardation among the prenatally exposed atomic bomb survivors.
Int. J. Radiat. Biol. 1998. Vol. 74, no. 2. P. 159-171.

Imamura Y., Nakane Y., Ohta Y., Kondo H. Lifetime prevalence of
schizophrenia among individuals prenatally exposed to atomic
bomb radiation in Nagasaki City. Acta Psychiatr. Scand. 1999. Vol.
100, no. 5. P. 344-349.

Gross R., Hamid H., Harlap S., Malaspina D. Prenatal x-ray expo-
sure may increase risk of schizophrenia: Results from the Jerusa-
lem perinatal cohort schizophrenia study. Int. J. Mental Health.
2018. Vol. 47, no. 3. P. 236—240, doi: 10.1080/00207411.2017.
1308293

Prenatal Irradiation of the Brain / K. Loganovsky, T. Loganovskaja,
S. Nechayev et al. Health effects of the Chornobyl accident — a
quarter of centuryaftermath. Chapter 21. Medical consequences
of the Chornobyl accident in exposed in childhood | ed. by A.
Serdiuk, V. Bebeshko, D. Bazyka, S. Yamashita. Kyiv : DIA, 2011.
P. 573-581.

. Mental health and neuropsychiatric effects / K. Loganovsky, M.

Bomko, S. Chumak et al. Health effects of Chornobyl accident —
thirty yearsaftermath | ed. by D. Bazyka,V. Sushko, A. Chumak, V.
Chumak, L. Yanovych. Kyiv : DIA, 2016. P. 320-381
http://nrcrm.gov.ua/downloads/2017/monograph_last.pdf
Loganovsky K. N., Loganovskaya T. K. Responses to children’s
mental health needs following the Chernobyl disaster. Springer
Publishing «Responses to Children’s Mental Health Needs after
Major Disasters, an International Perspective». Columbia University
Medical Center/New York State Psychiatric Institute, USA.
Springer Nature Switzerland AG, 2019. 29 p. (in press)

World Health Organization. Health consequences of the Chernobyl
accident. Results of the IPHECA pilot projects and related national
programmes / ed. by G. N. Souchkevich, A. F. Tsyb. Geneva :
World Health Organization, 1996. 520 p.

Kosnosa W. A., Hary A. U., Kopones B. [I. BnusHue pagvauuv Ha
McUXVUYeckoe passuTue AeTeil. XypH. HEBpONaTol. u Mcuxmatp.
um. C.C. Kopcaxosa. 1999. T. 99, Ne 8. C. 12—-15.

Jlaruckas A. M., TepeweHko W. 9., Bacunenko . . Pagmobuo-
NOrMYECKME aCneKThl MOBPEXAEHUS LMTOBUHOI Xenesol y AeTei
nocne agapum Ha YepHOOLIIbCKOM aTOMHOI 3NeKTPOCTaHLMM
(uTorv 1 nepcnexkTuBbI MCCNEnoBanMs). YepHOObIIbCKas KatacT-
pOGa 1 MeAVKO-NCHXOIOrNHECcKas PeabunnTaums nocTpanasLUmx.
Munck, 1992. C. 105—108.

36.

37.

38.

39.

40.

41,

42.

45,

46.

47.

cence. Radiat. Res. 2014;181(3):293-301. DOI: https://doi.org/
10.1667/RR13304.1.

Roesch WC, editor. US-Japan Joint Reassessment of Atomic Bomb
Radiation Dosimetry in Hiroshima and Nagasaki. Final Report,
Dosimetry System 1986 (DS86). Hiroshima: RERF, 1987.
Reassessment of the Atomic Bomb Radiation Dosimetry for
Hiroshima and Nagasaki. Report of the Joint US-Japan Working
Group, Dosimetry System 2002 (DS02) / ed. by R. W. Young, G.
D. Kerr. Hiroshima : RERF, 2005.

Hatch M, Brenner AV, Cahoon EK, Drozdovitch V, Little MP,
Bogdanova T, et al. Thyroid cancer and benign nodules after expo-
sure in utero to fallout from Chernobyl. J Clin Endocrinol Metab.
2019;104(1):41-8. DOI: https://doi.org/10.1210/jc.2018-00847.
Otake M, Schull WJ, Lee S. Threshold for radiation-related severe
mental retardation in prenatally exposed A-bomb survivors: a re-
analysis. Int J Radiat Biol. 1996;70(6):755-63.

Otake M, Schull WJ. Radiation-related brain damage and growth
retardation among the prenatally exposed atomic bomb survivors.
Int J Radiat Biol. 1998;74(2):159-71.

Imamura Y, Nakane Y, Ohta Y, Kondo H. Lifetime prevalence of
schizophrenia among individuals prenatally exposed to atomic
bomb radiation in Nagasaki City. Acta Psychiatr. Scand.
1999;100(5):344-9.

Gross R, Hamid H, Harlap S, Malaspina D. Prenatal x-ray exposure
may increase risk of schizophrenia: Results from the Jerusalem peri-
natal cohort schizophrenia study. Int J Mental Health. 2018;47(3):
236-40. DOI: https://doi.org/10.1080/00207411.2017.1308293

. Loganovsky K, Loganovskaja T, Nechayev S, et al. Prenatal

Irradiation of the Brain. In: Serdiuk A, Bebeshko V, Bazyka D,
Yamashita S, editors. Health effects of the Chornoby! accident — a
quarter of centuryaftermath. Chapter 21. Medical consequences of
the Chornobyl accident in exposed in childhood. Kyiv: DIA; 2011.
p. 573-81.

