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FOREWORD

The consequences attributed to the disastrous accident that occurred at the
Chernobyl nuclear power plant on 26 April 1986 have been subjected to extensive scientific
examination; however, they are still viewed with widely differing perspectives. It is fitting
then that, ten years after the accident, the European Commission (EC), the International
Atomic Energy Agency (IAEA) and the World Health Organization (WHO) should jointly
sponsor an international conference to review the consequences of the accident and to seek
a common and conclusive understanding of their nature and magnitude. The International
Conference on One Decade after Chernobyl: Summing up the Consequences of the
Accident was held at the Austria Center, Vienna, on 8~12 April 1996.

Five other organizations of the United Nations system — the United Nations
Department of Humanitarian Affairs (UNDHA), the United Nations Educational, Scientific
and Cultural Organization (UNESCO), the United Nations Environment Programme
(UNEP), the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), and the Food and Agriculture Organization of the United Nations (FAO) —
together with the Nuclear Energy Agency of the Organisation for Economic Co-operation
and Development (OECD/NEA), co-operated in the organization of the Conference,
demonstrating a community of interests internationally.

The Conference recapitulated the International Chernobyl Project of 1990 and took
particular account of the findings of two related conferences. These were: the WHO
International Conference on the Health Consequences of the Chernobyl and other
Radiological Accidents, held in Geneva, 20-23 November 1995, and the First International
Conference of the European Commission, Belarus, the Russian Federation and Ukraine on
the Consequences of the Chernobyl Accident, held in Minsk, 18-22 March 1996. The
Conference also considered the results of an International Forum on One Decade after
Chernobyl: Nuclear Safety Aspects, jointly sponsored by the JAEA and the UNDHA. The
Forum was held at the JAEA Headquarters in Vienna on 1-3 April 1996 and addressed a
number of nuclear safety issues, including the measures taken since the accident to improve
the safety of Chernobyl type RBMK reactors and the safety of the containment structure
(the so-called sarcophagus) built around the destroyed reactor and that of the site itself.

To facilitate the discussions of the Conference, background papers were prepared
for the Technical Symposium by teams of scientists from around the world, who
collaborated over a period of months to ascertain, consolidate and present the current state
of knowledge in six key areas: clinically observed effects; thyroid effects; long term health
effects; other health related effects; consequences for the environment; and the
consequences in perspective: prognosis for the future. A background paper on the social,
economic, institutional and political impact of the accident was prepared by Belarus, the
Russian Federation and Ukraine. The conclusions of the Forum on Nuclear Safety Aspects
served as a background paper on this topic. The Joint Secretariat expresses its thanks to all
those distinguished scientists who co-operated in the rigorous preparation of these papers,
and also to all the officers, the Advisory Committee and the Secretariat of the Conference
for their participation, guidance and assistance.

The IAEA acted as host for both the International Forum and the final International
Conference which recapitulated the consequences of the Chernobyl accident. Conclusions
of the meetings mentioned and those of other international and national projects were
reported at the Conference and integrated into a broad international consensus. Two major
objectives of the Conference were: to agree on proven scientific facts and to clarify
interpretations and prognoses in order to dispel confusion.

The Conference, which was presided over by Germany’s Federal Minister for the
Environment, Nature Conservation and Nuclear Safety, Ms. A. Merkel, attracted high



level political participation, including that of the President of Belarus, the Prime Minister
of Ukraine and Ministers from Russia and France. More than 800 experts, mainly in the
fields of radiation protection and nuclear safety and including medical, environmental and
engineering specialists, from 71 countries, participated. The Conference was also attended
by 208 journalists from 31 countries — an indication of the continuing interest and concern
of the international community.

An earlier publication in the IAEA Proceedings Series, issued in September 1996,
contained a summary of the Conference results and the texts of oral presentations and
discussions at the Conference. This IAEA-TECDOC reproduces the material from the
poster presentations. It is in two volumes: Volume 1 contains the material from Sessions 1-
4 and Volume 2 the material from Sessions 5-8 and the List of Participants.

The posters submitted in advance for presentation at the Conference were in many
cases not consistent with established international scientific understanding of the effects of
radiation and radioactive contamination. Nevertheless, in accepting posters for
presentation, the Advisory Committee and the Joint Secretariat recognized that the topics
under discussion were controversial. To meet the objectives of the Conference, namely to
agree on proven scientific facts and to clarify interpretations and prognoses, it was
considered important also to accept for presentation and discussion, so as to permit
clarification, posters that showed apparent misinterpretations. For this reason, the poster
papers accepted and included in these proceedings are of variable quality.

The Conference did much to fulfil the hope that it would be possible for scientists
from around the world to reach a broad consensus on the major consequences of the
Chernobyl accident. The results of this Conference deserve the widest possible
dissemination, with the aim of consolidating knowledge and understanding of the
consequences of the accident and permitting the countries most affected by those
consequences to develop well informed and balanced policies for their alleviation.

EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscripts as submitted by the authors. The views expressed do not necessarily reflect
those of the IAEA, the governments of the nominating Member States or the nominating
organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities
and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed
as an endorsement or recommendation on the part of the IAEA.

The authors are responsible for having obtained the necessary permission for the IAEA to
reproduce, translate or use material from sources already protected by copyrights.
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COCTOAHHUE PEITPOAYKTUBHOTO 3JOPOBBSA
KAK KPUTEPHH JETEPMUHUPOBAHHBIX
SOOEKTOB MAJIBIX 103 U3TVYEHUA

JI.A. Byngaxos, H 4. Bacmwrenko, C.H. JemuH,
AM. Jlarmckas, M.M. Caypos

TocymapcreeHERt HayaHbI neHTp Poccuiickoit ®enepannu - Uucturyt 6nodusuks, Mocksa

HsMvenenns TakpX poxasaresiclt penpOZYKTHBHOTO 370DOBbs, KaK MEPTBOPOXIatMOCTb, 3abo-
JIeBacMOCTb HOBODOXAEHHLIX, YacTOTa BPOXNEHHBIX aHOManui, CMEPTHOCT: HOBOPOXICHHRIX,
KaK B papHue CpokH (nociic YepHoOHIbCKOMN 2BapHH), TaK M B OTZanenHHC cpox¥ (JOxHBN
Ypar) mocne pagEadHOHHOIO BO3NEHCTBHA, HMEIOT IMOJOXHTEIbHYI0 KODPEAdILHI0 ¢ HO30if
COROKYIIHOCTE IOKA3aTeNe PENPONYKTHBHOTO 3NOPOBBE MOXET CIYXMTDH ITOKA3aTeneM 3J0pPOBLS
OOMYAAIINH, oONydeHHO! B Manbix No3ax.

PenponykrusHoe 30POBBE ABNSCTCA ONHEM U3 HauGoNee COLMANbHO-3HATMMEIX roKazaTened
3XOPOBLE WHIMBANA ¥ Nonynanuu. ITo cOBpeMEHHEIM PanHOOHOJIOTHICCKHM IIPEICTaBACHUAM
MOKA3aTeNd DEeNpOIyKTHBHOTO 30OPOBbA ABAAIOTCA ONHHEM H3 Haubomee paHO OXHO2EMBIX
neTepMUHHpPOBaHHHX 3¢heKTorR obnvaenyd moneil B Mankx Jo3ax.

OCHOBHEIMH [TOKA34TC/IIMA DElIDOJYKTHBHOIO 30OPOBBS SBISIOTCA ITORA3ATENN COCTOAHHSA
300pOBbA OcpeMeHHOM XEHIMMHB, HCXOOH OepeMeHHOCTH (CaMONpOW3BONbHEHE abopTH H
BHIKUOLINY, HEXOHOMCHHOCTb, MEPTBOPOXIEHHA, DaHHAA HEOHaTa/lbHa® M ICpHHATaNIbHad
rubesib HOBOPOXACHHOIO), COCTOSHHE 300POBbs NTOTOMCTB3, BKIIIOUas OHEHKY JacTOTHL H Xapak-
Tepa BPOXACHHON H HacheACTBeHHON naronoruH. Io COBOKYIIHOCTH 3THX HOKazareicht MOXHO
CYIOHMTD O MOCAENCTBUAX OONYICHHS He TOJNBKO CETONHAIIEENo, HO M OyAYIIMX HOKOJICHHIH.

Heo coBpeMeHHEM DPEACFABACHHIM O FeHETHICCKHX >ddexrax pagHanHH, IETKO PerHCIPH-
pyeMble deHOTHIIMYECKHE HAPYIIEHHS Yy ITOTOMCTBA (BHYTPHYTpoOHas rubenn, aHOMAaNHH U
BPOXICHHEIC TIOPOKM Pa3sBHTHS, DaHHIS NOCTHATanNbHas THOeRb U GuU3KONOrUYecKas ocnabneH-
HOCTH POXIEHHOIO IOTOMCTBA) HMEIOT reHETHIECKYIO IIPHPONY.

Taxum 08pa3oM, MOKA3ATENH DENPONYKTHBHOTC 3NOPOBBA MO3BONGIOT OICHHTh ¥ KOHTDOMH-
pOBaTh THHAMEKY HE TOJBKO COMAaTHIECKOro, HO M FeHeTHIECKOTO 3TOPOBbA HHIMBHAA H IIOIY-
NAIMY HA OPOTEXKEHUH HECKONBKUX NOKOICHHIL

H3yqanu noxa3arend penpORYKTHBHOTO 3A0pOBbA (P3) v IHI MOIBEPITIMXCA ITHTENBHOMY
PaNHalHOHHOMY BOJOEHCTBUIO BO BpeMs IPDOXHBAHHA HA PaXHallHOHHO 3arpsA3HEHHHX TEPpHU-
TOpHAX ntociie apapu¥ B Yepuobbuie B Ha IOxHOM Ypate. Hccnegosan B puHaMHKe 8 nokasa-
Tenek P3. Tlon HabmiogenueM 6put0 40-10° genoBek, MPOXHBAIOMMUX Ha TEPPHTOPHAX C IUIOTHO-
crpio Buinanenns 137Cs ot 1 mo 15 Kuxo? npu jo3ax BHEHIHETo HUTySeHHs OT 7 1o 68 M3B.

CpasHeHMe naHHBX IMHAMUKH P3 xenmuu Pasanckoff u Bpaucko#f obnacte#t nokasminaer,
YTO HaceAeHHE YKa3aHHBIX OOnacTeil pasnMiaercsd Kak IO HCXODHoMY YpoBHIO P3 (B moasapuii-
HE[A [TepHON) TdK K MO HHTEHCHBHOCTH KOI(PPHUUHEHTOB H3IMEHIHBOCTH B [OCACaBapHHHEE
rogbi. B BpsiHckolt obGnact# B noaBapuiHHN mepwon BHme 4eM B Ps3anHckoft obnacty Obuia
POXKIAEMOCTh, HUXKE [10KA3aTeNH odmeil 3a601eBacMOCTH HOBOPDOXIEHHBIX, YaCTOTH BPOXICHHBIX



agoMaI¥i, MMpeXIeBPeMEHHBIX pPONOB, HO BHime - 3a0oncBaeMOCTh OepeMEHHBIX W HeOna-
TOIIPMATHBIX HCXONOB GepeMeHHOCTeH, MEPTBOPOXIAEMOCTh. B ImocmeaeapuiiHbie rogpl B KOH-
TpONLHbIX paitoHax BpsaHCKo# OBNMacTH HMENo MECTO yAyIHieHMe 6 aHaTH3HPYeMBIX NoKasarene
(ToNoXuTeNbHAA JHHAMHUKA) M yXymmeHue (OTpHUATeNbHad THHAMHKA) I10 2 [TOKA3aTeNlaM, TOrma
KaK B Pg3ascko#f objacTe 1o 5 moxasareisM HaOmopanack OTPHIATENbHas HHHAMHKA H TOJNBKO
o 3 - NOMToXHTeNbHAS. '

TaxuM oOpazoM, B JoasapuiBmit nepwon B DpsHckofl ofnacTy xyxe ObiM NOKA3ATEN%
300poBbA GepeMeHHEIX, 3 B Pg3aHcKo# 00/1acTH - 0Ka3aTely 30OPOBbS HOBODOXIECHHBIX.

B 3arpsi3HeHHHX palfoHax Pssanckolf obnacté ¢ mrotHocTbio 1¥7Cs B mouse 1-5 Ku-xn2
Habmonaiy ©Gonee BHPAXEHHYIO, I€M B HJO2BapUMHEIN NepHOX ¥ B KOHTPOJIBHBIX padoHax
OTpHMIIATENRHY) TMHAMHKY O USTH MOKAZATERAM M3 BOCEMH OCHOBHEIX B3fTHIX (IS CPaBHH-
TEAbHOTO aHamu3a. HWHTEHCHBHEIE NoKazarenH (KosddHILIHEeHT OTPHLATEIbHON HHHAMUKH)
obmei# 3abonepaeMocTH BGepeMeHHBIX yBenHMuwiIca ¢ 1.20 mo 1.41 (wa 17%), obmel dacToTH
HeBIaTONIpHATHHIX HcxomoB ¢ 1.51 o 1.93 (ua 28%), obmeit 3acroTH 3aboNeBaHHd HOBO-
poxgeHHBX ¢ 0.98 no 1.20 (5a 25%), npexnespeMeHHEX ponos ¢ 0.85 no 1.17 (ua 38%).

B sarpssHeHHBX palionax BpsHcxolt o6MacTv C IUIOTHOCTBIO 3arpssHeHMs mousnt 197Cs 1-5
Ku-km? orMedeHo M3MeHEHHe NONOXUTEALHOK NMHAMMKY Ha OTpHUATENHHYIO B MOC/ieaBapmii-
HHE FONH IO CPD2BHEHHIO C JNO3B2pHUHEHM IO IBYM OCHOBHLIM IIOKA3aTENfAM. YaCTOTe BPOXHAEH-
Heix agoMmanu¥ (xoedduumedst uaMenmwica ¢ 0.66 no 1.41, To-ectb Ha 114%) ¥ gacTore Mep-
TBopoxaeHul (koaddunrerT Hamenwics ¢ 0.66 o 1.39, To-ecTb Ha 110%).

TaxuM obpazom B Pazanckoit obmactu, rae ucxomubiit (moasapuiHEbI!) ypoBenb P3 xapakre-
pH30BaNCca 6onee HUIKMMH NOKAZATEISIMY, B ITOCHCABAPHIHEIS TONH MpoH3omnH Gonee rayboxue
HeraTHBHEC H3IMCHEHWT, YeM B DpsHCROM obmacrm. IIpE 3ToM cilelyer OTMETHTB, YTO PR
PaBHHX VpOBHAX 3arpasHenus nousH 137Cs (1-5 Ku-kv-?), noswl obmiero OGMYYeHHS M O3B
o0nygenus MUTOBUIHON Xenesnl y xurenelt Bpanckoit obflacTH GpUIH HECKONBKO BHINE, €M B
Pazanckoit obnactu (3 cI'p # 30 cI'p B Pasanckoit, 5 cI'p u 75 c['p B Bpauckoit coorsercr-
BEHHO). OTH DE3YIILTATEl MIO3BOJIAIOT CACNATH BHIBOX O TOM, YTO HCXOIHLBIK ypoBeHb P3 nmomyns-
IHH, MoXxeT ObTs BelyDIHM B (ODMHMPOBIHHMH IIOCICACTBHY OONydeHHA 3TO¥ NONYNALUAH B
ManbE JO3aX.

B T1abn. 1 npusemeHH CYMMapHHE DaHHBIC NO IHHAMHKC HHTCHCHBHBIX Tokasarenelf obbe-
ImuenHo# nomynanuy Pasanckoit u Bpanckolt obnacret. VI3 Marepuanop Tabnuis BUINHO, YTO
B 00BeIUHEHHOR KOHTPOJBbHON MOMy/IAALKK B MOCIEaBapHIAHBIA NepHON ITONOXHTEAbHas OUHA-
MUKa (TIPHPOCT HEraTMBHLIX COCTOAHMMN) HaOmojalcs NO TPeM M3 BOCMH B3ATHX B aHAMH3
rokasareneil: CHUXeHUe POXIaeMOCTH, YBEIHUICHHS 3a00neBacMOCTH OepeMeHHBIX H 9acTOTEHI,
HebnaronpuaTHEX HcxonoB Gepemennocret (K=-12.12, K=7.07 u K=34.98 coOTBeTCTBEHHO).

B zarpA3HeHHBIX palfioHax ¢ IUIOTHOCTHIO 1e3us 1-5 KukM 2 [IpHPOCT HEraTHBHBIX COCTOSHMM
(onoxuyTeNnbHAad THHAMUKA HHTEHCHBHOTO IoKasarens) Habiioganca mo 7 u3 8 BHOpaHHHX LI
ananm3a NoKasare/e#: CHUXKCHHE poxzaeMocTH (K=-12.99), 3aboneBacMOCTh OepeMEHHEBIX
(K=12.27), gacrora HeOnaronpHUATHLX HcXxoHoB OepeMenHocTet (K=19.49), yacrora 3abonesanuii
HoBopoxneHHEX (K=12.62), Mepreopoxnaecmocts (K=17.71), npexnerpemennnie pognl (K=3.69)
H pOXIeHHS peOGeHKa ¢ HOpMaNbHBIM BecoM (K=6.55).

B sarps3HeHHBIX pafioHaX ¢ OAOTHOCTHIO He3us 5-15 Ku-xv 2 (tonpko BpsHckas obnacts) Bee
BOCEMb BBHIODaHHEIX moxazarenei P3 uMend MOJOXHTEIbHYI0 NHHAMHKY HMHTEHCHMBHOIO
nokasareis (MIPUPOCT HETATUBHEIX COCTOAHHKK) Golee BEIPAXCHHOTO, IO CPaBHEHHIO C MOKasa-
TeneM THHAMHKY B PaHOHAX ¢ IUIOTHOCTHIO Lie3us 1-5 Ku-xv 2

TaxuM 00pa3oM, BHABIACTCH YETKAd 33BHCHMOCTH VXYIIIEHHUSA okaszaTenedl P3 or mnorHOCTH
3arpA3HCHESA [TOYB Oe3AeM H [03 obnyveHHs Hace/qcHEA. CpeIHdil MOKA3ATENlb HErdTHBHON
JuHaMUKH P3 1o BocbMU BEIOpaHHBIM MOKA3ATENAM B KOHTPONLHON MOMYIANMK COCTaBHII -5.09,
B IONYIALUHM C 3arpa3HeHHeM TeppuropHu 1-5 Ku-km? paBen 20.96, Ha TeppUTODHAX C
sarpasseHneM 5-15 Kuxow 2 - 162.51.



Tabnuna 1
KosddHueHTh* U3IMEHIHBOCTH ToKa3aTeneil P3 o0bendHeHHbBIX MOMYISIIHA
Psazanckoit 1 BpsHckolt obnacreit

Cpemneronosolf | KourponbHne paions 3arpaszHeHHBe paHOHN | 3arpasHeHHBIE€ paifOHE

TI0KA3aTelNb 137Cs 1-5 Ku-xm-2 137Cs 5-15 Ku-xm-2
(ua 1000) Io nocne (Kosdd.! 1mo nocie (Kosdgd.! me nocne |Kosdd.
aBapHH | aBapHHR aBapHH | aBapHH aBapHH | aBapHH

PoxnaeMocTh 13.7 120 | -12.12 12.9 11.2 -1299 | 159 11.9 -25.00

O6maq vacrora .
607eB. Hepen, 4794 | 5133 | +7.07 | 449.1 | 506.3 | +12.72 | 4887 | 512.4 | +4.85

g‘;g” HaCTOTa | 1475 | 199.1 | +34.98 | 153.4 | 1833 | +19.49| 1389 | 1641 | +18.14

Obmast 9actota | 449 | 734 | .1.02 | 565 | 636 |+12.62] 525 | 745 | +41.84
3a00/1€B. HOBOD.

Bpowacunme | y15 | 108 | 376 | 133 | 81 |-3883| 93 | 155 | +66.67
aHOMANTHNH

MepTBopox- 100 } 74 | 265 ) 75 | 88 |+17.71} 83 | 107 |+2291
JaCMOCTh

TIpexicspeMei-| 407 | 379 | 559 | 37.1 | 385 | +369 | 295 | 409 | +3864
Hbi€ DOMHL

Macca Tenia 506.5 | 505.5 | -0.19 | 4522 | 481.8 | +6.55 | 5253 | 4962 | -5.54
HOBOD. COOTB.
anAITT. HOpME 1
n,—-n,
* k= — 100 , tme n, - mokazarens [0 aBAPHH, 4 My - TIOCHE ABADHH.
1

Cpemu obcnenosarHoro HaceneHusa IOxHoro Ypamra or 40 mo 85 ThicAd YesIOBEK CpegHME
UHIABUOYATbHEIE BO3H M3nydenusa 3a 1-#, 18-if, 28-if u 38-# romwm pmocrme mycka aTOMHOro
npennpusTHs coctasmwn 0,71; 7,6; 0,49 u 0,53 M38 B roz.

OOGHapyxeHO, 9T0O U3MeHEeHHMe TakuX IMokasarteneil P3 kak poxmaemocTs, obmas 3abonesae-
MOCTh HOBODOXTCHHEBIX, 9ACTOTa2 BPOXACHHBIX AHOMATHI pa3BHTHSA, MEpTBOPDOXTAEMOCTH BO3-
pacTaeT ¢ VBelMYeHHEM HO3H HM3INMyYeHHs W BCTPEYAKTCH JAINEe, 4eM B DETHOHAX C BHICOKOHU
IUIOTHOCTBIG BHITAGCHUA PaNHOHYKIHIOB Iocie Yeproboutbekolt aBapur. Takue MOKA3AaTENH KAK
obmas gactota 3a0oneBaHMi GepeMeHHBIX, JacTOTa HeGMarompHATHRIX HCXOJOB GEepeMEHHOCTH,
IIpEXIEBpEMEHHbBIC POINBI, Macca TeNa HOBODOXICHHBIX He CBASAHM C HOSAMH H C YDOBHEM
PaTHOAKTHBHBIX BHIIANCHHMA.

AHamH3 MEIHIIMHCKHX NOCIEACTBRI MPOXMBAaHHuA B KPHTHIHBIX 3oHax IOxnoro Ypaia noxa-
32, YTO JOCTOBEPHO MONOXWTENbHEH KoohOdUIIMeHT KOoppendluy (YIameHHe C YBEIHYCHHEM
HO3H HITYYeHHS) HaONIOZANM NO TacTOTe MEPTBOPOXACHHH, CMEPTHOCTH HOBOPDOXICHHBIX ¥
MIageHIecKoi cMepTHocTH. Haobopor, 9acToTa BDOXICHHBIX AHOMAnHM pa3BUTHA, CMEPTHOCTDb
OT HEX, HMENH OTPHIATSNbHYI0 KOPPEISIUMIo ¢ JO30H.

BrifRneHHbe BIMAHUA MUHUMAIbHB ¥ TIPOSBISIOTCH KaK IPaBIIIO B YCHOBMAX Hebmarompu-
ATHBHIX COUHaIbHBIX (QaKTOpOB HAH B YCIOBHAX XYONIEro HCXONHOTO YPOBHSA PEIPORYKTHBHOTO
3MOPOBBSL.

Taxum o6pa3oM, H3IMEHEHHE TaKUX [OKazareneil peNpomyKTMBHOTO 3HOPOBbs, KAK MEPTBO-
POXIaeMOCTh, 3a001€BaEMOCTh HOBOPOXACHHBIN, 9acTOTa BPOXICHHBIX aHOMAanui, CMEPTHOCTDb
HOBODOXICHHBIX, U B paHHHE CDOKH IIOCIe pamdalidoHHOre BosmeicTBusi (UepHOOBUIBCKAA
aBapuf) B B OTHANCHHHIC cpoku (HacencHHe IOXHOro ¥Ypana) HMEOT MOTOXHTEIbHHN K03d-
GUITUEHT KOPPENALlUH C HO30%.

CoBOXYNHOCTh IIOKa3atesielt pEeIPOXYKTHBHOTO 3NOPOBbS MOXET CIYXHTD IOKa3arejieM 3H0-
POBbA MONMYAALMY, d YXYAUICHHE COCTOSIHIA 3NOPOBBA HOBOPOXICHHEBIX (CYMMAapHEIH MOKAa3aTens
u3HonorHIecKot ocnabnseHHOCTH) MOXeT OHTL KpHTEpHEeM ICTCPMHHHPOBAHHHIX 3¢«eKros
HH3KHMX J03 XPOHHIECKOro HITyJYeHHs IPU TOYHOM yIeTe NPYIHX OTArYalomIUX BIUSHHAH.
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CLINICAL PECULIARITIES OF THE BRAIN DAMAGE
IN THE LIQUIDATORS OF THE CHERNOBYL ACCIDENT

Y.A. ZOZULYA, AR. VINNITSKY, L.V. STEPANENKO
Institute of Neurosurgery, Academy of Medical Sciences,
Kiev, Ukraine

Investigation into the features of the brain damage by the liquidators of the Chernobyl
accident has become an urgent issue of today due to a number of circumstances. According to
the classical concept dominating radiobiology until recently , the brain being composed of
highly - differentiated nerve cells , presents a radioresistant structure responsive to radiation
injury induced by high and very high radiation doses ( 10000 rem and higher ) only. It has
been universally recognized that there exist the subthreshold radiation doses harmless to
human organism while higher doses produce dose - dependent biological effects. Proceeding
from this theoretical assumption , the condition of the nervous system exposed to radiation
has been studied quite rarely while dealing with effects of small - dose radiation on the brain
was considered to be the most irrational.

The results of clinical examinations given to the Chernobyl accident recovery workers at
Kiev Institute of Neurosurgery , Academy of Medical Sciences of Ukraine , show that even
the so - called " small - dose " radiation , when consumed continuously, produces neurological
signs of the brain damage whose development was noted to be divided in certain phases :

1 Initial response phase which should be regarded as an acute radiation encephalopathy

( headaches , asthenia , nausea , vomiting , vertigo , insomnia ).

2. Temporary compensation or pseudorecovery phase which occurs after people have been
removed from radioactive area .

3 Decompensation phase characterized by reverting to previous complaints and disorders or
worsening thereof , with addition of newly acquired symptoms , this giving the clinical picture
of progressive encephalopathy which impacts all the three brain levels . the cortex , subcortex
and stem The hypothalamic and stemic disorders always prevail , however (Fig 1).
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Fig.l. Damage incidence to various brain
structures in the liquidators 8-9 years
after the Chernobyl accident, Y



Pathogenetically. this organic brain damage is a polyfactor one. Therefore . maintaining
its etiological unity , 1t ceases to be just a radiation disease but transforms into a multi - cause
postradiation encephalopathy

Retrospective analy sis of case histories showed that 89 % of patients had the first phase
of the brain damage. The rest 11 % have assessed their condition during the first days under
radiation as normal. It should be taken into account , however , that 6 - 9 vears have passed
since then . and the patients could easily forget whether they had any disturbances. This
assumption may be justified by the fact that in a considerable part of patents ( 57 % ) the
signs of the 1 -st phase correspond to those of a mild radiation injury. Moreover , it should be
noted that . firstly . all the patients were radiation - injuried and . secondly . all of them
demonstrated differently manifested hemogramic shifts even feeling relatively well

Regarding the 2 -nd phase , 1.e. pseudorecovery and temporary compensation , this
definition should be also considered as just a conventional one. According to our data , 9 % of
patients believed that this phase had not been recognized mn them and reported no
improvement in their health after the 1 -st acute phase. This percentage was probably higher
1n fact but self - assessment is usually much influenced by personality characteristics and the
extent to which one is concerned about his health condition. Nonetheless , there is no doubt
that after leaving radiation zone , some improvement in health . psychological relaxation in
particular . took place. For all that , unfortunately , 1t was just a temporary improvement and
pseudorecovery. In some way or other , the 3 -rd phase of the disease . 1e. progressive
decompensation , occured later on which both patients ( subjecuvely ) and doctors
(objectively) have discovered in absolutely all the liquidators. Progressive nature of radiation
encepalopathy 1s seen from our chinical records . the much time passes the fewer pauents with
mild symptoms are admitted to our Institute and the greater becomes the number of those
diagnosed as having severe vaniance of the disease . i.e. the 3 -rd phase of postradiation

encephalopathy as 1llustrated in Fig 2.
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Fig.2. Incidence of differently severe postradiation
encephalopathy in the liquidators as revealed 5-6
and 8-9 years after the Chernobyl accident.



Comparing the patient population of 1991 -92 with that admitted to the Institute 3 - 4
years later ( 1994 -95 ) without any special preselection , it appears that the percentage of
moderate cases remained practically stable whereas severe cases ( 3 -rd phase ) increased 3
times with simultaneous equal decrease in mild cases ( 1 -st phase ).

The 3 -rd phase of the disease is characterized mainly by subcortical - stemic disturbances
which are manifested in hypothalamic dysfunction ( dyencephalic , hypertensive and
symphathoadrenal crises , obesity , impotency , etc . ) and vestibular ataxia . All the patients
reveal the syndrome of dysadaptation to bodily and mental exercises as well as a drastic
decline of recent memory . As the disease progresses in the 3 - rd phase , it becomes possible
to distinguish the 2 - nd and the 3 - rd degrees of severity of postradiation encephalopathy
induced by the growing endogenic intoxication and hemodyscirculation .

The cause of the disease progression is that , on the one hand , the patients develop
alterations in every functional system ( vascular , immune , endocrinal , gastro - intestinal ,
etc., ) and heavy metabolic disorders involving the entire biochemism and oxidative processes
, thereby creating unfavourable general somatic background..On the other hand , the brain
damage at the level of hypothalamic , ie. higher vegetative regulators , promotes the
development of dysadaptation syndrome . All the above factors diminish the resources of
sanogenetic recovery processes and result in patient s rapid decompensation and disability .

Evidently , disability in liquidators occurs during the 3 -rd phase of postradiation
encephalopathy due to both somatic and neurological diseases. However , national - scale
statistical data evidence that disability among the liquidators due to the brain damage
increases from year to year becoming predominant. Psychoneurological deficiency in these
patients is explained on the one hand by their still aggravating social dysadaptation both in

4 Plasma content (in convertional
units) of middle molecules in

.70 — peripheral blood -

—
>

degrees

1-st 2-nd 3-rd of severit

Fig.3 Correlation between the severity of
postradiation encephalopathy and the
expression of endogenic intoxication
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Fig.5. Epilepsyl incidence at different
periods after radiation injury, 9
patients.

private life and business mainly because of catastrophic memory decline. On the other hand ,
this results from such defects as paresis and paralysis following hemodiscirculation. The latter

as seen 1n Fig 4 , was found in severe forms in about 15 % of patients.
Ot significance in the etiology of disability is that 5 - 10 % of patients reveal epileptic

svndrome (Fig 5)

Thus our investigations evidence that .

1. In contrast to the postulate on the CNS radioresistance , we have found the CNS to be
radiosensitive  Therefore the patients exposed to the so - called " small - dose " radiation
develop progressive organic brain damage .

2. The most severily damaged are hypothalamic and stemic structures , this fact being
confirmed by vegeto - vascular disorders , endocrinal shifts , vestibular ataxia and memory

loss .



Parallel with clinical / neurological findings concerning the regularities in the
development and course of postradiation encephalopathy , we have discovered in the
liquidators multiple systemic disorders .

Preliminary correlative analysis of different pathogenic factors involved in the disease
shows that these factors do not progress unidirectionally. There are probably some specific
disagreement and dissociation between them .

In particular , we have found that concurrently with progressive neurological deficiency
whose rate indicates the severity of postradiation encephalopathy . the serum levels of
autoantibodies to the brain neuroproteins tend to rise progressively , though not so rapidly as
neurological deficiency does.

This fact acquires principal significance since it proves once again the presence of
organic brain damage in our patients. It is also important that parallel with the progression of
the two above said characteristics , pathologic alterations in biochemism grow up correlatively
, though with some fluctuations . Undoubtedly , these alterations being involved iIn
pathological process , become one of its major parts.

In view of the above , an extremely interesting and extraordinary seems to be our finding
that the levels of autoantibodies to glial cells and MBP elevate only up to the 2 -nd phase of
encephalopathy inclusive , and then fall down apparently. This phenomenon may be
indicative of either the exhaustion of a given immunologic component or , conversely , the
occurrence of adaptation.
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Fig. 6. Levels of clinical, neuroimmunological

and mctabolic charactcristics in paticnts with
differently severe postradiation encefalopathy.
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SPECIAL FEATURES OF RADIATION EFFECTS IN CHERNOBYL VICTIMS
REVEALED BY CYTOGENETIC METHODS AT DIFFERENT STAGES AFTER
THE ACCIDENT

V.E. KOMAR, S.N. KOLIOUBAEVA, V.V. RAKETSKAYA, L.V. MJASNIKOVA,
N.A. ABISSOVA, L. KORYTOVA, N. ILJIN

Central Research Institute of Roentgenology and Radiology,

St. Petersburg, Russian Federation

The object of this research is to estimate a specific radiation effect in Chernobyl! victims by
the cytogenetic methods in different period after the accident. All the persons studied worked in 1986-
1987 within the 30 km zone around the nuclear power station. The first group of patients consisted of
19 persons who were -investigated in | month after the Chernobyl accident. The second group of
liquidators was analysed in 1990-1993 and the third one was studied in 1995. The chromosome
analysis included an account of a total number of chromosome aberrations, single and double
fragments, chromosomal exchanges, radiation specific markers (dicentrics and rings) and micronuclei
per 1000 cells in peripheral blood lymphocytes. The additional irradiation in vitro of blood samples
in a dose of 1.5 Gy was used for an estimation of a genetic instability in the chromosome apparatus.

In the first group of the persons studied the rise in three times of the chromosome aberrations
total number was revealed. The number of dicentrics amounted to 0.12% , no dicentrics being observed
in the control group.

In the second group we observed a rise of a dicentrics rate when the total chromosome
aberration number was reduced. In the third group of liquidators the further rise of dicentrics was
revealed. [t was found again, as in the first group, a rise of a total number of chromosome aberrations.
Data concerning the frequency of micronuclei in peripheral blood lymphocytes correspond with those
obtained by the chromosomal analysis. So the level of micronuclei in the second group is near to the
control values, but lymphocytes containing 3.4 and more micronuclei appeared. Besides that, in the
third group of liquidators we observed a rise of a total frequency of micronuclei.

The test irradiation in vitro resulted in an unexpected relative reduction of the chromosome
aberrations and micronuclei rise in liquidators blood samples comparatively to those of the healthy
donors.

1. Introduction

Studies on medical and biological consequences of the Chernobyl accident have been carried
out since 1986. One of the guidelines of these researches was to estimate a specific radiation effect in
Chernobyl victims with the cytogenetic methods.

Data obtained for the space of the past ten years are presented in the report taking notice of the
peculiarities of cytogenetic manifestations in the different periods after the accident.

2. Contingents studied and methods

All the persons studied worked in 1986-1987 within the 30 km zone around the nuclear power
station. The first group of patients consisted of 19 persons who were investigated in | month after the
Chernobyl accident. The second group of liquidators (50 persons) was analysed in 1990-1993 and the
third one (51 persons) was studied in 1995. 50 healthy donors served for a control group. The
techniques for the analysis of chromosome aberrations in cultured peripheral blood lymphocytes was
as in general uses.

The yield of radiation specific markers (dicentrics and rings) as well as of the total number of
chromosome aberrations, exchanges, single and double fragments, were counted. Micronuclei
identification was carried out in the blood lymphocytes cultures using cytocalasin B per 1000 cells for
an each sample. The additional irradiation of the blood samples in vitro in a dose of 1.5 Gy was used
for an estimation of the genetic instability in the chromosome apparatus.
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blood lymphocytes of liquidators, %

Total number of chromosome aberrations and its distribution in peripheral

Table 1
Group A total Dicenrics Fragments Exchanges
number -
Number, year single double
Donors Base level 3.3+£0.09 0 2.57+03 | 0.72+0.3 0.12+0.05
(50 persons) Test irradiation, | 20.50+2.70 | 8.3+2.00 | 4.5+1.21 | 6.66x1.72 | 0.19+0.04
1.5 Gy '
Liquidators
1986 Base level 9.9+1.37 |0.12+0.09 | 3.75+0.51 | 6.0+0.68 | 0.12£0.09
(17 persons)
1990-1993 Base level 3.9+0.29 | 0.2+0.07 | 3.1£0.27 | 0.740.12 0.11£0.03
(50 persons) Test irradiation, | 15.86+3.06 | 4.0£0.91 | 7.03+1.03 |} 4.2+1.17 0.11£0.03
1.5 Gy
1995 Base level 4.5+0.35 | 0.54+0.09 | 2.25+0.17 | 1.21%0.15 | 0.034+0.012
(51 persons)
Micronuclei content in peripheral blood tymphocytesof liquidators,%
Table 2

A total number

Distribution of cells according to the number of

of micronuclei | micronuclei
% 1 2 3 24
Number, year
Donors Base level 26.614.6 21.20+4.80 1.80+0.10 0 0
(50 persons) | Test irradiation, | 222.06+23.60 | 142.8+8.00 | 30.80+3.60 | 4.20+0.80 | 1.00+0.50
1.5 Gy
Liquidators
1990-1993 Base level 25.53+£3.08 19.83+£2.03 1.53+0.41 | 0.39+0.14 | 0.22+0.09
(50 persons) Test irradiation, | 101.75+7.62 77.25£5.16 | 11.38+1.91 | 0.75+£0.49 | 0.38+0.18
1.5 Gy .
1995 Base level 50.0£3.29 43.3+2.29 5.38+0.59 | 0.84+0.17 { 0.35+0.08
(50 persons) | Test irradiation | 148.82+11.30 | 111.53£7.51 | 14.23£2.02 | 2.17£0.58 | 0.47+0.22
1.5 Gy '

3. Results and discussion

The yield of chromosome aberrations in the three groups of liquidators studied is presented in
Table 1. The results of the additional test irradiation in vitro concern only the second group of
liquidators in comparison with the group of healthy donors. It can be seen that in the first group of
investigated persons the rise in three times of the total number of chromosome aberrations was
revealed, mainly as a result of the increase of the single and double fragments frequency. The number

of dicentrics amounted to 0.12%, no dicentrics being observed in the control group.
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On the contrary, in the second group we observed a rise of the dicentrics rate when the total
number of chromosome aberations was reduced in comparison with the first group.

It is interesting to note that the double fragments frequency did not exceed 0.7% in averrage of
the total chromosome aberrations number. The additional irradiation in vitro in a dose of 1.5 Gy
resulted in an increase of both the dicentrics frequency and that of the total chromosome aberrations,
but this effect was less pronounced than in the control group.

In the third groups of liquidators studied in 1995 the futher rise of dicenrics was revealed (in
2.45 times in comparison with the average data obtained in the preceding group). It was found again, as
in the first group, a rise of the total number of chromosome aberrations.

Data concerning the frequency of micronuclei in peripheral blood lymphocytes counted in two-
nuclei cells were obtained for the second and the third groups of liquidators (Table 2).

The main results of these studies correspond with those obtained by the chromosomal analysis.
So the level of micronuclei in the second group is near to the control values. However lymphocytes
containing 3, 4 and more micronuclei appeared that was not observed in the group of donors. It was
shown previously in the in vitro experiments that the appearance of lymphocytes with several
micronuclei was a specific radiation effect depending on the dose.

Besides that, in the third group of liquidators we observed a rise of a total frequency of
micronuclei as well. The test irradiation in vitro using for an estimation of a genetic instability resulted
in unexpected relative reduction of the micronuclei rise in the second group of liquidators
comparatively to that of the healthy donors, that corresponds to the results presented in Tablel
concerning the data on chromosome aberrations.

The effect observed resembles to some extent an adaptive response described for fractionally
irradiated cells. However the degree of this “adaptive response” is reduced in the third group of
liquidators indicative of an increased radiosensitivity of their chromosome apparatus.

The principal results of these studies consisted, first of all, in the conservation of cytogenetic
damages in long terms after the accident, secondly, in lowering of nonspecific damages (a total
number of chromosome aberrations) and in the rise of specific radiation injuries (dicentrics) during the
period studied and thirdly, in changing radiosensitivity of the chromosomes to an additional
irradiation.

The data obtained are difficalt to interpret. The two factors might be taken into consideration:
the conservation of radiation damages in stem cells and the peculiarities in radiosensitivity of different
subpopulations in the lymphopoietic system. The further studies concerning an estimation of the
lymphopoietic status of overexposed people are necessary to clear up the mechanisms of such a
dynamics of cytogenetic indices.

4. Summary

In summary some important changes took place in cytogenetic manifestation in peripheral
blood lymphocytes of liquidators during the different stages after the Chernobyl accident, having been
expressed in lowering of nonspecific damages and in the rise of the specific radiation injuries as well
as in the different radiosensitivity of the chromosome apparatus.
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MEDICAL CONSEQUENCES OF THE CHERNOBYL ACCIDENT ”"”m"”w@”?”ﬁ’g’!ﬂ”ﬁ"mmﬂ
IN ARMENIAN EMERGENCY WORKERS - TEN YEARS OF OBSERVATIONS

I. EMERIT
Department of Genetics, Institut des Cordeliers,
Paris, France

N.M. OGANESIAN, A.S. POGOSIAN, K.V. ASRIAN
Radiation Medicine and Burns Research Centre,
Yerevan, Armenia

According to 10-year studies of state of health of more than 2000
eliminators which under regular medical check—-up at the Institute are,
the leading place in the sick rate structure the nervous system patho—-
logy takes. In addition, 44.7Z the organic diseases of nervous system
are which during last years from 7Z in 1987 ¢to 44.7%Z in 1995 have
grown. The overwhelming majority of them the blood cirulation
insufficiency in different cerebral basins and dicirculatory
encephaiopathy are, the cerebral blood circulation momentary violati-
ons including (53%4). In 50,4%Z of cases the dienchephalon structures
interest and moderately—-mani fested cortical—subcortical relations are
discovered.

The immunological, biochemical and other blood changes are shown
that they are on nervous and endocrine system depend, which the im—
munocompetetent cells growth, maturity and differentiaiion regulate. The
nervous system changes and peripheral blood lymphocytes cytogenetical
status (2-3 times chromosome aberrations freguency increase) as well
as spermatogenesis (teratospery frequency) correlations are observed.
The latter points to the possible low-dosage radiation mutageneous
effect owing to which the eliminators’ posterity who after Chernobyl
accidence were born state—of—-health study (monitoring) is kept. Even
7-8 years later the clastogeneous factor level 1n eliminators’ organs
1s sti1l)Jl 2-3 times higher.

As an anticlastogeneous agent the new French antioxidant TANAKAN
preparation 15 used now, which on eliminators—volunteers was tasted.
It 1s shawn thet average, the chromosome aberrations percentage 10
eliminators sell cultures, by tanakan treated 1s almost 3 tames lower
than 1n donar ones.

Thus, 1n Chernobyl accicdence eliminators the nervous system pro”
gress:ing changes with clastogenecus factor parallel increase, cyto~

geneti1c ard other mor foleogical shifts are observed.
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THE HEALTH OF LIQUIDATORS FROM THE CHERNOBYL ACCIDENT
6 RENNERT. 5. sHAPIRO, s, Renngrt . ssmeeo  NIMATMARINRNAIAI

National K.H. Cancer Control Centre, Carmel Medical Centre, XA9745445
Haifa, Israel

Backqround

More than 700,000 immigrants from the former Soviet Union (FSU)
have arrived in Israel since 1989. Among them an unknown
number of immigrants hold a liquidator card. This card was
provided to testify that its holder was employed within the 30 Km
zone around the Chernobyl power station after the 1986 accident.
The liquidators often resided outside of the exposed area and were
called in to aid in the rescue and clean-up activities. The current
study evaluated the health status of the liquidators in Israel.

Methods

All liquidators currently residing in Israel were requested through
the media to contact the study center in Carmel Medical Center in
Haifa. Recruitment was further enhanced by reports of the
liquidators themselves on more members of the group.

Each liquidator identified by this mechanism was requested to
provide copies of his/her liquidator certificate, and was invited for a
health-status evaluation session.

The health evaluation session included the following components:

1)A demographic and dosimetry questionnaire, including
information on time of exposure, place and length of exposure in
addition to routine data on age, sex, residence in the FSU, date
of immigration and family status.

2)A health questionnaire evaluating current health status, health
perception, history of hospitalizations, use of medication and
reproductive history.

3) Physical examination conducted by a general surgeon and by an
expert endocrinologist.
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Table 1: Demographic and Exposure Characteristics

Sex

males 110
females 23
Mean age in 1995 48.9
Year of work

1986 88 (65.7%)
1987 29 (21.6%)

1988 and over 17 (12.7%)

Distance from site

On-site 39 (30%)
1-10 Km 26 (20%)
11-30 Km 67 (51%)
Occupation

Army 39 (29%)
Driver 12 (9%)
Technical 24 (18%)
Medical 13 (10%)
Laborer 30 (23%)
Other 15 (11%)

Age at Time of Accident

<30 28 (20.9%)
30-39 50 (37.3%)
40-49 17 (12.7%)
50+ 39 (29.1%)
Length of exposure

mean 12.4 months
median 3 months

4)Blood tests including biochemical routines (liver and kidney
function tests, glucose, cholesterol, electrolytes and proteins),
hematological routines ( full blood count and differential), thyroid
function tests and anti-thyroid antibodies. Blood was also drawn
and DNA extracted for future genetic analysis.

Results

The current report is based on data available from 130 liquidators.
Another 6 liquidators who registered with the study center but died



before they were invited for the physical examination, and for whom
the cause of death and other medical history is known have also
been included. Another 70 liquidators are awaiting invitation for
interview and examination and are not included in this analysis.
The total number of about 200 known liquidators is believed to
comprise about 90% of this group in israel. The 130 liquidators
examined thus far are a random and non-selected group of the 200
identified liquidators.

Description of the study group:

The study group was composed mainly of males, mean age xx,

most of whom resided in the contaminated area in the year 1986,
for periods of about two months (Table 1). Many of the group
members were on army duty, but others belonged to the technical
and medical rescue teams.

The most common medical finding among the liquidators was that

of hypertension (28 cases - 18.4 %), followed by ischemic heart

disease 12 cases - 7.9 %).

Cancer of various sites was diagnosed in 10 cases (7.6 %) (table

2).

Of all cancers diagnosed in this group, 60% have been formerly

reported to possibly be related to radiation.

Table 2 Characteristics of cancer cases among liquidators

_ Employed in area
Type #of | Ageat | relation | reside | Distance | Years | Duration
cases | exposure to
radiation
a) Thyroid 2 28/58 + Kiev | 11-30km | 86-94 | 97m
b) Lymphosarcoma 1 52 + remote| on site 86 |6m
¢) Brain 1 26 + Kiev |7
d) Lymphoma 1 33 +/- expos | On site 88 |[3m
e) Stomach 1 51 +/- On site 86 |2m
remote

f) Rectum 1 57 - Kiev | 11-30km 86 2m
g) Prostate 1 58 - expos | 11-30km | 86-88 | 29m
h) CLL 1 56 - expos | 11-30km 86 |3m
i) Skin 1 55 - Kiev | 11-30km 86 2m
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Non-malignant thyroid pathology was found in 14 cases (10.6%).
This figure seems high compared to data on prevalence of thyroid
disease in the general Western population.

Most findings were not related to length of exposure. All cases of
cancer but one were at the site of accident in 1986.

The age-adjusted prevalence rate of these diseases in the
liquidators group was slightly higher than that documented among
1.5 million adults in one HMO in Israel for hypertension and asthma
and significantly higher for ischemic heart disease and
malignancies (Table 3).

Table 3 Disease Prevalence rate /100,000 in Liquidators and
Control Population in Israel

Disease Liquidators Israeli HMO 1995
Hypertension 17.4 16.6
Ischemic heart disease 12.3 6.3
Malignancy 4.3 2.3
Asthma 3.6 2.3
Conclusions

Cardiovascular end-points, such as hypertension and ischemic
heart disease were found to be most common. Ischemic heart
disease was more prevalent in the liquidators cohort than in the
Israeli comparison group. This is in line with reported difference in
IHD mortality between Israel and the FSU.

A significantly increased rate of malignant tumors was identified in
our study. Most of the identified cancers have formerly been
described to be related to radiation. It is surprising, though, that
these tumors emerged within less than 10 years since the accident.
The number of events is too small to reach a definite conclusion but
a closer follow-up after this group of liquidators seems warranted.

Such follow-up should probably also include a survey for non-
malignant thyroid disorders which were also found to be very
prevalent.
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DIRECT CLINICAL EFFECTS ON VICTIMS OF THE XAQ745446
CHERNOBYL NPP ACCIDENT

A K. GUSKOVA, LA. GUSEV
Biophysics Institute, Russian Federation State Science Centre,
Moscow, Russian Federation

The accident at Chernobyl NPP happened in April 26-27, 1986 was characterized by complex
combination of a number of factors of radiation and non-radiation origin.

The staff of two accidental shifts and firemen called to eliminate fire were predominantly exposed
by external beta-gamma radiations combined with possible applications of radionuclides in skin and
mucosa and radiactive aerosol inhalation.

Similar combinations of radiation factors were found in our previous experience, which was the
basis for urgent decision on the assessment of main damaging component importance for eary
health effects in individuals injured in April 26, 1986.  The method of analysis of relationships between
clinical pictures and dosimetry data in individuals admitted in Clinical Department of the Institute of
Biophysics in April 27-28, 1986 (129 persons) represents the basic method of study.

Dosimetry assessments were done in vivo in all people surveyed (237 persons including both
hospitalized patients and out-patient individuals) and these assessments were added by postmortem studies
in all 27 early fatalities observed.

The scope of elaborated investigations will be described in poster illustrations.

Clinical observations included complete repeated clinical laboratory tests were also complemented by
techniques of dose indications using cytogenetic data and blood indices dynamics.

Results

The determinative importance of intensive external gamma-beta exposure for clinical effects is
established. Dose range of the external gamma exposure is 0.7 to 13 Gy. Skin doses caused by beta
exposure were 10-20 times higher. Radionuclide body burdens were found to accumulate final dose of
the same range as external dose for two patiente only, which two patients had the radionuclide intake
through damaged skin (vapour burn) and radionuclide inhalation (radioiodines and radiocaesiums
determined the main part of internal doses in organs and body). All other patients had internal exposure of
lungs of <0.8 Gy ant thyroid doses were calculated to be more than 4 Gy in 8 persons including two
patients with 11-13 Gy in thyroid.

Early clinical revealings were specific to the exposure of relatively uniform gamma radiation

combined with beta radiation damage of skin itself (beta dermatitis).

Dose levels from indicated combination caused the development of isolated (in a few cases) and
combined (in a majority of cases) manifestations of acute radiation syndrome (bone marrow syndrome,
intestinal syndrome complicated by radiation dermatitis, mucositis and lung damage).

Recovering has practically taken place in all patients exposed by less than 4 Gy, two thirds of
patents recovered for dose of 4-6 Gy and 2 patients from 21 individuals exposed by 6-13 Gy.

Main peculiarities of direct clinical effects of chernobyl accident consist in:

- high incidence rate of combined damage of different organs and skin, which, for instance,
limited the effectiveness of treatment measures to supress post-radiation myelodepression (allogenic bone
marrow transplantations, etc.);

- significant occurences of skin injuries, which aggrevated clinical syndrom by toxic revealings
and adult disuress syndromc cven for small depth of skin damage;

- mass character of both such severe damages and number of people involved in the accident, which
caused releavant social psychological resonance; significant compiications and duration of (trcatment
of radiation damage of skin in the outcome of the discase.
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SIGNIFICANCE OF SEVERITY OF ACUTE RADIATION SYNDROME IN THE
DEVELOPMENT OF ENCEPHALOPATHY IN CHERNOBYL ACCIDENT
RECOVERY WORKERS AND POSSIBILITIES FOR COMPUTER MODELLING
OF SPECIAL FEATURES OF CLINICAL CAUSES OF ENCEPHALOPATHY

LV. STEPANENKO, N.V. GUZHOVSKAYA A
glls;tultjé; I;I:urosurgery, XAQ745447

Clinical findings in the Chemobyl accident recovery workers evidence of a
manifestative orgaric damage to the CNS reflected in progressive lesions at all
the brain levels . the cortex , the subcortex and the stem.