. Loganovsky K, Bomko M, Chumak S, et al. Mental health and neu-

ropsychiatric effects. In: Bazyka D, Sushko V, Chumak A, Chumak
V, Yanovych L, editors. Health effects of Chornoby! accident — thir-
ty years aftermath. Kyiv: DIA; 2016. p. 320-81. URL:
http://nrcrm.gov.ua/downloads/2017/monograph_last.pdf
Loganovsky K. N., Loganovskaya T. K. Responses to children’s
mental health needs following the Chernobyl disaster. Springer
Publishing «Responses to Children’s Mental Health Needs after
Major Disasters, an International Perspective». Columbia University
Medical Center/New York State Psychiatric Institute, USA. Springer
Nature Switzerland AG; 2019. 29 p. (in press)

World Health Organization; Souchkevich GN, Tsyb AF, editors.
Health consequences of the Chernobyl accident. Results of the
IPHECA pilot projects and related national programmes. Geneva:
World Health Organization; 1996. 520 p.

Kozlova A, Nyagu Al, Korolev VD. [Effect of radiation on the mental
development of children]. Zh. Nevrol. Psikhiatr. Im. SS Korsakova.
1999;99(8):12-5. Russian.

47 @



ornsaaosi CTATTI

49.

50.

51.

52.

53.

54.

95.

56.

57.

58.

59.

60.

b 48

ISSN 2304-8336. [poGnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

Nyagu A. I, Loganovsky K. N., Loganovskaja T. K.
Psychophysiologic aftereffects of prenatal irradiation. Int. J.
Psychophysiol. 1998. Vol. 30, no. 3. P. 303-311.

Kolominsky Y., Igumnov S., Drozdovitch V. The psychological
development of children from Belarus exposed in the prenatal peri-
od to radiation from the Chernobyl Atomic Power Plant. J. Child
Psychol. Psychiatry. 1999. Vol. 40, no. 2. P. 299-305.

Mrymuos C. A. TpocnekTBHOE WCCREeaoBaHWe MCUXONOrMYECKO
pasBuTUs AETeN, NOABEPrILMXCS BO3AEACTBUIO VOHU3UPYIOLIETO
u3nyyeHus in utero B pesynbTate aBapum Ha HYepHobbinbckoit ASC
: aBToped. auc. ... A. meq. H.: 03.00.01 n 14.01.16 / l'ocypap-
CTBEHHbII HayyHbIii LieHTP Poccuiickoi ®Gepepaummn UHCTUTYT 1~
oduamkm. Mockea, 1999. 38 c.

Igumnov S., Drozdovitch V. The intellectual development, mental
and behavioural disorders in children from Belarus exposed in
utero following the Chernobyl accident. Eur. Psychiatry. 2000. Vol.
15, no. 4. P. 244-253.

Wrymnos C. A., iposposuy B. B. broanektpuieckas akTMBHOCTb
rONIOBHOr0 MO3ra Yy BHYTPUYTPOOHO 00NyYeHHbIX eTelt Bcnen-
CTBUe aBapuu Ha YepHobbinbekoii ASC (npocnexkTUBHOE Uccneao-
BaHwe). MeauumHckas pagmonorvs W paguaumoHHas samra.
2002. Ne 5. C. 33-42.

Igumnov S. A., Drozdovitch V. V. Antenatal exposure following the
Chernobyl accident: neuropsychiatric aspects. International Jour-
nal of Radiation Medicine. 2004. Vol. 6, Ne (1-4). P. 108—115.
Igumnov S. The brain bioelectric activity of the Belarusian persons
irradiated in utero as a result of Chernobyl accident. Activitas
Nervosa Superior Rediviva. 2009. Vol. 51, no. 1-2. P. 55-60.
lMcuxonornyeckas v HepOPM3NONOr1YeCcKas AMarHoCTMKa NCUXU-
YECKOr0 COCTOSIHUS aHTeHaTaslbHO 06/1y4eHHbIX ny, / C. A. Urym-
Hog, A. JI. Opnos, B. B. Esceenko ap. Meauko-6uonornyeckue
npobnembl xu3HeaesrensHocts. 2011, Ne 1. C. 93-102.
Basbinbunk C. ., Opo3n B. M., Paiinepc X., MaBpunu 10. UHTen-
NeKTyaNbHoe pasBuTUe [eTeid, 00ay4eHHbIX BHYTPUYTPOOHO M B
Bo3pacte a0 1,5 roga B pesynbtare asapuu Ha YAIC. Int. J. Rad.
Med. 2001. Special Issue, Vol. 3, no. 1-2. P. 157—158.

laiinyk ®. M., UrymHos C. A., LWanbkesuy B. b. KomnnekcHas
OLiEHKa HEPBHO-MCUXWNYECKOT0 Pa3BMTUS AETei, NOABEpPrLLMXCS
pamuaLMOHHOMY BO3AENCTBUIO B NPEHATaNbHOM NEepuoae B pe-
3ynbTate YepHOObLINLCKOIA KaTacTpodbl. CoLuanbHas 1 KMHUYEC-
kas nevxviatpus. 1994. T. 4, Boin. 1. C. 45—-49.