Retrospective anglysis of the disease showed that a part of patients exhibited
clinical signs of an acute response to radiation injuries. In our opinion , these
signs were dus to the brain membrane and the matter stimulation resulted in .
nausea , vomiting , headache , vertigo , biood pressure elavation , ataxia ,
drowsiness , fatiguability , emotional instability. The patients responded
inambiguously , this probably depending upon individual sensitivity to radiation ,
the dose recelved , the place and time of work n radiation area , premorbid
condition , etc.

Further development of the disease suggests the 3 phases of the brain damage
progression (A .R . Vinnitsky , 1993 ) 1) acute response to radiation exposure ;
2) pseudorecovery , 3) decompensation

We have classified the acute radiation bram njuries as being mild , moderate
and severe. A mild brain response to radialion means moderate headaches |,
dizziness , drowsiness and other complants that did not reduce the liquidators'
performance at the time of thelr being exposed to radiaton A moderate
response implicates the Increased complaints and more objective symptoms
nausea , ataxia , abrupt bload pressure fluctuations , heartaches , emotional
instability as well as local reactions such as coughing , dermatites A severe
response implies headaches , numerous vomitings , loss of consciousness with
aggravated symptoms inherent in a moderate response. This group of patients
also reveal endocnnal disorders and hemogramic changes.

As seen from anamneses and medical records of 300 liquidators, a mild initial
response to radiation injury was found In 57% , moderate in 28,9 % and severe
in 14,1% of patients. Later on, all of them developed encephalopathy which we
classffiad as being of the 1 - st , 2 - nd and 3 -rd degrees of seventy The
dynamics of the disease was studled In relationship with the sevenly of the bram
response to radiation injury

Patients' dissimilanty , different manfestation of clinical symptoms as well as
diversiied pathogenic links involved in the formation of patient's condition have
impelled us to use mathematical methods to assess the seventy of postradiation
encepnhalopathy and prognosticate its development

To assess patients condition , we used clinical and paraclinical methods of
investigation In order to determine the degree of endogenic Intoxication , the
signs of autosansitization to neurcantibodies , the direction of hemogram
deviations and hemodyscirculatory digsorders

To make medical evaluation of a patient's condition more objactive , we have
devised dlinical and blochemical indices of the disease severity based on
probabliity estimations introduced by G.I. Marchuk , 1.B. Pogozhev and S.M.
Zuyev. The results of information analysis were used to dstermine the sensitivity

of the Indices to alterations in parameters indicating a patient's condition.

When modelling mathematically the metabalic disorders , the oxygen and carbon
aloxkie duelivaty systein wess tsulaled aind aalyacd . Syslotde tiodal Ul Uayyorss
deilvery disorders was created using the system of differential equations
supplemented with algebralc refations showing the parameter interactions.The
feedback principle and control - on - perturbation method enabled the model for
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regulating the blood flow per minute to be built up. The disease severity indices
were assessed In the dynamics.The most informative signs were determined to
forecast the course of the disease and identify the higher risk groups among the
postradtation encephalopathy patienls. These signs Included acid -to - base ratio
. proteln fractions ratio , mnestic impainment , response to primary radiation
axposuce , etc.

We have found that in liquidators who had the symptoms of a mild primary brain
response to radiation , the pseudorecovery phase lasted for 1.8 - 2 years.
Further course of the disease ( decompensation ) was characterized by a
gradual increase of the braln demage clinical symploms with insignificent
involvement of other systemns. 8 - 9 years ufter the accident the 1 -st degree of
encephalopathy which we classified as postradiation one, was revealed in 42.6%
of patients within this group , the 2 -nd degree in 41.7 % and the 3 +d degree in
15.7 %.

in patients with with a moderate brain response fo madiation the disesase was of
more progressive character. The pghase of pseudoracovery lasted for about a
year. Progressive worsening of the patients’ condition was seen 3 -4 years after
the accident : considerable gastro - intestinal , vascular and other disorders . In
the follow - up period , the symptoms of encsphalopathy within this group of
patlents ware found in the following percentage : 1 -st degree in 26.5% ., 2 -nd in
48.5% and 3 -rd In 25%.

The most severe and progressive encephalopathy which Invoived the signs of
other systemic damages was found in the patients with well - pronounced
primary brain response to radiation. in these patients the pseudorecovery phase
either lasted for saveral months or was absant at all. The phase of
decompensation was very short and involved the lesions et all the brain levels.

A few months after the radiation exposure the patients exhibited the symptoms
of hypothalamic dysfunctlon and endocrinal disorders ( impotency , weight and
trophical changes , dysmanomea , thyroid dysfunction , etc. ) polnting to
dysadaptation 8 - 9 years after the accident 18% of the patients revealed the 1 -
st degree of postradiation encephalopathy while the 2 -nd and 3 -rd degrees
were found In 54% and 28% , respectively.

The above data show that encephalopathy of the 3 -rd degree Is more frequent
to develop In the Hquidators with an acute primary brain response to radiation
injury. Similar dependence can be traced when evaluating metsbolic and
autolmmune disorders revealad 8 - 9 years after the accldent. Comparison of
dinical and biochsmical indices points to the relationship between metabolic
disorders , adid - to - base ratic , andagenic intoxication level and the severity of
radiation injury at the moment of the accident.

Thus clinical and laboratory comelations evidence of the existence of a
complicated and polyfactor mechanism responsible for the development and
progression of postradiation encephalopathy.

The above described mathematical model may be a helpful tool for giving
additional tests to postradiation cncephalopathy patients for assessing their
condition
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CLINICO-MORPHOLOGICAL COMPARISONS IN XA9745448
ULTRASOUND DIAGNOSIS OF CARCINOMA OF THE
THYROID IN CHILDREN EXPOSED TO RADIATION

E.D. CHERSTVOIJ
Minsk Medical Institute,
Minsk, Belarus

E.P. DEMIDCHIK
Republican Centre of Hygiene and Epidemiology,
Minsk, Belarus

V.M. DROZD
Scientific Research Institute for Radiation Medicine, Belarus Ministry of Health,
Minsk, Belarus

The purpose of ‘he study was to compare morphologic and ultrasonic pictures of the
thyroid. The study included 42 children with thyroid cancer exposed to ionizing radiation after the
Chernobyl accident. All children were operated on during 1990-1994 yy.. This study has shown that
diffuse sclerosing varant of papillary tarcinoma (PC) occurred more frequently in patients with higher
absorbed doses to the thyroid. This variant of PC was rarely found at pT1 stage, besides, diffuse
sclerosing PC was more frequently acccmpanied by bilateral and median metastases ( "pure” PC and
follicular variant of PC).

Biometry of thyroid carcinoma showed a wider spread of neoplastic process in diffuse sclerosing
PC than in pure papillary carcinoma. The patients with diffuse sclerosing PC had the second operation
more frequently than those with follicular PC. It might be related to a larger volume of operation due to
follicular PC. Any other ultrasonic peculiarities were not found in this study. However, the revealing of
of two and more pathological sites with uneven contours and bilaterally enlarged lymphatic nodes,
spreading into the both lobes, could be estimated as high risk symptoms of diffuse sclerosing PC. In
these cases more extended surgery should be recommended.

BBEJEHHUE: Hccnenosanus, npoBoaHMBbIE 10 BHABIEHMIO NApPALUIENIH3Ma MOP(OTOrHYECKOR H
ynbTpasBykoBo# KapTuHbl ILIXK noka3sanu, yTo Bce y310Bble 06pa30BaHHI MOXHO Pa3fie/IuTh Ha CONMAHbBIE
M KHCTO3HBIE, BO3MOXHBI TaKXe cMemleHHple BapHante [3,4,10,11]. TipaktHueckd OTCYTCTBYIOT
cBeleHH 00 OCOGEHHOCTAX YNMBTPa3sBYKOBOH Bu3yanusauuH Kapuueomsl IIIK y meteit B 3aBHCMMOCTH OT
ee MOpPQONOrHYECKOTO BapHAHTA, YTO M CTaNo MpeaMeToM Hautero H3ydeHus. Ilo mauneiM LiVolsi A.
(1992) [6] xpoMe THIIHYHONH MOMJENH NaNWUIAPHOK KapuuHOMbl B 15-20% cny4aeB BCTpevaloTca MeHee
ofpruHBIE  rHcTONOrHYeckHe rnonsuaet. Cpenw omyxoneit, nossuBmMXxcds B DBenmapycu nocne
YepHoObUTbCKO#l aBapuH, 21% MOXHO KiaccHUUMPOBATh KaK (OUIMKYNSPHBIH BapHaHT NaNHUAPHOIM
KapuuHoMmbl H 10% - xak aupdysHockneporuyeckuii [8]. dudysHocknepoTHYECKHH BapHAHT OMHCaH
KaK NeTCKHH paK H XxapaxTepusyercs Gonee arpeccHBHBIM TeuenueM [6,7,9]. OmHako B HCCNENOBaHMSAX,
ApOBENEHHBIX B SIMOHHH, MOJTy4eHbl NaHHbIE, YTO AUGDEY3HOCKIEPOTHYECKHI BapHaHT Ben cebst TakHUM xe
0o6pa3oM Kak ¥ THNMYHaA NanwulipHas KapudHoMa [12].

METO[ObBI:  ¥3H IIX nposoawnocs npH nomoiuu annaparos “Toshiba”’SAL-38B u “ALOKA-
5007, maruuxom 7.5 MI'u B peanbHoM MaciuTabe BpeMEHH C HCIONb30BaHHEM aBTOPCKOrO IMPOTPaMMHOIO
KOMIUIEKC2 [1s aBTOMaTH3alMM [HarHOCTHKM H KOHTpomsa coctosHua [UXK. ¥nstpassykosoe
uccneposanue XK nposoginoce no Metoarke Brunn et al. (1981) (3] 8 cobereennoit MoaudHkauuu c
pacuetom obvema XK B oTHocHTensHbIX noxasarensx (% npesbiieHus obbvema XK orHocuTenvHO
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BO3DacTHOrO HOpMaTHBa). Hamu npemioxeHO TaKXe MpPOBOOHTE OHOMETPUIO Y3NOB M  JIOKAIbHBIX
uamerenni B LK. Hamepsnuch nepenne-sanHui pasMep (a) M IIMPHHA y3noBoro ofpazoBaHus (B) B
TPAaHCBEP3aNbHOM CKaHe, JUTHHA (C) - B NOHrUTYAMHanbHOM. O6beM y3n0Boro 06pa3’oBaHHs BBIYHUCIANCA
no ¢opmyne annuncouna: 0,524*a*s*c. 3aTeM ONMpeneNICA MPOUEHT, 3aHMMaeMblii yanoM ot gomu [LIK
1 oT Bcero obvema LK.

Marepuanom nocnyxunn IIXK naunenTos 8 Bospacte ot 4 go 15 snert, onepuposauHbix ¢ 1989 no
1994 rr. B PecnybnuKaHCKOM Hay4HO-NPAKTHYECKOM LEHTPE MO npobliemMaM paka LWMTOBMAHON Xese3si
(aumpexTop - npodeccop E.IT. JeMuauuk).

Mopdonoruyeckyo sBepuuKauMio KapUUHOM NPOBOMMNAM Ha KadeApe MaTONOrHYECKOW aHATOMUU
MHHCKOro rocynapCTBEHHOro MEIMUMHCKOro MHCTHTYTa (3aB. Kadenpoit npodeccop Yepcrsoit E.1.) &
COOTBETCTBMM C MeXayHaponHOR IHCTONOTMYECKOR KnaccudukauMeit onyxoneit LK [1]. . Kputepuamu
onpenensioMMY NanUUIAPHBIA paK ©ObUTM HANTHYHE COCOYKOBBIX CTPYKTYp, NCAMOMMHBIX Tesiel H
npeobnanaHue OMNyxonesblXx KNETOK C OBalbHbIMM ONeNHOOKPAIUEHHBIMKM HACNAUBAKLIMMUC ApPYr Ha
Opyra sapaMM THNa “MpHTEpPTOro crexkna”. Kpome TOro, BbIAENANM BapHaHThl MAMHAIAPHONO paka:
“qucteiii” nanwunapHelit (IIB), donnukynapueiit Bapuant (OB) u audysHocknepornyeckuit (ICB).

[lpu aHanu3e IHCTONOTUYECKONO CTPOCHHUSA ONyXONeH BH3YAIbHO OUEHHBAIH OTHOCHTENbHOE
coflepxaHHe NanWUIAPHBIX, (POJUTHKYNAPHBIX H COJNIMAHBIX CTPYKTYp. Kpome Toro, yuuTelBanu xapaxTep
pocTa (Hanuuue Kamncynbl OMYXONH, MYTbTHUCHTPHYHOCTb, MPOPACTaHME 32 npegefbl AHATOMUUYECKOMH
kancynst [XK), Hanuuue nuM@PoHOHOH HHGPHIBTpAUMHM, COYETAHHOH THPOMOHOH NAaTONOIUH,
PacnpoCTPaHEHHOCTh METaCTa3HPOBAHHA.

Pacnpocrpanenne paka IIIXK B opraHH3Me ONMpEAe/IH 110 MEXAYHaponHoH crucreme pTNM.
Pacuet mo3sl, noromeHHod 12K, nposoguica corpynuuxamy HHH 6uodmsuxu r. Mocksa [2].

Tabnuua I.
Pacnpenenenne aeTeil No NO30BbIM XapaKTEPHCTHKaM B 3aBUCHMOCTH

ot Mop¢ONIOTHYECKOro BApHAHTA MaNWLISpHO#A Kapuudomsr LXK
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Mopdonornyeckuit 1B oB ACB
BApHAHT n =26 n=9 n=7
Mansuuku abc 12 5 4
% 46.15 55.6 57.1
Herouxu abc 14 4 3
% 53.85 44 4 42.9
O6bnacty :
ToMensckas abc 16 8 6
% 61.5 88.9 85.7
Bpecrckas  abec 6 0 1
% 23.1 0,0 14.3
Morunesckas abc 3 1 0
%o 11.5 11.1 0,0
MuHnckas abc I 0 0
% 3.9 0,0 0,0
Ho3za (cGy) n=19 n= n=
| nos.rp. abc 9 3 2
(0-30) % 474 60 33.3
2 no3.1p. abc 5 | |
(30-100) %o 26.3 20 16.7
3 no3.rp. abe 5 I 3
(> 100) % 26.3 20 50




Tabnuua II.

3aBHCHMOCTs MOPGONOrH4ECKOi KapTHHb! MamwuipHo# KapuuHoMs! XK or 10381, nornomenHo#
IHTOBHUIHON XeNe30MH.

HosoBas rpynna (cGy) | Becero 0-30 30-100 |>100

n =31 n=15 n=7 n=9

1 2 3 4
abc % |abc % abc | abe %
%

Hannuue kancynsl | 10 | 32.2615 | 3333 | 2 | 2857 | 3 33.33
OIYXOMH
Ckrniepo3 13 141948 15333 | 2 12857 3 33.33
BuyTpropraHHas guc- |25 | 80.65| 1 | 86.67 | 5 {7143 | 7 77.78
CEMHHALUA 3
IlepurymMoOpo3HbIf 14 |46.57|7 |46.67 | 3 | 4286 4 44
THPOHIHT (n=8)

Pacnipegenenue 6onbHbIX Mo ctagusM pTNM B 3aBHCHMOCTH

OT MOp(OJIOrHYECKOrO BapHaHTa NamHUIApHOH KapuuHoMbl LII2K.

Mopdonornyeckuit BapHaHT 1B DB ICB
n=26 (1) n=9 (2) n=7 (3)
T1 abc 4 3 0
% 154 33.3 0
T2 abc 3 0 2
% 11.5 0 28.5
T3 abc 0 0 1
% 0 0 14.3
T4 abe 19 6 4
% 6L.5 66.7 57.1
NO abe 8 4 3
% 30.77 44.5 42.86
N 1A abc 12 3 1
% 46.15 333 14.29
N 1B abe 6 2 3
% 23.1 222 42.86
M0 abc 26 9 7
% 100 100 100

Tabnuua II1.
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PE3VIIBTATBl:  Hccnenosanms mnposemeHbl cpead 42 peTeil, MOJBEPIUMXCS BO3NEHCTBHIO
PanMOHYKIHMAOB B pe3ynsTate aBapuM Ha YABC M npoonepHpoBaHHbIX MO NOBOAY MAMMLISPHO
xapunHombl LK. Cpean Hux G6bU10 26 cnydaes ¢ “YHCTHIM™ BAPHAHTOM MAaNWUIAPHOH KapUMHOMSI, 9 - ¢
donnukynapusiM  u 7 - ¢ auddysHocknepoTndeckuM. [IpH ManWuIspHOM BapHaHTe HECKONBbKO Yalle
BCTpeYanuch OeBOYKH - 33,83%, npu QomnukynipHoM ¥ IHOY3HOCKAEPOTHYECKOM HEHAYMTENBHO
npeo6nanany Mansuuku - 55,6 u 57,1% coorserctBenno (Tabn. I). Kak Buano u3 tabn. I, cpenmuit
BO3pacT AeTed NpH MaNHWUIAPHOM H dOUIMKYNSPHOM BapuaHTax coctasnsan 10,34+0,52 u 10,0+0,72 ner
H HECKONBKO MeHbuIe npu AMGQY3HOCKIEPOTHYECKOM BapHaHTe - 9,4x1,5. A6GcomoTHOe GOMBIIHHCTBO
ZeTe#l ¢ Pa3TMYHBIMK BapHAHTaMH KapLHMHOMBI [POXHBAIM B ['OMenbCKoi OGMACTH: ¢ MAMWUIAPHBIM -
61,5%, c donnuxkynapHsiM - 88,9%, c nuddysHockIepoTHYecKuM - 85,7%

[Tpu u3yyeHuu pacnpeieseHHs JeTeid Mo L0308BbIM PYNNaM B 3aBUCHMOCTH OT MOpGONOrHYecKoro
BApMaHTa BbIABNEHA OMpeENeNeHHas TEHACHUMA: MPH NanMUISPHOM M (OMIHKYNADHOM BapHaHTax
HaubonblMA MPOUEHT JeTel OTHOcWacs K nepsod pososod rpymne (0-30 cIp) - 47.4% u 60%
cootsercreeHHo. [lpu angpdysHocknepoTHyeckom - oTMevanach obpaTHas 3aBUCHMOCTB: 3 [1030Bas
rpyana (cebiie 100 cI'p) HacuuTeiBaNa oTHOCHTENLHO Oonbulee yncno nered - 50% (tabn. I).

3aBHCUMOCTb MOPGONOrHYECKON KapTHHBI (HATHYKE KAaNCy/bl OMyXOMH, CKIepO3a, BHYTPHOPraHHO#
IUCCEMHHAIIHH, MEPUTYMOPO3HOTO THPOMAMTA) OT no3bl, nornomenHod XK, npeacrasnena B Tabn. II.
Oxazanocs, YTO NMpPOABIEHHS CKIEPO3a HECKONBKO Yawe - 53,3% BCTpeyatuch B f030BOM rpymne 0-30
cI'p mo cpaeueHuio ¢ rpynnamMu Gomee BpICOKHX 003 (28,6-33,3%). B GonblwiMHCTBE Cnydaes,
TMpaKTHYECKH HE3aBUCHMO OT H03bl, ObUla BhIpaXeHa BHYTPHOpraHHas QMCCeMHHauus npouecca (71,43-
86,67%) v MOYTH y NOOBHMHbI NETEH - NPH3HAKY NMEPHUTYMOPO3HOIO THPOMAMTA (42,9-46,7%).

Tabnuua IV.
VasTpassykosas 6HOMETPHA NPH NANKLUIAPHOH KapUHHOME
IIIX B 3aBHCHMOCTH OT MOPQONIOTHYECKONO BapHaHTa

28

MopdonorudeckHii I1B oB ICB
BapHaHT n =26 =9 n=7
MoHo- abe 23 7 3
y3en % 92 77.8 42.8

2 y3na abc 3 2 4

4 bonee %o 8 22.2 57.2
Ouamerp abc 4 2 0
y3na go 1 cm % 16 23 0
CpenHuit guamerp 1.6+0.19 1.92+0.35 2.83+0.79
y3na (cM)

Cpenunuit obpem 2.04+0.75 3.0+1.28 4.06+2.49
y31a

% OT NONH 24.02+£5.28 | 42.04=12.3 53.01%15.8
KeJe3bl

% ot Beceit 14.02+3.59 27.06x£10.2 | 41.80+13.53
XeJe3sl

% yBEIHYEHHS 137.36x7.5 238.9+46.0 | 195.86+37.57
BCEH Xese3sl

% OCTaTOYHO 72.05+7.2 45.249.3 57.0+16.6
TKaHU fochne

onepauuH

[ToBTOpHBIE abc 10 2 3
onepauuu %o 38.5 22.2 43




Pacnpenenenue netedi no cramuiM pTNM B 3aBUCHMOCTH OT MOp(ONOIMYECKONO BapHaHTa
kapuusoms! 1K npencrasnexo B Tabn. III.

Bousienena poctosepHo Gonee Bbicokas wactota cTamMu Tl cpead GONbHBIX ¢ NANWUIAPHBIM K
donnukyndpHsiM BapuaHTamu KapuumHombi (15,4%,33,3%) 8 cpasueHuu ¢ 11 DYIHOCKAEPOTHUECK UM
(P<0,05). Cramus T2 vawe scTpevanace npu anddyssockneporuueckoii  opme, uyem  npss
donnukynaproit (28,5%, 0, P<0,05). Mocrosepusix paznmuuuii 8 yactore craguu T4 B 3aBHCHMOCTH OT
MOpPQONOrHYeckoro BapHaHTa He OTMEYeHO. MetacTassl B AHM(ATHYECKHE Y3NTbl BCTPEYANHCH MpH
pasnu4HbIX Mopdonorndeckux ¢opmax B 69,23%-55,5%. Cranua N1B OTHOCHTENIBHO Yallle OTMe4anach
y nmere#t c aupPy3HOCKIEepOTHUeCKHM BapHaHTOM KapuuHomst 2K - 42,8%, B cpasHeHun c
nanwuspHeiM ¥ GOMNUKYNApHbIM -23,1-22,2%.

HauHpie o ynpTpa3sykoBod 6HOMeTpuu mpusesieHs! B Tabn. IV, e BHAHO, 4TO B BHAE MOHOY3INa
yaile NpoTeKal NaNWULADHBIA BapHaHT paka IIIX - 92%, pexe audgysHocknepotHueckuii - 42,8%
(P<0,05).

B Toxe Bpems gmBa W Oonee yanoBeix ofpa3oBaHMs  valle BCTPEYANMCh  MpH
mudpdysHoCKIepoTHYECKOM BapHaHTe - 57,2% (P<0,05). Yane muametpom no 1 cm oGHapyxeHsl npu
nanwuiipioM  BapMaiTe B 16% ciyyaes, npH  QommukymipioM - B 23%, a npu
aupy3HOCKIEpOTHYECKOM - BhIABNEHbl He 6puiH (P<0,05). Cpennuii nuametp yana 6bln MeHblUE B
Tpynne AeTed ¢ NamwuIpHbiM BapHaHTOM - 1,6+0,19 cM, HauGonbumil - npu audgysHOCKNEpOTHYECKOI
dopme - 2,8+0,79 cm. AHanoruyHble TEHNECHLMH MPOCNEXKHBANMCH H HA APYrMX MOKa3aTensx: obbeme
y3na, MpOUEHTe MaTONIOTHYECKMX M3MEHCHHH B JONE M BO BCell Xesie3e, XOTH NOCTOBEPHO3HAUYMMBIX
panuyuii Hamu BbiiBneHO He Obuto. O6wee ysenmuyenue LK B Gomeureii cremend OTMedeHO npH
GOWTHKYNIIPHOM  BapuaHte - B cpenHeM 10  238,9+46,0%, HecKONMbKO  MEHbIie  MpH
aupdysHocknepoTHyeckoM - 195,86+37,57% w nanwuispHoM - 137,36x7,5%.

Hamu nmpoananu3upoBaHa YacTOTa NOBTOPHBIX ONEPaUMi MO MOBOAY BO3OGHOBNEHHS OMyXONEBOTO
pocta B TedeHue 2-5 neT HabmioaeHua (tabn. IV). YV nereit ¢ nuddysHOCKNEpOTHYECKUM BAPHAHTOM B
43% cny4aes GbUIO NMPOBEAEHO NOBTOPHOE ONEPaTHBHOE BMIIIATENBCTBO, YTO B 2 pa3a yallue, YeM MpH
omnuKyIpHoM - 22,2%.

IMono6Hy0 CHTyauuo Mbl MOXeM OOBACHHUTL KaKk OHONOrHYECKHMMH OCOOEHHOCTAMH OMyXOneh, Ho
¥ TeM, 4yTo npu AuPY3HOCKIIEPOTHYECKOM BapHaHTe OTMEYAETCH CaMbli BBICOKHI MPOUEHT MOpaxeHHs
Tkanu XK - 41,8 4 B ToXe Bpems uepes 6 Mecsues Mocne onepalH BU3YaTH3MPYETCH B CpeHeEM HO
57% obvema xenessl. [lpu domnukynsapHom sapuante Gonee pacUIMpeHHbIE ONEPaTHBHBIE BMELIATENLCTBA
(orcrarousas TKaHb - 45,2% obvema IIIXK) ua cdone menbuiero nopaxeHus (no 27%) npuBomaAT K
MEHbLIEH YacTOTe [OBTOPHBIX onepauuid. I[Ipy nanwApHOM BapHaHTe KapUMHOMBI OTMEYEHO
BO300HOB/IEHHE onyxoneBoro pocta B 38,5% ciiyyaer Ha ¢oHe onepauuit ¢ OCTaTOYHBIM O0GBEMOM TKaHH
IIIX B cpegnem no 72%.

Ynbrpa3sykoBas KapTHHa pa3fTHYHbIX BapuanToB KapuuHoMmsl 11X npenctasnena B Tabn. V. Bonee
XapakTepHbiM ObLTO pPacnonoXeHWe MNaTOMOTHYECKOro Mpouecca B MpaBoif Hone MWIA BCEX Tpex

Tabnuua V.
YnpTpa3ssykoBad KapTHHa pasM4HbIX MOpQONOrHYECKHX BapHaHTOB  Kapuuxombl IIK

Mopdonoruueckuit TIB OB ICB
BapHaHT n =26 n=9 n=7
JloxanusanmMs NaToMOrHYECKMX HU3MEHEHHH:
Cnpaga abe 17 5 3
% 65.4 55.6 42.9
Cnepa abc 9 3 2
% 34.6 33.3 28.55
Bcea abc 0 1 2
Xenesa % 0.0 11.1 28.35
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Ilpononxenue.

l 1 | 2 3
PacrionoXeHHe OTHOCHTENBHO MOJIOCOB :
Bepxuuit abe 0 I 1
% 0.0 11.1 14.2
HenTpanshas abe 20 3 2
4acTh % 76.9 33.3 28.6
HHKHEA abe 6 1 "2
% 23.1 11.1 28.6
Bcesa pons abc 0 4 2
% 0.0 44.5 28.6
ITogxancynsHo  abe 25 8 7
PAacTIONIOXEHO %o 96.1 88.9 100
OTCyTCTBHE KOHTa-
KTa ¢ Kancynoi  abe I 1 0
% 3.9 11.1 0.0
KoHTYD :
YeTkuit a6e 3 0 0
% 11.5 0.0 0.0
OTHOCHTENTBHO abc 10 1 1
YeTKHH % 38.5 11.1 14.3
Hevetxuit abc 13 8 6
% 50.0 88.9 85.7
Hanuuue “Halo” a6c¢ 2 1 1
% 7.7 11.1 14.3
Hanuyue kan- abc 4 0 0
CYJiBl y3na %o 15.4 0.0 0.0
Crpykrypa abc 5 0 1
OIHOpOIHAsA %o 19.2 0.0 19.3
Heonnoponxasn abe 21 9 6
% 80.8 100 85.7
DXOreHHOCTb :
H3osxorenHas abe 1 1 0
% 3.8 11.1 0.0
IunoaxoreHnas abe 22 6 5
%o 84.6 66.7 714
I'nnepsxorenHas abc 0 0 0
% 0.0 0.0 0.0
CMeweHHas abc 3 2 2
%o 1.15 22.2 28.6
Busyanu3auus nuMGOy3IIoB :
BriaeneHo abc 17 6 5
% 65.4 66.7 714
EnvHuynbie abe 6 2 1
% 23.1 22.2 143
MHOXecTBeHHbIE abc i1 4 4
%o 423 445 57.1




mopdonoruyeckux BapHaHTOB (65,4%,55,6%,42,9%), OunarepanbHas NOKANM3alHi 4Yalle BCTpEYanach
npH au¢pPY3HOCKNEPOTHYECKOM BapHaHTe U He BbIABICHA MpPH nanwingpHoM (28,55%, 11,1%, 0%).

OnpeneneHue MNaToAOHYECKOro mpolecca B UeHTpansHOH yacTH aonu X npu nmanwmnapuom
Bapuante 6bu10 B 76,9%, npu GOIHKYIIPHOM - Yalle, 4eM TpH Apyrux (opmax nopaxanach Bca Aons
(44,5%, P<0,05), npu nuddy3HOCKIEPOTHYECKOM - OIHMHAKOBO 4acTO H3MEHEHHS BH3YATH3HPOBATHCDH
JuG0 B UEHTPAIbHOIM, MO0 B HHXHEH YaCTH HOJH, THOO OXBATHIBAAH BCIO JOMO UeJIHKOM (28,6%).

PacnonoxeHue NaTolOTHYECKHX H3MEHEHHH BHYTDH XeJe3bl 6pUTO TAKOBO, YTO B NPEBANHPYIOLUEM
GONBIIMHCTBE CIy4aeB MMeEJCS YETKO BH3yanu3HpyeMbld KoHTakT ¢ kancynoit XK. M Toneko no ogHomy
ClyYaw BHIABIEHO MPH MaMWUIAPHOM BapHaHTe - 3,9% ¥ ¢omwmnkyaapHom - 11,1% noxanu3auuu
MaTOMIOrHYECKHUX 04aros B ryOuHe Tkanu 112K,

CrpykTypa y3n10B no saHHbiM Y3U y GonblumHcTBa neredt 6puta HeomnHopomHo# (80,8%-100%),
npuyeM TIpH (DOJUTHKYIAPHOM BapHaHTe d4awe. 4eM npu namwupipiom (P<0,05). TunwuHeiM nns
kapuuHoms! 12K 6bU710 HanHYHEe HEYETKOro KOHTYpa y3nla, KOTOPBIH HOCTOBEPHO 4Halle BCTpedancs npH
donnukynipiom BapHaHTe (88,9%) u nuddysHockneporuyeckom (85,7%) MO cCpaBHEHHIO C
namwuiapHbiM (50,0%, P<0,05). Busyanusupyemas Kancyna y3na OTMEYeHa TONBKO MPHU NAMWUIIPHOM
BapHante (15,4%,P<0,05), B enMHHYHBIX crydasx npu Bcex ¢opmax scrpedancs ¢enomer “halo” (7,7%-
14,3%).

OxorenHocts KapuuHombl IIIX B OGombmmHcTBe HabmoneHHit Oblna MOHHXEHHOW: npH
NamuUIApHOM BapHaHTe - 84,6%, npd QomHKynspHoM - 66,7%, npu auddysHockiepoTHyeckoM - 71,4%
(tabn. V). Ilpn dowtukymipaoM u AMpPY3HOCKIEPOTHIECKOM BAPHAHTAX HECKONBKO Yallle BCTpedancs
CMEIUCHHbIN THI 3XOreHHOCTH (22,2%,28,6% COOTBETCTBEHHO).

JIumcarHyeckse yisl BH3yalTH3UPOBATHCh B 65,4%-71,4% cny4yaes, MpUYeM HECKOJIBKO Yallle TMpH
Iuhy3HOCKIEpOTHYECKOM BapHaHTe OHH 6bUTH MHOXecTBeHHBlE (57,1%) (Taba. V).

Takum obpasom, auddysHocknepoTudeckas opma XapaKkTepu3oBanach TEHAEHUHEH K
BO3HWKHOBEHHIO Ha (oHe Gonee BbicOkuX mo3 mornowedusix LXK, OHa pexe AMAarHOCTHPOBanachL B
cramuu pTl, u vawe pasana OunatepalbHOE H MERHACTHHAIBHOE MeTacTasuposaHHe. [lonoGubie
ocobeHHOCTH MOFYyT ObITb B ONpeleNeHHOW CTeneHH OOBACHEHBl palUaUHOHHBIM  FEHE3OM
Andy3HOCKAEpOTHYECKOrO BapHaHTa KapudHomsl LK, omnHako 6osiee OCHOBAaTENbHbIE YTBEPXACHHS
npobneMaTHYHbl H3-3a MAJIOYUCIEHHOCTH 3TOH Ipynmnel gereid B Hawux Habmiopeuuax. Bbuomerpus
kapunHoMb! IIIK nokasana, yto HauGonbluyl0 pacHpOCTPaHEHHOCTh MATONOMHYECKHH NPOUECC HOCHT
npH U Qy3HOCKIEPOTHYECKOM BapHaHTe, HAMMEHbIUYIO - MPH NanWwuUiApHoM. YacTtoTa nOBTOPHBIX
onepaumi Bble TakXxe NMPH AH(PQYIHOCKNEPOTHUECKOM BapUaHTE H HHXe MPH (DOUTHKYAAPHOM, 4TO,
BO3MOXHO, CBA3aHO C Gonee paCIUHPEHHBIM XapakTepoM IPOBONMMBLIX Onepauuii NpH (OTHKYIAPHOM
BapHaHTe KapuuHombl XK. Kakux-au6o cneundpuyeckux ocoOeHHOCTEH 2XOCEMHOTHKH HaMH BBIABIEHO
He O6bLNO, H3 Yero CiaedyeT, YTO YABTPa3BYKOBOH METON MCCNENOBaHHA He MoXeT nuddepeHUHpOBaTH
mopdonornyeckue BapHaHThl KapuMHOMbl. ONHAKO BBIABIEHHE PaclPOCTPAHEHHOro Ha obe JoaM ABYX M
fosiee  MAaTONOMMYECKHX OYaroB C HEYETKMMH KOHTYpaMH M OWNaTepaibHO  YBESIMYEHHbIMM
nuMpaTHIECKUMH y31aMH MOXHO pacueHHBaTh CUMNTOMAMHU MOBLILUEHHOIO pHCKa
auddysHockneporuieckoro BapHanta kapuuHomel XK. B atux cnyyasx momxHbl ObITE maHbl
peKoMeHIalHK 6onee paclIMPEHHOIO XHPYPrH4eCKOr0o BMEIATebCTBA.

(1] Temmurep, II., T'ucronoruyeckas xinaccudpHKaums omnyxoneil LIMTOBUOHON xesnesn! (MexayHap.
rucron. knaccudukanus onyxonei, BO3, 1988.

(21 Taspwmun 10.H., I'opnees K.H., Usaros B.K. u ap OcobeHHOCTH H pe3ynsTaThl ONpefeneHHs 103
BHYTPEHHEr0o OOMY4EHHS LUMTOBHEHOM XeNe3bl UL HaceNleHUS 3arpsa3HeHHBIX pafloHOB pecmyGnuKH
Benapycs, Becth. AMH. (1992) N 2, 35-43.

[31 Brumn J., Block U, Ruf G. et al.,, Volumetrie der Schilddrusenlappen mittels Real-time-
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[4] Braun, B., Gunther, R., Schwerk, W. Ultraschalldiagnostik, Lehrbuch und Atlas. Echomed 2 7
(1990).

31



(31
(6]
(7]
(8]

19

(10]
(11}
[12]
(13]

(14]

32

Demidchik, E.P., Gedrevich, Z.E., Thyroid cancer treatment in children, Proceedings of a
workshop held, Maryland (1992) 93-96.

LiVolsi, A., ““Pathology of pediatric thyroid cancer’’. Treatment of thyroid cancer in childhood,
Proceedings of a workshop held, Maryland (1992) 11-21.

Y. Fujimoto, Y., T. Obara, T., Ito, Y., et al.,, Diffuse sclerosing variant of papillary carcinoma of
the thyroid, Cancer 66 (1990) 2306-2312.

Furmanchuk, A.-W.,Averkin, J.I. Egloff, B., et al., Pathomorphological findings in thyroid cancers
of children from the Republic of Belarus: a study of 86 cases occurring between 1986 (‘post-
Chernoby!’) and 1991 Histopathology 21 (1992) 401-408.

Fujimoto, Y.,Obara, T., Ito, Y., et al.Hayashi, Y.,Sasao, T., Takeichi, N et al.,, Diffuse
sclerosing variant of papillary carcinoma of the thyroid: A histopathological study of four cases,
Acta Pathol. Jpn. 40 (1990) 193-198.

Klima G., Schilddrusen-Sonographie Urban Schwarzenberg Munchen Wien, Baltimore (1988) 127.
Maier R., Ultraschalldiagnostic der Schilddruse , Stuttgart (1984) 272

Mizukami, Y.Nonomura, A., Michigishi T., et al., Diffuse sclerosing variant of papillary
,carcinoma of the thyroid: Report of three cases, Acta Pathol. Jpn. 40 (1990) 676-682.

Schroder, S., Bay, V., Dumke, K., et al., Diffuse sclerosing variant of papillary thyroid carcinoma.
S-100 protein immunocytochemistry and prognosis. Virch. Arch. 416 (1990) 367-371.
Zimmerman, D., Hay, 1.D., Gough, LLR., Papillary thyroid carcinoma in children and adults: Long-
term follow up of 1039 patients conservatively treated at one institution during three decades.
Surgery 104 6 (1988) 1157-1166.



HYPOPHYSIS-THYROID SYSTEM AND METABOLISM IN CHILDREN AND
ADOLESCENTS RESIDING IN THE TERRITORIES OF BELARUS
CONTAMINATED WITH RADIONUCLIDES

T.A. MITYUKOVA, F.N. SOLODVNIKOVA, B.F. KOBZEV, L.N. ASTAKHOVA,
O.N. POLYANSKAYA, AM. DUBOVTSOV, S.V. MARKOVA, M.P. KAPLIEVA

Mook otage e o Radiation Medicine (TR

insk, B
Minsk, Belarus XA9745449

The results of complex investigation (1990-1995) of the functional state of the hypophysis-
thyroid system and metabolism in children and adolescents residing at the territories of Belarus
contaminated with radionuclides are presented.

In patients from the Gomel region, absence of TSH pre-puberty peak was revealed which
is considered to be normal, as well as absence of TSH reaction to iodine deficiency. In younger
children (0-2 years of age at the time of the accident) who had received maximal dose loads of I-
131 to the thyroid, elevated levels of thyroglobuliu and free thyroxin (FT4) were marked, as well
as the reduction in binding of thyroxin with thyroxin-binding giobulin (TBG).

Changes in metabolism were characterized by the intensification of lipid peroxidation
processes and reduction in activity of antioxidant protection enzymes, as well as by the
accumulation of lactic and pyroracemic acids in blood. Expressiveness of changes depended upon
the level of radioiodine to the thyroid. _

Thus, in children and adolescents exposed to radionuclides of jodine and permanently
residing at the territories contaminated with radionuclides of Cs-137, changes in central and
peripheral mechanisms of thyroid status regulation were ascertained which are connected with the
disturbances in the system of energy mctabolism and lipid peroxidation.

1. Beenenue

3a nepuon, npomemumi nocne asapud Ha YADC, B Pecnybnuke benapyck 3adrkcmpoman
3HAYHTEbHBIH POCT THPOMUHOH NaTONOMHH, ocobenno y neredi W mompoctkos [1]. HMsywenme
IKCKPEUHH HONa ¢ MOYOHM Yy JIcTeH H MOJPOCTKOB M3 PalMYHbIX PErHOHOB PECHMyONHKH IOKasano,
970 B OOMABUIHHCTBE OOCNCHOBAHHBIX PaHOHOB HONHAS HEROCTATOYHOCTh COOTBETCTBYET JIEIKOM
crenenn [2]. Yro kacaercs pond $akTOpOB palHaDHOHHOH NMPHEPOAL! B OPMHPOBAHAH NaTONOTHH
muToBunHOR Xxenessl (IHXK), 1o oHa TpeOyeT TmmaTebHOH OCHKH. YIATHIBadA, YTO HAaXe Manbic
J03bl paNHanHH MOTYT HapymaTh IPOHECCHI HeHpOTYMOpaNbHOH - pEryIAOHH H
BHYTPHKNETOYHOTO  MeTabonuaMa, OpeAcTaBIsno  Honbiroi HHTEpEC HCCHEZOBaTh
$YHKUHOHATBHOE COCTOSHHC THOOMH3APHO-THPOHOHON CHCTEMBI, BRKNIOYad HEHTPANbHBIE H
ICPHGCPHYCCKHC PCTYIATOPHBIC MCXaHH3MBI, BO B3aHMOCBA3M C HOKasaTchsMH Mcrabommsma. B
3afady MCCHACHOBaHHS BXONWIO COIOCTABMTh H3ydacMbic MNOKa3aTeNd ¢ YPOBHEM 3arpA3HCHHSA
mectHocty Cs-137 u €10 MHKOpUHOpauMEll, & TAKXKC ¢ pAUMAUMOHHbIMM Haipy3Kamu na XK,
cpopMHPOBaHHBIMHE 3a CYET mortomeHnoro 1-131.

2. MatepHansl M METOIBI HCCIEHOBAHNS
B 1990-1995 r.r. 6sut0 mpoBeacHO Oe3BBIOOPOTHOE CKPHHHHIOBOES HMCCICHOBaHHE COCTOSHHA
IIHTOBHIHOH Xene3bl y HeTed m mompocTkoB (5-17 ner), mpoxwusaiommx B Xo#HHKCKOM (630
9ein.) u B Berkosckom (336 wen.) paiiomax I'omensckoit obnactd, a takxe y 205 mxonbeaKOB (6-
14 ner), npoxuBaromux B CronmHcKOM paiione bpectckolt obnactu. B sror ke mepmon BpemeHH
poBeleHO YIIyOneHHHOe OOCHCAOBaHHE, BKINYAOIIES IOKa3aTen# MeTaboiH3Ma, y IeTed H
OONPOCTKOB M3 TPyl PHCKa [O Pa3BHTHIO THPOMATOJOIAH, BHIICNCHHBIX Ha OCHOBaHHH
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pe3yAbTaTOB CKPHHHHIOBHIX HCCIICNOBaHMH C Yy9eTOM J030BbIX Harpysok Ha IIIXK =
HHKOpTNOpHpoBaHHOH aKTHBHOCTH Cs-137. Pammanmonsbie Harpy3kM Ha IIHTOBUOEYIO XeNe3y
(1K) onesuBany no maHHeM npaMoi mo3aMeTpHH (Tomenbckat o6JacTs ¥ NETH, OTCEICHHBIE H3
30-tu kM 301 YADC), mumonneHroi cotpynHakaMi Mockorckoro URcTHTyTa 6nodu3nkn, u Ha
OCHOBaHHH pacueTHhIX 103 (bpectckat o0OmacTh), NpencTaBIeHHBIX TeMH Xe apTopamu [3].
Hukopnopanmio Cs-137 onenusarn no 3nadenuaM CHY (Cuetank mamyaenns genosexka WBC-101,
dupma "Aloka", Anomns). Kpome Toro yamreiBanm namusie [4]. OcuosHBlE cBeneHMS O
PATMAUHOUNLIX UArpy3kax mwii oOCAeNOBANNLIX KOITHIIENTOD NpeacTamienst B Tabmume 1.
KoHTponeM fRIAIKCH HCTH H NOApocTkKH H3 Dpacnasckoro padiona BureOckoit ofnacta (420
gen.) ®© Cronbnosckoro paiiona MuHcko#t obmacta (203 gei.), NpaKTHYECKH He 3arpa3HEHHBIX
PaTHOHYKIIHIAMH.

O6cnemoBaHfe BKAIOYI0O  OCMOTP 3HIOKPHHONOTA,  YIbTPa3ByKOBOC HCCHEHOBaHHE

LIMTOBUOHOH Xeje3pl C ce¢ OHomeTpHe mo Mertomske (5] C ydeToM HopM 00ObeMOB,
paspaboTaHHBIX W1 HETCKOro HaceneHus bemapycu [6]. V nmeteii, He momy9aBmimx mpenaparht
crabuwipHOrO  Hona, onpee/UIH  KOHUCHTpalUHKw #oda B MOYe 0OpPH  [OMOIIH

CreKTpOodOTOMETPHIECKOTO UepHii-apcenaTHOro Metona [7].  Tupeotponmmit  ropmon  (TTI),
obutyto B cBoOOOHYI0 ppakuuu THpoKCHHA H TpHHonTHpoHuHa (T4 u T3), THPOKCHHCBA3BIBAIOLLH
mobynnn (TCI), tupeomobynuk (TT) onpexensin B CBIBOPOTKE KPOBM PalAOMMMYHHbIM METOIOM
¢ mucrnonb3oBaHHem Habopos cupmbl "CIS bio international” ¥ npoussomctsa  HucTHTyTa
6noopranndeckoil XHMHHH (MuucK). THPOHUTPaHCOOPTHbIE CHCTEMbl KPOBH H3ydalH METOOOM
anekTpodopesa ¢ ucnonpiosanneM MedeHnx [-125 T4 u T3 (MHcTHTYT GHOpraHH9ccKOit XHMHH.
Mumnck). CpaspiBaronyio aktusHocTs TCI, anbbymMuHa ¥ npeanbOyMHHA BbIpaXanH B MPONEHTAX TIO
OTHOWICHHIO K 0DUIEMY KOJIHYCCTBY BHCCCHHOH METKH.
Ilns  XapakTepHCTHKM HHTCHCHBHOCTH NEPCKHCHOTO OKHCICHHA JHMITHAOB ONPEACTAIH

COHEPXANUC THUPOUEPEKUCEH MUIHLOB ¥ MAIOHOBOIO NMANbICIVAA B IUIa3Me KposH. B

ICMOJIM3ATaX SPHTPOUHTOE  HCCHCHOBAINM UOKA3aTCAH AHTHOKCHUAHTHOM CHCTEMbl: aKTHBHOCTD
Karanasbl, [NYTATHOHPCOYKTAalhi, TNYTATHOHIICPOKCHAA3h H CYNICPOKCHUAKCMYTA3bI. B KPOBH
OlIpEUCHAIIH  COHCPXAHHC MOJNOYHOH M DHpoBuHOrpamnoii Kucnor. [lepexuchsit  remonus
HPHUTPOIHTOB U3YYWIH B LIPACYICTBHNE HPOOKCHAAHTOB - HOHOB Xenesa H acKOPOHIIOBOH KHCIOTH

3. Pesyastatsi

Ha ocHoBanun 6e3BpI00po9HOIO ropmMoHanbHoro ckpuaunra (1990 r.) nereit H MOmpPOCTKOB,
npoXHBalomEX B X0oHHAKCKOM paiione ['omenbckoit obnactu, ObUTa M3ydeHa BO3pacTHasA AHHAMHAKa
TIT H ropMoHOB THPOHEHOIO cTaryca. Bce oOCiaenoBaHHbie HETH HaXONHWIHCh B paMKax
3YTHPECOHOHOIO cocTOosiHHA. Jl030Bbic Harpy3KH y IeTe H MONPOCTKOB, IPOXHBAOIIHX B
XOHHHKCKOM paioHe, ObUIH MaKCHMaIbHBIMH Yy JieTell 4-6 JieT, KOTOpbIM Ha MOMEHT aBpapHH ObulO
He Oonee 2-X ACT, M COCTABIANH B cpemneM okono 2.5 I'p ¥ MHHHMAaNsHHIMH Y mompocTkos 15-17
net - B cpeneM 0.9 I'p. Cpennas momomensas HXK mosa ans obmeit rpynos XofHAKCKAX neTeit
# nonpocTkoB cocrapisia 1.57 I'p. ConocTasnsmucy AanHbie obcnenosanus JMI M3 XOUHHKCKOIO
M IBYX KOHTPONBHBIX paiioHoB - Bpacnaeckoro Burebekoit obnact m Cronbuosckoro Musckoit
obnacte. Mcmmana copcpkamuili #oia B Modc B rpynnc XOHHHKCKHX ACTCH H TMONPOCTEOB
cocrauana 72.2 mkr/n, Bpacnasckux - 93.0Mxr/n, a y Cronbmoeckux ©Obina HuXe, 4eM Yy
XOHHHKCKHX. YCT4HOWIEHO, 4TO Y JiMU, MPOXUBAIOMHUX B KOHTPOJNbHbIX PRHOHAX, CYLIECTBYEY
nossiuenue yposua TIT B Bospacte 7-14 JieT no OTHOWICHHIO K APYTHM BO3DacTHBIM IpymmaM. Y
XOHHHECKAX pneTeill npemybepratHbii nombeM TIT orcyrcrsoBan. Hambonee Bhicokoe cpennee
sHagerue TTT OoTMedanoch B BO3PACTHOM Tpynne 4-6 jeT, a ¢ yBeAudeHueM Bo3pacta yposeup T1T
noctynarensHo cEuxaincs. CrnexyerT nomdepkHYTh, ITO, KaK Y XOHHHKCKHX, TaKk H y Bpacnasckmx
merei B nepuox ¢ 11 xo 15 mer otMedcHbl Haubonee HE3KHE, OJNH3KHE MO 3HAYCHHIO CpEIHHC
yposHH csobomaoro T4 B unrtepBane 15.14 - 15.45 nmons/n. Cpennuit vooseHs ceobonHoro T4 B B
uenom s XoHHHKCKOM rpynmsel 6pU1 NOCTOBepHO BbhIme, dYeM B bpacnasckoit (17.91+0.46 u
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16.49+0.43 nmoms/n, coortBercTBeRHO). OcobGeHHO pe3koe mnopsmmeHHe cBobomuol (paKmum
TOpMOHa2 OTMedanoch y neTed 4-6 mer B XoMHHKCKOM paiioHe (27.96+2.59) mo cpaBHEHHIO C
npoxHpaBlomuMe B Bpacmasckom (19.54+0.75) u Cronbmosckom (14.68+1.05 mMoms/m ).
Yposens TCI B rpynne Xo#HAKCKHX nereil 4-6 ner 6pU1 Haubonee BoicokmM (25.75+1.08 Ar/mur).
Cpemmnit yporenn TCT y Xoitankckux geteit coctarman 24.24+0.40, 910 QOCTOREPHO TPERKITIANG
cpelHee 3HaYcHHE 3Toro nokasarens y bpacnasckax nereit (20.98+0.64 mr/mu). Hsysenme
CBA3bIBalONICH aKTHBHOCTH THPOHITPAHCIIOPTHBIX CHCTEM KDOBHM MOKa3al0 CHHXCHHE CBA3BIBAHHA
T4 ¢ TCI. Kax Bmmio w3 tabnmust II, 8 HOpMe okono 85% T4 wu 75% T3 Ttpamcnoprupyercs
TCI. V nereit, npoXHBAIOMHKX B 1anbonce 3arpA3NeHINX PATHONYKIHIAME paiionax [oMeanckoit
obnacts, Habmiomaercs mepepachpeReneHue T4 Ha MeHee aduBHBIE HOCHTENH - ansOyMHHE B
npeansOymuns: xposd. Cpennnit ypoeers TI' 6sin Heckonsko Bemue B CtonbmoBckoM paiioHe, Ime
flopuplit nedunuT Sonee BhipaxeH, em B BpacnmasckoM m XofmukckoM. B rpynne XoiiHEKCcKuX
octcd 4-6 nct cpemHee copcpxaHAC 11 NMpCBHINAIO HOPMadbHBIC 3HAYCHHA H COCTaBIAIO
69.09+9.87 nr/mi. H3yicHAe 3aBHCHMOCTH IOKasaTeiiel THPOHNHOIO CTaTyca OT MOIIOMIEHHOM
HIX 20361 110K832310, 410 hosbiiticHye yosbt 1o 1.0 Tp sbi3biacy RocTosepni poct yposus TI (Ha
40%). TIpu nosbunensn nospt a0 4.0 I'p oTMedaercs TEHACHUHMS K HapacTaHuio yposas TIT
CHHXEHHIO T4, 94TO yKa3bIBacT Ha MOBBIIICHHBLIA PHCK Pa3sBHTHA IMIOTHPO3a Y HAHHOH KaTerOPHH
JMLL

Ha ocnoBanun onpemenenns comepxaHus #ioga B Mode Bce ofcnenoBannsie H3 Berkosckoro
paiiosa I'omenbckoit obnact m W3 xonTponsHOH Tpynosl (1992-1993 rr.) 6puim pasbuThl Ha
noxrpynmsi: 6onee 100 mxr/n, 50-100, 20-50 u Menee 20 MKI/1. AHanK3 rHiOH3aPHO-THPOHIHBIX
B3aHMOOTHOIUCHHH B 3aBHCHMOCTH OT COICPXaHHA HOXa B MOYE BBIABMI PAN OCODCHHOCTEH Y JIHII,
HPOXHBAOIIMX Ha TCPPHTOPHAX PAUHANHOHHOIO 3arps3HeHHs (cpenHas momtowennas LXK mosa
1.6 I'p, uaxkopnopauus Cs-137 B cpennem 11.5+0.9 mo cpasaeuuw ¢ 1.2+0.2 xBk/opranasm B
KOHTposic). B KoHTponsHOil rpynne y neTell ¢ MHHHMANHBIM COlCPXaHHEM #tona B Mode (Menee 20
MKI/I) 6bino ycranosneno Hambonee sbicokoe cpemsee 3Havenue yposus TTT (3.65 MMEwn).
APHIEM R OyIImax € HapacTaiomuMy  KOHICHTRAIMHAMHA Honma B Mouc uaﬁnxmanoc:t.
NOCACHOBATCABHOC CHUKCHHE cpenHero vpopHa TIT mo 2.0040.09 mMEwn (npr koHucHTpauuu
fiona B moue Oonee 100 mxr/n). V wxonsuuror u3 Berxoscrkoro paitona Nomenpcxofi o6nactu
Obuia omMouena NpUTHBOHONOXKHAY KapTHHa: npr camoll Huaxoil fomnel ofecueaengocre  Csuio
wioe nuskoe suavenne TTT (1.70 MMEs/n). € yncanuciiues SKCKpeuuy

CTPHPOBANG H  CaMOT HU3KOS Juaveiy J0 wMEg/). € ynenuvcines SKCKpens
ifiona ¢ mouoit coacpxauue TIT B kpoBH y BerkoBckHX NETCH-IMKOJBHHKOB HECKOJBKO
nosbiwaiocs (2.27+0.28 MMEn/n). Tlo-BumuMomy, y meTeit KOHTPONBHOH TPYNIbI IPH HEXOCTaTKe
fiola 3YTHPEOHIHOE COCTOAHHC NOCTHIACTCA ODH MOMOINM HOBbIIeHHZ ypoBus 111 (B pamkax
HOpMBI), 2 B BETKOBCKO#l IpyNNe 3TOT MEXaHH3M pCIYAIMH THPOCTaTyca HapymeH. Hommas
obecnicyeHHOCTs BeTkoBckmx mereit Gbula B CpefiHeM 3HATHTENbHO XyXe, 4Yem bpacnasckmx
(MenMaHbl CONEpXaHHA Hooa B MO9E COOTBETCTBEHHO cocTarmand 53.0 m 93.0 Mkr/n), TeM He MeHee
cpeaunit yposes TTT y Berkosckux nereit Gsut Heckonpko HExe, 9eM Yy Bpacnasckux. B memom
ClemyeT OTMETHTb, 9TO Yy JeTefi H TONPOCTKOB, NOCTOSHHO NPOXHBAOMIMX Ha Ha#bonee
3arpA3HEHHBIX TeppHTOpHAX [Lomensckoit obmactu (XoiieHkckHit ® Betkosckmii  paiioHbI)
oTMedaeTcs crmaxusanne peaknuu TIT, Kak B BOJpacTHOM acHeKTe, Tak H NPH deduuuTe Homa.

CKPHHHHIOBbIC FTOPMOHANBHBIC KCCHCIOBAHHS, MPOBCHCHHBIC Y IMKONBHAKOB CTONHHCKOIO
paiiona Bpectckoii obactu (1995 r.), y koTopbix mosoBsic Harpysku Ha LK (8 cpemmem 0.32 I'p)
Obuiy 3HauuTeIbHO Huxe, deM y Tomenbckux pereit (Tabul), -rakxe sbsiBHIM Py ODIHYME LO
CPaBHCHHIO C TPYNNOi IKONBHAKOB B3 Muuckoi obnacru. Ilokasano, 4o cpenunit yposenp TIT ,
obuiero u ceobogroro T3 nocToBepHO HEXE, a conepxanne obmero u ceoborroro T4 - Benle, YeM
B KoHTpornie. [Ipn 3ToM He 3apHKCMpOBAaHO OTIMYHI B aKTHBHOCTH THPOHITPAHCHOPTHBIX OelKOB
kposd (Tabin.Il). Anann3 moxasarene#i Merabonm3ma BBIABHJ CYUIECTBCHHOE MOBBUIICHHE YPOBHA
MaTOHOBOTO HHANBIACTHAA H IMHPOBHHOTPANHOH KHCHOTH! B KPOBH Y JIHI H3 NAHHOH TIDPYIIBI, a
TaKXe pe3Koe CHHXEHHE YCTOWIMBOCTY SPHTPOUMTOB K TMEPEKHCHOMY Tremonu3y, Oonee
BbIpaXeHHoe, 9eM y obcnenoBannbix u3 [omensckof obnactu.

¢
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Tabnuua I
HEKOQOTOPBIE NOKA3ATEIH PATHAUHWMOHHOI'O 3ATPASHEHHA HA
TEPPHETOPUAX NPOXHUBAHHUA OBCIENOBAHHBIX IETEHA ¥ NOIPOCTKOB.

IWIOTHOCTD 3AIPASHEHHNA TEPPHTOPHM
Oonacrb, paitoHb! -

Cs 137, j131 ~ Cpennss
MBx /M2 Ha 10.05.86 NOITOMeH s
MBx /M2 J03a X
peveit, I'p
min-max cpenHee min-max
TOMEIBCKASA Xoitnugckuit 0.1-1.0 0.36 1.9-19.0 1.57
Berkosexuii 0.2-1.0 0.64 1.9-19.0 1.60
BPECTCKASA Cromuuckun  0.02-0.4 0.10 0.4-1.9 0.32
BHTEBCKASA bpacnasckuit 0.04 0.04 go 0.2 -
MHHCKAA Musckni no 0.04 0.4 0.08
Tabnrua II

CBA3BIBAIOLIASL AKTHBHOCTb THPOHATPAHCIIOPTHBIX BEIIKOB KPOBH ¥
XETEH H IIOAPOCTKOB, MPOXXHABAIOIIHX B PAITHYHBIX PAHOHAX FEIAPYCH

I'pynnsi Cpaspisanue ¢ T4 8% CeaspiBanne ¢ T3 8%
00CIENOBAHHBIX -
TCr An IMAR TCr An TTAn
n 12 12 12 12 12 12
I X 84.5 10.49 498 75.49 22.7 1.51
Sx 2.89 1.53 1.38 2.47 2.11 0.20
n 40 40 40 39 39 39
Il X 80.07 11.68 8.20* 74.41 2404 1.56
Sx 1.26 0.70 0.62 1.02 0.98 0.36
n 67 67 67 35 35 35
Il X 75.53*  13.66 10.80 74.85 23.89 1.26
Sx 1.3 0.65 0.76 1.63 1.54 0.13

Hpumedanne: 1- Munckas obnacts (kouartposs), 1I- bpectckas obnacte, I11I- l'oMenbekas obnacts,
*-HOCTOBCPHBIC OTAHIHS OT Koutposs npu p<0.05.
Coxkpamenus: Au- anbymui, [TAn- upcansbymun

36



Tabnwvua |
CBH?I:IBAIOIHA}I AKTHBHOCTH THPOHIATPAHCIIOPTHBIX BEIKOB KPOBH V
JETEH U HOAPOCTKOB, B 3ABUCHMOCTH OT HOIJIOIEHHBIX IIIATOBHIHOH

XEIE30# 103 PATAOHONA
Hoza CaassiBanue ¢ T4 8%
cI'p -
TCr AnpOymMHH IlpeansOymumn
Konropns n 18 18 18
Bbpacnas X 77.80 13.20 9.50
Sx 1.30 0.90 0.70
Hetn n 39 39 39
OTCENICHHBIC X 61.10 * 30.20 * 7.40%
H3 30-xm Sx 1.30 1.20 0.60
30HBI
n 9 9 9
0-100 X 62.63* 28.35* 9.01
Sx 1.45 1.29 1.45
D 6 6 6
101-200 X 61.58* 32.05%* 6.37*
Sx 2.53 1.55 1.12
n 14 14 14
201-500 X 60.81* 30.91* 7.62
Sx 2.09 1.88 1.06
n 6 6 6
501-1000 X 59.10% 34.97% 5.93%
Sx 3.66 3.69 1.05
n 4 4 4
>1000 X 71.05 21.95 7.00
Sx 5.04 4.61 1.57
Ipumeyanue: *-g0CTOBEPHBIC OTIHYHA OT KOHTpona npu p<0.05

Hcxons u3 pe3yisTaToB CKDHHHHIOBBIX HCclemoBanui 65ume copMupOBaHbl NPEANIOCHUIKH UL

KOHICNIHMH O CYNIECTBAaBaHAH IPYHII MOBBIICHHOIO PHCKa IO Pa3sBHTHIO THPOHNHOH MAaTOJOTHH Y
IeTeil ¥ MONPOCTKOB, HMEIOWIHX HauboJee BHICOKHE No30Bble Harpyskd Ha LXK u nosvmmeHHyl0
aKTHBHOCTh HHEKOpnopapoBaHoro Cs-137. C atoit TOYKH 3peHHEA GONBIIOH HHTEPEC MPEACTABIAIO
ymybnerroe oficnegoBaHde feTell M TMONDPOCTKOR, 9BaKyWpomanmble 4-6 maa 1986 r. w3z 30-
xkmwiomeTposoit 30Hpt YepHobbuibckoiik ADC B Xnobmuckuii B  Bynma-Komenesckuit  pafionnt
Tomensckoif 06nacTH, a TakXe JHWO, NOCTOSHHO MPOXHBAWINAX Ha TeppHTOpHAX CTOMHHCKOTO
paitona Bpectckoit obnacth. Brulo yCTaHOBIEHO, 9TO CIyCTA 7 JIET MOCcie aBapHH, Y OeTell H
noppocTkoB, otcenenusix u3 30-xm 3ount YADC (cpemuas mornomermuas XK noza 5.1 I'p),
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H3MEHEHHS B THNOQH3aPHO-THPOHIHOM  CTaTyce NPOABIAIHCh B CTaTHCTHYECKH HOCTOBCPHOM
nosbiueHKY cpeaHnx sHadenuil TTT, cHHXEHHH cpexHero YpoBHa cBobommod ¢paknuu T4 npu
OTCYTCTBHH 3HaYHMbIX PasIMYHi IO CPaBHEHHIO C KOHTPONbHOR Ipymnnoi obwmux dpakuuit T3 u
T4. BbipaXeHHOCTDh yKa3aHHHIX H3MEHCHHEH ONpeaeNaiach BeNMYMHaMM NO3bI, orionenno# K.
OrMeyeHO MOHOTOHHOe mospuiieHHe yposua T1T no Mepe napacranus mornomersaod LXK nosst ot
1.4340.16 (mo3bt mo 2.0 I'p) no 2.96+0.19 MxExw/™mn (nospt 6onee 10.0 I'p). Cpenune 3HadcHuA
obwux pakuMi  THPOMUHBLIX TOPMOHOB  HC 3aBHCENH OT [O30BbIX RHarpysok Ha IIXK.
Couepxaite csobonnoil dpakuny T4 ¢ ysenudenuem gossl Gonee 5.0 I'p MMeno TeHOeHUHIO K
cuuxennto (0.05<p<0.01), a opu mose Gonee 10.0 I'p ObUt0 HOCTOBEPHO CHHXEHO MO
cpasticiulo ¢ KoHTposeM (8.20+0.89 mpotus 16.23+0.37 mmons/n, p<0.05). Takum obpasoM, npu
HO30BBIX Harpyskax sa mx Sonee 10.0 I'p nabnionacrcs COCTOAHHE CKPHITOO IMNOTKPO3a KOTHA Ha
coHC PE3KO CHHXEHHOIO, M0 CPaBHEHHIO ¢ HOpMOiHl yposHa cbobonmoro T4, coxpamserca
OTHOCHTENBHO HOPMalTbHBIH cpemuuii yposeHb TTT

Y nereit ¢ mozosbiMu Harpy3kamu Ha LK or 0 mo 5.0 I'p Onuio mposeueHo H3ydeHHe
aKTHBHOCTH THPOKCHHTPAHCHOPTHBIX Genkon kposd (Tabn.Ill). CpaBHCHHC CPCAHMX BEIHIHH
BLbISBHIIO CYIICCTBEHHbIE OTJIMYHA, KOTOPBIC HPOABISUIMCH, TIaBHbM 00pasoM, B HOCTOBCPHOM
cuuxeuun cpasmiBannad T4 ¢ TCT u nepepacnpesuclicHHH ropMOHa Ha  aisOyYMHHOBYIO ¢pakiuio
KpoBi. AHANMI [O030BOH 3aBHCHMOCTH HOKAQ3al CHIXKeHue cpasesatomert aktusuocts TCE s
uarcpsaic 103 ot 0-0.1 no 0.5-1.0 I'p. [Ipu Goscc BHICOKHX HO30BLIX Harpyskax Habmogaics
PC3KHIl CKa4OK B CTOPOHY YBEJHYCHHS CBS3biBaHMsA. XapPAKTCP CUBMIOB CBA3BIBAIOLICH aKTHBHOCTH
ambymuita Opul 1piMo upotusoionoxcn TCT.

C ysenudgeunem nomtomicHnod LUK nxo3pt panmoakTHBHOTO Hola perHcTpHpoBanocs
NOC/ICIOBATENBHOE CHHXCHHE AKTHBHOCTH (DEpPMCHTOB AHTHOKCHIAHTHOH 3aHThl. Tak, ecnu
aKTHBHOCTb  CYNEPOKCHIUIMCMYTa3bl y JHU ¢ mo3oii ot 2.0 mo 5.0 I'p cocrasmana B cpemsem
20.68+1.12 mxr/mi, To B Mutepsane no3 or 5.0 mo 10.0 - 18.48+1.32 mkr/mi, a y mereii m
NoRPOCTKOB ¢ H030# Gonee 10.0 I'p ona cuuxanace no 17.38+1.86 mxr/mn, aro GbUI0 HOCTOBEPHO
MeHbllle KOHTPOJIbHBIX 3HadeHH#t (42.28+1.14 mxr/mi) wu ee yposHa y jun ¢ gosamu no 1.0 I'p
(26.3142,52  mxrimn). AHIOTMYHBIC  TCHOCHUHH OTMCYAIHCh H B aKTHBHOCTH
DIyTaTHOHNEPOKCHIA3bI. -

Xapakrep u3MeHeHHH B rHOO(H3aDHO-THPOMIHOH CHCTeMe H MeTabonuaMme y nereit u
NIONPOCTKOB € BBICOKOH HHKOpmopauueli pamHoRyKIHmoB mesus (715.6+52.43 Br/kr), nocrosano
NPOXHUBAOIHX B YCHOBHAX XPOHHYCCKONO BO3ACHCTBHA ManbIX H03 pagnaudd (n.OnbMaRb!
Cronunckoro paifona) 6bu1 uabiM. Hamenenss B comepxandy TTI mo cpaB HEHHIO ¢ KOHTpoJeM
He ObUIM CTATHCTHYECKY 3HaunMbiMy. TIpu cHuxenun kak oOueil, Tak u csobounon dpakunn T4
conepxanHe T3 y nunm JaHHOR IPYNmbl JNOCTOBCPHO NpPEBBINAIO TaKOBOE B KOHTpONE, dTO,
BEPOATHO, ObUIO OOYCIIOBICHO YCHJICHHOM nepAdepHIeCKOd  KOHBEDCHEH  THPOKCHHA.
Hamenenns mokasareneii, xapakTepusyomHx dyHkunonanbHoe coctoande XK, 3aBucenm ot
YPOBHA YHEJIbHOH AaKTHBHOCTH PalHOHYKJIHIOB LE3HA B oprandiMe. IIpH BO3pacTaHHH YPOBHA
yaenbHoH akTHBHOCTH Cs-137 or 500 Bx/kr mo 1500 bBr/kr B 6Gonee OTMEJATOCH
NIOCHAEIORATENIBHOC, HOCTOBCPHOE MO CPAaBHEHHIO C KOHTPOJNEM CHHXCHHE CONCPXaHHA CBOGOMHOIO
T4 u nossmnenue T3 OpH NpakTHYeCKH HeH3MeHeHHBIX 3Hadepuax TIT. IIpu  yposne
aKTHBHOCTH Ue3uA B opranumsme Oonmee 1000 Bk/xr mapacrano copepxamme T ®  ero
Haubonbmue 3HaveHHA (35.55+4.15 HO/MN) perucTpHPOBANIACH Y OOCIEHOBaHHBIX C aKTHBHOCTDHIO
panuouesus B uHTepBaite ot 500 no 1500 Bx/kr.

Tlpy noBphueHH HAKOPNOPALHH PaTHOHYKJIHIOB ILC3HA HapacTala HHTCHCHBHOCTb JIRIHIHON
MEPOKCHOANAHA, O TEeM CRHACTENHCTRORAT AOCTORECPHO BRICOKHH IO CPaBHCHHI0O C KOHTDONEM
YPOBCHb MAIOHOBOIO HHAMbNCTHAA BO Beex HO30BbIX moarpynmax. (or 100 mo 1500 Br/kr m Gonee).
PerucTpHpoBatOCh  NOCNACHOBAaTENIBHOC ~ CHHXEHHE  AKTHBHOCTH  IIYTaTHOHOEPOKCHIA3bl.
BrOoueonucaHHble  H3MEHEHHA COUCTAIHCL C HOBHUNICHHEM CONCPXaHHi MOMOYHON ¥
nupoBHNOTpamoi KucnoT b KposH. [lpu nosropriom obcmenopanun (d4epe3 ron) BLipaXelnocTDh
BbLIBJICHHBIX H3McHEHHH MeTabosiH3Ma BO3pocia.
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Taxnum obpasoM, y getedi H NOXPOCTKOB, MONBEPIIIMXCH pPaNHANHOHHOMY BO3INCHCTBHIO B
pesynbrate aBapun Ha YADC, BbuaBIEeHB H3MEHEHHS yHKnHoHibHOHM aktusHocTH IIIXK,
MCXaHH3MOB DCrYNSLHH THPOCTAaTyca, KaK Ha HEHTPAIbHOM, TaK H Ha NepH(CpPHIECKOM YPOBHAX,
CONpAXEHHbIE C H3IMCHCHUAMH OKHCIHTENBHOIO McTabonnsMa. Xapaktep A3MEHEHHil OIpeleNsics
OCOOCHHOCTAMH  COYETaHHA  DAUHANMOHHBIX  GaKTOPOB H  HX  HMHTEHCHBHOCTDIO.
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FROM THE CHERNOBYL RELEASE IN BELARUS LT

AM. LUTSKO, K.A. KRIVORUCHKO XA9745450
International Sakharov College of Radioecology,
Minsk, Belarus

INTRODUCTION

The radiation induced pathology of the thyroid gland comprising specifically the cancer cases in
children are currently recognized to be the only indisputable health after-effect of the Chemobyl
accident [1-3]. The iodine prophylactics took place neither in Belarus nor in the Ukraine or was effected
only too late. Thus with rather full case registers available there is a unique possibility to determine the
radiation risk coefficients for NPP large-scale accidents at least for the pathology mentioned above. For
the measuring equipment being regretfully inadequate to the scale of the radiation exposure in the early
(or so called iodine) phase of the accident, the detailed information on the spreading of the iodine
nuclides and the doses to thyroid gland has been irretrievably lost.

There are a number of approaches exercised to the reconstruction of iodine release and fall-outs
which are mainly based on the isotopic ratio. In [4] the correlation has been established empirically
between the cesium and iodine fall-outs:

a(') = 3,77[a(**’Cs) - ao(*’Cs)]***,

where a - the surface acitivities expressed in Ci-km2(1 Ci-km = 37 kBq-m™) as for May 15, 1986;
ap = 0,057 Ci-km™ - a pre-accident level of '*'Cs global fall-outs.

In [5] the attempt has been made to build up a map of contamination across Belarus as for the 10th
of May, 1986 using the above expression along with the results of the aero-gamma survey performed in
the middle of May 1986, and also the milk contamination maps available for the same period.

The limitations of this particular approach, though none of them is expected to restore the maps of
the iodine spatial spreading with the absolute accuracy, can be brought to the following. Fume
temperatures, chemical properties as well as the natural behaviour of cesium and iodine differ to a
considerable extend. Thus it is of no surprise that the expression given above describes the iodine fall-
outs only for a certain part of the eastem trace , and consequently it appears to be inapplicable for most
cases [4]. In this context the aero-gamma survey done three weeks later after the start-up of the release
and applying its results to a short-living isotope can be treated merely as an additional information. As
for the milk contamination maps they present data for the integrated activity obtained through a scarce
network of radiometric sites which failed to be arranged timely.

The method of the iodine isotopic ratio seemed to be a promising one. However among 24 well
known isotopes there are only three with their half-lives T longer then that of I - '¥’I (60.2 days), '*1
(12.8 days) and '®I (1.7'107 years). On commencing the reconstruction the first two had already
decayed long ago. As for iodine-129 it is known [6] that by the time of the accident the '*1/'*'I ratio in
the active core accounted to ~2.5°10. With the allowance made for the ratio along with the nature of
radiation emitted by the isotope it offers no difficulty to arrive to a conclusion that the potentialities of
the most sensitive modemn analysis methods (built upon using eariched soil samples) will enable to
determine only the high activity fall-outs of ' [5,7] which could hardly take place even in the vicinity
of the reactor site. However major doubts arise in connection with the extreme mobility of the element:
it is unlikely that a couple of years later the distribution will follow the release pattemn of the early

period.
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METHODOLOGY

The present paper suggests a method for the dose reconstruction that differs from those mentioned
above and is based on experimental dosimetric exposure measurements. The choice of the initial values
of an exposure dose can be justified with the following arguments to be brought forward: in Belarus in
the pre-accident time there existed the network of meteorological stations equipped with the accredited
standard dosimeters Z{I1-5 which could start regular measurements immediately after the accident, and
also the station for background monitoring, established in the National Reserve of Beryozinsk in the 60s
for the purpose of registering the global fall-outs resulted from the test explosions. The early information
on the exposure dose rate started to arrive at 9 a.m. April 26. Next day more frequent measurements
were initiated in the South of the country; on April 28 the measurement data were being registered at all
the meteorological sites available in Belarus with a three hour interval (Fig.1).

Fig.1. The Hydrometeorological Service station network in the territory of Belarus in 1986.

Hence the data base of comparable data for the whole country is available. Scarce as they are, these
measuring sites nevertheless provide the most reliable data due to the simplicity of measuring equipment
used and also describe the relative changes in the gamma background registered from the very rise of the
accident. Daily observation data have been simulated by the following function:

. min(9,2-1) ln2 _ln2 i In2 _ln2 -
DO=B+Sx ) |pre 7 4 (ai— po e w0
i=0 ! x

where DX(t) - the calculated exposure dose rate, B - a value to be calculated that corresponds to a
long-living component ( cesium isotopes , mainly) in the period under consideration; S - a constant to be
calculated, c, and p, - per diem releases for all radionuclides and "*'I during April 26 -May 5, 1986
according to [9], respectfully; T, and T - the **'I half-life and the integrated component to be calculated
of the isotopes with a half-life shorter that of I, 7 - the time passed from the very outset of the
accident, days

1&g 2
The values B, S, 7. have been determined by minimizing the function, ;Z(D(t )—D(¢ )) ,

t=1
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where D(t) - the data observed at the sites at the day ¢ after the start of the accident. In so doing the
model has been chosen that permits, with allowance made for the nature of release, the values for the
three components of an exposure dose to be determined through short- and long-living y-emitters and **'I
radiation.

In the initial phase the into-deepening of the radionuclide fall-out on the surface can be neglected ,
and the conversion coefficients will not be affected by the specific properties of soils. In this case the
universal conversion coefficients can be applied for *'I. The values for the '*'I surface contamination
are obtained for a sipgled-out iodine calculated component by using the transition coefficient k; = 3.6
10-16 (Svic)/(Bq/m’) [9]. Fig. 2 shows the example of calculation made for the ™' surface
contamination for several settlements in Belarus. As is seen from Table I there is an adequate agreement
between the direct measurements and the results of this calculation for the early days of the accident.

2500

131y contamination in soil, kBq/rf

4
- -—
[ -]

-
w Lol

Days after tht accident

Fig.2. An example of calculation made for '*'I soil contamination in several cities in Belarus.

Table I. Direct measurements of *' fall-out [5] and the results of calculation during the early days

after the accident
City Date Data, Calculation,
kBg-m2 kBg-m—2

Pinsk 27-28.04.86 740 600
Brest 27-28.04.86 110 117
Gomel 28-29.04.86 2450 2677
Baranovichi 28-29.04.86 150 141
Grodnj 27.04.86 260 277

Unfortunately the experimental measurement data on the "'I fall-out in succeeding days are not
available and the comparison can be made only with the results on the dose reconstruction [5,6] as of
May 10, 1986 (Fig.3) A fairly adequate agreement of data is observed for 14 out of 30 settlements
located both in the zone adjacent to Chemobyl NPP (Mozyr, Chechersk, Pinsk) and the remote one
(Lida, Mogilev). At the same time our calculations show big cities like Minsk and Brest having the
iodine fall-out of an order of magnitude higher.
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Fig.3. The "' contamination of soil in the territory of Belarus as for May 10, 1986 (Reconstruction
made by the State Belgidrometeological Service).

Fig.4. Probabilistic simulation of th **'I soil contamination across the territory of Belarus as of May

10, 1986 - the exceeds in the surface contamination for the levels of 185(2), 370(b), 1850 (c) and
5550(d) kBq-m™ , respectively.
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RESULTS

Three different techniques of spacial data interpolation have been used for mapping the iodine fall-
out in the period of May 1-31, 1986 . The trend surface analysis based on the polynomial regression
[10] as well as the method based on the Voronoi map, which merges geometrical problems and graph
theoretical solutions [11] have not provided adequate results because of a scarce number of experimental
observation sites. It was the reason of applying the analysis based on a geostatistical approach [12] with
a special software developed to that end. The main idea of the predictive statistics resides in classifying
any non-measured value of z as a random variable Z, the probability density of which can define the
uncertainty around z. This approach enables one to obtain the interpolation maps as well as to build up
the probability maps of the exceed over a given level on the base of the spacial uncertainty for the values
predicted. Fig. 4 presents the results of the probabilistic simulation of the I soil contamination across
the territory of Belarus as of May 10, 1986 - the exceeds in the surface contamination for the levels of
185, 370, 1850 and 5550 kBq-m™, respectively.

Fig 5 presents the result of simulation of the map for the "*'I surface contamination in soil in the
territory of Belarus as for May 10, 1986 ( probability evaluation - 75%).

The maps shown in Fig.4 and 5 have been biult by using the exponential anisotropic model.

For the reconstructed iodine component of the exposure dose rate the extemal and intemal exposure
doses to thyroid gland have been determined. The per diem extemnal doses Dgyr are calculated from the
equation:

Dext (mSv) = ky'koks-F-P,

where k; = 0,0087 - the conversion factor from an exposure dose to an absorbed dose in the air,
Gr-RY; k, = 0,7 - the conversion factor from the effective dose in the body of an adult individual;
Sv-Gr'; k, = 24 - twenty-four hours; F= (0,24 - 0,41) - the shielding factor for various types of
settlements; P - the exposure dose rate due to the iodine contribution.
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Fig.5. Simulating the map of the **'I surface contamination in soil in the territory of Belarus as for
May 10, 1986 (probability evaluation -75%).
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Table II. Doses to the thyroid gland for several settlements.

City External Dose, Internal Dose, Cumulative Dose,
mSv mSy mSv
Bragin 29.500 10727.6 10757.1
Brest 0.012 137.7 137.7
Gomel 0.611 846.6 847.2
Grodno 0.012 195.8 195.8
Khoiniki 21.901 8136.0 8157.9
Minsk 0.012 163.8 163.8
Mogilev 0.011 121.8 121.8
Pinsk 0.012 303.2 303.2
Polotsk 0.013 29.9 29.9

Fig.6. Increased incidence of the thyroid gland cancer among the population of Belarus after the
accident.

The internal exposure doses to thyroid gland from '], received through the surface contamination-
cow-milk chain (on assuming that the population does not migrate and keeps to a local food diet) are
derived from:

D= auukk”,

where .. - Pl per diem fall-outs, Bq m?; k= 1.3 m® - the conversion ratio in a human body
though milk; £”=5.1" 10 7 Sv' Bq" - the conversion ratio from the "*'I activity to the dose absorbed in
thyroid gland. For calculating the accumulated dose to thyroid gland the consideration was made for the
biological half-life of 7.6 days.

Table II presents the dose contributions and the cumulative dose commitment to the organ in the
result of the iodine exposure for several settlements located at various distances from the Chemnobyl
NPP; the latter being integrated over a three month period after the accident.
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Finally it is of importance to compare the results obtained for the dose load spacial recoastruction of
the iodine phase with the distribution of the thyroid gland cancer cases. To this end maps of the
increased incidence (covering the period from May 1986 to January 1994) have been built for both the
adult (over 3000 cases) and the children population register (330 cases) by the method based on the
minimum spanning tree [13]. Fig. 6 illustrates the mapping for the thyroid gland cancer in adults.

As is seen, the map (Fig.5) we have built includes all the clusters available on the increased thyroid
gland cancer incidence.

CONCLUSION

Though this work is currently in progress we feel that the approach proposed for reconstructing the
doses of the iodine phase with using the GIS-technology tools is rather promising as it can provide the
results which will not contradict the observed spreading of the thyroid gland pathologies and also offer a
reliable estimation of the risk coefficients for the case being considered as well as that of the cumulative
dose for the initial period of the accident.
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PATHOGENIC ASPECTS OF FUNCTIONAL DISORDERS OF THE THYROID
GLAND IN CHERNOBYL LIQUIDATORS
(A

E.L. STRUKOV, L.B. DRYGINA, A.M. NIKIFOROV XA9745451
All-Russian Centre of Ecological Medicine,
St. Petersburg, Russian Federation

360 male participants of the Chernobyl accident recovery workers (liquidators) (group 1)
have been studied in 1994-95 under clinical and laboratory screening and 504 male liquidators
(group 2) aged from 30 up to 55 years old have been examined in 1991-93. All patients have been
staying on the territories contraminated by radionuclides within period from May 1986 up to
May 1987.

Those persons had the dose of outer irradiation from 2 to 30 cGy, but some of them not
examined.

The quantitative definition of thyroxine (T4), trilodothyronine (Ts), thyroid stimulating
hormone (TSH) and prolactin in blood serum of the patients was carried out by the method of
enzymeassay analysis (EIA), in group 2 by radioimmunological method (RIA) without prolactin
definition. ‘

The liquidators before the medical examination did not take any pharmalogical treatment
and there were not any evident clinical conditions which influence the concentration of hormones
under investigation.

Syndrome of "low T3" among liquidators included in group 2 was detected in 39 patients
G.e. 7.7%) and in group 1 - in 94 patients (i.e. 26.1%). Increased TSH level enable us to diagnose
subclinical hypothyroidism in 8 (i.e. 1.6%) patients involved in group 2 and in group | - in 40 (.c.
11.1%).

Functional thyroid pathology frequency growth in liquidators could be explained by the
different time exposition and finishing a latent period for endocrinopathies manifestation.

Thyrotropin-releasing hormone (TRH) is known to be the stimulant of both TSH and
prolactin secretion. Hyperprolactinemia (the average level 803.7+37.6 mU/I) was revealed in 27
(.e. 16.4%) of 165 liquidators. The investigation of hyperprolactinemia part in hormonal
screening of thyroid pathology is important because prolactin is a mammalian mitogen, tumor
promoter and immunodepressor.

Thus, the results of the investigation point out that risk (pathogenetic negative) groups
with the rapid manifastation of thyroid pathology should include liquidators with "low Ts" and
hyperprolactinemic syndromes.

1. BBEAEHHE

HecMoTpsi Ha HOJTy:0 HCTOpMIO M3yueHMs, Ipobnema paHHeHl M palMOHaIbHOM
JHArHOCTHKH JUCPYHKIMI U 3a60J1eBaHMii INUTOBHAHOM XeJle3bl OCTAETCH aKTyallbHOM.

H3BecTHO, YTO TNPOLEHTHbIM BKJIaJ KOPOTKO-, CpeHe-, M HOJITOXMUBYLIMX H30TOIOB B
obwieM creKkTpe 3arpsA3HeHus BCJleACTBHe aBapuu Ha YADC cocraBWI COOTBETCTBEHHO 23 - 30;
51 -62.1 1 6.2-19.8%% ¥ nIpaKTHYECKH He 3aBHCENI OT PACCTOSHUS OT MecTa aBapuw [1].

TaxkuM obpasoM, Bkianx u3oronos ifoma - 132, - 133, - 135 (xopoTkoxuByIMX), Hona -
131 (cpemsexuByiero) o6o3Hauwin ocoby 3HAYHUMOCTh W3YYEHUS QYHKUHH IHHTOBHIHOM
XeJjle3bl Y NOCTPafaBLIMX, B TOM YHCIE, H y JIMKBHAAaTopoB mocneAcTsuii aBapuu (JII1A) Ha
YAIC [2].

2. MATEPHAJIBI U METO/BI
B ycnoBHsX KIMHHKO-1I260paTopHOro IHIOKPHUHOJIOIHYECKOTO CKPHHMHTa B 1994-1995
IT obcnenoBadHo 360 MyXXYHH - Y4aCTHHKOB JIMKBHOAUMH nocnenctsuii asapuu (JIIIA) (rpymmna
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1) ra YADC, a B 1991-1993 1T - 504 My>X4YHH-IIMKBHAATOPOB ( Irpyrina 2) B Bospacre oT 30 1o S5
sier. Bee obciienoBaHHble HaXOMWIMCh Ha 3arpS3HEHHBIX PaIMOHYKIIMIAMH TEPPHUTOPHSX B
nepHox ¢ Mas 1986 r. no maii 1987 r., T.e. nocite JIIIA x MOMeHTy obcnenoBanms npouwio 7 -8
ner (rpytma 1) ¢ 5-7 ner (rpynmna 2).

Ho3a BHelHero oGiydeHMs Yy 3THX JHL KoJiebanach orT 2 mo 30 cI'p, Ho y wacti
MaIHeHTOB B IOKYMEHTaXx He 3aQHKCHPOBaHAa H UM HEH3BECTHA.

B rpymme | xoymyecTBeHHOe onpepeneHHe THpokcuHa (Te), TpuifomrupoHuHa (T3),
THpeoTponHoro ropMoHa (TTI) M mposakTHHa B ChIBOPOTKE KPOBH NalMEHTOB MPOBOMATIH
MEeTONOM UMMYHO(EPMEHTHOTO aHa3a, a B Ipyime 2 - paqHOMMMYHOJIOTHIECKUMH METOHAMH
(8 rpymuie 2 npeniesieHHe MPOJIAKTHHA He POBOLIUIH).

OGcnenyemble He nojTydaiH ¢papMaKoJIOTHIeCKHX MpenaparoB M He MMM KIWHHYECKH
BLIPAXKCHHBIX COCTOSHMIA, BIMSIOUIMX Ha KOHIUCHTPALIMK HCCIIelyeMbIX TOPMOHOB.

JIuxBupaTopsl, obcnenopanHble B 1994-95 1T (I rpymma) 6bum nompasielsieHb Ha S
TOZTPYIII O OTHOLIEHWIO K BEJIMYMHAM GasaybHbIX 3HadeHHit Ts u TIT B chlBOpOTKE KPOBH.
ITepBble TpH MOATpPYIIIBEI COCTABWIM JMLa ¢ HOPMalbHBIM cofepxkanHeM TTI B kpoBH (cM.
Tabu I, II).

3. PE3VJIBTATBI U UX OBCYXJIEHUE
Kax BumHo u3 Tabmiunt I,HauGonee gacro y JITIA u3 rpymmbl | oTMeYeHO CHIDKEHHe
KOHIIeHTpaiuH T3 B nepudepudeckoii KPOBH.

Tabymmua 1
Cpenmnsist koHueHTpaws (M1M) To, TTT u npornaxTHHa y syTupeounHbix JITIA na YJADC B
3aBHCHMOCTH OT ypoBHs T3

Ioarpymma 1 HccnemyeMblit ropMOH, €HHHLIBI H3MEPEHHS
Ts,Hr/Mn s Ta,Br/Mn TIT MEN/n  Iponaxtux,ME][l/m b<
1 (52) 0.61+0.03 75.8%6.2 1.4910.13 336.1+31.6
242 0.80+0.00 83.8+6.2 1.4410.17 556.3+102.1
3(220) 1.1610.04 82.1+2.2 1.53%0.09 441.9+42.0

* pa3HYMs MeXOY BceMH MOATPYIIaMH JocToBepHbl p<0.001

b pa34Ius MeXIy noarpyrmaMu 1-2, 1-3 gocroBepHnl p< 0.05

¢ B ckoOKax yKka3zaHO 4YMCJIO OOCIIeOBaHHBIX, YpPOBeHb MpPOJAKTHHEMHHM B | moAarpyme
onpeneysumM y 27, B noarpymie 2 - y 26 u B noarpyre 3 - y 94 dejtoBexk.

YacroTa BbIABIIEHMS CHHOApoMa "Hmskoro T3" cpemu o6ciemoBaHHBIX JIMKBHZATOPOB
rpymsi 1| gocturmna 26.1%.

HeobxomHMo OTMETHTB, 9T0 cHHIpPOM "Hm3Koro Ts" y JITIA MoxeT ObITh ClIeICTBHEM
KaK COMAaTOT€HHO- H STPOICHHO- OOYCJIOBJIEHHBIX, TaK U 3KOJIOTHMYECKH (BO3MOXHO M
PaIMOMHIYIMPOBAHHBIX) BO3ACHCTBUM,TaK XaK NOKa3aHO IIPUCYTCTBHE YHINMOB, YIaCTBYIOLIMX
B mnepHepHUecKOll KOHBEPCHM THPEOHIOHBIX FOPMOHOB BO MHOTMX TKaHSX OpraHusMa [3].
Bumecte ¢ TeM y JIMKBHAATOPOB, NpeACTaBIEeHHbIX MOATPYIMaMH (-3, m3sMeHeHue ypoBHs T3 B
nepHdepHIecKoil KPOBH HE CONPOBOXIANMCH 3HAYHMBIMH  HM3MEHEHUSIMH  CPEINHHX
xoHueHTpauuit kak TTT, Tak H T4 (Tabmuua I).

IIpu xwmHHYeckoM HabmomeHHH 0Ka3aIoCh,4YTO CHHAPOM “"Hu3koro Ti", BhIABIIEHHbIH y
JITTA npH MOCTYIUICHHM, COITYTCTBOBAJI OCIOXXHEHHOMY TeYeHHIO 3a60JIeBaHHi cepedHO-
COCYMCTOH M NHINCBADHTENbHOHK cHcTeM. H3BecTHO, Yro MHOTHe GOJIE3HH CONPOBOXAAIOTCA
OTIUIOHEHHSIMH OT HOPMAJbHBIX BEJIMYMH B CTOPOHY INPEMMYIIECTBEHHOTO CHIDKEHUS YPOBHS
THPEOHUIHBIX TOPMOHOB.

Kak pumHo 13 Tabmuumt 11, y 40 (11.1%) ob6cnemoBanubx JITTA | rpynms! o BeJIYHHAM
TTT 6buT BHIABNEH CYOKITMHUYIECKHUI THITOTHPEO3.
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Tabmiua I1
Cpennvie xoHueHTpanyu Mtum T4 ¥ NposakTHHA ¥ THNOTHPeOoHIHEIX no ypoBrio TTT JITIA na
YA3DC B 3aBHCHMOCTH OT YpOBHA T3

Homrpymma HccrienyeMblit TOpPMOH, eAMHHLBI H3MEPEHHUSA

Ts,ur/mi = Ta,Hr/MI TTIMEN/n  Ilponaxrud ME[{/n®
4(11) 0.67+0.05 68.048.1 6.06+1.32 352.3+47.3
529 1.2110.07 77.9+6.9 5.11+0.67 387.5131.5

1 pasiMuMs MeXOy NoArpyrmamu 4-5 nocrosepHnl p<0.05
b B ckoOKax yKa3aHO JHCIIO 06CIeNOBaHHBIX JIMLI, YPOBEHD ITPOJIAKTHHA HCCIIENOBAH Y 8 MyXUHMH
noarpyrmset 4 ¥y 10 - noarpynms!i S.

Cumnpom "mmskoro Ts" cpemu JITIA rpynmei 2 66u1 BeisiBIIEH Y 39 denosex (7.7%), a
JIATEHTHbIH THIIOTHpeo3 - Y 8 genosek (1.6%).

HapacraH#e 9acTOTHI BbISBICHHA QYHKIMOHAIbHOM NaTONOTHY LUIHTOBHIHOM Xeyle3bl y
JIMKBHIOATOPOB MOJXET OOBACHAThCS pa3smM4HOM BpeMeHHON IKCMOSHIIMEH ITOCIE aBapHH,
HCYepliaHHEM JIATEHTHOTO NepUoa IS TIPOSBIICHHUS IHAOKPUHONIATHIA.

HecMoTpsi Ha IOCTOBepHbIe pa3yIHdMs B KOHLIEHTpaluy T3 B NoArpymnax 4 1 5, cpeaxue
KoHUeHTpaumy TTI B 3THX noxrpymmax He pasyimuamuch. Ecim B nmoarpynme 4 cHiDKeHHe
ypoBHS T3 BeBBaN0 afeKBATHYIO OTBETHyI0 peakipio 1110 M y mauMeHTOB HaGmomancs
TIEPBHYHBIM JIATEHTHBIH THIIOTHPEO3, TO B MOMIPYyINe 5 Habimozanoch HapylleHHe MeXaHH3Ma
oTpHLaTeNIbHOM o6parHoit cBmu Ts - TTI, 49ro Moxer npMBOIMIP K BO3HHKHOBEHHIO
aBTOHOMHBIX TeHACHLMI B CHCTEME rHIIOQH3-IHTOBUAHAS Xeite3a. TloBbuneHHbIH yposeHs TTI
CO3/1a€T YCJIOBHSA 15 Npoimidepaly KJIeTOK GOIUTHKYIAPHOIO ITHTEIIHS.

Ilpn aHamiM3e YPOBHS MPONAKTHHEMHH B 3aBHCHMOCTH OT KoHLieHTpalm¥ Ts (rabimma I
H II) BuisBIIeHO, 9TO NPH SYTHPEOMIHOM CHHEpOMe “HH3Koro Ts“ KOHIIEHTpalHs IpoJiaKTHHa
6bU1a CylecTBEHHO HIDKE, 9eM IPH HOPMAaJbHbIX KOHIIEHTpalusix Ts B KpOBH.

CorslacHo GONBINMHCTBY MCCJIEHOBaHHH, CHIDKGHHE YPOBHA MepHEpHISCKHX
THPEOHOHBIX TOPMOHOB MOXeT ObITb NPHYHHOH THIICPIIPONIAKTHHEMHH 110 TIPHHIHITY
OTpPHUATENbHOM OGpaTHOM CBA3M, YUMTHIBAag, YTO CTHMYNISTOpPOM cekpelMH kak TIT, Tak u
TIPOTIAKTHHA ABJINETCS THPEOTPOIMHPMWIMIHUHT- TOpMOoH. McXons 13 BHIICH3NOXKEHHOTO, MOXHO
CYIMTaTh, YTO BhHISBIIEHHAS TeHOeHIMs "Oonee Hu3kuil Ts - 6onee HUSKMM NMPONAKTHH" y 9aCTH
JITIA smBisiercs napagoKcalbHOM.

Heo6xomMo OTMETHTD, YTO CpemHMe 6a3abHble YPOBHH IIPOJIaKTHHEMHH, BbISIBJICHHbIC
Hamu y JIITIA, nmocroBepHo Gojiee BHICOKHEe, 4YE€M CpeIHHE KOHIIEHTpPAlMH IIPONIAaKTHHa,
MoNy4YeHHble IPH [ONYNALHOHHOM TOPMOHAJIBHOM HCCIIEOBAHHH 3/O0POBBIX MYXIHH
Jlenunrpana 1986-1987 rr.

Hamu ycraHOBJIEHO, YTO CpefM JMKBHAATOPOB, CTPafalolMX CEPACIHO-COCYAMCTBIMH
3aboneBaHuAMH, Habimonaercs XOCTOBEPHAS TEHHACHLHSA K OTHOCHTEIbHOMY THIIOHHCYIIHHH3MY
H CUIepIpOIAKTHHEMHH M0 CPaBHEHHMIO C aHAJIOTHYHBIM IO HO3OJIOTHHM H BO3pacTy, a Takke
3I0pPOBbIM KOHTpoJieM [4].

H3BecTHO, 4YTO MHCYIMH SIBIISETCS CTHMYJISITOPOM THItopH3apHOH CeKpeHHH M,
BO3MOXHO, pelkasi yacToTa nopbiieHus TTI" y MyXYHH-TMKBHAATOPOB MOXET ObITH cBA3aHa
KaKk ¢ OTHOCHUTEJIbHbIM THIIOMHCYJIMHM3MOM, TaKk H ¢ OCOOEHHOCTAMH THIIOTalaMo-
runodH3apHOH peryyfilMM, NpHBOAAUICH TOJNBKO K CTHMYIALMH JIAKTOTPOIIHOH, a He
THpeoTponHo#i PyHKIMM ranodusa.

H3yyeHue poJM THMNEPNPONAKTHHEMHH IIPM TOPMOHAIbHOM CKPMHHHIE [IaTOJOIHH
LIMTOBHIHOM XeJle3bl BaXXHO HE TONBKO BCIEACTBHE OOLIMX PEryJMTOPHEIX I'HIIOTaNaMHYECKHX
mexaHmsMoB Wit TTI u nmponaxTuHa. BeickasbBaercs Taloke MHEHHE O TOM, 4TO ITPOJIAKTHH Y
MJIEKOIIMTAIOUIMX SBISETCS MHTOTEHOM U OIMyXOJleBhIM IpoMmoTopoM (5], a Takxke obnamaer
HMMYHOCYTIPECCUBHBIM HeticTBueM [6).

4. JAKJTIOYEHUE

IIpoBeneHHble HCCIIEMOBAaHMSA MOKAa3bIBAIOT, YTO FOPMOHANbHBIM CKPHHHHI ITO3BOJISET
BbISBMTb HEKOTOPbIE NATOJOTHYECKHe CUHOPOMBI TUCYHKLMI IMUTOBUIHOHN XKeJesbl, KOTOpPble
MOIYT MpeapacnoioraTh K PasBHTHIO I'MMEPIVIA3HK WIM THIEPTPOPUM TKaHHM LUHTOBHITHOH
XeJIe3bl, TO eCTh TeX COCTOSIHHMI, Ha paHHee BhISBJIEHHE KOTOPHIX U JOJDKeH ObITh HampaeJieH, Mo
HalleMy MHEHHIO, CKpUHUHT THpeouaHo# naroyoruu y JITTA.
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Bousisnenue cuumpoMa "Huskoro Ts" M runepnponaktuHeMud y JIIIA smismotes, ¢
HalneHl TOYKH 3peHHs], NaTOreHETHYECKH HEDIaronpusATHBIMH K 3TH COCTOSAHUS CMOCOOCTBYIOT
6bICTpOMY KITHHHYECKOMY MaHUGeCTUPOBAHHIO THPEOUAHOH MaTONOTHH.
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DOSIMETRIC ESTIMATION OF CHILDHOOD THYROID CANCER CASES
N RUSSIA AFTER THE CHERNOBYL ACCIDENT IR AR

AF. TSYB XA9745452

Medical Radiological Research Center (RAMS),
Obninsk, Russian Federation

E.M. PARSHKOV, V.F. STEPANENKO
Medical Radiological Research Centre, Academy of Medical Sciences,
Obninsk, Russian Federation

The results of direct measurement of radioactive iodine contents in thyroid
gland were used for development of a method for reconstruction of doses of
radiation to thyroid gland in cases when the measurements were not performed in
1986. With this purpose, published resuits on absorbed dose evaluations based
upon direct measurement of iodine-131 in thyroid gland in 31,000 inhabitants of
Kaluga, Bryansk and Tula Regions in Russia, and in 130,000 inhabitants of Gomel
and Mogilev Regions in Belarus were analyzed.

A model was developed allowing to obtain a retrospective evaluation of
doses of radiation to thyroid gland, both individual and mean values for a
settlement. Mean dose values to exposed population of each Russian settlement
where the density of soil contamination with cesium-137 exceeded 0,1 Ci/km?2
(3,7x109 Bq/km2) using the model were evaluated. The collective dose from
internal exposure of thyroid gland to iodine radionuclides equals to 234 thousand
person-Grays for the population (3,674,000 persons) of contaminated territories of
7 Russian regions (Bryansk, Tula, Kaluga, Orel, Ryazan’, Kursk and Leningrad). It
may result in about 700 cases of radiation induced thyroid gland cancers during
the period of entire life after the irradiation. Maximum values of collective doses
are found to be in Bryansk and Tula Regions, where about 280 and 270 cases
(respectively) of radiation induced thyroid gland cancers should be expected. The
main part of the predicted cases of the thyroid gland cancers should be expected
in those persons who were children or adolescents in April and May 1986.

The linear dependence was found between the dose of radiation to thyroid
gland and the frequency of thyroid gland cancers revealed up to the end of 1994
in children and adolescents in Bryansk Region.

The retrospective evaluations of individual doses of radiation to thyroid
gland were made in 30 out of 56 children

and adolescents (the age at the moment of exposure) with the established
diagnosis of thyroid gland cancer, who had resided in the contaminated territories
of Bryansk Region in May and June 1986. In 14 cases out of 30 (47 %) the most
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probable values of individual doses were found to be between 200 mGy and 2,700
mQGy, while in the rest 53 % cases the most probable individual dose values were
of 50 mGy or less. It is worthy to note that typical distribution of individual doses in
total population of children residing in the contaminated territories, but without
cancer of thyroid gland, is different in character: in the majority of children doses
of radiation (below 200 mGy) are relatively low and only in the minor part of them
the doses exceeded 200 mGy.