Bnugnne manbix 103 paavaummn Ha HEPBHO-NCUXUYECKOE 3[10POBbE
JeTen (METogmyeckue Moaxodbl M NpensBapuTeNbHble JaHHbIe).
Coobuwenve 1/ J1. A. Epmonuna, O. [l. Coctokano, H. K. Cyxotu-
Ha u op. CoumanbHas v knmHndeckas ncvxwatpus. 1994. T. 4,
Ne. 1. C. 37-43.

BnugHue manbix [03 pagvaumm Ha HEPBHO-MCUXWYECKOE 3[0-
pOBbe [IeTel (paano-oHTOreHeTYeckuid acnekt npobnemsl). Co-
obweHue 2 / J1. A. Epmonuna, H. K. Cyxotuna, O. [l. Coctokano
n ap. CounanbHas u kuunyeckas nevuxvarpus. 1996. T. 6, Ne. 3.
C.5-12.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Liaginskaia AM, Tereshchenko IYa, Vasilenko 1Ya. [Radiobiological
aspects of thyroid damage in children after the accident at the
Chernobyl nuclear power plant (results and prospects of research)].
In: [Chernobyl disaster and medical and psychological rehabilitation
of the victims]. Minsk; 1992. p. 105-8. Russian.

Nyagu Al, Loganovsky KN, Loganovskaja TK. Psychophysiologic
aftereffects of prenatal irradiation. Int J Psychophysiol. 1998;30(3):
303-11. DOI: https://doi.org/10.1016/S0167-8760(98)00022-1.
Kolominsky Y, Igumnov S, Drozdovitch V. The psychological devel-
opment of children from Belarus exposed in the prenatal period to
radiation from the Chernobyl Atomic Power Plant. J Child Psychol
Psychiatry. 1999;40(2):299-305. DOI: https://doi.org/10.1111/
1469-7610.00444.

Igumnov SA. [A prospective study of the psychological development
of children exposed to in utero ionizing radiation as a result of the
Chernobyl accident] [thesis of dissertation]. Moscow; 1999. 38 p.
Russian.

Igumnov S, Drozdovitch V. The intellectual development, mental and
behavioural disorders in children from Belarus exposed in utero fol-
lowing the Chernobyl accident. Eur Psychiatry. 2000;15(4):244-53.
Igumnov SA, Drozdovitch V. [Bioelectric activity of the brain in pre-
natally irradiated children due to the accident at the Chernobyl
nuclear power plant (a prospective study)]. Medical Radiology and
Radiation Safety. 2002;(5):33-42. Russian.

Igumnov SA, Drozdovitch W. Antenatal exposure following the
Chernobyl accident: neuropsychiatric aspects. International Journal
of Radiation Medicine. 2004;6(1-4):108-15.

Igumnov S. The brain bioelectric activity of the Belarusian persons
irradiated in utero as a result of Chernobyl accident. Activitas
Nervosa Superior Rediviva. 2009;51(1-2):55-60.

Igumnov SA, Orlov AL, Evseenko W, Dokukina TV, Kasap VA,
Kozmidiadi AO, et al. [Psychological and neurophysiological diag-
nostics of the mental state of antenatally irradiated individuals].
Medical and Biological Problems of Life Activity. 2011;(1):93-102.
Russian.

Bazylchik SD, Drozd VM, Rainers Kh, Gavrilin Yu. [Intellectual devel-
opment of children irradiated in utero and under the age of 1.5
years as a result of the Chernobyl accident]. Int. J. Rad. Med.
2001;3(1-2, Spec Iss): 157-8. Russian.

Haiduk FM, Igumnov SA, Shalkevych VB. [Comprehensive assess-
ment of the neuropsychic development of children exposed to radi-
ation in the prenatal period as a result of the Chernobyl disaster].
Social and Clinical Psychiatry. 1994;4(1):45-9. Russian.

Ermolina LA, Sosiukalo OD, Sukhotina NK; et al. [The effect of low
doses of radiation on the neuropsychic health of children (method-
ological approaches and preliminary data). Post 1]. Social and
Clinical Psychiatry. 1994;4(1):37-43. Russian.

Ermolina LA, Sukhotina NK, Sosiukalo OD, et al. [The effect of low
doses of radiation on the neuropsychic health of children (the radio-
ontogenetic aspect of the problem). Post 2]. Social and Clinical
Psychiatry. 1996;6(3):5-12. Russian.




ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

REVIEWS

61.

62.

63.

HepBHo-ncuxnyeckoe 300poBbe [T, 00/y4eHHbIX BHYTUYTPOD-
HO B pesynbTare agapumn Ha YASC / H. K. CyxotuHa, J1. A. Epmo-
nmHa, O. [1. Cociokano n ap. CoumanbHas u KIMHNYECKas rcuxm-
arpus. 2000. T. 10, Ne. 2. C. 3—7.

Mcuxuyeckoe 3m0poBbe aeTeii cnycta 11 net nocne YepHoObIbC-
kol katactpocsl / . bpomert, [I. Tonarabep, . KapncoH v ap.
BicHuk Acoujiauii neuxiatpis Ykpaikm. 1998. T. 4, Ne 12. C. 37-63.
Litcher L., Bromet E. J., Carlson G., Squires NK. School and neu-
ropsychological performance of evacuated children in Kiev eleven
years after the Chernobyl disaster J. Child. Psychol. Psychiatry.
2000. Vol. 41. P. 219-299.