At present, the work is being performed to further retrospectively evaluate
doses of radiation to thyroid gland in persons with established abnormalities of the
gland.
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PRINCIPLES OF THE STRUCTURE-METABOLISM MODEL FOR
CALCULATING THE INTERNAL EXPOSURE OF THYROID
IRRADIATED BY IODINE RADIOISOTOPES

K.I. GORDEEV, A.V. GORDEEV, L. A. ILYIN, AN. LEBEDEV, M.N. SAVKIN
Biophysics Institute (Russian Federation State Science Centre),
Moscow, Russian Federation

Modification to the traditional model for calculation of internal doses of human
thyroid exposure is suggested. The modification is based on using autoradiographic data
on spatial distribution of some iodine radioisotopes incorporated into thyroid cellular
structures of test amimals, the data having been obtained by Dr.Yuri A.Classovsky.

It’s supposed, that during thyroid irradiation the radiological effect is defined not by
“average dose for organ” but by “dose for parenchyma”.

In new dose model it’s suggested to consider two periods of iodine radioisotope
metabolism in thyroid:

(1) lodine transportation into follicular colloid;

2) iodine concentration in follicular colloid.

Duration of iodine radioisotopes transportation through parenchyma till maximum
accumulation in colloid may be evaluated by 24 hours. At this period the main share of
energy emission in thyroid (more then 85%) occurs for short-lived iodine radioisotopes -
1327 1347 1351 gahout half of energy emission for 133 and only ~ 10% for !31I. The
distribution of iodine radioisotopes in thyroid structure (colloid, parenchyma) may be
considered uniform as average for this period. The uniform distribution causes uniform
structure irradiation and, consequently, dose for parenchyma may be characterized by
average dose for organ.

Second period is characterized by nonuniform distribution of iodine radioisotopes.
This causes microgradients of dose field in thyroid structure. Doses are higher in colloid,
where iodine radioisotopes concentrate, then in parenchyma. l.e., average dose for
parenchyma is less then average dose for organ in second pei‘iod. Nonuniformity of dose
field and dose reduction for parenchyma as comparison with average dose for organ are
depended on iodine radioisotope physics characters and on thyroid structure-anatomical
parameters determined particularly by age.

Numeric values of dose coefficients for relative effectiveness of iodine radioisotopes
with mass numbers of 132, 133, 134 and 135 as compared to iodine-131 incorporated into

human thyroid have been determined.

Based on the obtained dose coefficients of relative effectiveness of some iodine
radioisotopes as well as on the data obtained after a real nuclear explosion a comparative

spatial-and-temporal investigation of probable thyroid irradiation doses for children and
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adults under conditions of inhalation and ingestion activity intake by human body has
been carried out, the exposure dose rates being calculated using both the traditional model
and the improved model.

A similar analysis of anticipated thyroid exposure at different periods for a
hypothetical large-scale radiation accident when the population can be affected by the

radioactive fallout during a relatively long period of time has been provided.
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STUDY OF THYROID DISORDERS IN TWO LITHUANIAN REGIONS
WITH DIFFERENT DEGREES OF EXPOSURE TO RADIOIODINE FALLOUT
AFTER THE CHERNOBYL ACCIDENT

V. SIDLAUSKAS, A. KRASAUSKIENE XA9745454
Institute of Endocrinology, Kaunas Medical Academy,
Kaunas, Lithuania

A. AUKSTUOLYTE, D. MASANAUSKAITE, T. NEDVECKAITE
Institute of Physics,
Vilnius, Lithuania

Introduction

The released radionuclides after the Chernobyl accident were transported by moving air masses over
Lithuania Of particular importance were radioiodines Measurements of radioactive todmne on the first
day after the accident showed that J'*' concentration in the air was 10 times higher above the normal
range The weather resulted different exposure of Lithuanian regions to the fallout (Fig 1)

Measurements of J'*' in cows’ mulk at that time showed that it’s concentration didn’t increase above
standard ranges (370 Bq/l) in Central and Northemn regions in contrast to 3700+660 Bq/l in Southemn
and Western regions In result, mean adults equivalent thyroild doses estimated by determinant
method, were 1,2 mSv in Northern regions, 9,1 mSv n Western and Southern regions They were
correspondingly 10 mSv and 77 mSv for children [1]

Latvia
C Kupiskis
[ ]

A

T

N\ Baltic Sea

B

Vilnius

B "%
Varéna

C o

Poland Belarus

Fig.1 Lithuanman regions affected by J'*! after the Chernobyl accident
A - ]! concentration in cows’ miulk in normal ranges (<370 Bq/l)

B - J*' concentration 370 - 1000 Bg/l

C - J! concentration more than 1000 Bg/]
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There 1s no mvestigations giving objective data about the Chemobyl accident impact on thyroid
disorders in Lithuamia It 1s of great importance when 9 years passed since the Chernobyl accident and it
1s known that the latent period between thyroid irradiation and discovery of thyroid cancer has been as
long as 5 yrs, thyroid nodules (adenomas) - 10 yrs [2]

The aim of study was to investigate the prevalence of adult thyroid disorders in 2 Lithuanian regions
- Varena and Kupiskis, taking mto consideration different degree of radioiodine pollution after
Chemobyl! accident m these regions

Subjects and methods

Randomly selected Varena and Kupiskis residents aged 25 - 26 yrs were examined They were
divided into equal groups according to age and sex Totally 415 subjects in Varena and 320 subjects 1n
Kupiskis were investigated Questionary, clinical examination, thyroid palpation, ultrasonography was
performed and thyroid volume was measured Blood was taken for radiormmunoassay of plasma
fT4,TSH and thyroid microsomal antibodies Urine was collected for measurement of 1odine excretion
Fine-needle aspiration biopsy was performed when needed

Thyroid size was estimated by mspection and palpation according to WHO [3]

0 - no gotter

IA - gotter palpable but not visible

IB - visible at rechined head only

I - goiter visible

II1 - very large gotter, visible from a distance

The ultrasonography was performed using real-ime “Toshiba™ SAL - 328 with SMHz transducer
The thyroid volume was calculated as described by Brunn et al [4] Thyrod palpation and
ultrasonography were performed by 2 same physicians n both regions

Thyroid microsomal antibodies were detected by passive haemagglutination method 1 80 and higher
titres were considered to be positive

Urne 1odine concentration was measured by Cernic-arsenite method in casual urine sample The
samples were collected in tubes with screw tops and were refrigerated The measurements were
performed in the Institute of Radiation Medicine in Minsk (Belarus)

p>0.05
8 (3.0%)
6 (1,9%)
2 (0,6%) 2 (0,8%)
I N l:
Hypothyroidism Hypesthyroidism Hypothyroidism  Hyperthyroidism
Varena Kupiskis

Fig.2. Prevalence of thyroid function disorders in Varena (n=415) and Kupiskis (n=320) residents

- subclinical thyroid disorder
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Results and Discussion

95(22,9%) of 415 subjects mn Varena had thyroid enlargement according to palpation and
uitrasonography data Thyroid nodules were diagnosed in 17 cases (4,1%) In 10 cases of nodular
thyroid abnormalities more than 1 cm 1n diameter fine-needle aspiration biopsy was caned out and in 1
case thyroid carcinoma was diagnosed

In Kupiskis 77(24,1%) of 320 subjects showed to have thyroid enlargement Thyroid nodules were
diagnosed in 17 cases (5,9%) After fine-needle aspiration biopsy 2 out of 11 subjects with nodular
thyroild abnormalities showed to have thyroild carcmoma There 1s no significant difference m the
prevalence of goiter and nodules mn subjects from these two regions

Prevalence of thyroid function disorders 1s shown i the Fig 2
According to ultrasensitive TSH and fT4 measurements hypothyroidism was diagnosed n 6 cases in
Varena region (1,9%) Hyperthyroidism was diagnosed i 2 cases (0,6%) Prevalence of hypothyroidism
in Kupiskis region was 3%, hyperthyroidism was diagnosed n 0,8% of the cases There 1s no significant
difference wn the prevalence of thyroid function disorders in the two regions

Measurements of the thyroid microsomal antibodies showed the increased titres (> 1 80) in 14,7% of
subjects in Varena and 13,2% in Kupiskis region

lodine excretion 1n urine was measured in 40 urine samples from Varena region and in 85 samples
from Kupiskis region Mean 1odine excretion in urine was 65,548,2 pg/l nVarena and 69,4+12.3 pg/l
in Kupiskis In non-iodine deficiency areas normal urmary todine concentration 1s >100 pg/l, 50-100
pg/l unnary 1odine concentration s modest 1odine deficiency, 20-50 pg/l - moderate and <20 pg/l -
severe 10dine deficiency [5] Thus, the results indicate the problem of 1odine deficiency in Lithuamia [6]
It 1s known that the thyroid absorbs larger doses of radioactive 10dine in 10dine deficiency areas during
atomic power accident Establishment of iodine deficiency in Varena enabled to correct thyroid
equivalent doses 1n this region after the Chemobyl accident [1] Thyroid doses estimated by stochastic
method are presented in Table |

Doses <100 100 - 200 200 - 300 300 - 400 >400
Chuldren (mSv)
Distribution 22 59 16 2,3 0,7
(%)
Doses <10 10 - 20 20 - 30 30-40 >40
Adults (mSv)
Distribution 28 55 14 2,4 0,6
(%)

Table I Distnibution of thyroid equivalent doses for children and adults after the Chemobyl accident
in Varena region

Table [ summarises that only in 28% of the cases thyroid dose for adults were less than 10 mSv and
in greater part of Varena population (55%) it was 10-20 mSv Until the study was performed it was
supposed that thyroid dose for children had been 73+10mSv in Varena Our study proved thyroid dose
for children to be a lot higher 100-200 mSv in 59% of the cases and there might be some cases of
thyroid dose higher than 500 mSv Literature reports that prevalence of thyroid nodules increases within
increasement of thyroid equivalent dose above 400 mSv In the study of Belarus children, exposed to
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radioactive fallout (thyroid dose 2-5 Sv), occurrence of thyroid nodule according to ultrasonographic
findings was 12-16% In 50% of them thyroid cancer was detected In a control group, selected from
Breslau region, that was presumed to have received Iittle or no fallout from the Chemobyl accident,
thyroid nodules were diagnosed in 1,6-2% of the examined children There were no cases of thyroid
carcimnoma

For comparison, in Varena region we have examined 362 children, bom in 1985-86 yrs Thyrod
palpation and ultrasonography were performed Thyroid nodules were found mn 4 of 362 children
(1,1%) The results of fine-needle aspiration biopsy of nodules didn’t show any signs of malignisation
According to our results there 1s no increase m prevalence of childhood thyroid disorders

The aim of the study was to compare prevalence of thyroid disorders 1n 2 Lithuanian regions wrth
high and low levels of radioiodine pollution after the Chernobyl accident Thus, Kupiskis ( J*!
concentration in cow’'s milk < 370 Bg/l ) and Varena ( J'*' concentration > 1000 Bg/l ) were chosen
The results proved that there 1s no significant difference in the prevalence of thyroid disorders n this
two regions at the time
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Vilnius, Lithuania

J. KURTINAITIS
Lithuanian Oncology Centre,
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1. Introduction

The accident at the Chernobyl NPP on 26 April 1986 was the worst 1n the history of
nuclear power. This catastrophe resulted in massive contamination of the area necessitating
evacuation of the population, an extensive clean-up and construction of sarcophagus. This
clean-up and construction activity was accomplished by approximately 600000 workers from
former Soviet Union. Exposures were from rapidly-decaying radioactive 1odines, as well as
from '*'Cs and other long-lived radioisotopes [1]. _

Because the thyroid gland is highly susceptible to the carcinogenic actions of
radiation, especially when exposure occurs at a young age, a clinical examination survey was
conducted to determine the prevalence of thyroid abnormalities among former clean-up
workers [2]. Nodules are considered a sensitive for evidence of low-dose radiation effects [3]
Presence of benign tumors has been linked with development of thyroid cancer [4]. A
remakable increase in thyroid cancer has been reported among children living in
contaminated areas around Chemnobyl [5].

The objective of this study is to evaluate the dose effects of chronic radiation
exposure (mainly from external gamma radiation, but residual ' might also have been
contributed to the thyroid dose among those sent to Chernobyl within one month after the
accident), prolongation of time in zone and length of time after expdsure role 1n developing
thyroid tumors within a study population.

2. Materials and methods
2 1 Cohort construction

A study of the health effects from the Chemnobyl reactor accident of 1986 on
Lithuanians sent to contaminated area for clean-up activity was conducted by Lithuanian
Chemobyl Medical Centre (LCMC). Since 1991, subjects have been invited to participate in
annual health examinations Lithuanian Chernobyl clean-up workers cohort was constructed
using data from Lithuanian National Chemobyl Registry National Registry was established
in 1991 and was based on different sources:

1. Registration card established in 1987 by directive No 640-TN of the former Sowviet
Union Ministry of Health These cards are in possession of the LCMC and, up to 1991, were
used by local medical services for purposes of registration and follow-up

2 Lists of the local military commussions of former Soviet Union Ministry of Defence
They became available to LCMC starting from September 1991

3 Lists and records of Lithuamian Movement "Chernobyl" Since 1989, 1t has been in
the Chermobyl clean-up workers’ interests to give their data to the Movement in order to
facilitate the Movements work directed towards getting health care benefits for the registered
Chemnobyl clean-up workers It 1s important to note that to be registered as a Chernobyl
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clean-up worker, there must be an official document, such as a military passport, service
record These people include those employed in the military, but the majonty were
specifically drafted for the clean-up under the pretence of repetition military training activity

4 Lists and certificates of the staff of Ignalina Nuclear Power Plant (NPP) sent to
Chernobyl These documents are certified by authorities of Ignalina NPP

S Lists of the technical workers sent to Chernobyl by the Ministry of Construction
They are certified by authorities of the Ministry

6 Lists of the Ministry of Internal Affairs They include persons sent to Chernobyl
area to maintain order 1n 30 kilometres area and also certified by authorities of the Ministry

This information from each of the sources 1s to be compiled into one data file The
total estimate of 5446 i1s the best available at this time

2 2 Physical examination

Thyroid examinations has been conducted by staff of LCMC for 3208 persons 1n the
pertod between February 1991 and June 1995 as an item of annual health check-up and
included palpation and sonografic exammnation Each subject underwent a physical
examination of the thyroid by at least two physicians doctor of internal diseases and
endocrinologist The thyroid was palpated while motionless, as well as during swallowing

All subjects underwent sonographic examinations using two ultrasound machines both
Hitachi Medical Corporation model EUB-310 A thyroid nodule was defined as an
abnormality in echogenicity measuring more than 5 mm in diameter Longitudinal images of
all thyroid glands were obtained whether or not a nodule was identified Nodules were
classified as predomunantly solid or cystic, single or multiple, 1soechoic, hyperechoic, or
hypoechoic Thetr diameters were measured

This study excludes the subjects whose health check-up has been provided by local
medical staff in regional hospitals(data from these examinations are available to the LCMC)

2 3 Dosimetry

Doses based on individual thermo luminescent dostmetry (TLD) assessment and also
by group assessment wherein one member of the group had a dosimeter were collected by
former Soviet military authonties This information was obtained from military records Dose
levels received by individuals and recorded in the military passports are shown 1n table I
Recorded dose was missing for 30,9%

Table I Distribution of dose among all clean-up workers and
workers with tyroid nodularities

Dose, cGy All clean-up workers, % Workers with thyroid
nodulanties, %
0-5 21 49 21 84
5-10 38 13 29 89
10-15 12 75 14 94
15 -20 8 76 16 09
20 - 25 15 39 14 94
> 25 349 230

3. Results

Ultrasound examination revealed thyroid nodules in 117 (3,7%) of 3208 examined
subjects Analyses in this study are based on ultrasound findings, as these are considered to
be more reliable [6] Table Il shows the sonographic characteristics of nodules
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Table II Ultrasonic characteristics of thyroid nodules

Ultrasonic No of cases %
characternistic

Solid

Hypoechoic 23 19 66

Isoechorc 6 513

Hyperechoic 65 5556
Cystic 14 11 97
Mixed 9 7 69

Total 117
Most of the nodules (80,3 %) were solid 94 had a solitary nodule, 19 had two

nodules and four had more than two nodules 14 patients with nodules were operated, two
cases of papillary carcinoma and one mixed papillary-follicular tumour was identified Three
patients had recurrences of nodules after have been operated 5-7 years before

The presence of nodules was not associated with the dose from known external
exposure The mean dose was 11,07 cGy among men with nodules and 11,42c¢Gy 1n whole
population One of the patients with thyroid cancer had recorded dose of 20,47cGy, the
second - 9,6cGy and in the third case dose was missing -

The probability of the development of the disease 1s estimated to be 11 - 14 % and has
slightly increasing dose dependent trend

Disease (%)
40 .

35 |
30
25
20 : .

15 .

10} ¥ . . .

0 4 8 12 16 20 24 28
Dose, cGY

Figure 1. Development of the thyroid nodularity by dose.

Exposure to radiation does not 1nitiate more frequent thyroid nodularnty in
comparission with nonexposed Lithuanian men's population where the frequency of thyroid
nodulantyi1s 1,6 - 16,3 %

Because of incompletness and uncertain accurancy of recorded doses, the probability
of nodulanty also was estimated 1n terms of time spent in Chernobyl area The prolongation
of stay in contaminated area does not effected the frequency of thyroid nodularnity (figure2)

The active follow-up of Chernobyl clean-up workers revealed an appearance of the
thyroid nodules at the end of 4 years period after exposure (figure 3)

More high nisk (above 15%) to develope thyroid nodularnties 1s expected after 10-12
years after exposure
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Figure 2. Development of thyroid nodularity by prolongation of stay
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Figure 3 Development of thyroid nodularity by time after exposure

4. Discussion and conclusions

It appears that from five to nine years since participating 1n the clean-up activity after
Chernobyl accident was not enough long time to occur radiation related both benign and
malignant thyroid tumors Routine medical check-up of 3208 clean-up workers revealed 117
(3,7%) having thyroid nodules The similar results were in Estoma, where short term
intensive screening of thyroid revealed 199 (10 0%) patiens with thyroid nodules among 1976
clean-up workers [7] All Estonian clean-up workers were screened tn 1995 (nine years after
exposure) The smallest acceptable size of nodules was here 0,3 cm This might be an
explaination of more high prevalence of nodules 1n Estonian cohort

Exposure to radiation does not imtiated more frequent thyroid nodularity 1n
comparisson with nonexposed Lithuanitan men's population where the frequency of thyroid
nodularity1s 1 6 - 16,3 %

The presence of nodules was not associated with the dose from external exposure
which was estimated as 11,07 ¢cGy Radiation doses may simply have been too low to produce
demontrable effects or accumulated over variable time periods
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The probability of nodularity also was not associated with prolongation of stay in
Chernobyl area

We were able to idenfify three thyroid cancers among 117 patients (2,6%) with
thyroid nodules which is similar to the value of 5 thyroid cancers among 199 clean-up
workers (2,5%) reported in Estonian study.

The absence of evident radiation effects now does not preclude the possibility that an
excess of thyroid nodularity or thyroid cancer will appear 1n the future
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PREPAREDNESS IN BULGARIA L
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1. DECISION TAKING FOR STABLE IODINE PROPHYLAXIS

The decision for carrying out of iodine prophylaxis is based on the so-called Decision Criteria
for Population Protection Measures in Cases of Nuclear Accident (1). The main principle here is to
ensure that the predicted thyroid doses should not exceed the predetermined intervention levels. Iodine
prophylaxis is obligatory when the predicted thyroid dose levels are above 500 mSv for adults and
above 50 mSv for children and pregnant women. These doses refer to the initial stage of the accident or
to a one-week period after the accident.

The estimation of predicted doses is carried out by the respective bodies of the Permanent
Commission of Population Protection in Cases of Disasters and Accidents at the Council of Ministers.
It is based on data on the radioactive fallout from the NPP accident and on the direct measurements of
iodine isotopes radioactivity in atmosphere (Table I).

Table I

Values of Predicted Effective Thyroid Doses for an Adult Person when a Unit of Activity is
Inhaled (Sv/Bq)

Iodine isotopes Thyroid doses (Sv/Bq)
lodine -129 1.6 x E-6
lodine-131 3.0x E-7
lodine-132 1.8 x E-9
lodine-133 50xE-8
lodine-134 3.0xE-10
lodine-135 9.0 x E-9

The iodine prophylaxis decision depends on the population residence - in the areas of
emergency planning and in distant areas. The possibility for other protection measures should also be
taken into account, as well as the fact that the risk of the radioactive iodine is far higher to younger
individuals than to adults; and vice versa, the risk of iodine prophylaxis itself is higher to the adults.

In order to achieve a higher effectiveness of iodine prophylaxis it is necessary to start its
application after the accident as soon as possible. The benefits of iodine prophylaxis are undoubted
even when we have a reasonable delay of hours or days after the accident, as well as when there are
conditions for permanent incorporation of radioactive iodine.

2. STABLE IODINE COMPOUNDS AND DOSAGE

lodine prophylaxis can be exercised through all patent medicines containing stable iodine
strictly following the dosage (Table II).

The iodine stocks are kept in dark and dry places and should be substituted at regular intervals.
The population in the near field is provided for with potassium iodide or iodate as tablets, and the
population in the far field - with potassium iodide or iodate in crystal forms.
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Table II

Single Doses Stable Iodine Compounds

Potassium Potassium 5% tincture of Equivalent iodine
Age groups iodide 1odate iodine content

(mg) (mg) (drops) (mg)
Neonates 15 20 10 12.5
1 month - 3 years 31-35 40 - 45 20 25
3 - 16 years 65 85 40 50
Adults, including
pregnant and
lactating women 130 170 80 100

3. MEDICAL CONTRAINDICATIONS FOR STABLE IODINE PROPHYLAXIS

The lIodine Prophylaxis Instruction addressed to the medical personnel treats the following

medical contraindications:

- increased individual sensitivity to iodine;

- thyroid diseases (thyrotoxicosis, multinodular goiter);

- some skin diseases (herpetiformis dermatitis, pemphigus, psonasis);
- previous taking of iodine patent medicines for the treatment of some diseases (relative

contraindication);

Iodine prophylaxis is applied to large population groups without a direct medical supervision.
Thus, it is necessary to find out in advance the persons to whom there is some risk of iodine
prophylaxis. This is important especially for the population from the regions near NPP.

4. SIDE EFFECTS FROM IODINE PROPHYLAXIS

Considered are side effects from patent medicines containing stable iodine (Table III).

Table III

Possible Side Effects from Stable Iodine Medicines

A. Effects affecting the thyroid gland and its function

- thyroiditis;

- hypo or euthyroid goiter;

- thyrotoxicosis;
- hypothyroidism.

B. Effects affecting other organs
- skin and mucosa (conjunctiva, respiratory tract): irritation, eruptions, edema,
- sialoadenitis (painful and transitory swelling of the parotid and the submaxillary salvary glands);

- gastrointestinal complaints with general status disturbances;

- allergic reactions including iodine fever (with high temperature, face and glottical edema, eruptions
and other symptoms of the serum sickness).
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It should be noted that the given side effects are registered after a long-lasting daily taking of
iodine medicines in doses considerably exceeding the doses used in iodine prophylaxis.

5. MEDICAL CONSIDERATIONS FOR DIFFERENTIATED APPROACH TO
PARTICULAR POPULATION GROUPS

Morphological and functional patterns of the thyroid gland during prenatal and postnatal
development are the basis of a differentiated approach to pregnants (lst, 2nd and 3rd trimester),
lactating mothers, and children.

During the st trimester of pregnancy the embryo has no thyroid gland and hypothalamus-
hypophysis-thyroid system of full-value, thus it cannot incorporate radioactive iodine. lodine
prophylaxis is not needed. The rule that future mothers must avoid all medicines during the Ist
trimester should be obeyed.

Table IV
General Recommendations for the Carrying out of lodine Prophylaxis in Case of Radiation
Accident

Regions
Age groups Near NPP Far from NPP
Appli- Dosage ® Other Appli- Dosage ° Other
cation * measures | cation " measures °
Pregnant 0(2)
women XXX (except the Ist PP XXX o(H P
trimester)
Neonates
under
Imonth XXX 0 () PP X 0 (1) P
Lactating
mothers XXX 0(2) PP X 0(1) P
Children
under 16 XXX 00 PP X 0(1) P
Adults
under 45 XXX 00 PP - - P
Adults
over 45 XX Q0 PP - - P
NPP
personnel XXX 00 PP - - -

a

XXX - obligatory;
XX - obligatory when taking into consideration the contraindications;
X - at special conditions.

b

0 - minimally effective dose, not more than (-) times;
00 - minimally effective dose in accordance with the radiation situation.

<

PP - sheltering and evacuation;
P - control of foodstuffs.
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Remark Iodine prophylaxis during the 1st tnmester of pregnancy gives no reason for abortion

The thyroid gland 1s functioning dunng the 2nd and 3rd trimester of pregnancy as well as n
neonates Hypothyroidism could be developed as a result of immatunty of the hypothalamus-
hypophysis-thyroid system Although transitory, such a hypothyroidism can cause senous disturbances
in the mental development after birth

The differentiated approach to adults (under and over 45 years) 1s based on the ratio between
the benefit (decreasing of thyroid doses) and the nsk from side effects

For population from iodine deficiency regions a balance 1s sought between higher radiation
nisk and higher side effects nsk Decreasing of stable 10dine doses can be considered as an alternative
The decision for each case 1s taken by the Ministry of Health Measures for 1odine deficiency removal
are important also for population protection in case of a nuclear accident

A generalization 1s shown on Table IV

6 INSTRUCTIONS FOR THE POPULATION
6.1. Population residing near NPP

1 The 10dine prophylaxis 1s a contemporary, relatively safety method that ensures almost entire
protection against radioactive 10dine 1sotopes when applied properly

2 It 1s carried out with tablets containing stable 1odine, the tablets being delivered beforehand
to each household (I tablet - 250 mg potassium 10dide)

3 The tablets should be kept in dry and dark places not accessible for children

4 The tablets are to be taken night after the announcement of radiation accident

5 The 1odine prophylaxis 1s carned out for the whole population - neonates, children, lactating
mothers, pregnant women and adults

6 Dosage adults take 1/2 tablet, and chuldren under 16 - 1/4 tablet The tablets are taken with
water, nulk, tea, etc

7 Ths dosage guarantees an effective 24 hours protection After this penod another dose 1s
taken, etc , about the duration of the tablets taking, we shall let you know later on

8 To neonates (under 1 month) the medicine 1s given only once, and to pregnants and lactating
mothers - not more than two times

9 The medicine 1s not given to infants on natural feeding They receive stable 10dine through
the mother’s lactation

10 The medical contraindications for medicine taking are sensitivity to 10dine, thyroid diseases
(Basedow’s disease, large goiter), some grave skin diseases In such cases you should tum to the local
health service

11 The medicine rarely has side effects If there are such (irmtation of skin and mucous
membrane, eruptions, nausea, emests, fever, headache, palpitation, asthma, etc), please turn to the
local health service

[2 The tablets ensure protection only against 1odine 1sotopes They have no effectiveness
against external exposure and the other radioactive tsotopes

13 The taking of tablets does not exclude the application of the other protection measures

14 Higher doses, as well as more frequent taking of the medicine does not increase the
protective qualities of stable 10dine

6.2. Population residing in regions far from NPP
The instruction 1s the same as the one for the population residing near NPP The difference 1s
that the prophylaxis 1s carried out with stable 1odine solution (prepared and supplied by the bodies of

the Minustry of Health and the Civil Defence Administration) lodine prophylaxis 1s applied only at
special conditions for adults (over and under 45)
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INTRODUCTION

The degree of radiation exposure to the thyroids of children who originally lived in
Chernobyl contaminated areas is of concern in Israel, because of the many immigrants who
arrived from such areas in a wave of immigration from the CIS countries since 1990. Of the
650,000 people who emigrated to Israel since that time, our estimate is that about 20% came
from regions of the Ukraine, Russia and Belarus that were contaminated with various amounts
of radionuclides.

Children from these areas are a population that could be at higher nisk because of their
high past consumption of radioiodine-containing dairy products, the relatively high prevalence
of goiter in these iodine deficiency region, the higher sensitivity of children to ionizing radiation
and recent reports of elevated rates of childhood thyroid cancer which were described initially in
Belarus, followed by the Ukraine and the southern Russian republic (1-3).

METHODS AND POPULATION STUDIED

Examination of 383 immigrant children from these areas was initiated in sell referred
volunteer families by face to face interviews, physical examinations (particularly of the
thyroid), blood sampling and ultrasound examinations. Measurements were made of total
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serum tri-and tetra-iodothyronine, thyroid stimulating hormone (TSH), thyroglobulin,
antithyroid and antimicrosomal antibodies. The results of measurements of TSH levels in these
children are reported in this preliminary study.

Of 383 subjects, 291 were examined for TSH levels by the chemiluminescent third
generation assay (4). The group included 123 boys and 168 girls ranging in age from 5 to 24
(who were 0-16 at time of the Chemnobyl accident). A natural comparative experiment was
suggested by the identification of subjects coming from "more contaminated” and "less
contaminated" areas, as defined by the 1991 IAEA soil radiocontamination maps (5). The group
was therefore divided into those who had originally resided in regions of higher and lower Cs-
137 exposures, and on the assumption that I-131 dispersal and deposition would be expected to
have a similar distribution. High and low exposure areas are defined as those areas with Cs-137
concentrations greater or less than 37 GBq (1 Ci) per sq. km.

RESULTS

The distribution of TSH levels in girls was higher in the children who came from high
exposure areas, although almost all results lay within the normal range (0.4-4.0 IU/ml). For
TSH levels less than 0.8 plU/ml, there were half as many children from high compared to low
exposure regions (24% compared to 42%), but for TSH values between 1.2 and 2.0 pIU/ml,
there were more than twice as many children from the high exposure regions (35% compared to
15%). There was no difference at TSH levels higher than 2.0 pIU/ml. The shift to higher TSH

levels was statistically significant at p=0.023 by the %2 test. Boys showed a similar trend, but
their results did not reach statistical significance.

The other parameters examined - total serum T3 and T4, thyroglobulin, antithyroid and
antimicrosomal antibodies -did not show noticeable differences between the groups coming
from high and low exposure regions. Three of 199 children had high antithyroid microsomal
antibody levels but no evidence was found for differences in autoimmune status for either

group.

The prevalence of palpated enlarged thyroids in both groups of children was about 40%,
presumably due to the goiterogenic areas of their onginal communities, but no difference in
prevalence of thyroid enlargement was observed for children coming from low or high
exposure areas (measurements both by palpation and by ultrasound). In a parallel study which
compared the measurement of thyroid size by palpation and by ultrasound, it was found that
there was a significant correlation (p <0.01), but that the two methods evaluated the thyroid
differently. Thyroid seemingly normal by palpation was sometimes found to be enlarged by
ultrasound measurement, but ultrasound may not always detect a palpably enlarged thyroid.

In the entire group examined only one nodule was found. Fine needle aspiration
revealed a malignant papillary carcinoma in a 12 vear old Gomel girl. She was treated by
thyroidectomy followed by ablation of remaining thyroid tissue with I-131 and appears to have
good health 4 years later. Approximately 11 % of the children had palpable irregularities of the
thyroid, that is to say, a tactile sensation of varnable volume or densities within the thyroid that
are not discrete nodules. There was no difference in the incidence of these thyroid uregularities
between subjects coming from high or low exposure areas.

DISCUSSION

The assumption that the radioiodine thyrotd dose (in 1986) can be correlated with recent
measurements of Cs-137 distribution 1n the soil is probably inaccurate. The short lived
radioiodines (such as 1-132, [-133, 1-135) have been estimated to be 4 to 10 times more
destructive per rad than I-131 (6). These isotopes may well have caused radiation exposures in
excess of that due to I-131 to a degree related to the distance from Chernobyl in the direction of
the atmospheric dispersion, due to their physical decay by the time the radioactive cloud had
passed some distance from its origin. Hence. there 1s reason to expect that children living nearer
the reactor accident and in the path of the dispersion had relatively higher exposures to short-
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lived radio-iodines, which may have been involved in the reported increase of the incidence of
childhood thyroid cancer. Retrospective dosimetry has been carried out based on the initial
monitoring of radioiodine levels in thyroid glands (7,8). It would be useful to be able to
correlate the results of dose reconstruction with actual evidence of past radiation exposure.

The present results demonstrate a shift in the distribution of serum TSH to higher values
for girls who emigrated from areas with relatively increased levels of Cs-137 contamination.

Possible explanations for this include (a) radiation damage to the thyroid with resultant
homeostatic increase of TSH, (b) greater iodine deficiency in the more exposed areas, or (¢) an
artifactual apparent increase, because we have found that healthy teenage girls from the regions
tested have lower levels of TSH than do boys (9). However, since the proportion of teenage
girls in both series was the same in both groups, this explanation seems unlikely.

In order to test for the second possibility, we examined the incidence of enlarged
thyroids by direct palpation and ultrasound. There was no change in the incidence of enlarged
and/or palpable thyroids. These results therefore do not support the possibility of greater iodine
deficiency in the higher exposure areas as an explanation for the elevated TSH levels.

Our working hypothesis is therefore that children who came from these areas had
subclinical radiation damage to the thyroid leading to compensatory homeostatic increase in
TSH. We are not aware that has been reported and therefore present these preliminary results,
bearing in mind that large scale studies in CIS countries might be able to test the hypothesis
with larger numbers of subjects from areas that were radio-contaminated. Such a test would
desirably involve the correlation of TSH values with reconstructed thyroid doses.
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PAK NHTOBHIOHOM XEJNE3H B BEJAPYCH
E.I.0emug4uk’, A.E.Okeasos?, T.B.BopoHIOBA®,

0.E.Oemunuuk!, B.s.Pebeko’

! pPecnybnukasckmit I[[eHTp onyxone#l NHTOBHOHOM

xenes3p. 220600 MumHCK,Op.P.CxopuHH, 6 Bernapycs
2 NenTp WHPOPMATHKH H MEOHUIHHCKOH TEXHONO-
Tun. 220600 MumeCK, I[I.BpoBXH, 7a. Benapycs

3>  HHCTHTYT panmanMoOHHOM MemHMIuMHHE. 223032
MHHCK, AKCakoOBINHHa. benapycs

B HCCIefoBaHue BKJIOYEHH MaTepKals
PecnybnuKaHCKOTO KaHIlepperncrpa 5 Henwrpa
onyxoJied MUTOBHOHOH XernesHl.

3a nepmwor ¢ 1977 nmo 1994 rr. pax
LWHTOBUAHOH xXene3s B Benapycu BusBieH y 4379

bonepHEIX, B T.4. y 1139 (25%) pmo m y 3240
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(74%) nocrne aBapuu Ha YepHOOHNBCKCH ADC. 3a
YKa3aHHeH 18 neTHHH nepuon B 90% Habnopesnn
MepBUYHOE rIeYyeHue OPOBOOHUITIOCH B
PecnybnukaHckoMm LenTpe.

B noabBapHHHOM nepuone paxk OAHHOH
TOKAara3aluy BCTpedarncs penko BO BCexX WecTH
obrnacTsix  PecnyOrHKH -  CpemHUH noxas3aTernb

3aboneraeMoCcTH coCcTaBnan BCETO 1.3-100000

Hacerneuuus. [TuxK aCTOTH paka LWHTOBHUOHOHN
XKerness Habnwpancs B BO3pacTHOM HHTepBase oOT
50 po 64 ner. Y gpgeTted 3Ta onyxonb ODHaApyxeHa
TONBKO B 7 crnydassx, dYro coctasuno 0.6% no
OTHOWEHHKW KO Bceu nonynsaupu  OONBHBEX 34
OeBsTHIIETHHH IepHOon.

B BbonpmuHCTBE HabmoneHuH (88.7%)
BCTpeuanucs pgudpdepeHIUpPOBAaHHBE [IANOUIIIIAPHHE H
DONNUKYISIPHEIE KAPIHHOMB. AHAIJIACTHYECKHH DpPak
cocTasBrsinn Bcero 8.2%, a MeOyJ/uUIspHBIH - TONBKO
3.1%. XapaxkTepHoH OCODEeHHOCTHI
oupbepeHIHPOBAHHBX KAapUHHOM Yy OOJNBHBEX CTapme
50 mner Obnn  MenneHHHW pocT onyxonn. Taxk,
OPOOOJIXKUTENIBHOCTE  Y3JIOBOI'O  HJIH nuddPy3HOTO
yBEIH4YeHHs] MUTOBHOHOH Xerne3b OO  BHSIBJIIEHHUS
NepBHYHOH KAapPLHHOMB Hepenko npessmana 10 neT.

B MoOnomoM — BO3pacTe Jame pPa3BUBATIHCH

MeTaCTa3s B PerHOHAPHEBX HHM@&TH‘JECKHX y3Jax



ey u [OepegHero CpemoCcTeHHsI, a B Cciydasax
aHaAMIaCTHYECKOTO paka OTMedariCsi HHTeHCHBHBIA

pPOCT ONyXOnHu ¥ paHHHe nuMbo- © TeMaTOTeHHbe

MeTacTas3bl. [Ipy NANHUNISPHOM B QONNHKYIISPHOM
pake rnocrne XHPYPTHYECKOTO JIe4eHHus
OeCsITHIIe THSS bezpenunuBHasA BEIXHBAEMOCTEH
cocTasHIA 80.1%, a CpeOHHH rnoxasarerns

CMEPTHOCTH nOns BcCex OONBHBX pPakoM WHUTOBHUOHOH

Xerne3sl 3a OeBSITHIIETHUH oepHoxn cCOoCTaBRHI
11.6+100000 Hacenenus.

llocne aBapud HA YepHOOBIBCKOH AaTOMHOH
CTaHIIHuH 3aboneBaeMoCTs  paxkoMm MU TOBHOHOH
xXerie3s BO3pacna pgo 6.1+100000, IpHYeM
KOJIHYEeCTBO BONBHBX YBEnMHU4YHIIOCH BO BCexX
BO3pACTHBX TIpynnax, HO ocobeHHO -~ y @peTeH.
Tak, B 1994 1r. nunoxasaTens 3abonesaemMocTH
nocTur 3.5+100000 pmeTrckoro HAacCesieHHsI, a B
[IeJyioM OJeTCKHH pak cocTaeun 10.2% 0O OTHOHNEHHUW
KO BCeM OOJNBHBM C OEePBHYHHMH 3JIOKa4YeCTBEHHBIMH
HOBOOOpa30OBaHHUSIMH NHTOBHOHON Xernes3s. Bcero 3a
9.5 nmer pax BEsABJNIEH Yy 397 pmeTe®, U3 HEX y 387
NnepBU4YHOE nedeHue OHIIO HNpoBeleHO B lleHTpe.

BaxHO TOOYEpPKHYTH, UYTO B [IOCNEaBAPHHHOM
nepaope yacToTa  PAa3JIHYHHX  MOphONoruyeckKkux

bopM paka u T1QI0OKasaTeNnk CMEepTHOCTH OONpHHX
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CywecTBEHHO He HU3MeHUJNIHCh. Haubonee BHCOKUH
ypOBeHb 3aboneBaeMoCTH Yy QOeTed OoOTMedeH B
IXKHBIX M HITO-3alajHeX padoHax I'OMenbCKOH #

Bpecrckon obrnacren.

KnuHHyeckue HabnwooeHus rnoxasand, 4TO
neTCKHH THPEOHUOHBN pax obnapman bonee
BEIPAXEHHBIMH Ar'PeCCHBHBIMH CBOHCTBaMH, dYeM Y

B3POCIIBIX .

Tax, @OJsi paka HNUTOBHOHOM Xene3s Yy »[eTen
XapakTepHO dYacToe H MHOXeCTBEeHHOEe IopaxeHHe
MeTacTa3aMH nuMpaTHIeCKUXx = y3JIOB meH . Bo
MHOTHX CJiy4dasix POCT MeTacTaTHYEeCKHX ONyXoJneHn
6ein HGomnee OBRCTPBM, dYEeM NEPBUYHOH KAPIJHHOMEI.
[lo HAmMMM @Q{AHHBIM, HA dYacCTOTY MeTacTa3UupOBaHUS
CymeCTBEHHO BJIHSITIO BKCTpakarlcyJisiproe
pacnpocTpaHeHHue ONYXOJH.

HMMYHOJIOTHYECKHEe HCCJIefOBaHHsI IoKasan,
4YTO Yy peTer OOJIBHHX pPAaKOM MHTOBHOHOH Xerle3Hl
oTMedarnochk yIrHeTeH:e T-3BEHa HMMYHHTETA
(CHHXEeHHEe OTHOCHTENBHOI'O H abConuTHOTO vHcna
T-nuMPOUHUTOB) , nogaBJlieHHe PYHKIIHOHATIBHOM
AKTHBHOCTH NTUMOOUHTOB B peaxknuy
6bnacrpaHcpopManuu Ha GQOHEe CTHMYJISIIHH B-3BeHa
HMMYHHTeTa. [IpH OLEeHKe NOHTOKHHOB Habrnwpganacse

TUNEePHPOOYKIIHNSI HHTeprenkuHa-1. [ToBBIIEHHEIE



YPOBHH ayTOAHTHTEJN (K THpeornobynuHy, MHKPO-
COMaANibHOMY AaHTHUTEHY, Nepekcugase), pacTBO-
PHMBIX pELEenTOpOB K HHTEpNeHkuHy-2 H HHTepde-
poHa oOTMevYanuchk »HOCTOBEpHO dYame Yy BHOonbHBEX

pPakKoM, yeMm y 30O0POBHBIX neTen. Bce 370

CBHOETeJIbCTBYEeT o) 3HAYHTENBHOH! ponu
aYTOHMMYHHBIX peaxklu¥ B pa3BHTHH KAPUHHOMH B
IOIeTCKOM BO3pacTe.

B nOepsre 5 ner, nocrsie YepHOOHIIBCKOH
ABApHH IIPH BBNOJIHEHHH XHPYPTHYECKHX OlepalHH

MB CTPEMHJIUCH YHOaJIUTh Y OeTen BCKO OINYyXOJb H,

€CJIH BO3MOXHO, COXPaHHTH Yy4YacCTOK 3OOpPOBOH
THPEOHOHOH TKaHH, 4YTobm wusbexaTep  TsIXeINo#n
¢®opMH THOOTHpeo3a. Hamm npoHz3sBOOHIachk He

TONBKO TOTanbHasi, HO Takxe cybrorTanpHas #
TEeMHTHPEOHODKTOMHsI. [IpH HAaANH4YHH PpPEeTrHOHAapPHHX

MeTacTa3O0B 3TH OINepanruH BcCerpma BHIIOJNHAJIHCE C

OIOHOBpPEMEHHOH OOHO- 129387 OBYCTOpPOHHEH
nuMpaneHd K TOMHEH .
YYuTHBAaS BEICOKYIO INOTEeHIINaNbHY

37I0Ka4YeCTBEHHOCTE pakKa MHTOBHOHOH XeJie3s Yy
ojeTey, B Oocregyiompe IoOb IT'eMHTHPEOHIOIKTOMHS
BBHIIOJIHANIACE TOJIBKO TIIPH COJIMTAPHOH  ONYXOJH
MeHee 1 CM (T1laNOMO) . [Tocrne TOTAIbHOH

THPEOHNO3KTOMHH OBOBIYHO NpONU3BOOHKUIIACDH
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cuuHTHTpadus. IIpu oOOHapyxXeHHH MeTacTa30B B
NIeTKHUX NOPOBOOHUIIHCH KYPCH pajguoHomTepandun (55

Habnwoersun) .

Pe3yneTaTe XHUPYPTHYECKOI'O JI€YEeHHUS H3YYeHH
y 292 pgeren, onepdpOBaHHBX 2-8 51eT TOMY
Ha3an. Bo3obHoBnenwe pocTa ONyXOJIH OTMEeYeHO B
56 HaONWOerusxX, B TOM YHCIeE:
e -y 8 DBONBHBEIX - B OCTaTKax TUPEOHOHOH TKAHH;
e -y 48 - MeTacTas3s B pPerHOHAPHBX JIHMPOY3MNax.
BceM 56 peTsiM npou3BeOEeHH INOBTOPHBE onepaliHH.

OKOH4YAaTEeJNIBbHO CLIeHUTH oTHarieHHbe
pe3ynpTaTe rnedeHuss OymeT BO3MOXHO  TOJIBKO
yepe3 5-10 rner. B HacToOsimee BpeMsi MOXHO JIHIIb
OTMETHTH, 4YTO IIOCJIe TOTAaNnbHOH THPEOHO3KTOMHH
B 25% criy4yaes Habmoganacse napamuaToBUOHAS
HEegoCTaTO4YHOCTE, KCTOopaAa TPYOHO nopggaeTcs
MEOHUKAMEHTO3HON KOoppekuunu. [JeTu, nepeHecmue
yoarneHde BCeH xXere3p, B GCOnsUHHCTBE Criy4dYaes
OTCTAanT oT CBEpPCTHHKOB B YMCTBEHHOM )5

PH3HUYECKOM pPa3BHTHH.



MALIGNANT NEOPLASM OF THE THYROID IN CHILDREN AND IN ADULTS

ON THE TERRITORIES AFFECTED BY THE CHERNOBYL ACCIDENT

L.V.REMENNIK, V.V. STARINSKY, V.D. MOKINA, V.I. CHISSOV,
MM. RUBTSOVA

Moscow A. Herzen Cancer Research Instiute, RO

Moscow, Russian Federation XA9745459

1. Purpose and methods

Growth of the malignant neoplasm incidence is one of the most probable consequences of
influence of 1onizing radiation on the population of the territones suffered from the Chernobyl accident.

Thyroid 1s an organ of rather high risk for realization of cancerogenic effects of radiation [1]. The
Chemnobyl accident was associated with a significant discharge of several kinds of iodine radionuclides
with different half-hfe to the environment, which were selectively accumulated by thyroid within the
first two months after the accident. Hence, the necessity of an estimation of dynamics of the thyroid
cancer (TC) mcidence 1n various groups of the population living on these territonies i view of
background tendencies is obvious

This work was aimed to analyse the TC incidence in the population of the territories of Russia -
the Bryansk (BR), Kaluga (KR), and Orel (OR) regions, which were most polluted owing to the
Chernobyl accident, for the 1981-1995 period. The study of the TC incidence was carried out on the
basis of analysis of databases the nosological population cancer-registers generated specially for this
purpose The information, necessary for filling the databases of the registers, resulted from the special
epidemiological screening and processing of pnimary medical documentation on TC patients in
special-purpose oncological establishments of the federal, regional levels, 1n general medical
establishments that issue death certificates and certificates of ability of work as well as mn
prosectoriums The body of information on a patient answers to the standard of cancer registers which
was developed by the World Health Organisation Using the world standard of age and sexual
distribution of the population [2], there were calculated the extensive, age-specific, and intensive crude
and standardized incidence rates

2. General features of dynamics of thyroid cancer incidence in the population of the territories
suffered from the Chernobyl accident

Analysis of the data of the cancer registers and official statistics evidences that the highest rates
of the TC incidence were in the BR and the OR (table I)

The contribution of TC to the general oncological incidence both in males and in females of the
BR and the OR is twice as much as that 1n all Russia. On the data of the registers, from 1981 to 1995
there had been exposed 1108 cases of TC in the BR 809 of which were exposed in the post-accident
pertod (1987-1995) In the KR were exposed 235 and 171 cases, respectively. As for the register of the
OR, 1t is on the way to form

There has been growth of TC incidence 1in males and females of the BR since 1986, which,
probably, 1s the result of both meticulous attention to the pathology of thyroid and improving the TC
registration after the accident. The rates of increment of the TC incidence in males and females of the
BR and the OR are much higher than in all Russia and 1n the KR as well. The data concerning the age
and sex rates of the incidence are 1n table II.

In the BR and in the OR, an increment of the incidence rate higher 1n the junior 0-29 age group
and 1n females of the 4049 age group In the KR, dynamics and incidence rate are identical with those
of all Russia Incidence rates of adults in the polluted, shightly polluted, and pure regions of the BR do
not correlate with the pollution levels
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Table 1.
The TC incidence in the population of the BR, the KR, the OR, and Russia for the 1981-1995 period
(standardized rates per 100000 of the population of a corresponding sex)

Average
Terrtories | Sex Years annual
rate of
increment, %
1981 | 1982 | 1983 1984 | 1985 | 1986 1987 1981-1987
Bryansk M 1.2 1.7 0.4 0.5 0.5 1.4 1.3 -7.3
region F 3.2 2.3 2.2 2.0 1.6 2.9 6.6 -4.5
Kaluga M 0.6 0.2 0.3 0.2 0.0 0.2 0.6 -33.6
region F 0.9 1.8 1.4 1.0 1.5 0.9 1.9 -29
Average
annual
Territories | Sex Years rate of
increment, %
1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 1989-1995
Bryansk M 14 1.0 0.8 2.3 1.8 2.1 2.6 3.0 211
region F 5.5 7.2 6.7 5.6 8.9 100 | 114 | 120 12.6
Orel M * 1.1 1.4 2.5 1.9 1.5 2.1 2.6 10.1
region F * 41 42 5.5 7.2 11.0 | 10.7 | 157 322
Kaluga M 0.8 0.7 0.6 0.3 1.0 0.6 1.3 1.0 13.2
region F 0.6 2.4 15 1.8 1.5 3.0 2.4 2.1 3.7
Russia M * 1.0 1.0 1.0 0.9 1.0 1.1 * 1. ]**
F * 3.1 30 30 34 3.6 4.0 * 5.9%%
* nodata

** 1989-1994

3. Incidence of persons irradiated in childhood and in adolescence

The risk group of thyroid tumours induced with radiation includes persons who were irradiated at
the age under 20 (4.5). In the KR it is in this age group that unit cases of TC were exposed. In the BR,
for the 1986-1995 period, in the same age group were registered 81 morphologically verified case of
TC. The data for incidence of the cohort of persons from the BR who were irradiated in childhood and
in adolescence are in table Il and in Fig. 1.

Table IL
Thyriod cancer incidence of various age groups of the population of the Bryansk, Kaluga, Orel regions

and of the Russian Federation in 1981-1995 (rates per 100000 of the population of a corresponding sex)
Males Females
Territory Age 1981- | 1987-| 1990- | 1981- | 1987- 1990-
1986 1989 1995 1986 1989 19935
under 29 0.2 0.6 1.2 1.0 2.0 3.8
30-39 0.8 1.6 1.6 4.4 11.7 14.9
40-49 1.2 0.9 2.8 3.1 14.1 213
Bryansk region 50-39 2.0 3.0 42 5.1 13.1 16.6
60-69 3.6 4.6 4.6 4.4 10.7 12.7
70 & over 29 3.6 4.2 3.7 8.0 8.1
Total 1.0 15 23 29 7.9 10.5
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Continuation of table IL.

Males Females
Territory Age 1981- | 1987- | 1990- | 1981- | 1987- | 1990-
1986 1989 1995 1986 1989 1995
under 29 0.0 0.3 0.2 0.1 0.2 0.3
30-39 0.2 0.4 0.7 1.0 2.4 2.0
40-49 0.0 0.6 2.1 1.2 2.7 5.3
Kaluga region 50-59 0.5 1.5 1.1 1.4 3.4 4.8
60-69 0.7 3.9 2.1 1.5 33 3.6
70 & over 0.0 0.0 1.9 2.1 3.8 6.8
Total 0.1 0.7 0.9 0.9 2.2 2.8
under 29 * 0.6%* 0.7 * 1.1* 4.1
30-39 0.0 2.2 11.3 13.7
40-49 2.2 29 8.3 17.8
Orel region 50-59 1.8 4.9 7.4 19.2
60-69 5.7 4.8 4.6 11.3
70 & over 0.0 5.1 5.3 10.8
Total 1.2 2.4 5.2 10.7
under 29 * 0.2%% | 0.2%** * 0.8 0.9%*
30-39 1.0 0.7 4.3 4.3
40-49 1.4 1.4 6.3 7.4
Russia 50-59 2.2 22 6.9 7.4
60-69 3.0 3.2 7.6 7.8
70 & over 4.6 4.2 6.6 7.1
Total 1.0 1.0 3.9 4.3

* no data for Orel 1995
** 1989
*** 1089-1994

Table III.