64. Children’s well-being 11 years after the Chornobyl catastrophe / E.

65.

66.

67.

68.

69.

70.

7.

72.

73.

J. Bromet, D. Goldgaber, G. Carlson et al. Arch. Gen. Psychiatry.
2000. Vol. 57, no. 6. P. 563-571.

N. Bar J., Reisfeld D., Tirosh E., Silman Z. Neurobehavioral and
cognitive performances of children exposed to low-dose radiation
in the Chernobyl accident: the Israeli Chernobyl Health Effects
Study. Am. J. Epidemiol. 2004. Vol. 160, no. 5. P. 453—-459. DOI:
10.1093/aje/kwh231.

Subjective health legacy of the Chornobyl accident: a comparative
study of 19-year olds in Kyiv / E. J. Bromet, D. P. Taormina, L. T.
Guey et al. BMC Public Health. 2009. Vol. 9. P. 417. DOl
https://doi.org/10.1186/ 1471-2458-9-417.

The Chornobyl accident and cognitive functioning: a follow-up
study of infant evacuees at age 19 years / D. P. Taormina, S.
Rozenblatt, L. T. Guey et al. Psychol. Med. 2008. Vol. 38, no. 4.
P. 489-497. DOI:10.1017/50033291707002462.

World Health Organization. Health effects of the Chernobyl acci-
dent and special health care programmes. Report of the UN
Chernobyl Forum Expert Group «Health» (EGH) / ed. by B. Bennet,
M. Repacholi, Zh. Carr. Geneva : WHO, 2006. 160 p.

Heiervang K. S., Mednick S., Sundet K., Rund B. R. Effect of low
dose ionizing radiation exposure in utero on cognitive function in
adolescence. Scand. J. Psychol. 2010. Vol. 51, no. 3. P. 210-215.
DOI: https://doi.org/10.1111/j.1467-9450.2010.008 14.x.
Heiervang K. S., Mednick S., Sundet K., Rund B. R. The Chernobyl
accident and cognitive functioning:a study of Norwegian adoles-
cents exposed in utero. Dev. Neuropsychol. 2010. Vol. 35, no. 6.
P. 643—655. DOI: https://doi.org/10.1080/87565641.2010.508550
XoxpsikoB B. B. PekoHCTpykums 103 001yYeHUs HaceneHus r.
Osépcka, 06ycnoBneHHbIX BbiOpocamm B atmocdepy iopa-131
npu nepepabotke 00AY4EHHOTO SNEPHOr0 TOMNMBA : aBToped.
JVC. ... KaHA. TexH. Hayk. O3épck, 1999.

Byprosas E. 10., Kantuna T. 3., benosa M. B., Aknees A. B. Kor-
HWUTMBHbIE HApYLIEHUs Y N, NOABEPTIUMXCS PaaUaLMOHHOMY
BO3/EJCTBMIO B NEPUOL, NPEHATaNbHOrO PasBuTus. XypHai Hes-
ponormm n ncuxmatpum um. C.C. Kopcakosa. 2015. T. 115, Ne 4.
C. 20-23. doi: 10.17116/jnevro20151154120-23.

Almond D., Edlund L., Palme M. Chernobyl’s subclinical legacy:
prenatal exposure to radioactive fallout and school outcomes in
Sweden / Discussion Paper No.: 0607-19. New York : Department

61.

62.

63.

64.

Sukhotina NK, Ermolina LA, Sosiukalo OD, et al. [Neuropsychic
health of children irradiated in utero as a result of the Chernobyl
accident]. Social and Clinical Psychiatry. 2000;10(2):3-7.
Russian.

Bromet E, Goldgaber D, Carlson G., et al. [Mental health of children
11 vyears after the Chernobyl disaster]. Journal of Ukrainian
Psychiatrists Association. 1998;4(12):37-63. Russian.

Litcher L, Bromet EJ, Carlson G, Squires NK. School and neuropsy-
chological performance of evacuated children in Kiev eleven years
after the Chernobyl disaster. J Child Psychol Psychiatry.
2000;41:219-99. DOI: 10.1111/1469-7610.00613.

Bromet EJ, Goldgaber D, Carlson G, Panina N, Golovakha E,
Gluzman SF, et al. Children’s well-being 11 years after the
Chornobyl catastrophe. Arch Gen Psychiatry. 2000;57(6):563-71.

65. N Bar J., Reisfeld D., Tirosh E., Silman Z. Neurobehavioral and cog-

66.

67.

nitive performances of children exposed to low-dose radiation in the
Chernobyl accident: the Israeli Chernobyl Health Effects Study. Am
J Epidemiol. 2004;160(5):453-9. DOI: 10.1093/aje/kwh231.
Bromet EJ, Taormina DP, Guey LT, Bijlsma JA, Gluzman SF,
Havenaar JM, et al. Subjective health legacy of the Chornobyl acci-
dent: a comparative study of 19-year olds in Kyiv. BMC Public
Health. 2009;9:417. DOI: https://doi.org/10.1186/1471-2458-9-
417.

Taormina DP, Rozenblatt Sh, Guey LT, Gluzman SF, Carlson GA,
Havenaar JM, et al. The Chornobyl accident and cognitive function-
ing: a follow-up study of infant evacuees at age 19 years.
Psychological medicine. 2008;38(4):489-97. DOI:10.1017/
S0033291707002462.

68. World Health Organization, Bennet B, Repacholi M, Carr Zh, editor.

69.

Health effects of the Chernobyl accident and special health care
programmes. Report of the UN Chernobyl Forum Expert Group
«Health» (EGH). Geneva: WHO; 2006. 160 p.

Heiervang KS, Mednick S, Sundet K, Rund BR. Effect of low dose
ionizing radiation exposure in utero on cognitive function in adoles-
cence. Scand J Psychol. 2010;51(3):210-5. DOI: https://doi.org/
10.1111/j.1467-9450.2010.008 14.x

70. Heiervang KS, Mednick S, Sundet K, Rund BR. The Chernobyl acci-

1.

T2.

dent and cognitive functioning:a study of Norwegian adolescents
exposed in utero. Dev Neuropsychol. 2010;35(6):643-55. DOI:
https://doi.org/10.1080/87565641.2010.508550

Khokhriakov W. [Reconstruction of radiation doses to the popula-
tion of Ozersk due to emissions of iodine-131 into the atmosphere
during reprocessing of irradiated nuclear fuel] [thesis of disserta-
tion]. Ozersk; 1999. Russian.

Burtovaia YeYu, Kantona TE, Belova MV, Akleev AV. [Cognitive
impairment in people exposed to radiation during prenatal develop-
ment]. Zh Nevrol Psikhiatr Im SS Korsakova. 2015;115(4):20-3.
doi: 10.17116/jnevro20151154120-23. Russian.

73. Aimond D, Edlund L, Paime M. Chernobyl’s subclinical legacy: pre-

natal exposure to radioactive fallout and school outcomes in Swe-
den / Discussion Paper No.: 0607-19. - New York: Department of

49 @&



ornsaaosi CTATTI

74.

75.

76.

78.

79.

80.

81.

82.

83.

84.

@

ISSN 2304-8336. [poGnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

of Economics, Columbia University, 2007. URL: http://www.
columbia.edu/cu/economics/discpapr/DP0607-19.pdf.

Lie R. T., Moster D., Strand P., Wilcox A. J. Prenatal exposure to
Chernobyl fallout in Norway: neurological and developmental
outcomes in a 25-year follow-up. Eur. J. Epidemiol. 2017. Vol.
32, Ne 12. P. 1065—1073. doi: 10.1007/s10654-017-0350-z.
Chernobyl exposure as stressor during pregnancy in adolescent
offspring / A. C. Huizink, D. M. Dick, E. Sihvola et al. Psychiatr.
Scand. 2007. Vol. 116, no. 6. P. 438—446. doi: 10.1111/j.1600-
0447.2007.01050.x.

Chernobyl exposure as stressor during pregnancy and hormone
levels in adolescent offspring / A. C. Huizink, M. Bartels, R. J.
Rose et al. J. Epidemiol. Community Health. 2008. Vol. 62, no.
4. P. 5. DOI: 10.1136/jech.2007.060350.

. Kaminskyi O. V., Kopylova O. V., Afanasyev D. E., Pronin O. V.

Non-cancer thyroid and other endocrine disease in children and
adults exposed to ionizing radiation after the ChNPP accident.
Probl. Radiac. Med. Radiobiol. 2015. Vol. 20. P. 341-355.

Late hormone-mediated effects of cerebral irradiation from the
radioactive iodine / A. Kaminskyi, K. Loganovsky, V. Talko et al.
EPA-2019, Eropean Psychiatric Association, 27" European
Congress of Psychiatry, Psychiatry in Transition, Towards new
models, goals & challenges, Warsaw, Poland, 6-9 April, 2019,
EPA-19-2334. European Psychiatry. 2019, Vol. 56S. EPV0468 P.
$592-S593.

Fopobeu, B. ®. Tupeonatuu y aeteit U3 10ro-3anagHoro peru-
oHa Kanyxckoit o6nactu, 06ny4éHHbIX nocne aBapuu Ha Yep-
HOObINbCKO ASC BHYTPUYTPOBHO 1 B NEpBble HEAENW Mocse
poxpenus. lMpobnemsl aHgokpuHonormy. 2007. T. 53, Ne 4.
C. 29-32.

lopobe, B. ®. 3aboneaeMocTb TMpeonatusamu B fonybeprar-
HblA Neproa, aeTeit n3 Kanyxckoit 06iacti, 06y4eHHbIX BCnep-
CTBME WHKOPMOPALWN TeXHOreHHoro "'l Ha HeoHaTaNbHOM W
paHHeM rpyaHoM 3atane passutus. Meauko-6uonorndeckue
npobnemsi xusneaestenbHocty. 2010. Ne 3. C. 11-17.
lopobeu, B. ®. 3aB1cMOCTb YpoBHEN 3a601EBAEMOCTM HEOHKO-
NOrMYECKUMN 3a00N1EBAHUSMU LLMTOBUAHOI Xenesbl B MOCTHa-
TanbHOM nepuope y aeteit na Kanyxckoii 06nactvt ot cpoka rec-
Tauuu, Ha KOTOPOM MPOMCXOAMIO WX BHYTPUYTPOGHOE 06Myye-
HWe BCNEACTBME MHKOPMOpaLmm TeXHoreHHoro nopa-131. Pagu-
aunsi n puck. 2011. T. 20, Ne 1. C. 24-33.