Incidence of thyroid malignant neoplasm in the cohort of persons living in the BR who were irradiated in
childhood and in adolescence (rates per 100000 of the population of corresponding sex )

Sex Years
1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 1994 1995
Males 0.9 0.0 0.0 0.5 0.5 09 1.9 23 2.0
Females 0.5 0.5 1.0 20 1.0 3.0 35 6.5 6.2
Both sexes 0.7 0.2 05 1.2 0.7 1.9 27 5.6 4.1
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Fig.1. Incidence of thyroid malignant
neoplasm in the cohort of persons living in the
BR, who were irradiated in childhood and in
adolescence, and the corresponding age group
of the population of Russia (rates per 100000
of the population of corresponding and age)

0 +—* + 4 + + + +—t
1987 1988 1989 1990 1991 1992 1993 1994 1995 In the cohort to be studied, TC
contribute significantly more (22.0%) to the
general oncological incidence than in the corresponding age group of the population of Russia (5%).
Besides, it is significant that 21.9% cases of TC registered in the BR in 1994 were exposed in person
of this age group, whereas in OR - 15.7% and in the Russian Federation - 8.3%. Hence, it is clear that
the TC incidence in this age group of the BR has a greater tendency to grow than that of the
corresponding age group of the population of Russia.

4. Incidence of TC malignant neoplasm in children of the BR

In 1994 in the Russian Federation there were registered 60 cases of TC in children at the age of
0-14 , including 22 cases in persons living on one of 19 territories suffered from the Chernobyl accident.
Incidence rate of TC in children of the Russian Federation has been stabile within last 5 years and
comprises 0.2 per 100000 of child population. The contribution of TC to all solid tumours exposed in
children of the Russian Federation in 1994 comprised 4.0%, whereas in the BR and in the OR those
were 20.5% and 11.8%, respectively. As this takes place, in 1994 children contributed to all patients
with first diagnosed TC 7.0% in the BR, 2% in the OR, 1.3% in the Russian Federation. In the period
before the accident the TC incidence rates in the BR did not exceed the average ones for all Russia
(table V). In 1994-1995, they had exceeded the later more than 10 times.

Table IV.
Thyroid cancer incidence in children of the BR (dynamics of cruel rates per 100000 of child population

Sex Years
1981-1986( 1987 [ 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995
Bovs 0.0 0.6 0.0 0.0 0.6 0.0 0.0 0.6 2.5 23
Girls 0.2 0.0 0.6 0.0 0.6 0.0 1.4 0.0 2.6 26
Both sexes 0.1 0.3 03 0.0 0.6 0.0 0.6 0.3 2.5 23

From 1981 to 1995 in the BR, which is most polluted with radionuclides, there were exposed 25
cases of TC in children, including 23 after the accident. Fifteen patients live in the most polluted areas
of the region, 4 — in the less polluted areas, 4 — in the pure areas. Incidence rates in children from the
polluted areas are excessively high (table V).

Table V.
Thyroid cancer incidence in children from the areas of the BR with various levels of pollution

( rates per 100000 of child population)

Areas Years
1987 1988 | 1989 | 1990 1991 1992 1993 1994 1995
Polluted 0.0 0.0 0.0 1.9 0.0 1.9 0.0 94 13.2
Slightly polluted 2.1 2.1 0.0 0.0 0.0 2.1 0.0 2.1 0.0
Pure 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.3 0.2
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5. Morphological types of malignant neoplasm of thyroid in BR

In children, 80% cases were papillary cancer. However, the ratio between follicular and papillary
forms did not change compared to 1981 and complied 0.7. Thus, in the Bryansk and Kaluga regions,
suffered from the Chernobyl accident, growth of the TC incidence is obvious, particularly in young
people. So, it is necessary to further monitor TC and to carry on epidemiological investigations that
correlation between this phenomenon and the Chernobyl accident be confirmed.
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Different aspects of internal and external exposure to thyroid of inhabitants from the
contaminated areas of Belarus, Russia, and Ukraine are discussed in the paper. In the case of
consumption of contaminated foods contribution to total absorbed dose from internal radioiodine
exposure was more than 90%, otherwise (in the case of only inhalation radioiodine intake) - not lesser
than 85%. 1311 exposure to thyroid was the main contribution to internal exposure, and exposure to
thyroid from short-lived radioiodines was significant only for the inhabitants who didn’t consume
contaminated foods (as high as 50% and sometimes 70% of internal exposure from [31}).
Peculiarities of formation of “measured” doses are considered. Semiempirical model of relationships
between the average internal thyroid dose received by people in the rural settlements and the ground-
deposition density of radionuclides in these settlements is presented. Consistency of the results
calculated due to the model for different areas of Belarus, Russia, and Ukraine has been shown. It has
been indicated the necessity of intensification of 1291 measurements in soil. Practical efficiency of
used countermeasures for majority people to reduce radioiodine intake is estimated as high as
approximately 2 times and caused mainly removing people from contaminated areas.

BBEAEHUE

ITpu paccMmorpennr pocTa 3aboAeBaeMOCTH IIMTOBMAHONM >Xeaesbl (LK) rak
OAHOTO M3 SIBHEIX CAEACTBHH UEpHOOHIABCKOM aBapHM eCTeCTBeHHO CTaBUTL BOIIPOC 00
UX papMalUHOHHOM OOYCAOBAGHHOCTH,0 POAHM pAa3HbIX HCTOYHHKOB oOAyueHusa IIJK
(BHeIlIHee H3AyYeHMe BHyTpeHHee obayueHue 3! u Ap.papHoHykAupamu).Takuve 3apauu
MOJKHO DpeIllaTh AMIIbF Ha OCHOBE AOCTATOYHO KAaYEeCTBEHHEIX AO30BEIX OIIEHOK BCeX
kKoMnoHeHT o60aydyenns HIDK. OcymecTBAeHHe TakUX OLEHOK HPHUMEHHTEeABHO K
HaCeAeHHIO 3arpsi3HeHHBIX PErvoHoB bBeaopyccud, PoccuM U YKpaWHBL CTaAO
BO3MOJXHBIM OAaropapsi TOMy,uTO B Mae M Havyare HIOHS 1986 r. ObIAM NPOBEAEHBI
MaccoBble H3MepeHHs copepXaHus 311 B IIPK, nmo peayAbTaTaM KOTOPEIX
PEKOHCTPYHUPOBaHbl HHAUBHAYAABHBIE A03bl BHYTpeHHero obayuenus DK aas
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GOABLIOTO YHCAA AETeil M B3POCALIX: OKOAO 130 TEIC.JKHTeAei Beaopyceun, 30 ThIC. —
Poccuu (B ocHoBHOM, Kaayxkckas ofaacts) W 150 TeIC. — YKpauMHB. OTH AaHHHE,
"H3MepeHHble WHAWBHAYaAbHBle AO3l",0THOCATCS K Khaaccy |1 AoctoBepHocTH.IIpu
AOCTaTOYHO OOABLIOM YHCAE TAKHMX AAHHBIX AASl JKHUTEAel HEeKOTOPOTo HaCeAeHHOro
IyHKTa@ MOXXHO IIOAYYHTH KOAAEKTHBHBIE XapaKTePHCTHKH oOAyyends LXK,
COXpaHAIOLIMe OOBEeKTHBHOCTb AaHHBIX Khacca 1 U  NO3BOASIOUIME BHIITOAHSTH
HHAMBHAYAAM3HPOBAHHBIE OLEHKH AASl HEOOCAEAOBAHHBIX JKHTEAEH 3TOro IyHKTa
(AaHHEIe KAacca 2 AOCTOBEPHOCTH — "MacnOpTHbIe AO3HL"). AASL KUTeAel BCeX IPOYMX
HaCeAeHHBIX IIYHKTOB ocCTaercs €AMHCTBEeHHAas BO3MOJKHOCTB:OLIeHHBATE
HHAUMBHAYyaAbHBIe A03bl 0OAyueHHs HI2K mo pacyeTHOH MOAEAM Ha OCHOBE AQHHBIX O
PAAHOAKTHBHOM  3arps3HeHUst TeppuTopuit (Kaacc 3  AOCTOBEPHOCTH  OLEHOK).
Heob6xopuMo,4yTO6B MOAEAL COAEp)Xaaa TOABKO TaKHe IapaMeTpRl,KOTOphle yxKe
OIpEeAeAeHBl UAH MTOAAAIOTCS ONIPEACACHHIO HA OCHOBE H3MepsSeMbIX BeAHUYHH.

B AOKAape O6CYKAQIOTCA:COOTHOUIEHHE MEXKAY BHYTPEHHHMM M BHELIHHM 06 —
AydeHHsaMH [1[PK,BKAap OCHOBHBIX DPAAHOHYKAMAOB B AO3Y BHYTPeHHero oOAy4YeHHst
DK , ocoBeHHOCTH AO3MMeTpHUYecKHMX oneHoK Khraccos 1| M 2 AOCTOBepHOCTH, IO —
AY3MIIMpHYECKas: MOAEAb AT oleHOK Kaacca 3 AOCTOBepHOCTH,2 TakKe 3¢ddex—
THBHOCTBH PEaAH30BAHHBIX 3alIMTHEIX MEPOINPHSTHH NpUMeHUuTeAbHO K IDK.

1.ABA OCHOBHBIX BUAA OBAYUYEHHA HIUTOBUAHOH >XEAE3bI
1.1. BHyTpeHHee o06Ay4YeHHe IHTOBHAHOM JKeAe3b!

BuyTrpeHHee obaydenue I[JK peaausyercs NpH MNOCTYIIACHHH DaAHOHYKAHMAOB B
OpraHH3M 4YeAOBeKa uepe3 OpraHbl ABIXaHUSA (MHTAASIMOHHOE IIOCTYNIAGHHE) H (MAH)
OpraHkl I[IHINeBapeHHs (lepopaAbHoe mnocTyliaeHHe). IIpM MOCTYIA€HHM B OpraHu3M
[IPEAIleCTBEHHUKOB DaAHOM30TONOB HOAR AO03a BHYTpeHHero oOayuenus IIIDK
OLIEHHBAeTCsI C YYEeTOM COOTBETCTBYIOIIMX H300apHYECKHMX LEMNOYeK PaAHOAKTHBHEIX
IpeBpallleHHii PaAMOHYKAHAOB BHYTDH OpraHH3Ma.B aHaAuse ydTeHHI UENOYKH HOAA H
TeAAYPa C aTOMHBIMH MaccamH oT 129 o 135,a Takxe usoronsl 103106Ry y 134137Cg,

1.1.1. HRraasyuonHoOe nocmynAenue

Pe3yAbTaTel OLIEHKM BKAAAA M300apHYECKHX LE[IOYeK H3OTOMOB TeAAYyPa M HOAa
BO BHyTpeHHee oOayueHne IIIDK npeacraBaeHel B Tabauue | DPHMEHHTEABHO K

Tabauna IL.OTHOCHTEABHBI BKAGA TEAAYPO — HOAHEIX H300apHUuYeCKHX CeMeHCTB B
CYMMAapHYIO A03y BHyTpeHHero obayyeHus 2K npu OAHOKPATHOM HHTAASILIMOHHOM
MOCTYTIAGHHM CMeCH DPapMOHYKAHAOB  (Te,l,103106Ry 134137Cg) 5 “"peakTopHOM"
COOTHOUIEHHH, HCTPAaBACHHOM Ha PAAMOAKTHBHBIH PAaCIIaA

BpemMmsa OTHEOCUTEALHEIN BKAAA (%) TEAAYPO — HOAHEBIX IleloyeK ¢ aTOMHOM
nocae MAacco® A, AASL AML, YKa3aHHOTO BO3pacTa
B3PBbIBaQ, A=131 A=132 A=133 A=130,134,135
CyT. 3mec Bspoc. 3mec Bapoc. 3mec Bapoc. 3mec  Bapoc.
0 59 67 22 17 16 13 2.9 1.7
0.5 65 72 22 17 12 9.9 1.1 0.6
1.0 68 75 22 16 9.0 7.3 04 0.1
2 74 80 20 15 4.8 3.8 0.0 0.0
3 79 83 17 14 2.5 1.9 0.0 0.0
5 83 86 16 12 0.6 0.5 0.0 0.0
8 87 90 11 8.2 0.1 0.1 0.0 0.0
15 92 93 5.0 3.5 0.0 0.0 0.0 0.0
20 94 92 2.7 1.8 0.0 0.0 0.0 0.0
30 91 87 0.7 0.5 0.0 0.0 0.0 0.0
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"MIrHOBEHHOMY' UHIAASIIIUOHHOMY HOCTYTIAEHHIO CMECH PaAMOHYKAHAOB.COOTHOLICHHE
MEXAY AaKTHBHOCTSMH paAMOHYKAHMAOB pacCYUTaHbl B COOTBETCTBHH C 3aKOHOM
PapHMOAKTHBHOIO pacliapa M PeXMMOM pPaboThl peaKTOpa B IIOCAEAHHE CYTKH Tepej
aBapuel [l],Ha ocHoBe apaHHBIX [2,3]. McnoAtzoBaHHEIE YMCACHHEBIC 3HAUCHHS AO30BBIX
KO3PDHULIHEHTOB COOTBETCTBYIOT [TyOAukanuu 56 MKP3([4] aast Aull pa3HOro BO3pacTa.
B TabA.l npuBeaeHBl AAQHHBIE AAS CAaMOHM MAAALEH BO3PACTHOM rpynnel (3 Mec.) u
B3POCABIX. AAS AMI[ APYTHX BO3DAaCTOB YUCA€HHBIe 3HAYEHHS OTHOCHTEALHOI'O BKAAAA
HAXOAATCS MeXAY VYKAa3aHHBIMHM 3HayeHHAMH. lcXoaHOe peakTOpHoOe OTHOUIEeHHEe
akTuBHOCTH !'32Te K axTuBHOCTH !3!l GBIAO TIPHUHATO PaBHBIM 1.3. AAS GOABLUIMHCTBA
CAy4aeB HHTAASIUUOHHOTO IIOCTYNACHUS pPAAUOHYKAMAOB MOJXKHO NOPHHATL, YTO
YKa3aHHOe OTHOLIEHUE HAaXOAHAOCH B Ipeperax 0.4— 1.2 [5].Takum o6pa3oM,paHHLIE H3
TabA.] MOJKHO XapakTepu30BaThk KaK OAM3KYIO K MAKCUMAABHOH OLIEHKY OTHOCHTEABHOTO
BKAGAA PAAMOU3OTOMOB TeAAypa Mo cpaBHeHMIo ¢ 31, Crepyer mopdepkHYTB, 4TO B
Ar060M HaCeAEHHOM MYHKTe abCOAIOTHBIE 3HaYeHUs A03bl oOAayueHus DK y xuTeael,
HOTPeOASBIUUX 3arpsi3HEeHHBIE NUIIEBHIe I[IPOAYKTHl, HaMHoro (B 10—20 pa3s)
TIpeBBIILAAN "AHraASIIHOHHEBIE" AO3BLANS CEABCKUX JKUTeAeH BapHaHT
[IPEUMYUIECTBEHHO NIePOPAALHOTO MOCTYIIACHUS PAAHOHYKAHMAOB B OPraHH3M SIBASIETCS
OCHOBHBIM H O0OYCAOBAMBaeT (pakKTHUECKHM BKAAA KOPOTKOKHBYUIHX H30TOIOB.

1.1.2. Ilepopaarsnoe nocmyniaeHue

BBIAM PacCMOTpEHBI TPM MCTOYHMKa MEePOPaAbHOTO MOCTYTIACHUS PAAUOHYKAMAOB
B OpraHU3M:KOPOBBE MOAOKO MECTHOIO HpPOM3BOACTBA,AHCTOBEIE OBOIIM MECTHOIO
IIDOM3BOACTBA M MOCTYIAEHHE DaAMOHYKAMAOB C 3arpsi3HEHHBIX AapoHerl.BosaeicTeue
Ha DK usaydenms 132133134135 moxker 6uITh 6oree  3(h(EeKTHBHO TO CPABHEHHIO C
13]]. Pe3yAbTaTEl OLEHKH OTHOCHTEABHOTO BKAGAA KODPOTKOXHBYIIMX PaAUOHYKAHAOB
(npakTuuecku 32Te (132]) u 133]) B o6ayyenue H[PK 3a CYET NEpPOPAALHOTO IOCTYIIACHHUS
fipeAcTaBAeHsl B Tabausne 1L

Tabauna II.BkAap KOPOTKOKHUBYIUHX PAAHOHYKAHMAO B IMOTAOIIEHHYIO A03y OOAy4YeHHS
III’K npH MOCTYIIA€HHH C MOAOKOM,AMCTOBBIMH OBOILAMHM M C 3arpsi3HeHHBIX PYK B
TeyeHue T CyT.

HauaArbHOe OTHOIIeHHe Aors (% oT BKaapa '31)
axTuBHOCTH 32Te/ 131] T=1cyrT. T=8cyr. T He orpaHuyYeHoO
1.3 20—24 8—10 4.1—-54
2.6 28—-33 15—18 7.8—10.

1.2. BHemHee 0OAYyUY€HHE NIUTOBHAHOH XeAe3sl

[TpoBepeHHBle 3alUUTHBIE MEPONPHUATHS B LEAOM o0eCleYuAr pearM3auHio
pelIeHHs] O TOM,YTOOBI AO3a BHEIIHero OOAyYeHHS AML, M3 HAaCeAeHMsl 33 NEePBEIM TOA
[IOCAe aBapuM He NpeBrlanra 5 c3B [1].B To e BpeMs cpepHHe "H3MepeHHbIe" AO3BI
BHyTpeHHero obayvedus LK y AMl,BHellHee oBAyYeHHE KOTOPBIX MOIAO NPHOAM —
3UTBCA K YCTAHOBAGHHOMY IMpepeAy,cocTaBasAM 1| I'p M OoaeeTakum obpasoM, Ges
CTPOTUX BBIYMCAGHHUH SICHO, YTO BKAQA BHEWIHEro raMMa— U3AYUYeHHsI B CYMMAapHYIO
TOTAOLIEHHYI A03y obAyuyeHus [IPK B THUNOBBIX CAydYasX COCTABHA CYUIECTBEHHO
MeHblle 10%.B cAyYasdx 4MCTO MHTAASLIHOHHOIO MOCTYIIAEHHUS PAAMOHYKAUAOB BEDPXHIOK
TPAHHULY AAS AOAHM BHEUIHEro M3AyYeHHUsi HeoOXOAHUMO MNOAHSATH MakCHMaAbHO A0 15%.
PeakHne CAy4yaH,KOraa MPAKTHYECKH OBIAO HCKAIOUEHO MOCTYNIAEHHE DPAAHOHYKAHMAOB B
OpraHH3M,CAGAYET OLleHUBAaTh [1€PCOHAABHO.
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2.0COBEHHOCTH OITPEAEAEHNA MHAVBUAYAABHBIX "M3MEPEHHBIX"
AO3 OBAYYEHHNA HMTOBUAHOU XKEAE3bI (KAACC 1 AAHHBIX)

UucAeHHOe 3HauyeHHe WHAHUBHUAYAABHOM "H3MEepeHHOM' I[IOTAOLIEHHOM AO3bl
obaydenus HIPK (D I'p) onpeaeAdAH Ha OCHOBe pe3yAbTaTa H3MEepeHHUSI COAEpPIKaHHs
1311 B LIIDK y HHAMBHAG | H3 BO3PACTHOM IPymNnsl k mo dopmyae:

Dy = Fy(t—to) * Gi(t), (1)

rae Fx —Bo3pacTo3aBUCHMEBIN KO3 HUIHEHT nepecyeTa OT H3MEPEHHOro
coaep>kaHHs papuoioaa B ILIDK k moraowenHoit po3e I'p*Bk ~ 1;
t.tgp —BpeMsd IIOCAe B3pbIBA PEAKTOpa AO U3MEPEHMS COAEDI)KAaHMS PAAHOHOAAd B
HI>K u a0 Ha4ara BBINAAEHHUH,COOTBETCTBEHHO,CYT.;
G, —wu3smMepeHHoe coaepxanue 3] B [1IDK,Bk.

TIp¥ HaAMYMH HECKOABKMX Pe3YALTATOB H3MEDEHHM MHAWMBUAYAABHYIO AO3Y HaXOAHAM
KaK cpepHeapH(pMeTHYECKOoe OT Pe3YALTATOB pacyeTa o gpopMmyae (1).

2.1. Bri6op A030BeiX Koa¢¢uumeHToB Fy

Pacyer nmo c¢opMyae (1) NpUMeHHTEABHO K JXHTeassM beAaopyccHH B nepBoi
HTepaudu OBIA BHIIIOAHEH C YUCASHHBIMH 3HaYeHHUSIMH BO3PAaCTO3aBHCHMEIX KO3d —
cunmenTos Fy IIpMBeAeHHBEIX B PykoBoacTBe [6] aas cayyas mnoctymiaeHus 1Bl ¢
MOAOKOM B MOAEAH OAHOKDATHOTO 3arpsisHeHHs nactouia (TpHMEHHTEeABHO K
OOALIUMHCTBY HACEeA€HHBIX NYHKTOB) HAHM AAd  OAHOKPATHOTO (HHIAASILHOHHOTO)
nocrymnaenuss 1311 B IIDK.B mnocrepymolieM 3HayeHHs KO3(P(PUIHUEHTOB ObIAM
OTKOPPEeKTHpOBaHH ¢ yuyeroM ITybankauuu 56 MKP3 {4].Takol Xe IoAXOA OBIA IIPHHST
AN KHUTeAel YKpauHH [7] ¥ KaayXckom obaactu PoccmH. B paabHenIueM, AAs
TepPUTOPHE CO 3HAYMMOM IIPOAOHTAlMeH BBIIIAAeHHH, KOPPeKUHI0 Ko3ppuuHeHToB Fy
IpeAlloAAraeTCsl BBHITOAHHTE IIO CXeMe,olcaHHoH B PykoBoacTse [6].

2.2. U3mepenns copepxaHus 3!1 B muToBHAHOM Keae3e

OCoGeHHOCTH ompeAeAeHHs copepxkaHusa 311 B IIXK mo pesyasraram
M3MEepeHHH NIPOBEACHHEX B "MOMEHT BpEMEHH t,IPDUMEHHTEeABHO K YCAOBMSIM YepHo —
OBIABCKOH aBapHU¥ y4YTeHH pacyeTHoH ¢opmyaoi [6]:

Gi(t) = Ki* (pthyr — Pylir(t), (2)

Tadbauiia III.PacueTHrie 3HA4YeHus [IOIIPAaBKHU T AN CPIT—68—01 c
HEeKOAAUMHPOBAHHLIM AATUHMKOM AASL CAYYass HMHraAndUMM CMeCH PajMOHYKAHMAOB B
"MOMeHT" B3pbiBa peaKkTopa M AAsl nocTynaenus !31[,134137Cs ¢ MorokoMm.
OaAHOKpaTHoe 3arpsis3HeHue nacTouma 26 anpeas 1986 r.(Ry —oTHOIeHHe aKTHBHOCTH
1311 x aktuBHOCTH '37Cs B BHIMAAEHUAX Ha MOMEHT BhIIAACHMIA)

YcaoBust 3HayeHUs MTONPABKHU I HAa YKa3aHHYIO AATY,0TH.eA.

NOCTYIIA€HUSA Man HioHb
0t 05 10 20 30 05 10 15

HHrarsuus 2.4 19 1.3 1.0 1.0 1.0 1.0 1.0
C MOAOKOM
Ry=24 10 1.0 1.0 1.0 1.1 1.2 1.3 1.4
Ry=38 10 10 1.1 1.1 1.3 16 1.9 2.4
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rae K, — B ob6meM cAyyae HHAMBHAYAABHBIN Ko3ddunueHT nepecyeTa K
copepxanumo 311 3 LK, Bx*crumn ~ ! Bk*u*MKP ~ ! u Ap.;
Pihyr —OKazaHue 1npuGopa IpH pasMelleHHH AeTeKTopa BOAM3HK DK 06—
caepyeMoro,umm*c ~ ! MkP*u~! 1 Ap.;

P, —rnoka3aHHe Ipubopa, IPHHATOE 3a (POH METOAA OIIPEAGACHHS COAEepP KaHHUA
1311 g DK, uMm*c~ !, MxP*u~! u aAp.;
r(t} —rmomnpaBKa Ha U3AyYEHHEe DAAMOHYKAHMAOB, COAEPXAHHEe KOTOPBIX B

oprasy3aMe MpoIoOPIHOHAaALHO copepxanuio 311 s IIDK.

B Taba.lll npuBeaeHEl pe3yAbTaThl PacYeTHOH OLEHKM IIOTIPABKU T Ha Y — U3AY —
yeHHe wu3oromoB 132133135 copepkapmruxca B ILIDK BCAGACTBHE  HMHTAASIUH CMeECH
PAAMOHYKAHAOB Cpa3y IIOCAe B3pBIBA PeaKkTopa,a TakKKe Ha y~— HU3AyYeHHe H30TOIIOB
134137Cs nocTymnaBiuMX B OPraHHW3M C MOAOKOM. OTHOCUTeAbHOe copepikanue B! u
134.137Cs g opraHHM3Me BEIYHCASAM,CAeays Mmopeau ECOSYS—87 [8] u IMy6aukauuu 56
MKP3 [4],a MOACBETKY AaTYMKA paAUolle3HeM OLIEHHMBAAX IO pe3yALTaTaM HM3MepeHHH,
npoBepeHHEIX B HUM ITMM Ha ¢daHTOMax AAA TpexX BO3PACTHBIX rpynm : 2 1., 10 AeT u
BepeHHBIX B TaOA.IIl He Goaee yem Ha 10%.M3 TabA.Ill BHAHO,YTO ONTHMAABLHBIM BpeMe —
HeM NpOBeAeHHs U3MepeHHH ObIA nepHoa ¢ 10 nmo 30 Mas,Koraa 3HaYEeHHUS I He NPEeBhbl —
warT 1.3.BasKHO IOAYEpKHYTHYTO IAABHOE HCKa)KeHHe B Pe3yAbTaThl H3MepeHUH B
Ar060e BpeMsi MOTAO BHOCHThb Hapy’XHO€ pajAHOaKTHBHOE 3arpsisHeHHe TeAa
(OAEXRABI)YEAOBEKE,eCAU ITOMY He YAGASIAOCH AOAKHOTO BHHMAaHMUS.

3.ITTACIIOPTU3ALIMA HACEAEHHBIX ITYHKTOB I1IO BHYTPEHHEMY
OBAYYEHHIO HJMTOBHMAHOW >XEAE3bl HA OCHOBE HMMEIOILMXCS
BbIBOPOK "M3MEPEHHBIX HWMHAMBHUAYAABHBIX AO3"  (OLIEHKU
KAACCA 2 AOCTOBEPHOCTH)

Haanune OGoabiioro yrcaa “"H3MEpPeHHHX A03" ITO3BOAMAO HAHTH IIapaMeTphl
SMIIMPHYECKHX PpaclpeAeAeHUH HHAMBHAYAABHBIX AO03 AASl DA3AMYHBIX BO3PACTHBIX
TPYHIl JKUT@AeH MHOTMX CEABCKMX HaCeAeHHHIX NMYHKTOB ['oMeAbCKoM M MoOruaeBcKoH
obaacrert beaopyccum (okoao 800 mymkTOB) Karykckodm obractu Poccum (okoao 140
IIYHKTOB) M YKpaWHBl ( 238 NyHKTOB TOABKO B UepHHMroBCKoM oOaacTu [7]). O3tH
AdaHHBIE OTPA’KAIOT KOHKPETHYIO CIeUU(HUKY KAKAOTO HAaCEA€HHOrO ITYHKTa H Ha OCHOBe
AOIIOAHMTEABHOM ITE€PCOHAABHOM HHGOPMAUYKM NO3BOAAIOT AGAATH YTOYHEHHBIE OLIEHKHU
Khacca 2 AOCTOBEepHOCTH — HHAWBHAYAAM3HPOBAHHHIX 'MACNOPTHHIX" A03.BaskHediine
XapaKTepHCTHKH 3IMIMPHYECKHX PpACIIPeAeAeHHH HHAMBHAYAABHEIX AO03 — CpeAHHe
3HaYeHUsI U CTAHAAPTHble TeoMeTpHYeCKHe OTKAOHEHHS — SIBASIOTCSI XOpOllUeH OCHOBOMH
AASL TIOCTPOEHUSI U IPOBEepPKH paboTOCIOCOBHOCTH PpPAaCcYeTHOH MOAEAH,IIO3BOASIOIEH
NPHUIIKCATh KOHKPEeTHBIE YMCACHHBIE 3HAYEHHS YKa3aHHBIX BEAWYMH AAS1 OCTAABHBIX
HaceAeHHBIX TYHKTOB beaopyccuu,Poccuu U YKpauHEI.

4TIOAYSMITUPUYECKAS MOAEAb CBS3U AO3 BHYTPEHHEIO
OBAYUYEHHMS  LIWTOBMAHOM J>KEAE3BI C  TTAPAMETPAMU
PAAMOAKTUBHBIX BLITIAAEHUMN

DAL K&KAOTO IYHKTA (j),pPAcloOAOKEHHOr0 Ha TePPHTOPHM  (X),pacCMaTPHBAAMCE
cpeaHde 3HaueHHst Dy A03 obayuenus UK y B3POCABIX KUTeAeH B 3aBUCHMOCTH OT
TIAOTHOCTH BbIl'IaAeHHfI]37CS,qu(CS).TeppHT0pI/IH (x) BEHIAeAieTCS U3 COooOpa’keHHH
NPUOAU3UTEALHO OAMHAKOBOTIO MHTErpara KOHIEeHTpalHUH PaAMOHYKAMAOB B BO3AyXe 3a
BpeMs (ODMHPOBAHHS OCHOBHOIO  3arpsA3HeHusi MecTHOocTH. Ha puc.l noxasaHhl
oTHoweHHs (Djx:q)x) 3THX BEAHUYHH B 3aBUCHMOCTH OT 3HaYEHHH NAOTHOCTH BHINAACHHH
q;x{Cs) arst TepPUTOPHUH, PaCTIOAOXXeHHBIX B Beropyccun,Poccun u Ha Ykpanne M3 puc.l
BHAHO CHABHOe yMeHblieHHe oTHouweHuss (D :qx) NIpH yBeAMYEHMH NAOTHOCTH
BBIMAACHUHR )y (Cs) B IIpeAeAdX KaXAOH TeppUTOPHH,M TakKad 3aKOHOMEPHOCTH
IIPOCASIKUBACTCS  AAS  BCeX  IPOAHAAM3UPOBAHHBIX  TEPPUTOPUH.ITy  obuwyro
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3aKOHOMEPHOCTh MOJKHO OINHCaTh IIPOCTOM IOAY3MIMPHUYECKOH ¢GOpMYAOH B
CAaepyrOLIMX MopMduKamuax [9,10]:

Djx= [CO*LX*CIX(I:“I) + BO"‘I-'jx"‘CIJx(1311)]/1»l =
[CO*LX*Rx*qx(137CS] + BO*L}X*RJX*ij(B?CS)]/“z (3)
[Co*Le*qx(12) +BO*L]x*CIjx(1291)] *s*exp(—0.086%tef) /1,

rae Cg.By — OCHOBHBIe mapaMeTpbl MOAGAH, YUCACHHEIE 3HAUEHHS KOTOPBIX
OAMHAKOBBI AASL BCEX BBIAGAGHHBIX TepPPUTOpPHUH, [p*M2*Bk ~ 1,
Ly Lx —IpoM3BeACHHs: MOAMMUMLHPYIOIIMX MHOXHTEAEH,COOTBETCTBEHHO, AAS

TepPUTOPHH (X) M HACeAHHOTo IIYHKTa | Ha 3TOU TEPPUTOPHH,
VYUTBIBAIOLIMX OCOGEHHOCTH MMACTOMIL, BKAAA TOIAHMBHBIX YacTHIl K
Ap.,OTH.€p,;

dx.qjx —AOTHOCTb  BBIIAAGHHH  YKA3aHHOrO B CKOOKaXx paAUOHYKAMAQ,
COOTBETCTBEHHO, O TEPPUTOPHH (X) U MYyHKTY j,Br*M%;

n —~obuias AAf TEPPHTOPHH (X) ¥ TNYHKTa j MONpPAaBKa Ha 3aU[UTHLIE
MeponpHATHS U OCOOEHHOCTH NAaCTOHUIIHOIO CE30HAa,0TH.€A

Ry Rjx —oTHomenue akTuHOcTH '3!I k akTmBHOCcTH !3’Cs B BhINaaeHMsX B
CpeAHEeM AASl TEPPHTOPHH (X) H NYHKTA j,COOTBETCTBEHHO,

s —oOTHoIeHue aKTHBHOCTH 3!l k akTHBHocTM !2°] B akTHBHOIT 30He
peaKkTopa B MOMEHT B3pkIBa,s = (5.0 = 1.5) *107[10];
teff —93(p(EKTHBHEI MOMEHT BpeMeHM BhilapeHwit 1291, yuuThIBaromuit pa—

AMOAKTHBHEINA pacmnap 13!,cyT.

YToYyHeHHEIe 3a IIOCAeAHEee BpeMsl YHCAeHHEIe 3Ha4eHHS OCHOBHBIX NNapaMeTpoB
MOAEAH COCTaBASIOT:B,=1.3%10"8 I'p*M2Z*BKk ~1,C;=3.3+10 ~8Tp*m2+«Bk ~ 1.
AAsa OLleHKH CpepHHX A03 oOaydenus DK y Aerefi BBOAATCH HeoOXOAMMBIE
NONMpPAaBKHU.B THIIOBOM BapHaHTe MNoAHas HHQopMauus HeoOXoAHMMAas Al PAcCYyeToB MO
dopmyae (1), oTcyrcTByeT U IIPHXOAUTCST  HMATH HA  YIIPOUIEHHs, NPHHHMAasA
p=Ly=Ljx=1 1 Rx=Ry. B TakoM cryyae HEONPEAGAEHHOCTE OLIeHKH cpeaHer A03Bl D)y
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Qjx, Br'm~?

Puc.1.OTHOIIeHHe CpeAHeH ITOTAOLIEHHOM A03bl BHYTpeHHero oOayuerus [1DK
(Djx) ¥ B3pOCABLIX JRHTeASH HACEAGHHOTO NYHKTa (j), PaclOAOXKeHHOro Ha
TepPUTOPHH (X) , K DAOTHOCTH BhimapeHu#t '37Cs (gjx) B 3TOM NyHKTe B
3aBUCHMOCTH OT (jx- B KauyecTBe TePPHTOPHH (X) IIPEACTaBAEHHI : YacTH
XOMHUKCKOTO M BparMHCKOro panoHOB [OMeAbCKOM obracTH beropyccHM BHe
30 — KHAOMETpPOBOH 30HHI (®) ; 4acTep Hapoapuuckoro paiioHa >KHTOMHPCKOU

o6AacTH YKpauHbl (w) B XBaCTOBHUCKHUI padion Karyxckoi oBaactu Poccum (O).
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XapaxKTepHU3yeTcs 3HAYEeHUSAMH CTAHAQPTHOIO FeOMETPHUYECKOro OTKAOHEHUS B MpeAeAax
1.5—1.8, uTo OTpakaeT B ILI€AOM CAa0yI0 KOPPeASiIMIO MEKAY CPEAHHMH  AO3aMH
obayuenuss 12K ¥ NAOTHOCTBIO BBITAAGHHH DPAAHOLE3MS B HAaCeAeHHBIX IMYHKTaX (B
Ipeaerax BBIAGAGHHOHM TeppHTopuH).B Tabanne IV nmpHBeAeHBl Pe3YABTATH OLIEHOK
CpeAHHX A03  BHyTpeHHero oOaydyeHuss IIJPK y B3pOCABIX >KHUTeAeH THIOBOTrO
CeAbCKOTO HACEAeHHOTO NMYHKTA, NOAYYeHHBbIe 1o dopmyae (1) C M3AOKEHHLIMHU BEILIE
ynpoiweHusiMu. [IpuHaTo: Ry=24. Ilpu Apyrux 3HaueHHsaAX Ry aAaHHBIe TabA.IV caeayeT
H3MEeHUTE 10 Nponopuuu (Ry:24).

CpepHue ao03bl obaydyeHust 2K y aerert maaalrero Bodpacta B 5—10 paz
Boablie, yeM Yy B3pOCABIX. KpoMe TOro, MHAHUBUAYAABHBIE AO3bl Y OTAGABHBIX AHI
CYILIECTBEHHO [MPEeBBILIAIOT CPEAHHMe 3HayeHHs (C KpaTHOCTBIO A0 6—8 pa3s).Takum
o6pa3oM,u3 TabA.IV BHAHO,UTO A@Ke IPU MEHBIIHX 3HAYCHUAXRy XapaKTepHBIX AAS
Hauboaee 3arps3HEeHHBIX TeppHTopui (30 —KHAOMETpoBasg 30HA),AO3bl BHYTPEHHEro
obayuyenus [JPK y HeKoTOpBIX AeTeli MOTAM TIPeBEICHTHL YPOBHH OCTDOTO IOPaXeHus
opraHa. [IIpakTHYeCKHM TIOTOAOBHOE€  AO3UMETpHYeCKoe  oOCAepOBaHMe — AeTeild,
NPOXUBABIIMX HA TaKMX TEepPUTOpHSIX,HE OOHApPy>XMAO CAyYaeB, KOrAa Obl
"U3MepeHHbIe" UHAWBUAYAALHBIC AO3BI NpeBbICHAM 50—60 I'p, U 3TO MOMKHO OTHECTH Ha
CYeT PEaAM30BAHHBIX 3ALIUTHBIX MEPONPUATHH.

Tabauna IV.CpepHmne A03bl BHYTpeHHero obaydeHuss LK y B3poOCABIX JKUTeAein
THIOBOTO CEABCKOTO HACEeAGHHOro NYHKTa (j) € IIAOTHOCTBIO BhlmapeHMit!3?Cs
(Qjx) PACIOAOKEHHOTO Ha TEPPHUTOPHH (X) CO CPeAHeH INAOTHOCTBIO BbInapeHmi 137Cs
(gx),IP¥ OTCYTCTBUH AIOOBIX 3aHIUTHBLIX MEPONPUATHH

Ox: Cpeanss ao3a (I'p) npu ykazaHHOM 3Ha4YeHHU ij,MBK*M_z
MBk#*m 2 0.01 0.03 0.1 0.3 1.0 3.0 10
0.03 0.027 0.033 0.055 0.12 0.34 * *
0.10 0.082 0.089 0.11 0.17 040 1.0 *
0.30 0.24 0.25 0.27 033 055 1.2 34
1.0 * 0.80 0.82 0.89 1.1 1.7 4.0
3.0 * * 2.4 2.5 2.7 33 5.5

*IIpu yKa3aHHOM CpegHeM 3HAYEHUU (y COOMBeMCMBYIOUWJUE 3HAYEHUA (jx gAA
HACEeAeHHbIX NYHKMOB HA MEPPUMOPUU (X) NPAKMUYECKU HEeBO3MOXHAL.

6.TTPAKTUYECKAS 3POPEKTMBHOCTD PEAAM30OBAHHBIX 3AIIMTHBIX
MEPOTTPUATUN

2ddPeKTHBHOCTEL IIEPBOOYEPEAHBIX 3alUTHHIX MEpPONPHSTHH B IepHOA IPOXO —
KAGHUS DPAAMOAKTHBHOTO o0AaKa MOXKHO OLEHUTE HAa OCHOBE pPe3yAbTAaToB obcae—
AOBaHHMs HeOOABLIONO YHCAA AHI,HAXOAUBIUMXCA B MOMEHT aBapud B TI.Ilpunsars
[11):3aKpHITHE OKOH B TFOPOACKHX KBApTHPaX CHHU3UAO BO3MOJKHYIO "HHTAASIIMOHHYIO"
A03y obayuenus ILDK B 3—5 pa3, a npHeM INpenaparoB CTaOMABHOIO Hopa— ellie
npubAn3uTeAbHO B 10 pa3.CTOAb BBICOKYIO NPAKTHYECKYIO 3P(EKTHBHOCTE 3alUMTHBIX
MEpOIPHUATUN CAEAYyeT OTHECTH K pPaspsdy MAKCHMAABHBIX, AOCTHTHYTBIX AMIUL BeCbMa
HeOOABIIHM YHCAOM AHI] H3 TFOPOACKOTO HaceAeHHs.BBHAY OTCYTCTBHS HeOOXOAHUMBIX
yKa3aHUH,CeABCKOe HaceAeHHe He OBIAO 3aIlHUIeHO OT HMHIAASIIIMOHHOIO MHOCTYIIA€HHA
PAAMOHYKAMAOB. EcAu OBl mocAe NPOXOIKASHHMSI OCHOBHOIO PaAAMOAKTHBHOro obAaaka
CeALCKHH >XKHTEeAb He NOTPeOAsA 3arpsA3HEeHHBLIX [IHINEBLIX NPOAYKTOB (MOAOKA), A03a
obayuyenusi 112K y Hero 6rvira Obl, B cpepHeM,B 10—20 pa3 MeHblIe, 4yeM y XHTeAs, He
[peKpalasuero NoTpeGAeHUS  3arpsi3HEHHBIX INPOAYKTOB.PacyeTHasi  KpPaTHOCTh
CHIDKeHHST AO03bl 00AyueHuss II[PK 3a cueT mpekpauieHus NoTpebGAeHHs 3arps3HEeHHBIX
IIPOAYKTOB CITYCTS HEKOTOPOE€ BpeMsi IIOCAe OAHOKPATHOTO 3arpsi3HeHHsl MeCTHOCTH
npeacTaBAeHa B Tabaune V (3¢pdeKTUBHasA oyHcTKa Tpasbl oT '3 npuHsara pasHO#
0.15 cyr~![6], AOAT HHTaASILIMUOHHOM COCTABASIIOUIEH B OTCYTCTBUE MEpPONPHATHH —
0.05).OueBHUAHO, YTO NIPH GOABIICH AOAE MHHIAAIUMUOHHOIO NOCTYNACHHSR 3ddeKT Obla
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MeHBUIEe, YeM IIOKa3zaHo B TabA V, a B caydae Goree MEAACHHOM OYHMCTKHU IMAacTOMIIHOH
TpaBel — HECKOABLKO BHIIIe.Bo Bcex cayyasix u3 Taba V BHAHO,YTO pa’kKe NMpH abCOAKOTHO
noAaHoM OAokKUpoBKe IIIXK mnpenaparaMu cTabUABLHOro HMOA&, 3TO MeponpusTHe  He
MOTAO AATh 3HAYMMOro 3dderTa, ecan OBIAO HayaTo Mmo3xkeyeM 10—~12 cyr nocae
3arpsi3HEeHUsT MeCTHOCTH (6—8 Mas AAS MeCTHOCTH,3arpsi3HeHHOM 26 arpeas)

Tabauua V PacyeTHass KpaTHOCTh (W) YMeHBIUEHHSI BO3MOXKHOHM AO3Bl BHYTPEHHEro
obayuenus ILIDK 3a cueT npekpaienus noctynreHus 31 ¢ MorokoMm — criycTs BpeMs
(tp) MOCAe OAHOKPATHBIX PAAHMOAKTHBHBIX BbIITIAACHHH

to.CyT 1 2 3 4 5 6 7 8 10 12 15
WU,OTH €A 12 6 4 29 24 20 18 16 14 13 12

“—~3BaKyauus u3 30HB [0KM;"" — 3BaKyayus u3 30Hbl 30KM

7 3AAAUM HA BYAVILIEE

@Pu3HYeCcKoe U KOMIBIOTEPHOE MOAGAMPOBaHHE NPOLEAYPHl H3MEepeHMH co—
Aepxanus 31 B IIDK,yrouHeHHe KMHETHKH DPAAMOAKTHBHBIX BBIIAAGHHH M CO—
IIYTCTBYIOLIMX MM METEOyCAOBHH,yTOYHEHHe OCOEHHOCTeH MNacTOMIIHOro ce30Ha B
anpeae —mae 1986r ,peKOHCTPYKIHUSI CXeM IEeHTPAAM30BAHHOTO CHAGXeHHsT MOAOKOM
JKUTEeA€H  TOPOAOB M KpYINHHIX CeA — Bce 3TH OyAyimMe paboTel 6e3yCAOBHO
HeOOXOAMMBI KaK AASl BO3MOJKHOM KODPEKHHM HEKOTOPBIX W3 HMEIOIIHXCA IoAMac —
CUBOB "'M3MEpPEeHHEIX AO03 U pa3paboTaHHON IOAYIMIHMPHYECKOH MOAEAH, TAK M AAS
YTOUHEHHUS] KOAMYECTBEHHBIX pacyeTroB 10 ¢opmyAe (1) AT MHOTHX TEpPpPUTOpPHH
Beropyceuu, Poccuu ¥ YKpauHBI AAS MHOTHX TAKHUX TEPPUTOPHH OTCYTCTBYIOT
SMIUpUYECKHe AaHHBIe Mo ¢akTUyecKuM cooTHomeHusM 3! 137Cs,u eauncTBeHHRIM
HyTeM AASl OOBEKTHBHOM OIIGHKH 3THX OTHOIIEHMUM SIBASIETCS [POBEACHHEe H3MepeHHH
COAEP>XaHMsI  AOATOXKHBYIILEro 1291 B obmekTax OKpyXamwller cpeabl O6beMm
HeOOXOAMMEIX H3MepeHHH AMKTyeTCs TpeboBaHHEM OIPEAECAEHHS CPEAHHMX 3HaYeHM
Ry At Kaxaoi uHHTepecywollei Teppuropuu (Xx).Pemienuwe croas MaciurabHOMM
33)aYM HeAb3s OTKA8ABIBATh Ha OTAaAeHHoe OyAyIiee,JIOCKOABKY H3—3a IPHPOAHOH
MUIpallUd PAAHMOHYKAHAA BO3MOJXKHOCTH IIOAYYEHHUSI 3KCIIEpUMEHTAABHBIX AQHHBIX B
KOHeYHOM cueTe OyaeT 6e3BO3BPaTHO IIOTEpPsHA.
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CURRENT PROBLEMS WITH RECONSTRUCTING THE RADIATION
DOSES TO THE "LIQUIDATORS" OF THE CHERNOBYL ACCIDENT

LA LN (AR

Biophysics Institute (Russian Federation State Science Centre), XA9745461
Moscow, Russian Federation

1. The paper gives a classification and numerical breakdown of the liquidators in 1986
and 1987 - who came from various ministries and authorities of the former USSR. It
distinguishes three areas of emergency operations (the nuclear power plant industrial site, the
10 km zone and the zone up to 30 km), which were characterized by substantial differences
in the levels of radiation affecting people.

2. Starting with the first days after the accident, the paper reviews problems of
dosimetric surveillance of those operations using personnel dosimetry and area monitoring.
It is shown that the most serious inadequacies in the organization of dosimetric surveillance
and in the estimates of radiation burdens occurred in the military liquidator groups.

3. The data on the exposure of liquidators which were officially recorded in the State
register are based on entries in military passes and other documents regarding the external
gamma ray doses received. According to the analysis carried out, up to 70% of these values
- especially for persons serving in the military - do not correspond to the actual radiation
doses.

4. By simulation modelling using their own data on individually measured radiation
doses, D.P. Osanov and V.P. Kryuchkov obtained histograms of the distribution of the
average gamma ray doses which differ by factors of 1.5-2 from the values officially recorded
in the State register.

5. The collective doses for various groups of liquidators in 1986 and 1987 and the
expected stochastic effects of this radiation are evaluated.

6. A group of high-risk liquidators irradiated to doses exceeding 25 cGy is identified.
7. Problems of reconstructing the individual effective radiation doses taking into account
the incorporation of radionuclides, data on the radiological situation on the site, and the

routes taken during their work by persons engaged in operations on the industrial site of the
damaged plant are discussed.
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RISK ASSESSMENT AFTER THE CHERNOBYL ACCIDENT IN ROMANIA

C. MILU A

Institute of Hygiene and Public Health, XA9745462
Bucharest, Romania

1. INTRODUCTION

Few days after the Chemnobyl accident from 1986, Romania’s territory was crczsed by a
radiation cloud, consisting of a mixture of artificial radionuclides of different radiological risk.
Intensive radioactivity measurements were performed by the Radiation Hygiene Laboratories
Network (21 Labs) of the Ministry of Health. The results obtained by all laboratories throughout
the country were reported to the Institute of Hygiene, Public Health, Health Services and
Management in Bucharest and processed using an independent computer system. Data available
on radioactive content of aerosols, drinking water and foodstuff (milk and dairy products, meat,
bread, vegetables and fruits) atlowed several dose and risk assessment calculations.

2. METHOD

Based on radioactive content of aerosols, drinking water and foodstuffs and using their
consumption rate (Table 1 and Reference [1]), the committed equivalent dose in thyroid (by
inhalation and ingestion) due by radioactive iodine and the effective dose due by caesium (by
ingestion pathway) were calculated by age groups, applying appropriate dose conversation
factors per unit intake [2].

Knowing the population distribution by age groups in Romania, the collective doses
(collective organ dose in thyroid and collective effective dose) were calculated. To thcsc values
the risk factors expressed in probability of number of deaths per man.Sv: 5-15 per 10* man.Sv
(for thyroid cancer) and 195 - 215 per 10* man.Sv {for all cancers) were applied. The obtained
additional number of deaths was compared with the mean annual “normal” (natural) mortality by
cancer in Romania: 130 deaths (by thyroid cancer) and about 30,000 deaths (by all other
cancers), reported for the whole population in 1986 [3].

Table 1. The average annual consumption per inhabitant in Romanie (1986 - 1987).

Age group (years)
0-1 1-10 11-17 over 17
Drinking water 500 550 730 900
U
Milk (1) S0 180 180 180
Diary products - 11 18 29
kg)
Meat (kg) - 22 43 46
Meat derivates - 7 15 37
(kg) |
Vegetables or 36 127 180 180
equivalent (kg)
Fruits or 36 44 55 55
equivalent (kg)
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3. RESULTS

In Table II are presented the population distribution in Romania in 1986, and the
calculated doses: mean (thyroid) equivalent dose (in mSv) and collective effective dose
(man.Sv), by age groups. The expected total additional number of deaths by thyroid cancer for
the rest of the life of the exposed persons and expected annual additional number of death by
cancer of all localisations are given in Table III. The risk estimates were compared with the
“normal” annual mortality in Romania by cancer, integrated for the next 50 years. The results are
presented for three situations: medium, minimum and maximum value of collective doses,
corresponding to medium, minimum, and maximum radioactive contents determined in
Romania after Chernobyl accident.

Table IL Population distribution, mean equivalent dose (in thyroid) and collective
effective dose, by age groups in Romania, in the first year after Chernobyl accident.

Age group (years)

0-1 1-10 11-17 over 17

Population 325 3810 2857 15633
(x10%)

Mean thyroid 2270 23.74 12.23 10.41
equivalent dose
(mSv)

Collective 712 8739 3369 15727
effective dose
(man.Sv)

Table ITL Risk estimates.

Minimum Maximum Medium

Expected total
additional number of -

deaths by thyroid 32-97 270 - 811 116 - 346
cancer for the rest of
the life of the exposed

_persons

Relative increase (%) 05-14 50-118 1.7-5.1

Expected annual
additional number of
deaths by cancer of all 21-26 125 -156 71-88
localisations (minus
thyroid)

Relative increase (%) 0.07 -0.09 0.43 -0.54 0.24 -0.30

4. CONCLUSIONS

The risk assessment in this work is based on estimation of total detriment to the entire
population using the concept of collective dose ( [4] ) and the assumptions of general population
exposed to very small individual doses and linear dose - response relation. There was not
considerated the way in which cancer risk may vary with age, with sex and with time after
exposure.
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Only a very small increase for the thyroid cancer, and only for young population could
be estimated. Although the induction rate for fatal thyroid cancer is higher relative to natural
mortality rate than for all cancers, this advantage is offset by the smaller absolute numbers
induced, so that detectability of an excess mortality by common human epidemiological studies
is no easier than for all cancers together. Moreover, the uncertainty in the expected numbers
makes the estimates of excess relative risk unreliable, more than the estimates of absolute risk.

The theoretical risk estimates of this work are confirmed by the recent results of the
epidemiological studies performed in Romania and in surrounding countries after Chernobyl
accident ( {$] ); no any specific increase of mortality by cancer was reported.
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XAQ9745463
LONG TERM FOLLOW-UP OF THE CONSEQUENCES

OF THE CHERNOBYL ACCIDENT IN SLOVENIA

M. KANDUC, P.JOVANOVIC, B. KUHAR
Institute of Occupational Safety,
Ljubljana, Slovenia

1. Introduction

Systematic monitoring and surveillance of the radioactivity of the elements of the biosphere is performed
in Slovenia since 1961 as a part of the national network. In later time after the operation of the nuclear power
plant Kr¥ko and uranium mine Zirovski vrh, which is closed now, the measurement programs become more

sophisticated.

2. Results

Within the scope of the systematic radioactivity monitoring and surveillance program the activity
concentration measurements of radionuclides in samples of air, fallout, soil, drinking water, food and fodder
are performed in the Republic of Slovenia since 1961. The paper concentrates on the long term follow up of
the activity concentration of *°Sr, '**Cs/**’Cs in the samples of milk, meat, vegetables, fruit and bread, what
is considered to be in the critical pathway for the longterm ingestion dose from the Chernobyl accident. The
results of the measurements of external gamma dose are given for the capital Ljubljana.

Results of the measurements of concentration of shortlived radionuclides and other radionuclides

. important in the first year after the accident were already presented and are not discussed here {1,2,3]

In the program there are four permanent locations for collecting of milk samples, Kobarid (NW region),
Bohinjska Bistrica (NW region), Murska Sobota (NE region) and Ljubljana (central part). Other food
samples are collected in Nova Gorica (W region), Novo Mesto (SE region), Celje, (E region), Koper (W
region) and also in Ljubljana.

The highest activity concentrations of **Cs/'*’Cs and **Sr/*Sr in milk were measured in Kobarid.
Maximal concentrations of '*Cs/'*'Cs in Kobarid were in may 1986, 2.7 Bq/l and 100 Bq/1, respectively.
Activity concentrations on other three locations were approximately ten times lower. These results are in good
correlation with higher activity concentration of soil samples in Kobarid area. Table I shows a foliow up of
the activity concentration of *°Sr in milk sample of Ljubljana, where there is a milk diary which produces and
distributes the most of milk in Slovenia. Recent results show that concentration of *Sr is in the same range
as before the Chernobyl accident (approximately 0.2 - 0.7 Bg/l of *Sr and 0.05 to 0.5 Bg/l of 1¥’Cs).

Table I. Specific activities of *Sr in milk in Ljubljana (Bq/l)

Year 1985 | 1986 | 1987 | 1988 1989 | 1990 {1991 1992 1993 1994
Sr-90 | 0.19 0.28 0.40 0.22 0.17 0.19 0.16 0.22 0.15 0.14
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Table I11. Mean values of specific activities in different foodstuffs (Bq/kg)

milk beef fruits vegetables cereals
Year |'"Cs |'"Cs |®Sr |'Cs |"'Cs {®Sr |'™Cs {'Cs {%Sr {'"Cs |'"'Cs {®Sr {'*Cs |'¥Cs | *Sr
1986 {227 {497 {045 {26 157 }o0.1 172 {414 {03 247 5.6 052 5 125 1056
1987 110 36 0.5 6.2 138 {0.1 1 29 0.5 068 {18 062 {134 3464 103
1988 | 1.2 447 1034 1077 1337 012 029 }147 1053 {02 0.57 1037 §0.19 §0.64 §0.33
1989 | 0.58 §3.22 {026 {0.27 1197 0.1 0.11 305 0.16 1003 1013 {027 1006 028 {04
1990 033 2.7 027 {013 |1.07 {0.i12 §0.05 {04 037 {002 §0.2 039 §005 {028 (04
1991 {031 {33 024 0.1 24 006 0.1 027 1006 {005 {022 1036 §0.11 {033 {031
1992 {0.18 {26 024 1014 {15 0.1 013 §03 0.2 009 {038 ;098 1009 {071 |0.62
1993 1006 1.8 0.15 007 053 0.1 0.09 1025 028 §0.02 §0.17 }0.33 006 {037 {0.22
1994 1007 {203 (0.17 {005 {1.07 {044 (0.09 {0.13 {025 {0.04 [0.12 {034 §0.07 [0.23 {0.27
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In the scope of measurements of activity concentrations of *Sr/*°Sr and */Cs/'*’Cs in food which is in
critical pathway for received dose, measurements were performed in samples of beef meat, fruits, vegetables
and cereals. The highest activity concentration of '*Cs/'*’Cs was in 1986 measured in the sample of spinach,
39 Bq/kg and 81 Bg/kg, respectively. In same sample, activity concentration of ¥Sr/*°Sr was 4 Bq/kg and
1.2 Bg/kg respectively. In the same period concentration of '**Cs/'*'Cs in fruits (apples) varied from 8§ Bq/kg
to 30 Bg/kg for '**Cs and form 20 Bg/kg to 75 Bg/kg for '*’Cs. The highest values were strictly from the
mountain region from the NW part of Slovenia. Maximum activity concentration of **Cs/'*’Cs in beef were
measured in May 1986, 30 Bq/kg and 600 Bg/kg, respectively. Activity concentrations of *Sr/*Sr in same
sample was 0.15 Bg/kg and 0.09 Bq/kg, respectively. Concentration of these nuclides decreased by end of
year to values of 2 Bq/kg for '**Cs and 4 Bg/kg for '*’Cs, while **Sr/**Sr was only in trace quantities. The
activity concentration of '*Cs/**’Cs increased in 1987 to values of 1 - 6 Bq/kg and 4 - 20 Bq/kg respectively.
Similar increase was observed in *Sr concentration in beef up to 1.2 Bq/kg, while **Sr was below detection
limit,

In Table Il average values of activity concentration of **Cs, '*'Cs and *Sr are presented for milk, beef,
fruit, vegetables and cereals for the period of 1986 till 1994 (see also Figure 1). On the basis of these values
and estimated intake values of specific food yearly effective doses were calculated for the children of 5 years
of age and adults according to dose models in ICRP 67.

In Table III external gamma and ingestion doses are presented for the capital Ljubljana. External doses
were measured with thermoluminescent dosimeters and corrected with appropriate conversion factor Gy/Sv.

Cummulative doses for the whole period of follow up are 3 mSy for the children 5 years old and 3.2 mSv
for adults.

Tablelll. External gamma and ingestion doses for Ljubljana

External dose (uSv) Ingestion (uSv)
Year External External Children Adults
Chernobyl

1986 1320 590 270 377
1987 1129 399 120 146
1988 1080 360 23 25
1989 1131 280 14 15
1990 994 220 14 14
1991 966 190 13 15
1992 975 190 16 18
1993 904 180 9 9
1994 876 146 10 10
Sum 9375 2555 489 629
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3. Conclusions

Calculated doses show that the impact of the Chemobyl accident in Slovenia after one decade is of same
dose range as longterm impact of the atomic explosions in the past. Yearly doses due to ingestion of food,
contaminated with '**Cs/'*’Cs and 90Sr are practically of same magnitude as before the accident.
Aproximatelly 15 - 20 % of external gamma dose is still attributed to the Chernobyl surf;oe contamination.
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CANCER RISK DUE TO Cs-137 AND Sr-90 DIETARY INTAKE

AFTER THE CHERNOBYL ACCIDENT \\““\“““\““XI‘L\\“!\L\\I\,!“J\,\,!“G“E““\“mm

M. TOADER, R.A. VASILACHE
Institute of Hygiene and Public Health,
Bucharest, Romania

1. INTRODUCTION

On the 26® of April, 1986, a major accident occurred at the fourth reactor of the
Chernobyl nuclear power plant, in Ukraine. Soon afer the accident, on May 1%, the
radioactive cloud reached Romania. The meteorological conditions (rainy weather) lead to
important fallout over our country. The most imsgortant radionuclides carried by the
radioactive plume over Romania were Im, Csm, Cs*' and 8P, Asin many other countries,
in the first days, 1" had the main contribution to the irradiation dose released to the
pogulaﬁon. After its decay, and the decay of the other short-lived radionuclides, Cs" and
Sr” remained the most important contaminants.

The principal route of intake for these two radionuclides is considered to be the
ingestion of contaminated foods. Assessments of radiation doses to people living in the
Bucharest area (south-east of Romania - the area studied in this paper) have utilized data
obtained from measurement of Cs'’ and Sr’° content in dietary intake samples for a number
of subjects of different ages and sexes.

This paper summarizes the results of some of our measurements performed in the
Bucharest ares, since April 1986 until March 1995.

2. MATERIALS AND METHODS

All the samples were prelevated since April 1986 until March 1995, during nine years
after the Chernobyl accident, in the Bucharest area.

The first population group, selected for this study, was a group of adult men, aged
between 25 and 40 years, without any health problems, hard laborers. The food samples were
prelevated from the cafeteria of the factory, where their were all taking their meals.

A second group of study consisted in children, separated in three age subgroups: 4-6
years old, 7-9 years old and 10-12 years old. These children were living in the kindergartens
and schools hostels. The data were then compared with similar data from the adult women
working as teachers and educators at the same schools, and taking their meals together with
the children. The food samples were prelevated from cafeterias of the schools.

In all samples, radiocesium (Cs" and Csm) was radiochemically separated using the
hexachloroplatinic acid method [1]} and St was separated using the fumning nitric acid
method [211.7 Eventually, Sr'° content was measured by his daughter product, Y*. In both

cases (Cs ' and Sr), the radiometric measurements were performed with a low-level
anticoincidence beta counting system, with high efficiency.

3. RESULTS AND DISCUSSION
3.1.  Cs" dietary intake
3.1.1. Cs"” dietary intake data for adults

During the nine years of our study, the quantity of Cs'’ ingested by the population
from Bucharest varied a lot from one year to another. As expected, the Cs'” intake had the
highest value in the first year after the accident. The peak of the Cs' intake was reached in
May 1986, when the average daily ingested quantity was 408.5 Bq. Beyond this date, the
ingested quantity of cs™is continuously decreasing, until October 1986, when a new peak
occurs in the intake plot (Fig. 1). This new increase was an artificial fact, due to some local

conditions, and was presented in previous papers {3, 4]. Beginning with October 1986, the
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Fig. 1: Cs-137 dietary intake in adults
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quantity of Cs"” intake by diet was continuously decreasing. However, a very small peak
occurs again, at about 700 days after the accident (Fig. 1). This is 7possible to be due to Cs'’
migration in soil [3]. The continuous (and fast) decrease of Cs" intake lead to an average
daily value of 0.102 Bq in March 1995.

3.1.2. Cesium-137 dietary intake data for children

During 1986 - 1995, we have selected four time periods in which we have studied the
dietary intake of Cs'’ at children, for three age groups: 4-6 years, 7-9 years and 10-12 years.
In order to make a comparison, we have also studied a group of women, with ages between
24 and 49 years.

The first period was September 1986 - December 1987. From the point of vue of the
ingestion and excretion processes, this was the most complex period. During this period, an
intake peak occurred in October 1986 at all the age groups, including the women (Fig. 2).
This is probably due to the same reasons presented as for adults. After this date, cs” dietary
intake is continuously decreasing, but the slope of the decrease is age-dependent.

During the next three periods (Ma3¥ 1988 - August 1989, January 1991 - December
1991 and April 1994 - March 1995) Cs'”’ intake decreased at all age groups. In the ninth
year after the accident, the average Cs %7 intake by children was 0.046 Bq/(gK.day).

Fig. 2: Cst137 dietary intake for children of different ages,
during Sept. 1986 - Dec. 1987
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3.2.  Sr’” dietary intake

321 5 dietary intake data for adults

The study cﬁ'cctuatcd after the Chemnoby! accident lead to the conclusions that there
was a continuous S’ dtetary intake, in different amounts. As it can be seen from Fig. 3, there
isa strong variation of Sr’° intake during April 1986 - March 1995. To begin with May 1986,
S’ dxetary intake increased continuously, until it reached 1.48 Bq/(gCa.day) in October 1986
(Fig. 3). Sr*° intake remains at high values until April 1987, then it decreases continuously.
The highest value of Sr™ intake occurred in the first year aﬁer the accident, when an average
daily value of 1.07 Bq/gCa was reached. That value decreased to an average daily value of
036 Bq/gCa in the fifth year, then to 0.086 Bq/gCa in the ninth year after the
accident.

Fig. 3: Sr-90 intake in adults
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3.2.2. 87 dietary intake data for children

During 1986 - 1994, we have selected three time periods in which we have studied
Sr° dietary intake for three groups of children: 4-6 years children, 7-9 years children and 10
-12 years children. In order to have a comparison with the adults, we have performed the

same measurements for a group of adult women.

Fig. 4: Sr-90 intake in children, during Sept. 86 - Dec. 88
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Fig. 5: Sr-90 intake in children in 1991
0.350
o

~ 0.300 =
:’0 \‘ .F . Py @, ,.
2 0.250 S— - o o
(=4 0'-_ o . & P
€ 0200 } St G * -
§ . S o [ Y & ‘.\‘ -
2 0.150 ] 2. 02
’g | ~—8——4-6 years
o 0.100 1 - - & - 7-9 years
n — @ -10-12 years
@# 0.050 +

0.050 — €@ — Adults

0.000 ! bt

1700 1750 1800 1850 1900 1950 2000 2050 2100
Days after the accident

The first interval of study was September 1986 - September 1988. During this time,
Sr’ dietary intake was studied for a group of 4-6 years children and for the group of adult
women (Fig. 4). The maximum Sr'° intake in children was 1.198 Bq/(gCa.day), reached in
October 1986 (Fig. 4). Sr™° dietary intake in 4-6 years children remained at values higher than
1 Bg/(gCa.day) until March 1987, then decreased quite fast, and reached 0.326 Bq/(gCa.day)
in September 1988. During the same interval, Sr intake in adult women had constantly
higher values than the values measured for children. Therefore, the average Sr™° intake during
this period was 0.927 Bq/(gCa.day) for aduit women, while the average for children was
0.614 Bq/(gCa.day).

The second period of study was January 1991 - December 1991. During this interval
we have determined Sr™° intake for 3 groups of children (4-6 years, 7-9 JE2rSs and 10-i2
years), and a group of adult women (Fig. 5). The amount of ingested Sr™ decreased a lot,
compared to the first period of study. The average amount of ingested S, in this period, by
the children, has values between 0.182 Bq/(gCa.day))oand 0.218 Bq/(gCa.day) - depending of
the age of the children - while the average Sr daily intake in women was 0.269
Bq/(gCaday). _

The last period of study - since January 1993 until December 1994 - included
measurements of S’ dietary intake for two children groups - 4-6 years and 10-12 years - and
a group of adult women. This period is characterized by low values of Sr”° dietary intake. The

average amount of ingested Sr°° for this period was 0.073 Bq/(gCa.day) for 4-6 years children
and 0.102 Bq/(gCa.day) for 10-12 years children.

4. EFFECTIVE DOSES COMMITTED DUE TO Cs'*” AND Sr’° DIETARY INTAKE

To asses the effective doses committed by the population of Bucharest, we used the
data from our measurements and of the dose factors recommended by ICRP 30 Part 1 {5], and
ICRP 67 [6].

The effective doses committed annually due to internally deposited cs', by the adult
population of Bucharest, are presented in Fig. 6, compared to the doses committed due to s
internally deposited. As it can be seen, in the first year after the accident, Cs"’ dietary intake
lead to an effective dose commitment of 801.9 puSv. This value decreased quite fast, as the
amount of Cs** intake decreased, and reached 7.3 uSv five years after the accident, then 0.8
uSv in the ninth year after the accident. The effective dose committed by adults in all these
nine years after the accident had a value of 1079.6 uSv.
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Fig. 6: Effective doses committed by adults due to Cs-137 and Sr-90
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Although the trend of the doses committed by children due to Cs'” intake is the same
as the trend of the doses committed by the adults, the values are quite different (Fig. 7). As it
can be seen, the value of the committed effective dose increases as the age increases. For
example, during September 1986 - December 1987, the effective doses committed due to
internally deposited Cs" were 75.4 uSv at 4-6 years children, 115 pSv at 7-9 years children
and 192.4 uSv at 10-12 years children, while the effective dose committed during the same
time by adult women was 601.9 uSv. This is due both to different cs' dietary intake, as to
different dose factors. The doses are decreasing fast, for all age groups, as the time goes by.

Whereas the doses committed by children due to Cs™' intake are lower than the doses
committed by adults, the effective doses committed by children due to Sr’° intake are
comparable to the doses delivered to adults (Fig. 8). The effective doses committed annually
are decreasing as the time from the accident elapses, for all age groups. For example, the
effective doses commitied by 4-6 years children decreased from 14.713 pSv (to red marrow,
respectively 8.719 uSv to bone surface), during September 1986 - September 1988, to 8.719
WUSv (to red marrow, respectively 0.871 uSv to bone surface), during 1994 and 1995, while
the effective doses committed by adult women decreased from 14.295 uSv (to red marrow,
respectively 8.140 uSv to bone surface), during September 1986 - September 1988, to 1.935
WSv (to red marrow, respectively 1.102 uSv to bone surface), during 1993 and 1994.
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Fig. 8: Effective dcses committed by children,
due to Sr-90 intake
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5. CANCER RISK DUE TO INTERNALLY DEPOSITED Cs"’ AND S¢*

The assessment of excedentary cancer risk was made using WHO risk factors, as well
as prediction models presented in NCRP Report 110 [7]. It should be stated that, in all cases,
the risk estimate must be taken with great caution, as the modeis and the risk used are not
based on a very well fundamented theory, and experimental data (especially for Sr9°) are not
available to a very large extent. It must also be stated that we have made some
approximations when we have computed the collective doses. These approximations refer to
the data we used. As we had not enough data concerning the age distribution of the
inhabitants of Bucharest, we have calculated the collective doses making use of the doses
delivered to adults. This leads to very low errors when we estimate the risk due to Sr
(because the doses delivered to chxldren and adults are comparable), but it also leads to an
over-estimate of the risk due to Cs" (as the doses delivered to children are smaller than the
doses delivered to adults). Another assumption have also been made: we have considered that
the dietary habits are the same all over Bucharest, this assumption allowing us to extend the
data compiled for the group we have studied to the entire population of Bucharest. We have
considered the number of Bucharest inhabitants as 2,500,000.

5.1.  Assessment of excedentary cancer risk due to cs™7

For fatal cancers induced by radiation doses due to internally deposited Cs™’, WHO
recommends a risk factor of 2 x 10™ Sv (e.g. if 100 persons received 1 Sv of dose, a lifetime
expectation of 2 fatal cancers is predicted).

In our case, the collective effective dose committed for the next 50 years by the entire
population of Bucharest is 2699 person Sv. As we have already said, this is a rough value
which overestimates the collective dose delivered to the popuiation of Bucharest. This value
leads us to a prediction of maximum 54 excedentary cancers in the next 50 years to follow.
However, as the doses delivered to children were much smaller than the doses delivered to
adults (the dose delivered to 4-6 years children is almost 7 times smaller than the dose
delivered to adult women), we believe that an estimate of maximum 20 excedentary cancers
in the next 50 years would be 2 much more reasonable estimate (from the incomplete data we
have, it seems that there is a parity among the number of children and the number of adults in

Bucharest).
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5.2.  Assessment of excedentary cancer risk due to s
5.2.1. Bone sarcoma

The model we used is the linear model given in NCRP 110 [7]. This leads us to an
maximum excedentary number of bone sarcomas, for the next 50 years, of 3 cases, while the
best estimate is 0 excedentary cases.

Therefore, we should not expect an increased number of bone sarcomas due to
internally deposited strontium.

5.2.2. Leukaemiae

Using the linear model from NCRP 110 [7], we can predict 0 excedentary
leukaemiae, which means we should not expect an increased number of leukemiae due to
internally deposited strontium.

It is worth telling that the quadratic exponential model would lead to estimates 1000
times less than the linear models used.

6. CONCLUSIONS

In the first years after the accident, Cs' contribution to the effective dose committed
that year was much larger than St* contribution (802 uSv due to Cs'*, in the first year after
the accident, compared to 12.7 uSv - bone surface and red marrow - due fo Sr”) This
sxtuatlon changed in time, as the decrease of Cs" intake was much faster then the decrease of
Sr”° intake. Therefore, i the seventh year after the accident, their contributions to the
effective dose committed that year were roughly equal (2.6 pSv due to Cs"’ and 2.3 uSv due
to Sr”) and in the ninth year Sr”° contribution is larger.

The values obtained for the doses committed during all these years were used to asses
the excedentary cancer risk due to internally deposited Cs' BT and Sr'°. The evaluation
indicates that we should not fear an increased number of leukemiae and bone sarcomas in the
next 50 years. However, an excedentary number of maximum 20 excedentary cancers due to
internally deposited cesium, in the next SO years, resulted from the risk factors recommended
by WHO. We must emphasize again that this does not mean that these cancers will actually
occur. Furthermore, this number does not exceed the statistical variation of naturally
occurring cancers, therefore such a number of excedentary cancers probably camnot be
detected.
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BLOOD DISORDERS IN CHILDREN AND ADULTS IN BELARUS
AFTER THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

EP. IVANOV, VE. IvaNov, U. stuvaeva, 6. torocko  IIIMMIRIMIANIEN
Institute of Haematology and Blood Transfusion, XAQT745465
Minsk, Belarus

S. BECKER, A.M. KELLERER, E. NEKOLLA
Institute of Radiobiology, University of Munich,
Munich, Germany

Introduction

Epidemiological investigations of radiation - induced
tumours, and, particularly, of leukaemia and lymphoma
incidence rates before and after the Chemobyl disaster
facilitate to enhancing our knowledge of the role of chronic
effects of the low doses of ionising radiation in the genesis
of malignancies of hematopoietic and immune systems.
That is why in the Republic of Belarus within the
framework of the National Register of Blood Disorders
Programme, the WHO Pilot Project “Haematology”,
IPHECA programme and the FEuropean Childhood
Leukaemia/Lymphoma Incidence Study (ECLIS) the data
on blecod malignancies were collected retrospectively by
means of the epidemiological retrieval and screening of
medical documentation, records in the Registers General
etc. for the seven years preceding (1979-85) and seven years
after the Chernobyl accident (1986-1992) and in 1993-
1994.

Our results are presented in following figures and tables.
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LEUKEMIA AND LYMPHOMA IN BELARUS CHILDREN

N 1979-1985 AND 1986-1992 yy

DISEASE PERIOD 1986-1992

PERIOD 1979-1985
NUMBER OF INCIDENCE NUMBER OF
CASES CASES
AL 655 4.2 708 4.33
CML 22 0.14 15 0.09
HD 161 ~1.03 173 1.06

NH 189 1.21 204 1.25
LYMPH .

INCIDENCE

P

>0.1
>0.1
>0.1
>0.1
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Absolute Annual Numbers of Leukaemia for
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Age Specific Cumulative Childhood Leukaemia Rates
for the Period of 1982-1987 and 1988-1994
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74!

INCIDENCE RATES OF HAEMOBLASTOSES AMONG ADULT POPULATION OF

BELARUS IN 1979-85 and 1986-92

(per 100.000 inhabitants)

NOSOLOGIES 1979-1985 1986-1992 Significance
M + sem M + sem (p)

Acute Leukaemia (AL) 3.22 £ 0.07 3.58£0.11 <0.02
Chronic Myelogenous Leukaemia (CML) 1.21 £0.03 1.53 £ 0.01 <0.01
Chronic Lymphoid Leukaemia (CLL) 2.98 £0.12 397 +£0.19 <0.001
Polycythaemia vera (PV) 0.48 +0.04 0.62 + 0.04 <0.05
Muitiple Myeloma (MM) 1.15+£0.05 1.48 £ 0.06 <0.01
Hodgkin Disease (HD) 2.81 £0.09 3.11 £0.11 >0.05
Non Hodgkin Lymphoma (Lym) 2.55£0.05 3.51 £0.11 <0.001




Adults’ Hemoblastoses in Belarus
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Conclusion

The chronic exposure to low doses of ionizing radiation of
the hematopoictic system of Belarussian children aged 0-14
in 1986-1992, 1993 and 1994 has not resulted in the
increase of the leukaemia incidence rates. Close correlation
is found between the environment chemical pollution and
the incidence rates of childhood leukaemia, whereas the
analysis of the morbidity of the inhabitants of radioactive
cesium contaminated and non-contaminated territories has
not as yet demonstrated the association between the
incidence rates and radiation factor.

Adult morbidity of acute and chronic myeloid leukaemia is
statistically significantly higher 9 years following Chernobyl
disaster, but as a marker of radiation induced
leukaemogenesis does not correlate with the grade of
radioactive contamination and it is more closely dependent
on the chemical and other leukaemogenic factors.

In postChernobyl period a tendency to an increase of the
lymphoid system pathologies among adulds irrespective of
the place of inhabitancy is noted. It is preliminary noted
that low doses of ionizing radiation potentiate the effect of
chemical mutagenes precipitating the leukaemogenesis and
carcinogenesis.

The study of leukaemia and lymphoma incidence rates in
postChernobyl Belarus is ongoing. More detailed
prospective analysis of the data on radionuclide as well as
on chemical contamination has to be performed to confirm
our preliminary results.
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EPIDEMIOLOGICAL ASSESSMENT OF INDUCED MALIGNANT
NEOPLASMS IN BELARUS FOLLOWING THE CHERNOBYL ACCIDENT

AE. OKEANOV, G.V. YAKIMOVICH
Belarus Centre for Medical Technology, Data Processing, Management and
the Economics of Public Health,

Belarus Ministry of Health, O

Minsk, Belarus XA9745466

SNUAEMUONONNYECKAR OUEHKA UHAYUUPOBAHHbIX
3JIOKAYECTBEHHbIX HOBOOEPA3OBAHUNA B BEJIAPYCHU NOCJHIE
KATACTPO®bI HA YASC
OxezHoe A £ . Axumosu I.B.
(Benopycckuit LeHTP MEAUWHCKIX ~2XHOoNOMuiA, UHOPMaTUKK, YNPaBAeHUA 1

IKOHOMMUKIA 3APEEOSXpaHeHus M3 PB)

YepHoOoinbckaa katactpodz 70 smzswrabam W NOCREQCTBUAM  3arpR3HeHUn
oKpyxaiowen cpensl SBARETCA CaMos PYNHO B UCTOPUMN AAEPHON 2HepreTukn. B caaau c
YeM usyveHve ee NOCASACTBUIA Ha 3A0DOBLE ~2N0BeKa ABASETCA YPE3BLIHANHO BAXHLIM.

B pesynbTate asapuu Ha “SpHOO=UILCKOM aTOMHOW CTaHuMn U3  peakTopa,
cogepxauwiero 190.2 T. soepHOro rogioderc. B okpyxawouwyio cpeay 6uino sbibpoweHo
okono 4 1. Tonnuea (6onee 10> BK DPa=MOHYKMAQOB #opa., ueswn, uepws, Gapus,
CTPOHUMA, NAYTOHUA 1 ap.).

Mo npaHKLIM . OM SAUKOBE ~=stM { OCynapcTBeHHbiM kKomuTeToMm Pecnybnniv
Benapycbk no npo6nemam nocnepcTzus: kaTacTpodul Ha HYepHobuinbekoi ASC, 23 % aertein
"3 palioHoB XecTkoro KoHTpons [omanecxkoil obnacty nonyyvwnu Qossl, Npesbiwsaiolme
100 cl'p. U3 Hux Yy 8% oHit cocTaskte 200-500 clp, y 2% - 500-1000 clp, y 1% - 1000
cl'p. B Moruneeckoii o6nzactv 5% L£L=Teit Limanu 03y cebiwe 100 clp.

Oxono 70% paanCa<TUBHLIX S2WSCTS, MNOCTYNUBLINMX B atMocdepy esponeiickon
vyactu CCCP B pe3ynbTaTsS XaTaCTpoPbi. SsiNano Ha Tepputopuio Benapycwu, npu 3Tom
23% ee TeppuTopun (46.5 TSIC.KE.KOL) OK232AUCh 3arpsa3HeHsl uesnem-137.

OCOOEHHOCTLIO CCTMUPOEE~-»= [0z o0ny4eHUR Hacefenun, NPOXMBalwero Ha
3arpA3sHeHHbiX PAAUOHYKS.AZSMU TESOWTORIAX, ABARETCA MPONOHIUPOBaHHOE BHeWwHee v
BHYTperHee obayvenns 33 CH€™ ICOATOXMBYUIMX PafVOHYKAUOOB UEe3uR,CTPOHUWUR,
MYTOHUA N GPYINX SNEMS—"DB E ST ChxSH.a8 K CHOPMUPOBAHHLIM N03aM PaHHero atana,
BKAIOHAIOWEro 06AYyYery'S _LITOS ,22~20 XE-23bl.

Y Xutenen, NPoO»c S2OULT ~2 TEPT.TOPUAX C NNOTHOCTLIO 3arpasHeHus 555-1480
KBK/M?, C MOMEHTa KaTE= =oOs = ToPMICSSaHs! 4036 o6wero o6ayyeuna 8 cpeaHem S0-

60 M38, € NAOTHOCTEIC 32 T=3R2—*= ws=s2 555 I(EK/Mz - 20-40 m3s.
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B Hactoawes === 2 S23TVvEn.<@ Ha 3arpasHeHHbiX Tepputopmsix 1.8 mHA.

YefloBeK, U3 KOTOPks <23 & == CCCTaABRAKT NEeTn, NoasepraioTcst NOCTORHHOMY

BO3AEUCTBUIO MANBIX COI AT -3 2T € L2 ZTaaunaumm

McxogHbiM  MaTepuancoM  gas ApPOBOAMMOIO  UCCMEAoBaHUs  cnyxunu
cTaTUCTU4eckne NaHHbie O 3abonesaemMocTu 3nokavecTBeHHbIMU HOBOOOGPazosaHuAMYU
HaceneHua [omenbckoi, Morunesckon ofnacreli u 8 UenoM pecnybfnkn Ha ocHose
AaHHbIX Benopycckoro KaHuep-perucrpa.

B Benapycu, kak U B ApYyrvx CTpaHax MuUpa, OTMEYaeTCs HEYKMOHHLI pocT
3aboneBaeMoCTU 3n0Ka4YecTBeHHbIMKU onyxonamuy, 3a nocnepHue 15 neT UHTEeHCUBHLIE
nokasarenu ysenuuunuce Ha 53.8%, cTaHoapTulosaHHble - Ha 42.1%, 8 TOM 4ucne B
fomensckohi obnactu - Ha 63.0% n 52.0%, B Morunesckon - Ha 31.5% u 24.5%
COOTBETCTBEHHO.

Do asapuu Ha YepHobbinecko?t A3C B pecnybnuke fpocnexuBanacek YeTkas
reorpaduyeckas 33KOHOMEPHOCTb : Hanbonee BbICOKasi 3abonesaemocTs
3n0Ka4YecTBeHHsiMW HoBoOOpa3osanuaMu Habnioganace Ha CeBepoO-BOCTOKE U BOCTOKE
pecny6nuku (B Butetckoli n Morunesckoit obnactax), a 6onee HU3Kas - Ha 3anane U 1ro-
socToke (B8 [poaHeHckom u oMensckon obnactax). B nocneanue roasl 3a6onesaemMocTs B
lponnHeHckon (B 1988-1989 ropax ) u lomenbcko? obnactn (8 18992 roay) pocrturna
yposHs Butebckoit obnactu.

AHanua 3aboneBaemMocTvt  OTAENbHLIMU - NOKANU3aUMAMU  310KAYECTBEHHBIX
HoBOoOGpa3oBaHU NOKa3an, YTO NULIL NO HEKOTOPLIM 13 HUX HabnwaaeTcs AOCTOBEPHOE
yBenudeHne xoapduumneHTos nuHelHolt perpeccum, T.e. 8 [omensckoit obnactu - 3To
yBENuYeHue TemnosB nNpupocTa 3abonesaHnuidi pakoMm (WHUTOBMOHOW Xeneswl, ferkux,
MOYEBOT0 MNy3bIPA, MNOYKW, MONOYHOM Xenesbl, onyxonamu kocTteir , 8 Morunesckoi
obnactn - pakoM LWWTOBUAOHONA Xenesbl W MOYeBOro nyssbipa, B MuHckoit obnactu -
ONYXONAMU WUWTOBUOHOM Xeneswl, NOoYKW, NOAXENYAOYHON Y MONQYHON Xeneswl .

Poct 3afonesaeMoCTX  3/10Ka4YeCTBEHHbIMU  onyxonsmu B [omenbckoit W
Morunesckoin obnactax nMpousocWen B OCHOBHOM 33 CYeT YBEeNUYEHUs 4acToTbl
3aboneBaHus cpean nuu CpefHero v NPexKnoHHOro so3pacta. Bmecte ¢ Tem obpawaer Ha
ceba BHUMaHWe dakT AOCTATOYHO BLICOKOro pocTa 3abonesaemoctu 8 rpynnax nuy 40-50
nert

3ameTHble pasnnyna B COOTHOWEHUN 3aoneBaeMoCcTU ropoacCKOro W Censckoro
HaceneHvs 8 1991-1994 rr. Nno cpaBHEHWIO C A0aBapUiHLIM NATUAETUEM B [OMENbLCKON
obnacTn xapaktepHbl ANA ONYXONEN Nerkux, MONOYHON Xeneabl (Yawe cranu 3abonesaTto
XuTenn cenbckon mectHocTu). B Morunesckon obnacrtu, kpome TOro, WU3mMeHunocsh

CcooTHOWEHMe 3a60neBaemMoCcT ONYXONAMM MOYEBOro Ay3bIipa 11 NOYKW 3a CcHeT 6onee
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VHTEHCUBHOIO YBENNYEHNA €€ B CENLCKON MEeCTHOCTU, YUUTLIBaA, YTO A030BaAg Harpyska, B
T.4. 32 CYEeT UHKOpMopauun paguoHyKNuaos, 6onee BolipaxeHa cpean CenbCkux xurened,
MOXHO fpegnofarate, 470 B onpefeneHHoi mMepe 3Ta TeHAeHuws obycrosnexa
paguaumnoHHON KOMNOHEHTON .

B Tlomensbckoit ob6nactm cpefwn Oeteit  oOTMeYeH  [IOCTOBEPHLI  pocT
3a60Ne8aEeMOCTY PAKOM WMTOBUOHOM Xenesbl 1 nodku, B Morunesckoit 06a1actu - ToNLKO
ONYXONAMW LWIUTOBUAHOM Xeneawl.

B oTHOWeEHUY paka LUMTOBUOHOA Xenelsl UMEeeTcs A0CTaToYHO MHOro nybnukauui,
nokasbisalowux pocT s3abonesaemMocTn cpeay pereil. Bmectre ¢ Tem npakTU4ecku He
oTpaxeHo, 4TO pocT 3abonesaeMoCTt UMEETCR W Cpefy B83POCAOrc HaceneHus
pecny6nuku .

C uenbio OuUEHKW [OMOMAHUTENLHOMO pUcKa BO3HUKHOBEHUS 3/10Ka4eCTBEHHbLIX
HOBOOGPa30BaHUA, BEPORTHO CBA3AHHOIO C BO3AEWUCTBUEM PAAUAUNOHHOW KOMMNOHEHTHI,
H6biAn  conocTasfeHsb! nporHosupyemble (va ocHoBe TpeHpoB 3abonesaeMoCTu
noasapuiiHoro nepuoga) u daktndeckme koadduumeHtsl 3abonesaemocty. [aHHbIN
aHanu3 NO3BONWIT BLISBUTL YBEUYESHNE OTHOCUTENBLHONO PUCKA BO3SHUKHOBEHUS Onyxonei
Nerknux, MOYEBOro My3bipA, NOYKW, LWUTOBUAHOW W MONOYHONM Xene3bt B [OMensckol
obnactu.

B Morunesckoii o6aacti sHa4Moe nNpeBslleHne HabnioaaemMbix nokazaTtenen Hamn,
OXuAaeMbBIMY OTMEYEHO AN ONyxoNnefl NoYKU U WMTOBUAHON Xeneawl, a Takke onyxonen
nerkvx cpeon xeHwwuH. JlononuutenoHblil puck 3aboneBaHusa ykasaHHbIMU OMNyXOAfMiA
nponsowen Ha ¢oHe obiero (CymMmapHO ONA BCEX Onyxonein) CHWXKeHUs TemMnos
npupocTa nokasaTeneii 3abonesaemoctv 8 1986-1994 rr.

CpaBRUTENbHLIM aHANWU3 No panoHam [ omenbckon 06RacTU NO oTAENbHLIM dopMam
3N0K3aYeCTBEHHBIX HOBOODOPA30BaHWA MOKa3an [OOCTOBEPHO BbLIPAXEHHYID TEHAEHUMIO
yBeNnuyeHuss ckopoctn pocTa sabonesaemMocT v ee cpeflHEW BeNMMYUHBLI B patoHax
XECTKOro KoHTpons - 6onee 15 Ku/KM2 { 555 KBK/M2 ) NO CPaBHEHUIO C TEPPUTOPUAMN
3arpasHeHus paguoHyKnngamin meHee 5 KU/KM2 (185 KEK/Mz), ocobeHHO sbipaxeHa 3Ta
TeHOeHUWNA Qs onyxonen MOYEBoro nNysbipsi, rae 8 S U3 11 paltoHOB XeCcTKOro KoHTponsa
NPOU30LWING [OCTOBEpHOE YyBenuyeHue CKopocTu pocTa (Koadduumredta nuHerHon
perpeccun ).

Ta»o«e cnepyet oTMeTUTL yeKOpeHue TeMnog pocTta 3abonesaemMocTu pakom NoYku
8 6 panoHax C 3arpasHeHviem soiwe 15 Ku/xmz ( 555 KSK/M2 ).

3abonesaeMoCTb PAKOM fIErKOrc B paioHax C PanvoakTUBHLIM 3arpPA3HeHuen

6onbwe 15 Ku/m2 { 555 KBK/Mz) ysenusunace 6onee 6bICTPLIMN Temnamu, Yem B 30Hax

3arpasHeHnemM meree S Ku/KM2 (185 K5K/M2).
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Do asapvm Ha YepHobbinbeckoit ASC cpeanve nokasatenu 8 rpyrnne paiioHos
HKECTKOro KOHTponsa (555 KEK/Mz) " meHee 185 Ki5|</M2 He OTAU4ANUCHL, B NOCAEaBapPUiHOM
nepvone poctosepHo 6o0nee BbICOKME MOKa3aTeNn B 30HE XECTKOro KOHTPOSASA no
CPaBHEHUIO C TepputTopusMu C 3arpasHeHnem meHee 185 KEK/MZ cocTasnanu
cooTBETCTBEHHO 42.7 1 34.7.

AHanus oHkonorudeckon sabonesaemoctu B Nlomensckont n Mornnesckoi obnacTtax
B 3aBUCUMOCTW OT CTeneHW 3arpsiaHeHvus paauvoHyKnngamu nokasan, 4ro 8 Fomenstckoi
obnaciu Habniopaerca BbipaXeHHan 33aKOHOMEPHOCTb K YBEAWYEHWIO OHKOAOru4eckoi
3abonesaeMocTy B paioHax ¢ Bonbueil cTeneHbio 3arpasHeHns pagnoHyknuaamu., B8
Morunesckoit o6nacTu Takor 3aKOHOMEPHOCTU He OTMEYeHO, 1 pocT 3abonesaeMocT Ha
TEPPUTOPUSX C 3arpPAsHEHUEM MeHbLue 5 Ku/KM2 (185 kBk/M?) u Bonblue 15 KU/KM2 (555
KEK/M2 ) AOCTOBEpPHO He OTNUYaeTCs.

Cnegyetr OTMETUTb, 4TO, CYAA NO kaTanory [o3 obnyydeHus xurtenen oOTLENbHbLIX
HaceneHHbiX NYHKTOBR benapycu, CTeneHb MHKOPropaunu paguoHyKIMAOE YacTo Bhile B
30He 5-15 Ku/km® (185-555 kBk/M?), yem B 30He 15-40 Ku/km® (555-1480 kBk/M?). 370
obbAcCHRETCR TeM OO6CTOATeNnLCTBOM, 4HTO B 30Hax Buiwe 40 Ku/w2 (1480 KSK/MZ)
ocyuwectenseTca bonee XeCTKU KOHTPONL NPOAYKTOB NUTaHWUS K Nydlle opraHu3osaHa

AO0CTaBkKa YWCTLIX NPOAYKTOB.
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RISK OF ONCOLOGICAL DISEASE AMONG THE LIQUIDATORS

AE. OKEANOV

Belarus Centre for Medical Technology, Data Processing, Management and

the E ics of Public Health,

Belarus Ministry of Health, AR
Minsk, Belarus XA9745467

S.M. POLYAKOV
Belarussian Centre for Medical Technology,
Minsk, Belarus

PUCK OHKOJNOTMYECKUX 3AGOJSIEBAHUWA CPEAU
JIMKBUAATOPOB
OxkeaHoB A.E. , lNMongakos C.M.
(Benopycckuit LEHTP MEeAULIMHCKUX TEXHONOM i, MHPOpMaTUKU, YNpaBReHUs
N 3KOHOMUKK 3gpaBooxpaHerna M3 Pb)

Umeowmecs B nutepatype fAaHHbie 060 ypoBHAX O6NyYeHWs y4acTHUKOB
auksupaumn nocnenctenin 4epHoObiNbCKOM KaTacTpodbl CBUAETENLCTBYIOT O TOM,
4YTo 003bl UX 06AyHeHUs A0CTAaTOYHO BbICOKU. COOTBETCTBEHO PUCK BO3HUKHOBEHWA
onyxonen B 3TON KOropTe Bbllle, 4HYeM cpean APYrux  KOHTUHreHTOB
COOTBETCTBYIOWMX BO3PACTHLIX Fpynn, B TOM YMCne HacefieHus, NpoXuBalowero Ha
3arpsisHeHHbIX TeppuTopuUSX U B pavioHax, He TMOABEeprumnxcs 3arpssHeHuto
paguoHyknuaamu. Tak, no gaddeim [1] po3bl 06nyyeHna scero tena, nofyyeHHole
aukeugatopamu, cocrasmnu or 250 po 500 m38 ang 7 % w3 Hux, 100-250 m3B -
48% v ot 50-100 m3B - 30%.

K coxaneHwio, [0 HacTosWeEro BpemMeHn vHamsuayanbHbie 003bl 06ny4eHus
OKOH4YaTeNbHO He YTodHeHbl. B  benopycckom YepHobbinbCKOM  peructpe
3aperucTpypoBaHHo 68 TbiIC. nukBMAaTopoB. M3 HUX C YTOYHEHHbIMU MECTOM U
NPOACIDKUTENLHOCTBLIO NPebbliBaHUA B 30HE BO3AENCTBUS paguaumn - 45674, 8 ToMm
yucne 31201 4Yenosek, paboTaBWUX HENOCPEACTBEHHO B 30He 3Bakyauumn (30-
KkMnomeTpoBon 30He), 14473 4enoBeka paboTaBwinX B 3TO BpemMs B 30He

nepsoo4epenHoOro N nocnegywulero orcenenusa (>15 Ku/km2 mnn  >550 KEK/MZ).

Cpeaun nuxkeungatopos - 10284 xeHwyHbl (15% o1 ofwero xonuyecrea
NUKBNAATOPOB).
BnaronpuaTtHbIM dakTopom ans naydeHun 3abonesaemocTu

3A0Ka4YeCTBEeHHBIMI  ONyXONaMu cpeaun nnKBUAAaTopoB aBAgeTcd Hanuymne B8
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Benapycu kKaHuep-peructpa. 370 O0O6CTOATENLCTBO MO3BOAMNO  MOAYHYUTL W
NpoaHann3npoBaTh OHKONOrM4eckyio 3aboneBaemMocTb B KOropTe NUKBUOATOPOB W
cpeau BCEro HacenenMs aHanoruyHbiX BO3PACTHBLIX TPYynn, a Takke paccuuTaTb
cTaHnapTU30BaHHble KO3dPpuumenHTol 3a 1993-1994 roasb!.

N3y4yaemas Koropta AUKBUOATOPOB YCNOBHO pasfieneHa Ha ABe noarpynnbi:
pabotaswue B8 30-KMNOMETPOBOI 30HEe U paboTasluve B 30HE NEepBOOYEepPEenNHOro u

nocneayoowero otceneHus (>15 Km/KM2 vwan  6onee 555 KEK/M2 ), Kaxpasi w3

KOTOPbIX pa3faeneHa Ha cyoKoroprTel B 3aBUCUMOCTU OT BpemeHun nNpebbisaHus B8 30He
pPanuoaKkTUBHOMO 3arpasHeHus.

YucneHHocTsb Koropr NIMKBURATOPOB BKNIOYEHHLIX B UCCnenoBaHuUNA

Mpynna Habnwaerna OnuTtensHocTb npebbiBatua MyX4uHb! XKeHuwHb!
8 30He (gHei)
01. Pabota B 30-km no 30 15541 2117
30He
6onee 30 12424 1119
Bcero: 27965 3236
03. Paborta B 30Hax > no 30 3953 1182
555 xbk/kB.M
tonee 30 8110 1228
Bcero: 12063 2410
BospactHaa rpapauvs NUKBWUOATOPOB, BKMIOYEHHLIX B Uccnenosasne, - oOT

20 po 69 net. Usyvyanacb 3aboneBaeMoCTt B LIEOM B KOropTe AUKBUAATOPOB MO
cpaBHeHuto ¢ 3abonesaemMocTbio HaceneHus oT 20 pno 69 ner.

YuuTsisan, 4To Bo3pacTHoe pacnpeaeneHne B OTAeAbHLIX BO3PACTHbIX Mpynnax
pasnuyaeTca (cpeau nukeupatopos 6Gofiblie Aul  MonoQoro  Bospacra), -
paccHUTLIBAIUCL CTaHQapTU3OBaHHbie Mokasarenn. CraHoapTusauvs nokasarteneit
3abonesaemocCTu cpeau NUKBUAATOPOB W BCEro Hacenekus Benapycu BbiNONHANAch
NO BO3PaCTHOMN CTPYKTYpE HaceneHus cornacHo nepenuvcu 1989 ropa. Bmecte ¢ TeM
yucno 3aboneswnx HekoTopbiMu dopMamMu paka 6biio He3HaYUTENbHBIM, HTO He
Bcerga No3BOASAO paccyuTaTh CTaHAAPTU30BAHHLINM NOKasaTens..

ConocrasneHne aaHHbiX NO CTpyKType 3abonesaemocTt B 1993-1994 rogax
noKasano, YTO CYLIEeCTBEHHbLIM OTANYMEM KOropThl NUKBMaoaTopos ssnsetcs bonee
BbICOKUIA NPOUEHT 3aboneBaHust MyX4UH pakoM OO60A04HOM KWLUKW, MOYEBOro

fly3bipa, NOYKK, LWNTOBUOHONK Xenesbl U 1eKo30B.
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Y XeHWWUH HeCKOMbKo Yalle B CTPyKType 3aboneBaeMocTy MoXHO BuaeTb paK
MOSIOYHOM! XenNe3bl, Pak NoYKy, paK WNTOBUOHON Xenesbl.

ConocTtagneHue crarQapTU3OBaHHbLIX MokasaTtenel 3abonesaemocTV BCEMU
dopMami paka NoKasano NapafokCanbHyo KapTuHy npesbilieHus 3a6onesaemMocTv
HaceneHua benapycu Han koropront nukeuaaTopos. Bmecte ¢ Tem paccMoTpeHue
nokasarteneit 3abonesaemMoCT MO oOTAenbHbIM rpynnaMm  HosBoobpasosaHui
nokasoiaeT npesbilleHue nokasarefneir 3abofiesaeMOCTU AUKBUAATOPOB pPaKom
obopouHont kuwku - 18.7 n 12.0 Ha 100 000 xutenein, pakoM MO4HeBOro ny3uips -
31.1 1 13.6, pakom wmTOBUAHONM Xenesbl - 6.8 U 2.0, a Takke scemu ¢dopmamm
neiko3os - 23.3u 10.7.

KeHWUHbI-NUKBUOATOPbLl  TAKOKe HECKONbKo pexe 3abonesawor scemu
dopmamm paka cymmapHo. Ho BMecTe € Tem pax koxu (47.6 n 23.2), onyxonu no4ku
(11.6 n 8.2), a TakKke HoBOOOpasoBaHua wWUTOBUAHOW Xenesb (42.9 n 10.4)
oTMEYEHb! Y HUX Yallle, YeM cpean BCero HacesneHus.

3ab6oneBaeMoCcTb pakom Cpeau NUKBUAATOPOB B CPaBHEHMUM C
Hacenewnem benapycu B 1993-1994 rr.

Myxcautb XKeHumHot
.- Nuxsnpartopst Benapyco Nuksnpatops! benapycsb
MKBS Jlokanmsa- CraHpaptua.no- Crangapms.no- Craupaptus.no- Cranpaptmmas.no-
ums xa3. Ha 100000 ka3. Ha 100000 xa3. Ha 100000 xa3. Ha 100000
151 Xenynok 29.5 49.4 57 26.3
153 0O6oA. kuwka 18.7 12.0 57 12.4
162 Nerkoe 69.3 96.0 0.0 7.7
173 Koxa 8.5 18.3 47.6 23.2
174 Mon. xen. . 56.3 57.9
188 Moyesoit 311 13.6 0.0 2.0
ny3sipb
189 Noyka 10.5 12.7 11.6 8.2
193 Wurosun. 6.8 2.0 42.9 10.4
xenesa
204- Neiikoabl 23.3 10.7 7.0 7.7
208
140- Bce nokanu- 281.2 347.8 260.4 271.0
208 3aum

AHanua crTaHaapTU30BaHHbLIX NoKasateneit B rpynnax MKBNAaTopoB (MyX4uH),
paboTaBlWMX B 30He 3Bakyauuu meHee 30 aHeit v 6onee 1 mecsua (1-6 mecaues),
nokasan 3HauYuTeNbHbie pPasindua B YPOBHAX 3abonesaemMoCTyt MO HEeKOTOPbIM
dopmam onyxoneit 1 B LUEeNoM An9 BCex HoBooOpasosaHUd. B 4acTHocTW, cpeau
nuksuaaTopos, npopaboTaswux 8 30-KMNOMETPOBO 30He Gonee 1 mecaua, datle
oTMevaeTca 3a601eBaeMoCTb PAaKOM MOYEBOro Ny3bIPs, MOYKY, WWATOBUAHOW Xefe3bl

v nenkemuen.
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CymmapHas

3aboneBaeMocTb

nnKsmparopos

BCcemMu

dopmamn

3N0Ka4yeCTBEHHbLIX onyxonen B rpynne paboTtaswux 8 30-KMNOMETPOBOYM 30HE MeHee

1 Mmecaua cocrasuna 258.1, a B rpynne pabotasBwmnx 6onee 1 mecaua - 304.4 ng
100000.

Pa6oTaswwue 8 30-xm-30He

3aboneBaemMocTb pakom B 1993-1994 rr. cpeav NUKBUOATOPOB
(MyX4uMH), B cpaBHeHun ¢ paboraBwmumu B 30-KM 30He

Benapyco Bce nukeu Cpok no 30 arHen Cpok 6onee 30 aHeir
RaTopbt
MKBES flokanuzauma Cranfaptusosad- CraHpaapyTyuaosaH- Cranpaptnsosan-  Cranaapruaosas-
Hbilt noKasartens HbiA NOKasaTenb Ha  Hbl Nokasarens HbIA NOKa3arTensb Ha
Ha 100000 100000 Ha 100000 100000
151 Xenynok 49.4 295 30.6 16.4
153 O6oga. knuwxa 12.0 18.7 29.0 3.8
162 Nerxoe 96.0 69.3 67.5 87.6
173 Koxa 18.3 8.5 53 0.0
188 Mouesoi 13.6 311 27.3 43.6
ny3sipb
189 Noyka 12.7 10.5 9.8 20.1
193 tiurosun. 2.0 6.8 3.6 24.2
xenesa
204- Neiko3b 10.7 23.3 15.8 43.2
208
140- Bce noxanu- 347.8 281.2 258.1 304.4
208 3aum
Jinteparypa.