Igumnov S. A., Lapanau P. S. Overview of the mental health
research among residents of contaminated territories and
Chernobyl clean up workers/ «liquidators» in Belarus. Probl.
Radliac. Med. Radiobiol. 2015. Vol. 20. P. 55-74.

Fedirko P. A., Babenko T. F., Dorichevska R. Y., Garkava N. A.
Retinal vascular pathology risk development in the irradiated at
different ages as a result of Chernobyl NPP accident. Probl.
Radliac.Med. Radiobiol. 2015. Vol. 20. P. 467—573.

The risk of macular degeneration development in persons
antenatally irradiated as a result of Chornobyl NPP accident /

50

74.

75.

76.

78.

79.

80.

81.

82.

83.

84.

Economics, Columbia University; 2007. URL: http://www.columbia.
edu/cu/economics/discpapr/DP0607-19.pdf.

Lie RT, Moster D, Strand P, Wilcox AJ. Prenatal exposure to
Chernobyl fallout in Norway: neurological and developmental out-
comes in a 25-year follow-up. Eur J Epidemiol. 2017;32(12):1065-
73. doi: 10.1007/s10654-017-0350-z.

Huizink AC, Dick DM, Sihvola E, Pulkkinen L, Rose RJ, Kaprio J.
Chernobyl exposure as stressor during pregnancy in adolescent off-
spring. Acta Psychiatr Scand. 2007. Vol. 116, Ne 6. P. 438-446. doi:
10.1111/j.1600-0447.2007.01050.x.

Huizink AC., Bartels M, Rose RJ, Pulkkinen L, Eriksson CJ, Kaprio J.
Chernobyl exposure as stressor during pregnancy and hormone lev-
els in adolescent offspring. J Epidemiol Community Health.
2008;62(4):e5. DOI: 10.1136/jech.2007.060350.

. Kaminskyi OV, Kopylova OV, Afanasyev DE, Pronin OV. Non-cancer

thyroid and other endocrine disease in children and adults exposed
to ionizing radiation after the ChNPP accident. Probl Radiac Med
Radiobiol. 2015;20:341-55.

Kaminskyi A, Loganovsky K, Talko V, Afanasyev D, Loganovska T,
Lavrenchuk G, et al. Late hormone-mediated effects of cerebral irra-
diation from the radioactive iodine. EPA-2019, Eropean Psychiatric
Association, 27th European Congress of Psychiatry, Psychiatry in
Transition, Towards new models, goals & challenges, Warsaw,
Poland, 6-9 April, 2019, EPA-19-2334. European Psychiatry. 2019,
Vol. 56S. EPV0468. p. $592-S593.

Gorobets VF. [Tireopathy in children from the south-western region
of the Kaluga region, irradiated after the accident at the Chernobyl
nuclear power plant in utero and in the first weeks after birth].
Endocrinology problems. 2007;53(4):29-32. Russian.

Gorobets VF. [The incidence of thyropathies in the pre-pubertal peri-
od of children from the Kaluga region irradiated as a result of the
incorporation of technogenic 1311 at the neonatal and early thoracic
stage of development]. Medical and biological problems of life.
2010;(3):11-7. Russian.

Gorobets VF. Dependence of incidence rates of non-oncological dis-
eases of the thyroid gland in the postnatal period in children from the
Kaluga region from the period of gestation at which they underwent
intrauterine irradiation as a result of incorporation of technogenic
iodine-131]. Radiation and risk. 2011;20(1):24-33. Russian.
Igumnov SA, Lapanau PS. Overview of the mental health research
among residents of contaminated territories and Chernobyl clean up
workers/ «liquidators» in Belarus. Probl Radiac Med Radiobiol.
2015;20:55-74.

Fedirko PA, Babenko TF, Dorichevska RY, Garkava NA. Retinal vas-
cular pathology risk development in the irradiated at different ages as
a result of Chernobyl NPP accident. Probl Radiac Med Radiobiol.
2015. Vol. 20. P. 467-573.

Babenko TF, Fedirko PA, Dorichevska RY, Denysenko NV, Samo-
teikina LA, Tyshchenko OP. The risk of macular degeneration devel-
opment in persons antenatally irradiated as a result of Chornobyl NPP
accident. Probl Radiac Med Radiobiol. 2016;21:172-7.




ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

REVIEWS

85.

86.

87.

88.

T. F. Babenko, P. A. Fedirko, R. Y. Dorichevska et al. Probl.
Radiac. Med. Radiobiol. 2016. Vol. 21. P. 172-177.

Potential neurodevelopmental effects of exposure in utero / K.
Loganovsky, D. Bazyka, T. Loganovskaja et al. In: Abstracts of 10th
Lowrad Conference «The Effects of Low and Very Low Doses of
lonizing Radiation on Human Health and Biotopes», December, 5-
7, 2011, Kyiv, Ukraine. Kyiv, 2011, P. 62.

YNOCKOHANEHHs HEeMpOoNCUXiaTPUYHOrO MOHITOPUHIY 0Cib, on-
POMiHEHUX Y MpeHaTanbHuiA nepiof i y Bili 0-1 pik BHacminoK
pagjauiiHuX HaA3BUYAKHMX CUTYaLi : METOAWYHI pekomeHaauii /
K. M. JloraHoBcbkuia, [. A. ba3wuka, T. K. JloraHoBCbKa Ta iH. KuiB :
MO3, HAMH YkpaiHu, YKpaiHCbKMiA LIEHTP HAyKOBOI MELMYHOI
iHpopMaLLi Ta naTeHTHO-NiLEeH3IHOT poboTu, 2013. 24 ¢.