1. YepHobuinbckaa katacTpoda: meauunHckmne acnektol. (CH60PHUK HaydHbIX paboT).

MunuctepcTBo 3aapasooxpaHeHus Pecnybnuku Benapycs. M., 1994,
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INCREASED MUTATION RESPONSE TO ENVIRONMENTAL FACTORS
IN LIQUIDATORS OF THE CHERNOBYL ACCIDENT

N.M. SLOZINA, A.M. NIKIFOROV, T.V. KHARCENKO, Y.G. NTRONOVA
All-Russian Centre of Ecological Medicine,
St. Petersburg, Russian Federation

HOBBINEHHLIN YPOBEHD MYTAIIMOHHOYI'O OTBETA HA NEMCTBHUE
@®AKTOPOB OKPYKAIOIEN CPENBI YV JMKBHIATOPOB ABAPUM HA YASC

Cnosuna H.M., Huxudopos A.M., Xapuerko T.B., Heporosa E.I".
Beepoccuiickuit neHTp 3xonormyeckoif Mermpiunbl, CankT- Ilerep6ypr, Poccus

Cytogenetical investigations of 202 liquidators of Chernobyl accident were performed in
remote period after the accident. We have examined the effect of additional hazard
environmental actions in post-Chernobyl period on types and frequency of chromosomal
aberrations. Statistical analysis of cytogenetical results taking into consideration the data of
questionnaires (part "environmental hazard factors") was carried out. In accordance to the data
of questionnaire two groups were chosen. The first one was formed from 31 liquidators without
any additional contact with hazard factors (L1 group). The second one consisted of Sl
liquidators having contacts with unfavourable external factors after the accident (L2 group).
Control persons without occupational radiation exposure and with no more than average
diagnostic exposure were subdivided into two groups with (C2 group) or without (C! group) any
contacts with hazard factors.

Between the L1 and Cl1 groups (without the action of environmental hazard factors) the
only difference was revealed: the frequency of dicentrics and rings have been higher in liquidators
than in control persons (0.13+0.05% and 0.021+0.02%, p<0.05). But if the action of
environmental hazard factors took place, the group of liquidators (L2) significantly differed from
the control (C2) not only by dicentrics and rings (0.25+0.09% and 0.04+0.04%, p<0.05) but by
another types of chromosomal aberrations (chromatid exchanges 0.21+0.09% and 0.00+0.04%,
p<0.05; translocated chromosomes 0.19+0.07% and 0.04+0.04%, p<0.05).

Thus, the reported results show that the cytogenetical response on hazard environmental
factors significantly differ in liquidators.

BBEJAEHHE
AHaM3 XpOMOCOMHBIX abeppauuii B ymiMouHTax NepH(pepHdecKoii KPOBH SIBIIIETCS
ob1nenpH3HaHHEIM METONOM BLIABJIEHHUS MYTareHHBIX BO3AeiicTBHIA Ha opraHmsM denoBeka. IIpH
3TOM, Ha YYBCTBHUTEJIbHOCTh OPraHM3Ma K HEHCTBHIO MYTareHOB BIIMACT LIEJIbIA KOMIUIEKC
¢$axTopoB pa3zMyHON NPHPOMABI - IeHeTHIECKH NeTEPMHHHPOBAHBIX, CBA32HHBIX C HeHCTBHEM
AHTHMYTareHoB H Ip. B Halmx mnpeaplmymmMX HccleOBaHMAX ObUIO NoKasaHo, YTO B
OTHAJICHHOM TMepHOJE IMoC/Ie aBapHH Y JIMKBHAATOPOB MOBLIIEHA YacTOTa IHLEHTPHIECKHX,
KOJIbLIEBbIX XPOMOCOM, MEXXPOMOCOMHBIX XPOMaTHIO-XPOMaTHIHbIX OOMEHOB M ATHITMYHBIX
xpomocoM [1,2].
Hacrosimas pabora 6bbia nipoBefeHa ¢ TeM, YTOObl BLIIBHTh BO3MOXHOE BIIMAHHE Ha T€éHOM
JIMKBHIATOPOB JIOTOJIHHTENIbHBIX MYTareHHbIX BO3AEHCTBHM ¢aKTOpOB OKpyXkaromeH cperbl, ¢
KOTOPBIMH JIMKBUAATOPLI KOHTRKTHPOBAJIM TOCIIE BbIXOJa M3 30HbI aBapHH.

MATEPHAJI U METOABI UCCIIEJOBAHU A

O6cnenoBany JIMKBHAATOPOB, HAXOIMMBINMXCS Ha JiedeHHH BO BcepoccHHCKOM LIEHTpe
Ixonoruyeckod MemMuMHbL. IluToreHeTMyeckuii aHaNM3 INPOBOMWIM  OOIIETIPUHSTHIMH
MeromaMu. Bee obcnenmyeMbie nmomBeprayich aHKeTHpOBaHHIO. IIpH COCTaBIIEHHM aHKeThI 32
OCHOBY B3ST ofpasel, mnpemioxeHHbii WHTepHalMoHaNbHON XOMMccHedl 1o 3amMre oOT
MYT4areHoB H KaHLIEpOreHOB OKpYyxatomed cpemp! [3]. OnpocHslit ymct comepkan 6Gomee 60
nosuuui. Ocofoe BHUMaHKe yHeISUM PETMCTPALIIM KOHTAKTOB C BpeIHbIM daKkTopaMu Mocle
BbIXOJIA U3 30HBI aBapHH.
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U3 202 uMroreHerHdeckH OOGCIENOBAHHLIX JIMKBMIATOPOB Ha OCHOBaHHH aHAM3a
[aHHBIX ONpPOCHBIX JINCTOB OTOOpaHO [Be IPYIIbl, PasJIMYAIOUIHECH 1O CTENEHH KOHTAKTa ¢
BpemHbIMH ¢axTopaMH. B mepsyo rpynmy us 31 gyenomexa (JI1) BoluM JIMKBHIATOPBI,
OTpHUABLIME KAKOH-THOO KOHTAaKT ¢ BPEMHOCTSMH B ObITy w/wim Ha Mpom3BoAcTBe. Bropas
rpyrna (J12) 6su1a cocTaBreHa H3 53 JMll, YKa3bBaBIIMX HA KOHTAKThI ¢ BpeaHocTsaMM. Crnenyer
MOMYEPKHYTh, YTO B MOCJIEOHIOW I'PYINTy He BKJIOYANM JIMKBULATOPOB, 3aHSTHIX B YCJIOBMSX
OPUUHATBHO MPH3HAHHOTO BPEJHOTO MPOM3BOACTBA. JIMKBUAATOPBI, OTHOCHTEBHO KOTOPBIX
He OBbUIO COCTaBJIEHO TOYHOTO IMIPENCTABNEHHS O BO3MOXHOCTH KOHTAKTa C BPEOHBIMHU
dakTopaMu, He BKIDOYEHbI B JAHHOE UCCIIEIOBAaHUE.

CdopMHpoBaHbl Be TPYOIbl CPaBHEHHS M3 JHML CXOMHOTO BO3pacTa, HHKOIAa He
MONBEPTraBIIMXCH ACHCTBMIO pafdalMd (32 MCKIIOYEHWEM IHaTHOCTHUECKMX obcnenoBaHui).
OpHa rpynma cocraBiieHa H3 31 dYesoBeka, OTPUIABLICIO KaKMe-JIMOO KOHTaKThI ¢ BPEMHBIMH
¢axropamu (Cl), mpyras - w3z 20 uesoBexk (C2), noxBepraBINHXCA BPEIHBIM BO3NEHCTBHSM.
CrieKTp BpefHbIX BEIECTB H BO3IEHCTBHIA, Ha KOTOpbIe YKashBalH obcienyeMble u3 rpyrm JI2 u
C2, BecbMa IIHPOK M OXBAThIBaeT MOYTH BCE pa3fieiibl, pE/ICTaBJiCHHbIE B AaHKETE-OIIPOCHHUKE.

Cratucrudeckas o6paborka maHHbBIX MpoBomwiach B MaTtemaTHdeckoil naboparTopuu
BcepoccHiicKOro LieHTpa 3KoJorudeckoit MemuumHbl. IIpH craTHcTHIeckoi 06paboTke MaHHBIX
TIPHMEHSUTH QMCIIEPCHOHHBIN aHAJIM3 H ApyTHe MaTeMaTHISCKHE METOIbI.

PE3VYJIBTATBI U UX OBCYXJIEHUE
IIpoBemeH aHaMM3 YacTOT H THUIIOB XPOMOCOMHBIX AaHOMAIHH Yy JIMKBHIATOPOB B
CPaBHEHMH C KOHTPOJLHOH Ipymno#f ¢ y4eroM HAJIMIHR WM OTCYTCTBHS NONOJHHTENbHBIX
MYTareHHbIX BO3AEHCTBHH (aKTOpOB OKpYXKaroleH cpeipl.
B Ta6mmie I npenmcraBneHs! NaHHbIE, MOyYeHHbIE NPH 06CIEMOBAaHHH JTMKBHIATOPOB H
TPYIIBl CPaBHEHHS IIPH OTCYTCTBUM BpeOHbIX BO3JeHCTBHI Ha MPOM3BOACTBE W/WIH B 6BITY.

Tabmua I

YacToThl H THIIBI XPOMOCOMHBIX abeppalyif y IMKBHIATOPOB U B TPYIIIle CPABHEHHA [IPH
OTCYTCTBMH BO3[eHCTBHA BpeHbIX (GaKTOPOB OKpYXKarouei cpeibl

ymxBuzatopsl (JI1)  rpymma cpasHenus (CI)

Yucno obcitenoBaHHbLIX 31 31
YacroTa abeppaHTHBIX MeTadas 2.1310.37 1.15%£0.30
OnpHouHbIe dparMeHTH 1.58+0.27 1.15+£0.30
O6MeHHbIe xpoMaTHIHBIE aGeppanuu 0.06+0.04 0.00+0.03
ITapHble dparMeHTHI 0.3210.11 0.2040.10
JHLEHTPHKH, KOIbIIa 0.13+£0.05 0.02+0.02«
ATHITMIHbIE XPOMOCOMBI 0.03+0.03 0.02+0.02
* p<0.05

Kax cnemyer u3 paHHBIX, npefcTaBiieHHbX B Tabimue I, MuxBHOaTophl, He HMEBLIHE
mocjle aBapyd KOHTAKTOB C MAOMNOJHHTEIbHBIMH BPEAHBIMH (akTOpPaMH, OTIHYAITCI OT
COOTBETCTBYIOINEH TIpPYINbI CpPaBHEHHS TOJBKO [0 9acToTe MapKepoB pagHallMOHHOTO
BO3/ICHCTBHS -TUIIEHTPHIECKHX H KOJIIIEBBIX XPOMOCOM.

Brisiienne pamHallMOHHBIX MapKkepoB B rpymme JII emme pas pa3s noATBepXOaeT
HMelolMecs HaHHbie O TOM, 9T0 B OTHAJIEHHOM [IEpUOIe IIOCile aBapHM Y JIMKBHUIATOPOB
HabJonaercs MoOBLINIEHHAs 9aCTOTa BCTPE4aeMOCTH HeCTaOMIBHBIX XPOMOCOMHBIX abeppalHu
[1,2,4,5].

B Ta6mmue 11 npesicraBneHsbl JaHHbIE, TOJIy4eHHbIE NPH 06CeIOBaHKH JIMKBHIATOPOB U
TPYIINbI CPaBHEHHUS B YCIIOBHSX BPEMHbIX BO3NEHCTBUH Ha IIPOM3BOACTBE W/WIH B OBITY.
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Tabmuua I1

YacroThl ¥ THITBI XpPOMOCOMHBIX abeppaLHil y IMKBHAATOPOB H B IPYIIIie CPaBHEHHS MPH
BO3ICHCTBHM BpPEeIHBIX GaKTOPOB OKPYXAIoLleH cpeibl

smkBumaropsl (JI1)  rpymmna cpaBHeHus (Cl)

Yucno obcnenoBaHHbX 53 20
YacToTa abeppaHTHBIX MeTadas 3.081+0.30 2.23+0.46
OmuHoYHbIe HParMeHThI 1.601+0.23 1.59+0.36
O6MeHHbIe XpoMaTHHbIe abeppauuu 0.21+0.09 0.00+0.04=
ITapHbie pparMeHTh! 0.83%0.15 0.64+0.23
JHLEHTPpHKH, KOJIbLIA 0.251+0.09 0.0420.042
ATHIIMYHbBIE XPOMOCOMBI 0.19+0.07 0.00%0.04
a p<0.05

B rpynme JHKBHOATOPOB, HMEBIIMX JOIONHUTENbHbIE KOHTAKThl ¢ BpeIHbIMHU
dakropamu (J12), Hapsny ¢ NOBBIMEHHOW YacTOTOM OMLIEHTPHYECKUX U KOJIBUEBBIX XpOMOCOM
(0.2530.09 B JI2 u 0.0410.04 B C2, p<0.05), HabimomarTcs oOGMeHHble abeppallMH
xpomatugHoro THna (0.2120.09 B JI2 u 0.00+0.04 B C2, p<0.05), a Taike aTHMHYHbIE
xpoMocoMbl (0.19+0.07 B JI2 u 0.00+0.04 B C2, p<0.05).

INonyyeHHble HaMHM HOaHHble CBHIETEJILCTBYIOT O TOM, YTO KOHTAaKT CO CXOOHBIMH
BHEIIHMMH ¢axTopaMH IO-PasHOMY BOCIHPHMHHMMAeTcs JIMKBHAATOPAMH H JIHLIAMH, He
MPHHMMABIIMMH YYacTHA B JIMKBHAALMH nocieacTBuii aBapuu Ha YADC. CyurecrByrolnas
cnenMpHKa peakUMH OpraHH3Ma JIMKBHAATOPOB HAa OKPYXAaMIIyI0 Cpely MOXET SBIISTbCA
CIICICTBHEM HOeHCTBUA KOMIUIeKca (pakTOpoB aBapHM, B TOM YHCJIE IMTEIIBHOIO COCTOSHHA
cTpecca y JIMKBUAATOPOB.

A1 OKOHYATENIbHOIO pellleHHs BOIpoca O MPHYMHAX H MEXaHH3MaxX I[IOBBILIEHHOIO
YPOBHA MYTaUHOHHOIO OTBETa y JIMKBHAATOPOB, a TakkKe I U3Y4YCHHS IOCJICACTBHH JyId

COCTOSIHMS 3I0POBbS TpeGyercsa HailbHeiillee HablDoleHWe 3a JIMKBHAATOPAMH aBapHH Ha
YADC.
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EXPOSURE DOSE FOR PERSONS INVOLVED IN MITIGATING
THE CONSEQUENCES OF THE CHERNOBYL ACCIDENT

AM. NIKIFOROV, I.I SHANTYR, LK. ROMANOVITCH, N.V. MAKAROVA

All-Russian Centre of Ecological Medicine,
St Petersburg, Russian Fedoration IIIIII|I||Il|IM[LI@[LIQ@LISIQIIIIIIIIIIIII
Introduction

The detection of different health risk groups among the persons who took part in liquidation of
the Chernobyl accident consequences is the basis for conducting the scientific research, medical
observation and rendering social and medical assistance .

The persons participated in liquidation of the Chernobyl accident consequences were influenced
by a complex of harmful factors. The majority of researchers consider a radiation factor to be
decisive. It is exactly the exposure level that will govern the risk of developing the malignant
diseases, genetic hereditary pathology in the future, and, as recent publications show, of
increasing in the somatic disease incidence. From this it follows that the radiation dose value can
serve as a main risk criterion for persons who participated in liquidation of the Chernobyl
accident. However in more than 20% of direct liquidators the individual radiation doses were

not recorded.

Materials & methods

We analysed information of special Departmental Medical Dosimetry Register . The data base
of the Departmental Register includes data on 37 thousand liquidators and containts
information concerning the official recorded external radiation dose absorbed, type of work and
conditions while being in a radiation zone. In addition there are following data points on tach
liquidator there: the date for starting salvage work, duration of exposure, maximum radiation
power at recovery work site, type of work ( decontamination, building, cordoning or staff), site
of work (inside, outside, with machinery), use of individual protective equipments (respirators,
specialized or changeable clothes). All these factors determined a level of exposure or radiation
effect.

Analysis of officially registred external radiation doses absorbed has been carried out. Dose
values in the great part of cases have been determined by a calculation immediatly in the work
period and in the other part - using an individual dosimeter. However in more than 20% of
direct liquidators the individual radi=tion doses were not recorded.

We used traditional and original methods for the evaluation of influence of different factors on
the dose values. Traditional methods included correlation analysis, regression analysis and
frequency tables analysis. Original method suggested is the variance analysis analogue adapted
to information available in the Departmental Medical Dosimetry Register.
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Results
It is determined that the mean external radiation dose absorbed for liquidators was
0,062+ 0,001 Gy including 1986 - 0,121 +£0,003 Gy, 1987 - 0,084+0,001 Gy. This value

corresponds with a term “ low dose”. Radiation dose more than 0,25 Gy is registered only in

1,8% of liquidators. Sample distribution by dose and year of arrival at the zone is presented in
Tab. L.

Tab. 1. Distribution of liquidators on dose and year of arrival at the zone, %

DoseGy . 1986 1987 1988 1980 1990
0-0.05 343 29.5 87.0 97.5 96.1
0.051-0.1 16.6 49.0 118 08 24
0.101-.0.15 12.1 9.8 0.5 0.8 0.7
0.151-0.2 10.7 5.7 0.4 0.4 0.3
0.201-0.25 8.7 5.6 0.2 0.3 0.1
>0.25 7.6 0.4 0.1 0.2 0.4

60 7°GY

i

[2.]
<@

2 %" =Day *10

0 20 40 60 80 100 120 140 160 180

Fig. 1. Radiation dose distribution for liquidators depending on the date of work beginning after
the moment of accident.
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Fig. 2. Average radiation doses for the Chernobyl accident liquidators according to time

intervals from the moment of the accident.
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Tab. II. Distribution of liquidators on types of work in four time intervals, %

Type of work I-15 days 16-350 days 351-700 days > 700 days
Decontamination 26.8 47.7 - . 699 51.6
Bulding 5.4 7.3 7.4 5.1
Cordoning 2.0 1.7 1.0 23
Administration 17.6 13.0 7.2 14.2

Others 48.2 30.3 14.5 26.8

Tab. III. Distribution of liquidators on sites of work in four time intervals, %

Sites of work 1-15 days 16-350 days 351-700 days _ > 700 days
Outside 41.8 50.5 56.6 57.4
With machineri 36.7 13.1 6.8 9.7
Inside 13.3 25.0 279 19.7
others 8.2 11.5 8.7 12.9

Tab. IV. Distribution of liquidators on individual protective means used in four time

intervals, %

Individual protective 1-15 days 16-350 days 351-700 days > 700 days

Not used 1.1 2.1 24 - 6.4
Respirator 18.6 16.7 21.2 39.8
Gloves+ changeable 294 27.0 225 12.1
clothes

Respirator+ changeable 4.8 14.8 23.6 25.1
clothes

Special clothes 40.7 29.7 26.5 10.1
Others 54 9.7 3.8 6.5

Tab. V. Distribution of liquidators on maximum radiation power

in places where the work was performed in four time intervals, %

Radiation power, 1-15 days 16-350 days 351-700 days > 700 days

R/h -

<l 40.9 48.2 68.3 824
[.1-10 18.0 30.2 18.0 9.8
> 10 41.1 216 13.7 7.8
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Fig. 4. Average radiation exposure doses depending on the site of work.
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Fig. 6. Average radiation exposure doses depending on maximal intensity of radiation at work

site.

141



It is established that such factor as "the date of work beginning in the recovery operations zone"
is the most significant( Fig.1 ). The correlation coefficient (r) amounts to-0.487.The radiation
doses significantly differ in four time intervals: the first interval ranges from 0 to 15 days from
the moment of accident; the second -from 16 to 350 days; the third -from 351 to 700 days; the
fourth -over 700 days. Average radiation doses are presented on Fig. 2 against time intervals.
These time intervals should be the basis of forming the risk groups of liquidators of the
Chernobyl accident.

Tables II-V demonstrate distributions of liquidators according to the indexes to be analysed and
Fig. 3-6 show distributions of radiation doses received.

The analysis of dependences has shown that in all time intervals such factor as "type of work" is
second in significance as regards to forming the exposure dose. Contingency coefficient (C)
based on Pearson's chi-square statistic between the exposure dose and the type of work averages
0,223 in all time intervals.

A relationship with the signification level 0,01 is revealed as well between the exposure dose and
such factors as preventive means (C= 0,350), maximum dose rate at the place of work (r=0,236),
length of staying in this dangerous zone (r=-0,172). However the value of this relationship

differs in the abovementioned time intervals and is found to be small.

Conclusion

OfTicially registered external radiation doses in the absolute majority of individuals involved in
the mitigating the Chernobyl accident conseguences are placed within a diapason of “ low
level”.

As a result of the study the most significant factors detsrmining the high exposure doses for
liquidators of the Chernobyl accident are detected. It makes possible to reproduce individual
radiation doses for those liquidators for whom they were not recorded but the rest data on their
work at the Chernobyl nuclear power station are known and to divide the whole cohorta of
liquidators into groups depending on radiation dose, and thereby to identify high and low risk
groups according to the most significant factor.
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NATIONAL CHERNOBYL REGISTRY OF RUSSIA: XA9745470
RADIATION RISKS ANALYSIS

V.K. IVANOV, AF.TSYB

Medical Radiological Research Center (RAMS),
Obninsk, Russian Federation

1 CURRENT STATUS OF THE RUSSIAN NATIONAL MEDICAL AND DOSIMETRIC
REGISTRY

Fig 1 presents the information on the dynamics of the RNMDR registrant number growth in
1986-1995 As the fig 1 shows durning all these years of its existence the data base of the Federal level
of the RNMDR kept accumulating medical dosimetnic information and as of 1 09 95 comprises data on
435276 people from throughout the Russian Federation
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Fig | Dvnamucs of RNMDR registrant number growth in 1986-1995

All the RNMDR regstrants are divided into five pnmary registration groups (PRG)

PRG 1 - emergency workers - 152325 (35,0 %);

PRG 2 - evacuated and resettlers - 12889 (3,0 %),

PRG 3 - residents (persons living or lived in momtoring terntonies) - 251246 (57,7 %),

PRG 4 - children born of emergency workers of 1986-1987 - 18816 (4,3 %)

Fig 2 demonstrates the distribution of persons registered in the RNMDR on their representation

in regional centers (the registry of the Central Region does not include 4 contamunated oblasts -
Bryansk, Kaluga, Orel and Tula as each of them has 1ts own regional center)
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Fig. 2. Number of persons recorded in the RNMDR.

Sex-age composition of the contingent registered in the RNMDR is the following:

men 281775 64,7 %,;
women 153501 35,3 %.
children 83598 19,2 %;
adolescents 16906 3,9 %;

adults 334772 76,9 %.

2. MORTALITY, MORBIDITY AND DISABILITY OF EMERGENCY WORKERS:
FACTUAL DATA AND PROGNOSTICATION

Fig. 3 illustrates the distribution density f{D) of external exposure doses for EWs included into
the RNMDR system. As it is seen from fig. 3 the distribution of doses is of complicated character which
is characterized by presence of several peaks (1, 5, 10 and 20-25 cGy). This distribution is obtained
using superposition of distributions differing in dates of beginning the works by each emergency worker
in the zone of radioactive contamination.

With regard to the age distribution of EWs (the average age at the moment of the accident - 33
years) and dosimetric data, in Table [ the prognostication of additional mortality of EWs from
malignant neoplasms 20 years after the exposure 1s given. In particular, the excess radiation-induced
mortality (attributive nisk) from all malignant neoplasms was found to account for 2,8 %. On leukemia
cases the analogous parameter will be equal to 23,6 % (1, 2].
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Fig 3 Daistributions f{D) of external exposure doses D for emergency workers registered
in the RNMDR

Distnbutions f{D) for different dates of arrival in the contaminated termtornies (1986,
1987, 1988, 1989, 1990) are demonstrated separately Inside the oval the number of
EWs (sample size) 1s indicated on each picture

TABLE I PREDICTING LATE EFFECTS OF RADIATION ON MORTALITY FROM
MALIGNANT NEOPLASMS AMONG EMERGENCY WORKERS 20 YEARS AFTER THE
EXPOSURE

Year of

employ-  Number Mean Collec- Excess cancer death Natural cancer death Attnbutive nisk (%)
ment of emer-  absorbed  uvedose due to the exposure
m the gency dose (men*Gy)
zone workers (cGy) leukerma  all types leukerma  all types ~ leukenua all types
1986 46575 15,9 74054 22 84 45 1943 328 4,1
1987 48077 8,95 4302,9 11 47 45 1952 19,6 24
1988 18208 33 600,9 2 7 17 768 10,5 <0,1
1989 5475 32 1752 - 2 6 234 74 <0,1
1986- 118335 10,5 12483,1 35 140 113 4899 23,6 28
1989
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The data of prognostication on mortality from malignant neoplasms are in a good agreement with
the rates of mortality (observed in the RNMDR) from these causes for EWs (Fig. 4). Mortality of EWs
from malignant neoplasms does not exceed the control rate. Dose dependence of mortality from
malignant neoplasms is not revealed by us as well. So, the relative risk of mortality from malignant
neoplasms among EWSs received the doses higher than 25 ¢Gy amounts to 1,4. However, 95%
confidence interval of this estimate is within the range of 0,61-2,16 (i.e. it includes the value of 1,0) and
does not allow one to make the conclusion about dose dependence. It should be noted that in spite of
significant growth of the rate of mortality among EWs from all causes in 1990-1994 this index does not
exceed the control values (Fig. 5). Thus, on mortality rates (from all causes and malignant neoplasms)
the health effects actually observed during 9 years after the ChNPP accident are in a good agreement
with prognostication estimates.

Death rate per 100000 people

1990 1991 1992 1993 1994

Fig. 4. Death rate of emergency workers from malignant neoplasms
in 1990-1994.

It 1s the more complicated problem related to prediction and interpretation of actual data by
morbidity and disability rates for EWs [3].

Table II demonstrates the comparison of morbidity rates per 100 thousand people on general
classes of diseases both for population of Russia as a whole and for EWs. It is clear from the Table II
that morbidity rates of EWs in a series of cases do repeatedly exceed the analogous ones for population
of Russia. Undeniably, level, completeness and quality of prophylactic medical examination of EWs
differ much from the All-Russian practice. Really, peculiarities and quality of prophylactic medical
examination of EWs are that for their examination the most currently available methods of diagnosis of
diseases are applied, in so doing, the works listed are carried out by trained and competent specialists.
In such a manner, according to the data of the MRRC of RAMS the establishment of primary registered
diseases by specialists of this institution is several times higher than by local physicians. In this situation
it is very difficult to choose an adequate review control group of comparison.

Thus, on the cohort of EWs registered in the RNMDR two main conclusions may be done:

- factual evidence for the period just ended and prognostication of total mortality rate as well as
that from malignant neoplasms made on the basis of radiation risk coefficients bv ICRP are in a good
agreement with observed rates which do not exceed corresponding control values on the Russian
Federation;

- on morbidity and disability rates the EWs of 1986 and 1987 comprise the group of higher risk.
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1992

Death rate per 1000 people

1991

1990

Fig. 5. Death rate from all causes for EWs in economical regions of Russian Federation in 1990-1994.
1 - Russian Federation, 2 - North region, 3 - North-West region, 4 - Central region, 5 - Volgo-Vyatsky
region, 6 - Central-Chernozem region, 7 - Povolzhsky region, 8 - North-Caucasus region, 9 - Urals
region, 10 - West-Siberia region, 11 - East-Sibena region, 12 - Far East region; * p < 0,05; **p < 0,01.

TABLE I1. COMPARISON OF MORBIDITY RATES PER 100000 PERSONS ON GENERAL
CLASSES OF DISEASES FOR POPULATION OF RUSSIA AS A WHOLE AND EMERGENCY
WORKERS ON 1993

Population of Emergenc Relationship
Classes of diseases pulatio ergency among the
Russia workers e
indices
Neoplasms 788 747 0,9
Malignant neoplasms * 140 233 1,6
Diseases of the endocrine system 327 6036 18,4
Diseases of the blood and blood-forming organs 94 339 3,6
Mental disorders 599 5743 9,6
Diseases of the circulatory system 1472 6306 4,3
Diseases of the digestive system 2635 9739 3,7
All classes of diseases 50783 75606 1,5

a - For malignant neoplasms the standardized index on age distribution of emergency workers as of
1993 1s given.
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3. RADIOLOGICAL CONSEQUENCES DUE TO THE CHERNOBYL ACCIDENT AMONG
POPULATION OF BRYANSK AND KALUGA OBLASTS, RADIATION RISKS IN
INDUCTION OF THYROID CANCER

It is known that among radiological consequences due to the ChNPP accident the thyroid tumours
will play a decisive role within the framework of somatic stochastic radiation effects.

Despite the fact that malignant thyroid tumours especially among children are of infrequent
occurrence as compared with tumours of other localizations, nevertheless, an inereasing level in
induction of radiation thyroid cancers over spontaneous one would be expected.

At the same time it is of importance to estimate the whole spectrum of malignant tumours of
different localizations and, in particular, that of tumours being the most radiosensitive malignant
neoplasms of hemopoietic system which are characterized by short latent period. According to the data
of the RNMDR as of 1994 no excess tumours and other malignant tumours, induced by the Chernobyl
radiation, among population of the oblasts mentioned above were established. Factual data of the
RNMDR evidence prognostication in this field.

Prognostication on excessive thyroid cancer cases for residents of contaminated districts of
Kaluga (105300 persons) and Bryansk (466900 persons) oblasts is given in Table III. The parameter
“expected” includes spontaneous and excessive (radiation-induced) morbidity.

TABLE III. ABSOLUTE NUMBER OF EXCESSIVE AND EXPECTED THYROID CANCER
CASES AMONG RESIDENTS OF CONTAMINATED RAYONS OF BRYANSK AND KALUGA
OBLASTS

Time after exposure (years) Attributive
Region Age 10 20 lifetime 10 20 lifetime risk %
(oblast) groups Morbidity (Lifetime)
Excessive Expected
Bryansk  adults 20 42 87 160 250 470 18
children 20 53 185 20 68 350 33
Kaluga adults 1 2 4 20 37 70 6
children 2 5 18 4 8 36 32

As it is seen from the Table III the attributive lifetime risk for children living in these areas of
Bryansk oblast will amount to 53% (i.e. every second cancer will be radiation-induced one), for children
of Kaluga oblast - to 32%.

In the cohort of children and adolescents of Kaluga oblast (5694 people) with individual doses of
radiation to thyroid estimated on the basis of direct radiometry carried out in 1986 the estimates of
radiation risk of non-cancer thyroid diseases are obtained. In particular, the estimate of excess relative
risk coefficient at the dose of 1 Gy which is equal to 0,2 (0,06; 0,34) 1s in a good agreement with the
data published based on AHS cohort (Japan). Table IV presents risk coefficients.

TABLE IV. COMPARISON OF RADIATION RISK COEFFICIENTS OF NON-CANCER
THYROID DISEASES IN KALUGA COHORT OF CHILDREN AND ADOLESCENTS AS WELL
AS IN AHS COHORT

Cohort Excess relative risk (ERR) Attributive risk (AR)
AHS 0,3 16,4
(Japanese cohort) (0,16; 0,47) 9,1, 24,2)
Kaluga cohort 0,2 12,1
(0,06; 0,34) (4,1;18,7)
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At present time 48 thyroid cancer cases in those been children and adolescents at the time of the
Chemobyl accident have been registered in Bryansk oblast [4, 5]. The “case-control” technology for
determinating the radiation risks of cancer thyroid diseases in children and adolescents, living in
Bryansk oblast is first realised (Fig. 6). Relative risk coefficient (Fig. 7) of cancer thyroid diseases in
contaminated westemn districts of Bryansk oblast was demonstrated to be equal to 7,15 (1,52; 33,8) at
the dose of 1 Gy.

Fig. 6. Reconstruction (20 May, 1986) of "*'I ground contamination and cases of thyroid cancer in
children and adolescents living in Bryansk oblast after the accident.
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Fig. 7 Radiation risks of cancer in children and adolescents of Bryansk oblast (case-control study)
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4. CONCLUSION

10 years have elapsed after the Chemobyl accident. The gravest technogenic accident throughout
the human history has attracted considerable attention of the whole world community. At the same time,
the problem concerning the estimation of the total integral damage to life and health of people exposed
to radiation remains very complicate (4, 5]. A negative influence of the Chernobyl included a spectrum
of factors which may reinforce each other. In particular, to date there are no theoretical models or
practical recommendations on integral estimating the contribution of social and psycho-emotional
factors to the risks of diseases due to radiological accidents. On the other hand, for maximum effective
rehabilitation of suffered people the ranging and impartial determination of contribution both of proper
radiation and non-radiation components of influence are needed. Therefore, continuation of long-
standing investigations within the frame of the National Radiation and Epidemiological Registry along
with obtaining new scientific data in the field of radiation epidemiology is of great practical importance
to diminish health consequences of the accident.
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DEVELOPMENTS IN UNDERSTANDING
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Medical Department, Becton Dickinson, France, Belgian Branch N.V.,
Erembodegem-Aalst, Belgium

V.P. CHERNYSHOV, E.V. VYCHOVANETS, Y.G. ANTIPKIN, E.P. KLIMENKO,
AN. VASYUK, LI. SLUKVIN
Institute of Pediatrics, Obstetrics and Gynecology, Kiev

1. INTRODUCTION

It is generally accepted that undisposable nuclear waste is
real hazardous for future generations [1]}. 1.5 million person,
including about 160,000 children were exposed to significant
amounts of radioiodine fallout from Chernobyl in April 1986 [2,3].
At present time increased amount of Cs-137(134) and Sr-90 in the
s0il and food attributed to radiation exposure of people who are
living on radionuclides contaminated territories [4]. It has been
shown that approximately 1/3 children with different doses of
radiation exposure from radionuclide contaminated territories had
strong functional disorders of respiratory system ([5] and one
recent study has found that Ukrainian children population living
around Chernobyl had sick rate higher than before Chernobyl
nuclear accident, and the respiratory tract diseases were
prevailed among them [6]. Therefore, we studied children who were
exposed long time to small doses of radionuclides.

Now, 1t 1is generally recognized +hat explosive 1increase
thyroid malignancy rate among individuals who were children at the
time of Chernobyl accident .can be directly linked to the released
radiation, especially to iodine isotopes [{7,8]. Radioactive iodine
comprise a major component of total body radiation received
following exposure to fallout from nuclear plant accident. In
addition to thyroid cancer, ionizing radiation and radiocactive
isotopes of iodine is known to cause thyroid dysfunction. It was
demonstrated that exposure to radioactive isotopes of iodine
following treatment of hyperthyroidism or after exposure to
fallout from hydrogen bomb explosion can induce hypothyroidism in
human [9,10,11]). Therefore, to investigate potential thyroid
abnormalities and involvement of autoimmune reactions in their
development, we also studied children who were exposed to
radioactive iodine as a result of Chernobyl fallout.

2. PATIENTS AND METHODS

2.1.Study groups

Based on history, we divided all children into two groups:
recurrent respiratory iract diseases children (RRDC) and non RRDC.
RRDC from radionuclide contaminated territories had 6-12 and more
cases of respiratory tract diseases (laryngo—-tracheitis,
bronchitis, pneumonia) in a year. Non PBRDC had no history of
chronic respiratory tract diseases.
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2.1.1. Patients with ASD of Cs-137(134) and Sr-90

To investigate effect of long time exposure to small doses of
radiation to immune system of Chernobyl children, we measured the
main lymphocyte subsets (MIS) in peripheral blood (PB) of 120
recurrent respiratory diseases children (RRDC) and non RRDC 6-12
years old from fifteen radionuclide contaminated settlement using
Immmne Monitoring Kit (Becton Dickinson) and two color flow
cytometric analysis by FACScan (Becton Dickinson). Duri
1991-1993 the average summary (internal and external) doses (ASD
of Cs-137(134) and Sr-90 in populations from these settlements
were estimated by Ukrainian Ministry of Health to range from 0.57
to 3.09 mSv. The number, ASD of Cs-137(134) and Sr-90 in children
from settlements around Chernobyl power plant and doses
Cs-137(134) of soil from radionuclide contaminated territories are
summarized in Table I.

Table I. CHILDREN POPULATIONS LIVING AROUND CHERNOBYL

Range of ASD of ASD of Cs-137(134) Dose of Cs-137
Cs—13z(134) and Sr-99 of soil,
Sr-90 Group No patients Mean+SD Mean+SD

< 1.0 non RRDC 17 0.7+0.03%% 26+7.40F
(0.57-0.72) RRDC 34 0.7£0.03 22+3.7

> 1.0 non RRDC 32 2.0+0.8 52+25.7
(1.02-3.22) RRDC 37 2.1+0.7 55+22.2

gExpressed as mSv.
Expressed as kBq/m°“.

## - P < 0.005 compared with non RRDC which had ASD > 1.0 mSv.
¥ -~ P £ 0.01 compared with RRDC which had ASD > 1.0 mSv.

x* — P ¢ 0.005 compared with RRDC which had ASD > 1.0 mSv.

2.1.2. Patients with PAD of I-131 to thyroid

To investigate effect of radioiodine to immune system and
thyroid function, we obtained PB of 65 RRDC and non RRDC 6-14
years old from fifteen radionuclide contaminated settlements who
had personal absorption dose (PAD) of I-131 to thyroid as a result
of Chernobyl fallout in May 1986. These children had identical ASD
of Cs-137(134) and Sr-90. We measured the MIS in PB and serum
thyroid hormone, TSH and serum antibodies to thyroglobulin (AbTG)
by ELISA. In order to determine a AbTG positive sera for the local
children population the serum of twenty healthy children 6-12
years old living on non-radionuclide contaminated territories were
- used. These children had normal serum T3, T4, TSH concentrations,
size and echogenicity of thyroid gland and had no history of
thyroid diseases. Sera were defined as AbTG positive if the levels
of ADTG were greater than mean + two standard deviations (1.6 mg/L
and more) from levels of ADTG in these normal children. All
controls sera and sera of children with PAD of I-131 to thyroid
were positive by this criterium. The number, PAD of I-131 to
thyroid, ASD of Cs—-137(134) and Sr-90 of children living aroumnd
Chernobyl are summarized in Table II.
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Table II. CHILDREN POPULATIONS FROM CHERNOBYL REGION

PAD of I-131 ASD of Cs-137 and
PAD of I—1g1 Group No. patients to thyroid Sr-90
to thyroid Mean+SD? Mean+SD?
) Non RRDC 17 0.2+14% 1.2+0.7
< 0.
RRDC 7 0.3213% 1.1+0.4
Non RRDC 17 1.3+19% 1.6+0.9
1 .0_2.0 !
RRDC 9 1.3£22 1.2+0.0
Non RRDC 6 2.9+33 1.520.9
> 2.0
RRDC 9 2.9+30 1.4%0.9

2Expressed as Gy.

# - P < 0.005 compared with non RRDC which had PAD of I-131

within 1.0-2.0 Gy and more 2.0 Gy.

* - < 0.005 compared with RRDC which had PAD of I-131 within
1.0-2.0 Gy and more 2.0 Gy.

€ - P < 0.005 compared with non RRDC which had PAD of I-131 more

2.0 Gy-

! - P < 0.005 compared with RRDC which had PAD of I-131 more 2.0
Gy.

2.1.3. Controls

The results obtained from blood samples analysis from
Chernobyl children were compared with corresponded values obtained
from children living on territory non-ccntaminated by
radionuclides.

2.1.4. Setting

The study was conducted 8 years after the Chernobyl accident.
Settlements chosen for the study had populations between 2000 and
50000 persons, were rural and were located from 40 to 100 km from
the reactor. The control settlements were chosen to be rural, of
-similar population size to contaminated villages. During
investigations all RRDC had no fever and cough. The protocol was
approved by the medical ethical committees of the medical centers
and conducted zaccording to the declaration of Helsimki. .

2.1.5. Statistic analysis

All patients data were entered into a computer database and
analyzed using Stat View 512+ program. The nonparametric
Mann-Whitney U test and Student's paired t test were performed for
each set of variables. P values less than to 0.05 were considered
significant. Regression analysis and correlations were also
performed using the same program.

3. RESUITS

3.1. Analysis of main lymphocyte subsets in Chernobyl children
with ASD of Cs-137(134) and Sr-90

We observed that levels of main lymphocyte subsets did not
differ in non RRDC with ASD of Cs-137(134) and Sr-90 living around
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Table III. PERCENTAGE OF LYMPHOCYTE SUBSETS IN CHILDREN LIVING
AROUND CHERNOBYL AND CONTROL CHILDREN IIVING ON RADIONUCLIDE
NON-CONTAMINATED TERRITORIES

Chernobyl region
ASD of Cs—-137(134) and Sr-90

Control < 1.0 mSv >1.0 mSv

Lymphocyte non RRDC RRDC non RRDC. REDC non RRDC RRDC
subsets Mean+SD® Mean+SD* Mean+SD®
CD3+ T cells 6745.4  6725.7 6845.4 63+7.0°  66+7.5  63+5.5%
CD4+ helper/ * ot
inducer T cells 36+4.8 3616.1 37+6.5 33+4.8 36+7.3 3145.54,
CD8+ suppressor
cytotoxic T cells 25+5.7 25+4.8 24x4.7 24x4.9 24+5.4 27+5.7
CD3+CD4+/CD3+CD8+ e
cell ratio 1.4+0.3 1.5+0.5 1.6+0.6 1.4*0.3 1.6x0.6 1.3+0.4
CD19+ B cells 16+4.9 16+4.9 15+4.2 17+£3.3 1445 .1 16+4.6
CD3-CD16+,CD56+
NK cells 11+4.7 11+4.8 10+4.7 13+6.9 1326.0 14+6.0
2Expressed as a percentage of total lymphocytes.

# — P < 0.05 compared with control RRDC.
#H - P < 0.005 compared with control RRDC.

¥ — P < 0.05 compared with non RRDC which had ASD < 1.0 mSv.

e - P < 0.05 compared with non RRDC which had ASD > 1.0 mSv.
a2 - P < 0.005 compared with non RRDC which had ASD > 1.0 mSv.

Chernobyl and control RRDC. However, RRDC living on contaminated
territory had significantly lower percentages of CD3+ and CD3+CD4+
lymphocytes as compared with control RRDC. Moreover, the
percentage of CD3+CD4+ cells and CD3+CD4+/CD3+CD8+ cell ratio in
RRDC 1living around Chernobyl decrease in parallel with increase of
ASD of Cs-137(134) and Sr-90 (Table III).

3.2. Analysis of quantity of children with ASD of Cs-137(134) and
Sr-90 who had high and low levels of CD3+ and CD3+CD4+ cells

To evaluate the quantity of children with low or high levels
of lymphocyte subsets living around Chernobyl, we studied samples
Trom 45 control non RRDC. The normal range of percentage of CD3+ T
cells and CD3+CD4+ ocells calculated from these samples (95%
interval) were found to be ST7T%77% for the CD3+ cells and 27%-45%
for the CD3+CD4+ cells. We observed that 11/71 (16%) RRDC living
around Chernobyl had the levels of CD3+ T cells lower than 57%. In
contrast, in all control RRDC the levels of CD3+ T cells were
higher than 57%. We also observed that there was significant
difference in the sum of children with percentage levels of
CD3+CD4+ cells lower 27% or higher 45% between non RRDC living
around Chernobyl and control non RRDC (Data not shown).

3.3. Analysis of serum thyroid hormones and TSH in children with
PAD of I-131 to thyroid

As shown in Table IV and V, children with PAD of I-131 had
six to ten fold increase in the TSH levels compared with controls.
However, we did not find that increase in the TSH 1levels was
dependent on PAD of I-131. The T3 levels in non RRDC with PAD of
I-131 more 1.0 Gy were significantly lower than did control non
RRDC. In contrast, the T3 levels had normal distributions in all
RRDC with PAD of I-131 (Table V).
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Table IV. SERUM THYROID HORMONE IN NON RRDC WITH PAD OF I-131 TO
THYROID FROM CHERNOBYL REGION AND CONTROL CHILDREN

Thyroid Controls® p PAD of I-131 to, thyroid o
hormones c < 0.6 1.0--2.0 > 2.0
Mean+SD Mean+SD® Mean+SD® Mean+SD®
T3 2.620.2 2.5$0.2 2.1+0.8% 2.2+0.4%
T4 104+28 100.6+35 113.2+32 146.1+66
T3/T4 ratio 2749 2627 2010 17£10
(x1077) . 4 #
TSH 1.6+1.3 6.7+6.7 7.9+11.6 15.3x7.2
#n=20. Number of children with PAD of I-131: non RRDC with
PAD of I-131 < 0.6 Gy n=10, with PAD of I-131 within 1.0-2.0 Gy
n=17,bwith PAD of I-131 > 2.0 Gy n=2.
Expressed as Gy.
Serum T3 and T4 levels are expressed as nMol/L, serum TSH
levels expressed as mIU/L.
# - P < 0.05 compared with controls.
#t - P < 0.01 compared with controls.
Table V. SERUM THYROID HORMONE IN RRDC WITH PAD OF I-131 TO
THYROID FROM CHERNOBYL REGION AND CONTROL CHILDREN
Thyroid Controls® bPAD of I-131 tobtlwroid b
hormones < 0.6 1.0—2.0 > 2.0 o
Mean+SD® Mean+SD® Mean+SD® Mean+SD
™ 2.5+0.3 2.6x0.4 3.0+1.8 2.520.5
T4 129+41 94.6+22 131.6+3 99.3+6
T3/T4 ;_‘gtio 21+4 28+6 23+4 295
(x1077) # e 4
TSH 1.4+1.1 8.9+7.1 5.6+3.8 4.3+0.9

8n=18. Number of children with PAD of I-131: with PAD of
I-131 < 0.6 Gy n=3, with PAD of I-131 within 1.0-2.0 Gy n=8, with
PAD og I-131 > 2.0 Gy n=5.
Expressed as Gy.
°serum T3 and T4 levels are expressed as nMol/L, serum TSH

levels expressed as mIU/L.
# — P < 0.05 compared with controls.
## — P < 0.01 compared with controls.

3.4. Analysis of serum AbTG in children with PAD of I-131 to
thyroid

As shown in Table VI, the AbTG were found in approximately
80% of children with PAD of I-131.. The percentage of positive sera
for ADTG from controls was significantly lower.

3.5. I-131 dose-dependent c s of AbTG levels and lymphocyte
subsets in children with PAD of I-131 to thyroid

As shown in Table VII, the I-131 dose—-dependent increase of
AbTG levels, percentage of CD3+CD4+ cells, CD3+CD4+/CD3+CD8+ cell
ratio and I-131 dose-dependent decrease of percentage of CD3+CD8+
cells in non RRDC, but not RRDC were found. However, we observed
the I-131 dependent decrease of CD19+ B cells in RRDC.
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Table VI. FREQUENCY OF SERUM ABTG IN CHILDREN WITH PAD OF I-131
FROM CHERNOBYL REGION AND CONTROL CHILDREN

Group Number positive®/total tested % Positive
RRDC with PAD of I-131 17/21 81y
non RRDC with PAD of I-131 24/29 83
Control RRDC 3/31 10
Control non RREDC T/42 17

2inalysis were perfomed on 211 sera. Those sera showing
levels of ADTG more than 1.6 mg/L or greater were scored as
positive. See Patients and Methods for details of assay.
* ~ P < 0.0001 compared with control REDC.
# - P < 0.0001 compared with control non RRDC.

Table VII. RELATIONSHIPS BETWEEN ABTG, LYMPHOCYTE SUBSETS AND PAD
OF I-131 TO THYROID

=3

PAD I-131 to thyroid
P

Group r
ALTG non RRDC 0.58 ©.003
CD3+CD4+ cells non RRDC 0.49 0.018
CD3+CD8+ cells non RRDC —0.44 0.03%
CD3+CD4+/CD3+CD8+
cell ratio non RRDC 0.49 0.019
CD19+ cells RRDC -0.56 0.016

8Correlation coefficient.

3.6. Relationships between serum T3 levels and lymphocyie subsets
in children with PAD I-131 to thyroid

The percentage of CD3+CD4+ cells and CD3+CD4+/CD3+CD8+ cell
ratio correlated strongly negative with T3 levels in non RRDC, but
not RRDC with PAD of I-131 (r = ~-0.63, P = 0.0002; r» = ~0.48, P =
0.004) respectively.

4. DISCUSSION

Previous studies have shown that liquidators of Chernobyl
accident who received a high level of radioactivity after break
down of nuclear reactor had decreased levels of CD3+ lymphocytes
{12). The most little is known, however, about effects of long
time of low doses of radiation on the immune systems in children
constantly living on radiomiclide contaminated territories. The
most significant and important finding here is that a marked
decrease of levels of CD3+CD4+ T-helper/inducer cells znd
CD3+CD4+/CD3+CD8+ cell ratio in RRDC 1living on radionuclide
contaminated territories around Chernobyl was in parallel to the
increase of ASD Cs-137(134) and Sr-90 (Table III). Although these
results for CD3+CD4+/CD3+CD8+ cell ratio are not statistically
significant compared with control RRDC, this is true for RRDC from
radionuclide contaminated tferritories. This finding is a strong
evidence that observed differences in lymphocyte subsets in RRDC
are due to effect of radiation but not other factors such as
different etiology or rate of infection.

It has been shown, that frequency of hypothyroidism was
considerably higher in population that received direct atomic bomb
radiation in 1945 with doses within 0.01-0.42 Gy {13]. The resulis
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clearly demonstrated that in non RRDC with PAD I-131 to thyroid
1.0-2.0 or > 2.0 Gy increase in TSH was accompanied by decrease of
the T3 levels and slight increase of T4 levels. This observation
is consistent with clinical diagnosis of modest thyroid
dysfunction. Elevated levels of TSH without substantial changes of
T4 concentration were noted also in some Marshall Islands exposed
to isotopes of iodine from fallout (10]. Thyroid dysfunction
observed in non RRDC with PAD of I-131 was accompanied by
autoimmune disorders. Significant increase positive AbDTG sera were
found in total Children with PAD of I-131 to thyroid living around
Chernobyl. It seems 1likely that radiation induced damage of
thyroid cells and release of thyroid antigenic material that
initiate autoimmune response. Indeed, 2 strong correlation between
levels of AbTG, percentage CD3+CD4+, CD3+CD8+, CD3+CD4+/CD3+CD8+
cell ratio and PAD of I-131 to thyroid were found in non RRDC.
This data suggest that I-131 dose-dependent autoimmune disorders
are present in non RRDC 1living around Chernobyl. However, the
significantly higher levels of AbTG without correlation with PAD
of I-131 to thyroid in RRDC were found. It was likely due to a
significant decrease of levels CD19+ B cells in these children
with PAD more 2.0 Gy compared to controls (data not shown) and
significant negative correlation between percentage of CD19+ cells
and PAD of I-131 in them. It is generally accepted that increase
in thyroid cancer in childhood reported in Belorus, Ukrainian and
Russia 1is a direct consequence of the accident at Chernobyl
[7,8,14]. Observed changes in thyroid hormones and immune
disorders in non RRDC with PAD of I-131 might have significance in
the development of thyroid cancer. Constant high serum TSH levels
induce long activity of thyroid gland parenchyma and can promote
development of neoplasia in children with high PAD of I-131 to
thyroid [15]. In general, it seems likely that children with PAD
of I-131 to thyroid living around Chernobyl had two versions of
immune response and function of thyroid gland. These differences
in immune responses might have importance in the development of
thyroid disorders in children living on contaminated territories.
In conclusion, our data clearly demonstrated:

1. Long time exposure to small doses of radiation could affect
immune system. However, this effect of small doses of radiation
might be developed only in presence of another factors that affect
immune system, including recurrent infections;

2. Autoimmune reactions appear to be involved in development of
thyroid dysfunction in non RRDC;

3. Children with PAD of I-131 had two versions of immune response
and function of thyroid;

4. Children who are capable to maintain strong immune response
more susceptible to radiation-induced thyroid disorders than
children with weak immune system.