MareHT Ha BuHaxig Ykpaiim No106419. JloraHoscekuii K. M., basu-
ka [I. A., JloraHoscbka T. K., InbeHko 1. M., Fonsphuk H. A., Autun-
yyk K. t0. Croci6 peTpocnekTuBHOro AndepeHLnHOro BU3HAYEHHS
ONMPOMIHEHHS TOIOBHOMO MO3KY JIOAMHM, SIke BifOYNOCa Ha etanax
paHHboro nepioay po3sutky a2012 12453; 26.08.2014, bton. Ne16.
Kyu J1. A. Mopdonornyeckue n GpyHKUMOHaAbHbIE NPU3HAKK MOB-
PEXIEHWS rONIOBHOTO MO3ra Y XMUBOTHbIX, MaTepK KOTOPbIX 06Nyya-
nmch iopom-131. Broruka. 2016, T. 4, Ne 11. C. 21-24.

89. Conboes L. L., PoroxwHa J1. B., Tuxoros W. B., Enaes 3. H. ®yHkum-

90.

91.

92.

OHaJIbHast aKTMBHOCTb LLMTOBUIHO XeNEe3bl KPbIC, 00MYYEHHbIX BHYT-
puyTpobHo opom-131. BerepunapHas meauimna, 2007. Ne 1. C. 1.
MareHT YkpaiHu Ha kopucHy mopenb Ne 113045. Oposp I. T1.,
Jiunceka A. 1., Coga O. A., Mpoxoposa €. M., boitko O. A., Tanbko
B. B. Cnoci6 BM3HaYeHHS MOrAIMHEHOI 103K Bifl iHKOPNIOPOBAHOMO
B Ha wmTonoAdibHy 3ano3y nnogy nabopaToOpHUX LLYpIB.
u2016067786 22.06.2016. 61on. Ne 1, 10.01.2017.

Prasad K. N. Radiation injury prevention and mitigation in humans.
Boca Raton, FL : CRC Press, Taylor & Francis group, 2012. 196 p.
Nowakowski R. S., Hayes N. L. Radiation, retardation and the
developing brain: time is the crucial variable. Acta Paediatrica.
2008. Vol. 97, no. 5. P. 527-531.

93. Tang F. R., Loke W. K., Khoo B. C. Low-dose or low-dose-rate ion-

94.

95.

izing radiation-induced bioeffects in animal models. J. Radiat. Res.
2017. Vol. 58, no. 2. P. 165-182. doi: 10.1093/jrr/rrw120.

Tang F. R., Loke W. K., Khoo B. C. Postnatal irradiation-induced
hippocampal neuropathology, cognitive impairment and aging.
Brain Dev. 2017. Vol. 39, no. 4. P. 277-293. doi: 10.1016/j.brain-
dev.2016.11.001.

The disparity of impairment of neurogenesis and cognition after
acute or fractionated radiation exposure in adolescent BALB/c mice
/ S. Peng, B. Yang, M. Y. Duan et al. Dose Response. 2019. Vol.
17, Ne 1.1559325818822574. doi: 10.1177/1559325818822574.

IHOOPMALIA NMPO ABTOPIB

JloraHoBcbKuit KocTAHTMH MUKONIAOBUY — 1OKTOP Me-
AMYHUX HayK, npodecop, 3aBifyBay Bigginy pagialiiHoi
ncuxoHeBponorii, IHcTuTyT KniniyHoi paaionorii HHLPM,
M. Knis

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

9.

Loganovsky K, Bazyka D, Loganovskaja T, Antipchuk Ye, Golyarnik
N, Kreinis G, et al. Potential neurodevelopmental effects of expo-
sure in utero. In: Abstracts of 10" Lowrad Conference «The Effects
of Low and Very Low Doses of lonizing Radiation on Human Health
and Biotopes»; 2011 Dec 5-7; Kyiv, Ukraine. Kyiv; 2011. p. 62.
Loganovsky KM, Bazyka DA, Loganovska TK, Antipchuk Kyu,
Golyarnik NA, llyenko 1.M. Advancing of neuropsychiatric monitor-
ing of persons exposed during the prenatal period and at the age
of 0-1 years due to radiation emergencies. Methodological recom-
mendations. K.: MOH, NAMS of Ukraine, Ukrainian Center for
Scientific Medical Information and Patent Licensing, 2013. 24 p.
Russian.

Patent for Invention of Ukraine No. 106419. Loganovsky KM,
Bazyka DA, Loganovska TK, llyenko IM, Golyarnyk NA, Antipchuk
KYu. Method for retrospective differential determination of human
brain irradiation that occurred at the early stages of development
22012 12453; 08/26/2014, Bul. Ne16. Russian.

Kuts LA. [Morphological and functional signs of brain damage in
animals whose mothers were exposed to iodine 131]. Biotika.
2016;4(11):21-4. Russian.

Sodboev TsTs, Rogozhina LV, Tikhinov IV, Elaev ZN. [The function-
al activity of the thyroid gland of rats irradiated in utero with iodine-
131]. Veterinary Medicine. 2007;(1):1. Russian.

Patent of Ukraine for utility model No. 113045. Drozd IP, Lypska
Al, Sova OA, Prokhorova YeM, Boyko OA, Talko W Method of
determining of absorbed dose from incorporated 1311 on fetal thy-
roid of laboratory rats. u201606778b 22.06.2016. Bul. # 1,
01/10/2017. Russian.

Prasad KN. Radiation injury prevention and mitigation in humans.
Boca Raton, FL: CRC Press, Taylor & Francis group; 2012. 196 p.
Nowakowski RS, Hayes NL. Radiation, retardation and the devel-
oping brain: time is the crucial variable. Acta Paediatrica.
2008;97(5):527-31.

Tang FR, Loke WK, Khoo BC. Low-dose or low-dose-rate ionizing
radiation-induced bioeffects in animal models. J Radiat Res.
2017;58(2):165-82. doi: 10.1093/jrr/rrw120.

Tang FR, Loke WK, Khoo BC. Postnatal irradiation-induced hip-
pocampal neuropathology, cognitive impairment and aging. Brain
Dev. 2017;39(4):277-93. doi: 10.1016/j.braindev.2016.11.001.
Peng S, Yang B, Duan MY, Liu ZW, Wang WF, Zhang XZ, et al. The
disparity of impairment of neurogenesis and cognition after acute
or fractionated radiation exposure in adolescent BALB/c mice.
Dose Response. 2019;17:1.1559325818822574. doi: 10.1177/
1559325818822574.

INFORMATION ABOUT AUTHORS

Kostiantyn Mykolaiovych Loganovsky - Doctor of
Medical Sciences, Professor, Head of the Radiation Psy-
choneurology Department, Clinical Radiology Institute,
NRCRM, Kyiv, Ukraine

51 @&



ornsaaosl CTATTI

ISSN 2304-8336. [poGnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

Tanbko BikTopis BacuniBHa — JOKTOp MeAUYHUX Ha-
VK, npodecop, 3aBifyBay Bigainy papiobionorii, au-
pektop IHCTUTYTY eKcnepumeHTanbHOi pagionorii
HHUPM, m. Knis

KamiHncbkuit Onekcin BaneHTUHOBUY — [OKTOP Mefuy-
HUX HayK, NiKap-eHAOKPWHONOT BMLOT KaTeropii, 3aBigy-
BaY Bigainy papiauinHoi eHaoKpuHonorii, IHCTUTYT KNi-
HiYHoi papgionorii HHLUPM, m. Knis

AdaHacbeB AMUTPO EBreHOBUY — KaHAMAAT MESUYHUX
HayK, MPOBiAHMI HayKoBWI cniBpoGiTHUK, BigAin pagia-
LinHOT eHpOKpUHONOrii, IHCTUTYT KniHiyHOT pagionorii
HHLPM, m. Kuis

Maciok Ceprit BonogumupoBuy — kaHauaat ¢isuko-
MaTeMaTUYyHUX HayK, 3aBifyBay nabopatopii pagio-
JIOTIYHOTO 3axUCTy Bigdiny mo3umetpii Ta pagiauinHoi
ririeHn, IHCTUTYT papiauiiHoi ririeHn Ta enigemionorii
HHLPM, m. Knis

JloraHoBcbKa TetAHa KoCTAHTUHIBHA — KaHaupaT me-
OUYHUX HayK, CTapWKid LOCNiIAHMK, NPOBiLHUIA HAYKOBUIA
CniBpo6iTHMK Bigminy papiauinHoi ncuxoHeBponorii,
IHcTuTyT KNiHiYHOT pagionorii HHLUPM, M. Kunis
Naepenuyk fanuna MocunisHa — fokTop Gionoriunnx
HayK, CTaplWMii HAayKOBMIA CniBpOOITHUK, 3aBifyBay sa-
6opatopii kniTHHOT pagiobionorii, IHCTUTYT ekcnepu-
MeHTanbHoi pagionorii HHLUPM, m. Kuis

Victoria Vasylivna Tal’ko — Doctor of Medical Sciences,
Professor, Head of the Department of Radiobiology,
Director of the Experimental Radiology Institute,
NRCRM, Kyiv, Ukraine

Oleksiy Valentynovych Kaminskyi — Doctor of Medical
Sciences, Head of the Department of Radiation
Endocrinology, Clinical Radiology Institute, NRCRM, Kyiv,
Ukraine

Dmytro Eugenovych Afanasyev — Candidate of Medical
Sciences, Leading Research Associate, Department of
Radiation Endocrinology, Clinical Radiology Institute,
NRCRM, Kyiv, Ukraine

Sergii Volodymyrovych Masiuk — Candidate of Science
(Physics and Mathematics), Head of Laboratory for
Radiological Protection, Dosimetry and Radiation
Hygiene Department, Health Physics and Epidemiology
Institute, NRCRM, Kyiv, Ukraine

Tatiana Kostiantynivna Loganovskaya — Candidate of
Medical Sciences, Senior Researcher, Leading Scientist
of the Radiation Psychoneurological Department,
Clinical Radiology Institute, NRCRM, Kyiv, Ukraine
Galyna Yosypivna Lavrenchuk - Doctor of Biological
Sciences, senior research specialist, Head Laboratory of
Cell Radiobiology, Institute for Experimental Radiology,
NRCRM, Kyiv, Ukraine

Cmamms nadiiiwna do pedakuii 21.05.2019

Received: 21.05.2019

) 52