Because 1link between autoimmine thyroiditis and- thyroid
carcinoma have been suggested, careful investigation of autoimmune
reactions against thyroid gland will be required for the possible
development of thyroid cancer.
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Summary

Because of the Chernobyl nuclear accident which led to enhanced
deposition of all fission products the contamination of human environment
in the Republic of Croatia has been much higher than ever in the past
two decades.

This paper deals with the investigation of deposition and
translocation of fission products - 131, 137Cs, 90Gr and 134Cs,
particularly in the human food chain. lts aim was to determine those
radionuclides which can, by characteristic pathways, endanger a particular
population.

Radiation doses received from external and internal exposure were
estimated for one-year-old infants, children at the age of ten and for
adults. The corresponding annual effective doses were 1.49 mSv, 0.93
mSv, 0.86 mSv, respectively.

The critical radionuclide was 13, the critical pathway direct
deposition of fission products on leafy vegetables and pastures, and the
critical population one-year-old infants. The paper gives also data on
137Cs and 20Sr intake by the most significant food components and
corresponding effective doses (E) for the population of Croatia received
from 1985 to 1994.
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LONG TERM HEALTH EFFECTS IN SWEDEN FROM THE
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1. INTRODUCTION

The morning of 28 April 1986 was the beginning of an intensive period of radiation protection
work in Sweden. During that morning the Chernoby! accident became known in the western world
through the detection of radioactive contamination in Sweden and at the Forsmark nuclear power plant
in particular [1]. The accident had occurred more than two days earlier and the existing weather had
brought a first radioactive cloud to the Nordic countries.

Numerous measurements were performed during the months following the accident in order to
clarify the distribution of the fallout and its nuclide composition as well as the potential health effects
and the need for countermeasures. The measurements included aerial gamma measurements, in situ
gamma spectrometry and measurements of both biological and non-biological samples. A large number
of whole-body measurements were performed on various groups and on adults as well as on children.

The environmental consequences of the fallout have been studied in various research projects [2].
The effects on agriculture in Sweden was mainly limited to the first year after the accident. The long
term effects are instead seen in products from the semi-natural ecosystems: in moose, roedeer. reindeer,
mushrooms and fish from lakes in areas with a high deposition of radioactive caesium. High
concentrations of '*’Cs in reindeer meat in combination with an estimated effective ecological half-life of
about 4 years (3], will cause problems for reindeer husbandry in the most contaminated parts for many
years t0 come. Various countermeasures are still used to decrease the concentration of '*'Cs in reindeer
meat. In moose, roedeer and mushrooms, the ecological half-lives are very long and in some
compartments seem to approach the physical half-life of '¥'Cs.

In the long time perspective. the two dominating exposure pathways in Sweden are external
irradiation from the radioacuve clements. mainly caesium, depaosited on the ground and the internal
irradiation through intake of contaminated foodstuffs. Two other pathways, inhalation and irradiation
from the the radioactive cloud, were of minor importance. In this paper we summarize some of the work
that has been performed in Sweden in order to estimate the dose consequences and we draw some
conclusions about the health effects of the Chernobyl accident.

2. EXTERNAL RADIATION

The doses due to external irradiation from the Chernobyl fallout have been estimated from
nuclide specific radioactive measurements made by the Swedish Geological Company (SGAB), the
Geological Survey of Sweden (SGU) and the Swedish Defence Research Establishment (FOA) [4,5,6
and references therein]. SGAB made a country-wide survey in 1986 using an air-borne Nal(Tl) gamma
spectrometer and SGAB-SGU supplemented this survey with measurements over a part of the wet-
deposition area along the Gulf of Bothnia in 1987 to 1992. The results have been given as deposition
density of '*Cs and '*’Cs (Fig. 1) assuming a surface distribution (the surface equivalent deposition
density). The FOA measurements consisted of high resolution in sifu gamma spectrometry and gamma
spectrometric analysis of soil samples taken in connection with the in sirie measurements.

It was found from the in situ-measurements that the Chernobyl debris contained detectable

amounts of more than twenty gamma-emitting nuclides. Some of the short-lived nuclides such as "I,
31Te and '“°Ba were the main contributors to the gamma dose rate during the first months after the
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Fig. 1. Corrected '’Cs deposition in 1986 based on aerial measurements, in situ gamma spectrometry
and other measurements. GIS techniques have been used in the compilation of the map. The high
deposition area around the town of Gévle is shown in more detail.
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event. However, the nuclide composition varied considerably between different parts of Sweden. Later
13Cs and 'Cs were the dominating contributors to the dose rate. After more than a year they were the
only nuclides giving a significant gamma dose contribution.

The results of the in situ measurements and the soil sample analyses were used to calculate
correction factors for penetration in soil to be applied to the aerial measurements of '*Cs and '*’Cs. For
the locations where such measurements were made in 1986 - 1989 the average ratio between the
deposition density determined by soil sample analysis and by in situ measurements increased regularly
from 1.6 to 2.4. This increase corresponds quite well to the change with time of the equivalent surface
deposition density values observed in the wet deposition area. The ratios have been used as correction
factors for estimating the actual deposition density and the equivalent dose rates from the surface
equivalent deposition density. The correction factors for calculating equivalent dose rates from the aerial
measurements were quite small, they increased from about 1.15 to 1.25 in the same time period.

The in situ measurements were also used to calculate the one-year, two-year and fifty-year doses
per unit deposition density of '*Cs. The estimates of the dose equivalent rate were made based on
results showing an initial depth distribution length of one centimeter and a regular increase to three
centimetres after three years. For the following years the depth distribution was assumed to be
unchanged according to the results of aerial measurements. It was found that the one-year effective dose
equivalent estimates varied with low values in the range 80 to 100 uSv per kBg/m® in the wet-
deposition area where the caesium isotopes dominate the one-year dose. High values of 200 to 300 uSv
per kBg/m? in the Stockholm-Gotland and southeast coast areas reflect the fact that shortlived nuclides
dominate the first-year dose in this dry deposition area.

A population weighted '**Cs deposition density, i e the number of person-Bq per unit area was
calculated by combining the population number with the average deposition density in the area.
Depending on the area of the administrative units and variability, the averaging was performed over
parishes, communes or counties. For the counties along the Gulf of Bothnia, where the deposition
density varied strongly and the population is quite unevenly distributed. a demographic data base from
Statistic Sweden (SCB) was used. As a rule the averaging in these counties was made over 5 kilometer
squares although sometimes it was found necessary (o use one kilometer squares.

The shielding effects of dwellings and the time people actually are staying indoors are important
modifying factors when estimating the dose received by the population. The average shielding effects in
different regions, taking into account house type distribution, occupancy factors and the effect of snow
cover were calculated.

2.1. Results from measurements and dose calculations

By combining the population-weighted '*Cs deposition density with the appropriate dose factors
and other modifying factors the collective doses for the counties and Sweden as a whole were calculated.
It was found that the collective doses over one year, two years, and fifty-years for Sweden were,
respectively, about 600, 1000 and 5000 manSv. The counties receiving the highest collective doses
were, as expected, in the wet-deposition area. About two thirds of the fifty year collective dose was
estimated to be received by the population living in the wet deposition area. It was further estimated that
70 percent of the population received one-year doses less than 0.04 mSv and 95 percent doses less than
0.3 mSv. The highest doses were received on coast areas along the Gulf of Bothnia (Fig. 1). In this
region it was estimated that some 250000 persons received one-year doses above 0.5 mSv and about
40000 doses above 1 mSv. The highest one-year doses, about 2 mSv, were received by less than 1000
persons.

2.3. Uncertainties in the dose estimates - on-going studies

The dose and deposition density estimates are primarily based on nuclide-specific measurements
of surface equivalent deposition densities. Comparisons between the aerial measurements and the high
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resolution measurements indicated that results from the two systems agreed by twenty percent or better
in high-deposition areas. Repeated aerial measurements along the same flight paths show that the
reproducibility is within a few percent for averages over one kilometer or more. The total error in
equivalent surface deposition density of the caesium isotopes is estimated to be better than ten percent
for such averages. In areas with low deposition densities the aerial measurements give lower estimates
than the in situ measurements by a factor 2-3. In such areas the in situ measurements were used for
calibrating the aerial measurements. In general these aerial measurements will, hovever, have a far
larger uncertainty than the in situ measurements in the wet-deposition area.

The conversion from equivalent surface deposition density to open-air effective dose equivalent
rate, which is determined by the dose conversion factors of the relevant nuclides and the nuclide
composition as determined by the in situ measurement, does not introduce any appreciable errors. The
conversion from area-averaged to population-averaged deposition density and shielding correction is
quite straightforward and does not introduce any appreciable errors. The correction for depth
distribution may introduce a systematic error of perhaps ten percent. The conversion from effective dose
equivalent rate to first-year and two-year dose equivalent is straight-forward. The fifty-year dose
estimate depends on assumptions regarding the tuture behaviour of *'Cs. The assumption used is that
the depth distribution will not change after the first three vears. This should give an over-estimate of the
fifty-year dose. The results from the aerial measurements indicate that the movement of the '*’Cs in the
soil profile is quite small after a few years so there is no indications that this over-estimate should be
important.

In urban areas, where many dwellings are surrounded by “hard surfaces”, the dose-rate both
indoors and outdoors may be significantly affected by weathering [7). including effects as wash-off.
resuspension, road sweeping and migration. Quantification of this effect will be the aim of a recently
launched urban radioecology study at the Swedish Radiation Protection Institute (SSI). A new system
developed at SSI will be used for detailed measurements in an urban area atfected by a significant
fallout after the Chernobyl accident. The system [8] consists of a small mobile gammaspectrometer with
automatic positioning using DGPS (Differential Global Positioning System). The system can be used
carried as a backpack or in cars or helicopters. Preliminary measurements of primary *ICs photon
fluence have been made. A comparison between reference areas, grass areas within the city boundary.
and the average along streets and pavements indicates that the average street value is 10-30 % of the
average reference value. The effect on individual and collective dose will be investigated in the study.

At present, a subjective estimate is that the county averaged first- and second-year doses have an
overall uncertainty of less than 20 percent in the wet-deposition areas and somewhat more, perhaps 30
percent in other parts of Sweden.

3. INTERNAL RADIATION

The estimate of the committed internal dose to the Swedish population from the fallout in Sweden
after the Chernobyl accident is based on whole-body measurements and supported by results from
measurements of food-stuffs and of human tissues. Since the radiation dose to humans in Sweden is so
low that no somatic detriments are expected and the preliminary estimation of the collective dose to the
population is so low that no significant changes of the overall risk for detrimental effects late in life can
be expected, many studies have been focused on understanding the behaviour of caesium in our
environment and the resulting body burden of caesium in man.

The radionuclides giving the main part of the internal radiation dose are '*Cs and '*’Cs. During
the first weeks after the release, internal contamination of '*'I and "hot particles” was observed but the
resulting doses were small compared to the doses from radioactive caesium [9],[10]. The inhalation dose
was estimated to be in the range 1-20 uSv including the dose from “hot” particles as well as from *'.
The few measurements made on *'I in human thyroid showed maximum concentrations of 1 kBq [11].
The total 50-year collective dose from inhalation has been estimated to 150 manSv [9].
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3.1. Some performed studies

Since 1959 a reference group of about 36 persons employed at SSI have regularly been whole-
body measured. During the years 1986 and 1987 frequent measurements were performed of this group
to study both the short and long time changes of radioactive caesium in the body. Additional staff
members at SSI and their children were measured to establish possible differences in dose between
adults and children belonging to the same family. The reference group at SSI is presently measured
twice every year. Two groups from the high deposition area of Givle are regularly monitored at the SSI
with the aim to follow the changes in body burden over a longer period of time. Farmers with food-
stuffs based on domestic production form one of the groups while the other group (non-farmers) living
in the same area buy their food-stuffs in shops.

People from forest provinces and Laplanders in mountain areas with a relatively high fallout were
studied as they could be expected to have a high intake of caesium [12]. This study was pertformed by
the Radiation Physics Department at the University of Umeé.

In order to better assess the collective dose to the Swedish population from radioactive caesium in
food, a random sample of 218 individuals from the whole country was whole-body counted one year
after the Chernobyl accident. Half the group returned one year later, in 1988, for a second measurement.
To ensure a statistically correct sample with few drop-outs from the measurements. a stratitied selection
in two steps was performed [13]. During the autumn 1994 a third random sample of 200 persons from
the Swedish population was whole-body counted. The selection of these persons was done in the same
way as the previous random samples. At the same tume, in 1994, a foodbasket study was performed to
assess the average intake of ”’Cs by the Swedish population. The standardised foodbasket was collected
from two grocers in 10 localities, of which the majority came from areas with the highest fallout. Each
food basket contained 104 different provisions covering 90 % of the consumption. and was subdivided
in common foodstuffs and locally produced foodstuffs | 14].

To obtain a better knowledge of the intake of radioactive caesium of people consuming products
from the forest. whole-body measurements were performed on hunters and their families living in three
different areas of northern Sweden. This study was made by FOA in Umed in 1994 [15]. During the
years 1988 to 1993 the concentration of '¥Cs in the population of northern Sweden was also measured
on muscle samples from medico-legal autopsis [16].

3.2. Results from measurements and dose calculations

Figure 2 shows the bodyburden of '*’Cs expressed as Bg/(kg body weight) in a number of groups
measured between 1959 and 1995 [13,17,18]. As can be seen, the variation of the body burden can be
as large as two orders of magnitude between different groups. It can further be seen that the weighted
average bodyburden for individuals in Sweden (three data points representing the three random samples)
follow closely the data for the SSI reference group.

From the foodbasket study [14] the population weighted average intake in 1994 is estimated to
be 270+50 Bg/year. From this intake and metabolic data for different population groups [13] the
calculated bodyburden would be 1.3 Bg/kg for the average citizen. The measured average bodyburden
of the random sample at same time was found to be 2.0 Bg/kg. The difference between estimated and
measured bodyburden can be explained by the 10 % of the foodstuffs not included in the food basket.
These foods is home produced or forest products such as moose, roedeer, fish, mushrooms and wild
berries.

Based on whole-body measurements in 1994, 90 % of the population is estimated to have a
bodyburden of less than 5 Bg/kg and 99% of the population less than 10 Bg/kg body weight. Only a
limited number of persons are expected to have a body burden exceeding 100 Bg/kg. The average
bodyburden of the random sample, 2 Bg/kg, corresponds to a dose rate of 5 pSv/year. The dose from
the measured body burden of '**Cs and *’Cs is calculated using a model described by Legget [19],
which takes into account the body size.
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Fig. 2. Measured body burden of "*’Cs (Bg/kg body weight) in a number of groups in Sweden between
1959 and 1995 Duning the period 1965 to 1975, the yearly intake of '*’Cs decreased with a half ume of
3 - 5 years. The squares show the measured average body burden of the whole population.
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Fig 3. The committed collecuve dose estimate of 1100 manSv from caesium in food is based on the
measured average body burden of the population, the variation of the body burden in the SSI group and
a decrease in 1ntake corresponding to a half time of 4 years.
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The prediction of the cumulated committed dose to the Swedish population is based on the
observation that the change of bodyburden for an average person during the first nine years has
followed the pattern shown by the SSI reference group (Fig. 2). With the assumption that the yearly
intake of caesium will decrease with a "half-time™ of 4 vyears (Fig. 3), which is slightly longer than the
value, 3.7 years, estimated from the measurements of muscle samples{16] and from the experience after
the atmospheric bomb tests during the sixties (Fig. 2), the cumulated committed 50 year dose to the
whole Swedish population is estimated to 1100 manSv. Under these assumptions the uncertainty is
estimated to * 200 manSv.

3.3. Dose estimates based on whole-body measurements as compared to concentrations in food

Many measurements have been done of '*'Cs concentrations in foodstuffs. In particular, these
measurements show that the concentration of caesium in game meat (moose and roedeer) have decreased
very little or not at all {20}. Based on this fact, the calculated amount of activity transferred t0 man from
game and freshwater fish was estimated to have an essential influence of the cumulative collective dose.
The food consumption data and available data from activity measurements were used to estimate the
dose to the Nordic population [21]. The reported internal committed collective dose to the Swedish
population was 9000 manSv which is almost nine times higher than the prediction of 1100 manSv
calculated above from whole-body measurements. According 0 carlier experience. use of food
consumption data and data on activity concentrations in food could be expected to give a slight
overestimation as the use of activity data in foodstuffs often have been found to predict a too high body
burden [13].

The results from our whole-body measurements of the random sample of the Swedish population,
the study on the sub-population hunters and their families [15], the study on the muscle samples [16].
and the results from the food-basket study [14]lead to our conclusion: It is important t0 use
representative food samples for the estimation of intake for a population. In principle, we believe that
the best estimate is obtained with well planned whole-body measurements.

4. HEALTH EFFECTS IN SWEDEN

The fallout from the Chernobyl accident caused no acute health effects in Sweden. It is unlikely
that any late effects (cancer) will be possible to detect.

The total 50-year collective dose to the Swedish population due to the radioactive fallout from the
Chernoby! accident is estimated to be 6000+£1000 manSv, mainly caused by external irradation from
radionuclides deposited on the ground and internal irradion from ingested foodstuffs. With the presently
accepted risk factors (ICRP 60) this would lead to about 300 cases of fatal cancer. Even though these
cases will appear predominantly in the high deposition areas of Sweden, the increase will be very low
(<0.3% over 50 years) also in the county of Visternorrland which received the highest deposition. For
the whole of Sweden the relative increase will be ten times lower.

During the first years after the accident, a number of actions were taken by the Swedish
authorities to limit the effects of the fallout. Of particular importance in respect to dose were the
restrictions on food: both limits for sale in the shops and diet recommendations to certain groups of
people. The restrictions on milk during the first weeks also reduced the dose consequences. It is difficult
to estimate the additional collective dose to the Swedish population without restrictions.

There has been a discussion whether the radioactive fallout in Sweden could lead to an observable
increased incidence of childhood leukemia. An estimate based on radiation doses and risk factors from
the ICRP shows that this is very unprobable. In an epidemiological study covering the years 1986-1991
[22} it was concluded that there has been no significant increase in the incidence of acute childhood
leukeaemia in areas of Sweden contaminated after the Chernoby! accident.
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Even though the Chernobyl accident has not caused, and is not likely to cause, any observable

somatic health effects in Sweden it has lead to substantial worry and concern especially in areas with a
high deposition of radioactive caesium. These effects were particularly evident the first years after the
accident. However, in September 1994, around 200000 peopie in these regions (5 counties) still state
that they have some, mosty minor, changes in their diet due to the accident. This can be compared to
350000 in February 1987 (Statistic Sweden, SCB). The figures for the whole of Sweden is about twice
as high. It is particularly forest products like meat from moose and roedeer, wild berries and mushrooms
that are of concern as well as lake fish. Nine years after the accident. these products can still contain
more than 1500 Bg/kg of '*’Cs, which is the limit for sale. A more general conclusion is that many
people experience that the Chernobyl fallout to some extent has affected their quality of life.
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INTRODUCTION

Application of detailed radiation risk models to populations affected by radiation doses from
the Chernobyl fallout allows forecasting and estimation of the consequences of the accident in
countries far from the place of the accident, and comparison of the model estimates with
epidemiological observations in low—dose conditions among large populations. Both tasks need time-
dependent estimates of the radiation doses caused by the fallout, including future doses, and both
have also severe problems and statistical limitations. Problems in the forecasting originate from the
large uncertainties in the risk estimates, especially in the details and in the basic assumptions included
in the models. In a large population, the predictions may show considerable numbers of exposure-
induced cancers; the numbers may still remain under the statistically significant levels if they are a
small fraction of all cancers in the population. One may ask whether it is too confusing to present
such uncertain estimates of non-significant size. On the other hand, similar estimates are implicitly
applied and generally used in radiation protection, and, even with the limitations, the model
predictions may be the only piece of information available in advance while potential latent cancers
are developing among the population during tens of years.

Epidemiological comparisons are possible already for leukaemia because of its short latency,
and also for thyroid cancer. Now, ten years after the accident, the minimum latencies of all cancers
begin to be over and, as time goes on, all late consequences of the Chernobyl accident can be used
to test radiation risk models and estimates. Within the limits of relevant uncertainties, the radiation
risk models should be compatible with epidemiological observations. The lack of statistical
significance of the observations will then be a problem. In most cases it will be possible to set an
upper limit to the risk but not a definite lower limit other than the zero risk level. In the following,
some examples of model predictions are given, and a calculated estimate for childhood leukaemia is
compared with an epidemiological study.

MATERIAL AND METHODS

In 1986 and 1987, doses from external radiation were determined by measuring the dose rate
and the amounts of radionuclides deposited using a germanium gamma spectrometer and a Geiger—
Miiller tube [1-3]. The estimation of external doses in 1991 and 1994 was based on these
measurements and on a survey performed using thermoluminescence dosemeters [4]. The doses for
the intermittent years were estimated by interpolation. The estimation of internal doses from **Cs and
Cs was based on whole-body counter measurements of groups of children and adult men and
women, representing the whole Finnish population. The group measured was chosen using stratified
random sampling. The first sampling was done in 1986, and additional samplings later, to ensure that
a sufficient number of people was measured annually. The group was measured once a year in 1986—
1990 [5-8). For 1991-1994, internal doses were estimated using measurements on a reference group,
and its comparison with the population group in 1990. The effective doses in the future were
estimated assuming an exponential decrease with an effective half-life of 5 years for internal doses
and 22 years for external doses [9].

The modified relative risk model presented in the BEIR V report [10] includes cancer
mortality functions for radiation-induced cancers, separately for leukaemia and breast cancer, cancers
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of respiratory and digestive organs and for all other cancers combined. For a single exposure to dose
equivalent d, the excess risk at age a is the product y(a)f(d)g(B), where y,(a) is the age-specific
baseline risk for unexposed population {11]. Function g(B) depends on sex, on the age at exposure,
and on the time elapsed since exposure. The dose—-dependent function f(d) is linear—quadratic for
leukaemia, and linear for all other cancers. In our calculations, the dose rate effectiveness factor of
DREF = 2 was used explicitly for non-leukaemic cancers. The risk of exposure~induced death
(REID) and the loss of life expectacy (LLE) were calculated according to Thomas et al. [12]. The
individual REID values, as calculated from the estimated annual fallout doses, were summed up to get
the REID as the probability of death induced by the cumulative lifetime exposure to the Chemobyl
fallout. Similarly, the individual LLE values from the annual doses were summed up for the
cumulative loss of life expectancy. Further, the quotient of LLE/REID is the mean loss of life
expectancy among people expected to die of radiation—-induced cancers [12].

RESULTS

The mean annual effective doses caused by external radiation and by internal radiation from
134Cs and ¥Cs for the whole population are 1.0 mSv (0.5 mSv internal and 0.54 mSv external) for the
period of 10 years, and 1.7 mSv (0.63 mSv internal and 1.1 mSv external) for the period of 50 years
from the Chemobyl! accident [9]. The estimated annual effective doses for children and for adult men
and women are presented in Fig. 1. If the internal doses from other radionuclides are added, the 50
years' dose is rounded up to 1.8 mSv. The radiocaesium isotopes give the same numerical value in
about 70-80 years.

To illustrate the method of calculation, the REID of a single exposure, as a function of the
age at exposure, is presented in Fig. 2. Assuming that the effective half-lives of the external and
internal doses remain constant after 1994, the REID of the cumulative exposure, as a function of the
time of birth, is presented in Fig. 3. Data included in Figs. 1 and 2 were used in the calculation.
Taking the age distributions of the Finnish population (see Fig. 4) into account, the estimated number
of fatal cancers induced by the Chernobyl fallout in Finland is about 240 cases for males and 220
cases for females (see Table I). The years of birth used in the calculation ranged from 1900 to 2080.
The estimated number of exposure-induced fatal cancers, as a function of the time of birth, is
presented in Fig. 5. The area under the curve is the expected number of exposure—induced deaths in
the Finnish population, for any year of birth, and including all years and ages of death. As indicated
in the figure, about 180 cases are expected for males and 150 cases for females born in 1986 or
earlier, and about 60 cases are expected for males and 70 cases for females born after 1986.
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Fig. 1. Estimated annual effective doses from the Chemobyl fallout in Finland (9].
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Fig. 2. REID, calculated as the probability of death from cancer induced by a single exposure

to a uniform dose of 1 mSv, presented as a function of the age at exposure.
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171



Table I Expected consequences of the Chernobyl fallout in Finland: the estimated number of
exposure—induced cancer deaths, and the mean loss of life expectancy per exposure—induced
death (LLE/EID), for classified cancer groups.

Cancer group Number of exposure~induced deaths Mean LLE/EID (years)
Males Females Males Females
Leukaemia 41 29 19 19
Respiratory cancer 58 19 11 13
Digestive cancer 55 96 10 10
Breast cancer 11 24
Other cancers 81 61 10 12
Total (rounded) 240 220 12 13
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Fig. S. Estimated number of deaths from cancer induced by the Chemobyl fallout in Finland,

as a function of the time of birth.

Figures 6 and 7 show more detailed REID curves for the groups of cancers classified
according to the BEIR V report [10], separately for males and females. Curves of the loss of life
expectancy (LLE) are not shown because their shapes seem to be very similar to the REID curves.
The difference between LLE and REID can be seen indirectly in the curves showing the ratio,
LLE/REID in Fig. 8. Figures 9 and 10 show the detailed LLE/REID curves for the classified cancers.
Most LLE/REID curves are practically constant for people who were children or young adults in 1986
and for people who are born later. LLE/REID, the mean loss of life expectancy in case of exposure-
induced cancer death, has a typical value for each classified cancer group, determined by the risk
model and the cancer mortality statistics. The values are lower for elderly people who have, on
average, less lifetime to be lost after the years of latency and cancer progress. The lcukaemia curve
differs clearly from the other curves because of the short latency and prominent steps in the age-—
dependence of the relative risk in the leukaemia model. A numerical summary of the expected
consequences of the Chernobyl fallout in Finland is presented in Table I. The collective loss of life
expectancy among the Finnish population is about 2700 years for males and 2800 years for females.
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As an arbitrary example of uncertainties, Fig 11 shows some effects that vaniations wn the
effective half-life have on the total REID. Compared with the median curve, the internal effective
half-life estimate has been changed by =50% or the external effective half-life to 30 years or to 10
years mn the other curves. The measured or interpolated dose values from 1986-1994 were not
changed 1 the example, and that is why the changes do not have more effect on the REID values and
on the number of fatal cancers. A change of 50% in the external half-life has an effect of about 15%
on the number of fatal cancers; for a change of 50% in the internal effective half-life the effect is less
than 4%.

DISCUSSION

The Finnish population totals about 5 million, the proportion of females is 51.5%.
According to the ICRP 1990 [13] risk factor of 0.05 Sv~’, the total number of radiation—induced fatal
cancers caused by the Chemoby! fallout in Finland is about 450, as estimated from the cumulative
effective dose of 1.8 mSv over a period of 50 years, including also the internal doses from *Sr and
BI1[9] Our calculation for an extended period, without the internal doses from strontium and iodine,
gives about 450-460 cases, depending on the actual period of time used in the calculation and on the
rounding of the numbers of males and females. Thus, for the Finnish population, the ICRP risk factor
apphed to the cumulative effective dose, and the BEIR V model with DREF=2 give about the same
total number of radiation~induced fatal cancers. The nisk 1s the highest for people who were young
or children at the time of the accident, or were born soon after it. The collective loss of life
expectancy among the whole population is about 5500 years

All annual doses and the cumulative effective dose are very low, thus allowing the use of the
value of DREF=2 and the direct addition of the individual REID and LLE values calculated from the
annua] exposures In Finland, the cumulative fallout dose over a period of 50 years (1.8 mSv) is
comparable with the mean annual dose from natural radiation (about 3 mSv), and with the mean
annual effective dose caused by the medical use of radiation (about 1 mSv). Thus, the risk to an
individual seems to be very low. However, a low probability of death of an order of 10~ applied to
millions of people gives hundreds of deaths. In this case, one may think that the collective
consequences arise from the high number of people exposed to radiation, rather than from the amount
of radiation the people are exposed to. On the other hand, there are many substantial sources of
uncertainty in the radiation risk estimates [10,12,13]. According to the BEIR V report (page 181), the
range of uncertainty wn the risk estimates should extend down to zero risk at low doses in the
mullisievert range because the possibility cannot be ruled out that there may be no nsks from
exposures to such low doses

The mean annual number of all cancer deaths in Finland 1s about 10000, with a standard
deviation of about 100 and a nising long-term trend of about 100 per year Because the exposure~
induced cases will be distributed over tens of years, 1t does not seem possible to show the effect
statistically in the scale of the Finnish population, provided that the present risk estimates represent
the correct order of magnitude. Curves like those shown in Figs 2,3,5-7 may help in identifying
groups suspected of having such effects If any statistically significant effects can be linked reliably
to the fallout exposure, they will lead to re—evaluation of radiation risk models and estimates

In an epidemiological study on childhood leukaemia in Finland [14], no statistically
significant effect on incidence of childhood leukaemia was detected during 1989-1992 The study
yielded a point estimate of 1.3 cases per year, which 1s not significantly different from zero, and has
an upper 95% confidence imut of eight extra cases per year Calculations corresponding to Figs 6 and
7 give a total of nine fatal leukaemia cases for children who were less than 15 years old during the
period 1989-1992 According to the BEIR V model, the leukaecmia deaths are evenly distributed over
a period of about 15 years Thus the expected average 1s about 0 6 cases per year which 1s well within
the confidence Iimuts of the epidemiological estimate
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1. INTRODUCTION

The Chernobyl nuclear accident took place on Saturday 26 April 1986. Within the period of
ten days, rather large quantities of radioactive material were released into the atmosphere and this
matter were distributed via atmosphere over a large area. The first radioactive clouds reached Turkey
about a week later. An extensive survey programme was started immediately after the detection of a
considerable increase in the external gamma radiation level above the natural background. Significant
activity concentrations of I-131 detected in milk in the first days of May were explained by the
intensities of the precipitation during the passage of the contaminated air masses. Also measurements
showed that radiocaesium activity of the surface air was considerably high. In the following weeks
and months, an extensive measurement programme on foodstuffs was initiated. The radionuclide Cs-
137 was used to characterize the observed nuclide spectrum because of both its dominant dose
contributions and its physical half-life. Doses of radioactivity to the Turkish population resulting from
the intake of radiocaesium in food were estimated. The estimated average effective dose equivalent
was found to be 0.32 mSv due to ingestion for the first year after the accident.

2. MATERIAL and METHOD

Airborne radionuclides reached the ground and vegetation mainly by way of precipitation.
Regional differences in amounts of maximum deposits can be explained by the date at which
precipitation occurred. Therefore, although, high fall-out level was found in some areas in Thrace and
Eastern Black Sea region, it was negligible in the most parts of the country.

Over 40000 measurements on foodstuffs were performed by the two laboratories of the
Turkish Atomic Energy Authority (TAEA) located in Ankara and Istanbul. In addition measurements
on hazelnut were carried out by a local laboratory, particularly appointed for this task in Black Sea
region. All laboratories were equipped with the same set of instruments such as Canberra series 10,
10 plus, S35 connected with Nal(Tl) and HpGe detectors. Calibrations were performed by the
Cekmece Nuclear Research and Training Center in Istanbul. In addition, during the investigation of
the development of radiation exposure after the period of activity depositions due to the Chernobyl
accident, for the following 6 years, whole body counting activity concentrations for caesium via
ingestion of contaminated foodstuffs were used to estimate average individual effective doses.

The instrument used for the whole body measurements was the FASTSCAN utilizing

2x4''x4''x16"" Nal detector with a multichannel analyzer (Canberra S35). The person to be monitored
was placed facing the detector tower, hands at sites and back resting in the graved area on the back
wall. Integration time was one minute. The whole body counting programme was performed on some

10000 individuals during spring of 1987 through 1993 [1].

The average annual consumption and production data of the most important food products
was taken from the Report of the Committee for Investigation the Consequences of Chernobyl
Accident [2]. In view of limited resources available, it was necessary to limit the measurements to a
few of the most important food products. The following five were included: 1) Milk and dairy
products, 2) Fruit and vegetable, 3) Meat and fish, 4) Food made of flour, especially bread, 5) Tea.

Annual consumption rates and average concentrations for the foodstuffs are shown in Table 1.
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TABLE-1. Annual Consumption Rates and Average Concentration of Foods in 1986

Consumption Average Concentration

Food (Kg/Year) (Bg/Kg) -

Infants Adults Cs-134 Cs-137
Milk and Dairy Products 200 125 11 21
Fruits and Vegetables 15 250 9.5
Meat and Fish 3 40 17
Food made of floor 5 200 4
Tea - 2 7500

TABLE-11. Average Individual Effective Dose Equivalents

Committed from the First Year (May 86-April 87) after Chernobyl Nuclear Accident

(mSv)
Pathways Critical Group Members of Public
Infants Adults Infants Adults
EXTERNAL | Cloud Radiation 0.0026 0.0026 0.0004 0.0004
Ground Radiation 0.0180 0.0180 0.0027 0.0027
INTERNAL | Inhalation 0.0508 0.0523 0.0072 0.0075
Ingestion 0.0949 0.3173 0.0949 0.3173
Milk & Dairy products 0.0903 0.0538 0.0903 0.0538
Fruit & Vegetables 0.0031 0.0487 0.0031 0.0487
Meat & Fish 0.0011 0.0139 0.0011 0.0139
Food made of flour 0.0004 0.0164 0.0004 0.0164
- 0.1845 - 0.1845
Total Dose 0.17 0.39 0.10 0.33
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TABLE-III. Average Individual Effective Doses to the Members of Public

From Ingestion of Contaminated Foods 1-7 Years after Chernobyl Nuclear Accident

T Dose (mSv)

1¥ year

(May 86-April 87) 0.3173
~1d year

(May 87-April 88) 0.0201
30 year

(May 88-April 89) 0.0136
4" year

(May 89-April 90) 0.0041
5% year

(May 90-April 91) 0.0021
6 year

(May 91-April 92) 0.0018
" & 0.0017

(Mav 92-April 93) :




TABLE-IV. Average Individual Effective Dose Equivalents Committed for 10 years

Doses (mSv/10 year)

Infants Adults
Members of Public 0.10 0.37
Critical Group 0.17 0.43

3. RESULT and DISCUSSION

Average activity concentrations presented for both Cs-134 and Cs-137 are believed to be
representative for the traded part of those foodstuffs included. As illustrated, the highest activity
concentrations were found in tea. In fact, values several times of the highest activity registered in this
paper were encountered during measurements, however, due to the introduction of action limits of
activity concentration in tea by the Turkish Radiological Safety Committee, 12000 Bq per kg was

adopted as the upper value for caesium in tea [2].

Tea forms an important part of the diet of most of the Turkish population. Taking into
account that habit of drinking at least several glasses of tea on average everyday is very common
throughout the country, it is apparent that the main source of radiocaesium contributing to doses
during the first year after the accident was tea. The contribution from food items is shown in Table-IL
As it is seen, contribution to the average individual effective dose equivalent mainly comes from tea
which is both a significant part of the dietary habits and had been the most affected agricultural
product by the fall-out. Although the second vulnerable item was hazelnut by the accident, taking into
account its very little consumption (100 g per year), contribution of hazelnut to doses is neglected.
Some 3000 Bq per kg for caesium in hazelnut was measured [2]. Activity measurements were
performed, regardless local differences in dietary habits, or some foodstuffs considering which were
significant parts of the diet of an average Turkish consumer. Therefore, radiation dose due to intake of
contaminated foodstuffs appeared to be the same for both selected critical groups and the members of
the public. An additional radiation dose due to external exposure and inhalation were resulted in an
effective annual dose of 0.01 mSv for population groups who lived in some more severely impacted
areas of Thrace and Eastern Black Sea region. When calculating the infant radiation exposure due to
the caesium isotope, activity uptake via tea was left out taking into consideration that drinking tea
does not form a part of the diet of the infant. Average individual effective doses to the members of
the public via ingestion of contaminated food items for following seven years after the Chernobyl
accident and average individual effective dose equivalent committed for 10 years are shown in
Table-III and Table- IV, respectively.

The average effective dose equivalent from external fall-out radiation during the first year has
been estimated to 0.003 mSv. The effective dose equivalent from foodstuffs in the first year thereby
about 100 times the average from external fall-out radiation. Therefore it is apparently seen that
ingestion dose forms the most important fraction of effective dose equivalent whereas external fall-out
radiation is negligible comparing to ingestion doses to the population groups in Turkey.
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1 INTRODUCTION

The greatest power plant accident released nto the environment large quantities of radioactive
matenals and consequently human exposure raised in surrounding territories

Romania. by his geographical position was amongst the most unfortunate countries and s East-
em terntory was the most exposed {1]

We wanted to find out if some childhood malignant disorders as leukaema, lymphoma and
Hodgkin disease incidence were influenced by the exposure levels

2 SUBJECTS AND METHODS

2.1. Population and incidence data

The incidence of leukaemia. non Hodgkin lymphoma (NHL) and Hodgkin disease (HD) 1n chil-
dren aged between 0-14 years, from 8 districts (Suceava - SV, Botosamu - BT, Neamt - NT, lasi - IS,
Vaslui - VS, Bacau - BC, Galan - GL, Vrancea - VN) in Eastern Romama (1 320 153 people) was
followed between 1980-1994

Annual data on childhood population 1n each district, by age, sex and residence area (urban, ru-
ral) was obtawned from Districtual Offices of Population Censuses

Every district has an oncology department where these cases must be recorded

Completeness of registration was checked by comparing with medical files obtained from each
districtual paediatric clinics and from Umiversity Hospital of last were nearly all oncopaediatric cases
were treated For the children treated only in Bucurest: hospitals the data were obtained from Institute
of Hygiene, Public Health, Health Services and Management Bucurest

Overall. 847 new cases were diagnosed in this pertod 60 1% (509) of the cases 1n the study.
were defined as leukaemia, 23 6% (200) as non Hodgkin lymphoma, and 16 3% (138) as Hodgkin dis-
ease

The diagnoses were based on clinical examination, histology of bone marrow, Iymph nodes or
tumours, haemarology (the total white blood cell count and blood smears) and other laboratory tests
(radiological and echography exams)

For nineteen patients (11 leukaemia, 2 NHD and 6 HD) the medical recording didn 't specify the
age or the birth place We have included these cases confirmed 1n Teaching Centre of last only 1 the
final analyses and not 1n that on age group

2.2. Dose assessment

The radiation exposure of children during the first 3 years following the Chernobyl accident
(May 1986 - Apnil 1989) was expressed 1n terms of effective dose, the dosemetric quantity recom-
mended by I C R P 1n Pubhcation 60 [2]

The effective doses resulted from internal radiation by ingestion of contaminated food were es-
timated from the radioactive content of foodstuffs (134 - Cs, 137 - Cs determinated by high-resolution
gammaspectrometric techniques and 90 - Sr by a sensitive radiochemical methods) The average annual
food consumption [3] and the corresponding I C R P dose factors [4, 5]

The effective doses from gamma external radiation due to radiocaesium deposit 1n soil of Cher-
noby! ongn were calculated from the population weighted mean activity concentrations of 134 - Cs
and 137 - Cs 1n soul, determuinated by gammaspectrometrical measurements The methods of food
sampling measurement and dose calculations have been descnbed previously [6]

According to our dose estimated, summarised 1n table I the distnict where classified 1n four ex-
posure levels dllustrated 1n fig 1
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TABLE 1 - The radiation doses in the first three years after the nuclear accident for the 0 - 14 years-old children

Exposure levels

0.30 0.26 0.56
0.56 0.49 1.05
0.93 0.80 1.73
1.26 1.08 2.34

Whole territory | 0.67 | 057 | 124

F VS R S )

Levell 0.56 mSv

Level2 1.05mSv

Level3 1.73 mSv

Leveld 2.34 mSv

ld
»
[

Fig 1 - Geographical distribution of exposure (mean 3 years effective dose per capita) in Eastern Romania

271 406 children (20.57 %) were exposed at the minimum exposure dose; the most people
(575 803 children - 43.49 %) lived in areas with an exposure of 1.05 mSv and only 189 731 children
(14.38 %) received the highest dose of 2.34 mSv.

2.3. Analysis

The observation period was divided in three parts: the first one 1980-835 prior the accident was

considered as control. The cases found between 1986-88 (the second period) and 1989-94 (the
third period) were compared with those diagnosed in the first period.

The expected number of cases was calculated for each district on the basis of incidence by sex
and age group (0-4, 5-9, 10-14 years) in whole Eastern territory in the 1980-85 period and the size of
the population in each age and sex stratum.

Standardised incidence ratio (SIR) was calculated as ratio of observed to expected number of
cases x 100.

For the 1989-94 period using as control the same area, the excess risk (ER) and excess relative
risk (ERR) were correlated with dose levels as shown in fig. 2 and 3 [7].

3. RESULTS

3.1. Leukaemia

The SIR for leukaemia in the whole Eastern territory was 63 (95% CI=52-74) for the first 3
years after the accident and soar to 106 for the next six years (95% CI=91-122) as shown in table II.
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Fig 2 - Excess risk of leukaemia. NHL and HD Fig 3 - Excess relative risk of lewkaemia. NHL and HID

TABLE Il - Childhood leukaemia by district and period

No. of cases SIR
District Period O E 95 % CI
A B A B
1980-85 31 27.05 28.57 115 (74-155) 109 (70-147)
SV 1986-88 18 25.85 27.19 70(37-102) 66(36-97)
1989-94 23 24.53 2598 94(55-132) 89(52-125)
1980-85 18 19.18 20.31 94(50-137) 89(48-130)
BT 1986-88 | 11 1736 | 1828 63(26-101) | 60(25-96)
1989-94 14 15.66 16.63 153(92-215) 144(87-202)
1980-85 25 22.79 2410 110(67-153) 104(63-144)
NT 1986-88 | 17 | 2137 | 2246 80(42-117) 76(40-112)
1989-94 | 19 19.50 | 20.71 97(54-141) 92(50-133)
1980-85 32 3319 35.01 96(63-130) 91(60-123)
IS 1986-88 19 32.36 33.89 59(32-85) 56(31-81)
1989-94 | 30 | 2953 | 3131 102(65-138) 96(62-130)
1980-85 17 1985 21.04 86{45-126) 81(42-119)
VS 1986-88 17 19,43 20.30 87(46-129) 84(44-124)
1989-94 20 17.20 18.18 116(65-167) 110(62-158)
1980-85 | 38 | 2043 | 3127 | 129(88-170) | 122(83-160)
BC 1986-88 16 27 87 2927 50(24-77) 55(28-81)
1989-94 32 2536 26.93 126(82-170) 119(78-160)
1980-85 24 24 .86 26.21 97(58-135) 92(55-128)
GL 1986-88 | 12 2333 24 59 51(22-81) 49(21-76)
1089-94 22 2150 2288 102(60-145) 96(56-136)
1980-85 6 14 65 15.51 41(8-74) 39(8-70)
VN 1986-88 10 13 96 14 43 72(27-116) 69(26-112)
1989-94 17 12.56 13.30 135(71-200) 128(67-189)
TOTAL 1980-85 191 191 202 100 100
202
1986-88 120 181 52 190 79 65(53-77) 63(52-74)
1989-94 187 165 83 175 92 113(97-129) 106(91-122)

A - on the basis of 191 cases. B - on the basis of all cases (202)

Between 1989 and 1994, an excess of leukaemia cases appeared at ages 0-4 years (SIR=169; 95
% CI=133 - 205). Most of the cases were diagnosed in Botosani district (15 observed v. 4.63 expected:
p<0.01) as shown in table IIl.

Acute lymphocitic leukaemia accounted for 75.6% (385 cases) of all leukaemia and there were 3

cases of chronic lymphocitic leukaemia (2 before the accident and 1 in 1994 in BT district that has the
third level of exposure).
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TABLE [l - Observed (0) and expected (E) number of cases of childhood leukaemma by age groups

Age0-4y. AgeS5-9y. Age10-14y.
District Period No. of cases No. of cases No. of cases
0 E O E (o) E
1980-85 11 8.39 9 11.39 11 7.26
SV 1986-88 6 7.81 9 11.18 3 6.86
1989-94 10 7.58 8 10.21 5 6.74
1980-85 6 5.93 4 7.99 8 5.27
BT 1986-88 1 5.26 3 7.46 7 4.64
1989-94 15 463 6 6.52 3 451
1980-85 6 7.01 11 9.56 8 6.22
NT 1986-88 5 6.24 5 9.38 7 5.75
198994 | 7 5.79 8 8.11 4 5.60
1980-85 8 10.65 12 13.90 12 8.65
IS 1986-88 8 9.65 8 14.37 3 8.34
1989-94 11 8.85 10 12.34 9 8.34
1980-85 5 6.07 9 8.26 3 5.52
VS 1986-88 6 5.91 7 8.65 4 487
1989-94 8 5.15 8 7.28 4 477
1980-85 14 9.05 19 12.09 5 8.30
BC 1986-88 4 8.55 6 12.08 4 7.24
1989-94 14 7.69 9 10.49 9 7.19
1980-85 6 7.48 15 10.67 3 6.72
GL 1986-88 4 6.68 7 10.17 i 6.47
1989-94 12 6.31 4 8.90 6 6.30
1980-85 3 4.43 1 6.15 2 4.07
VN 1986-88 3 4.08 5 5.88 2 4.01]
1989-94 7 3.84 5 5.23 5 3.49
SIR 1980-85 100 100 100
95%CI | 1986-88 68(46-90) 63(46-81) 64(42-87)
1989-94 169(133-205) 84(62-106) 96(68-124)
“p<0.01

3.2. NHL and HD

The NHL was also signtficantly increased (table [V) in the whole territory mvestigated
(SIR=160; 95 % CI=127 - 192) especially in Neamt district (16 observed v. 6.84 expected cases) and
[as1 (18 observed v. 10.33 expected cases). This increase (table V) was more pronounced in 0-4 y. age
group (SIR=165; 95 % CI=108 - 222) aswell asin 5 - 9 y. age group (SIR=158; 95 % CI=105 - 210).
As table IV data shows we didn't find a significant increase of HD cases after Chernobyl accident.

In the following tables (VI, VII, VIII) using the same indicators, we analysed the quality of the
informations available for each malignant disease investigated . So, the highest percentage of
“unspecified” leukaemia cases was found during 1986-88 (3.3 - 11.1) and dropped in the following
years to 0.9 (table VI). The histologic examination which were more frequently performed before the
accident, had a minimum usage during 1986-88 and slowly increased in the last period. Remarkably, in
3 districts (BC, GL, VN) the use of histology significantly improved the quality of diagnosis after
1989. Histology was used for NHL cases (table VII) in higher percentage before the accident that in the
next years (83.6 v. 77.4), too.

Unexpected, most of the HD cases with histology exams (table VIII) were found in the second
follow-up period (1986-88).

A remarkable aspect is the continuous diminishing number of cases diagnosed only at death
during 1980-94, excepting leukaemia cases which reached a peak just after the accident.

Most of the cases of these diseases (over 90 %) were diagnosed in teaching centres.
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TABLE IV - NHL and HD observed (O) and expected (E) number of cases by district and period

NHL No. of cases HD No. of cases
District Period Q) E 0 E
A B A B
1980-85 § 4 9.50 9.76 6 7.24 8.34
SV 1986-88 | 4 9.04 929 2 7.19 7.94
1989-94 | 11 8.61 8.87 7 6.81 7.59
1980-85 | 3 6.73 6.94 6 5.32 - 593
BT 1986-88 ] 5 6.08 6.25 1 4383 534
1989-94 | 10 5.49 5.68 3 4.37 4.86
1980-85 | 2 7.99 8.23 4 6.33 7.04
NT 1986-88 | 4 7.46 7.67 7 5.97 6.56
1989-94 | 16 684 707 7 5.43 6.05
1980-85 | 15 i1 65 11.96 10 9.17 10.22
IS 1986-88 | 8 11.30 11.57 4 9.02 9.90
1989-94 | 18 1035 1069 11 8.22 914
1980-85 | 12 6.96 7.19 2 5.51 6.14
VA 1986-88 | 2 6.79 6.94 5 5.40 5.93
198994 | 10 6.02 6.21 8 4.79° 5.31
1980-85 | 14 10.34 10.68 11 8.17 9.13
BC 1986-88 | 6 9,75 10.00 5 7.74 8.55
1989-94 | 12 8.90 9.20 9 7.05 7.87
1980-85 | 12 8.70 8.95 12 6.92 7.65
GL 1986-88 | S 8.15 8.40 3 6.53 7.18
1989-94 | 11 754 7.82 4 6.00 6.68
1980-85 | 5 5.14 5.30 2 4.08 453
VN 1986-88 | 4 489 493 1 3.90 421
1989.94 | s 4.41 4.54 2 3.49 3.89
SIR 1980-85 100 100 100 100
95%CI | 1986-88 58(40-77) 58(40-77) 55(35-76) | 50(32-69)
1989-94 160(127-192) | 155(123-186) 110(80-141) | 99(72-126)

A - on the basis of 67 cases for NHL and 53 cases for HD;, B - on the basis of all cases (69 NHL and 59 HD)
"p<0.03, "p<0.01

TABLE V - Age group distribution of observed (O) and expected (E) number of cases of NHL

Age0-4y. 5335-9& Agel0-14y.
District Period No. of cases No. of cases No. of cases
0O E 0 E 0 E
1980-85 0 327 4 3.56 0 267
SV 1986-88 0 3.08 2 3.49 2 2.50
1989-94 4 2.96 3 3.19 4 2.46
1980-85 | 2.31 0 2.50 2 1.92
BT 1986-88 0 205 3 2.33 2 1.70
1989-94 5 1.80 2 2.04 3 1.65
1980-85 0 2.73 2 2.99 0 227
NT 1986-88 4 243 0 293 0 210
1989-94 6 226 5 2.53 5 205
1980-85 6 415 3 434 6 3.16
IS 1986-88 5 376 2 4.49 1 305
1989-94 7 348 S 3.86 3 3.05
1980-85 5 237 5 2.58 2 202
VS 1986-88 i 230 1 270 0 1.78
1989-94 2 2.01 S 228 3 174
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TABLE V - 4ge group distribution of observed (O) and expected (E) number of cases of NHL(continued)

Age0-4dy. Age5-9y. Age10-14y.
District Period No. of cases No. of cases No. of cases
0 E O E O E
1980-85 5 3.53 b 3.78 4 3.03
BC 1986-88 2 3.33 0 3.78 3 264
1989-94 2 3.00 7 3.28 3 2.63
1980-85 3 2.91 5 3.33 4 2.45
GL 1986-88 3 2.60 2 3.18 0 237
1989-94 4 2.46 3 2.78 4 2.30
1980-85 3 1.73 1 1.92 1 1.49
VN 1986-38 1 1.59 1 1.84 2 1.46
1989-94 2 1.50 1 1.63 2 1.27
SIR 1980-85 100 100 100
95%Cl1 1986-88 76(39-113) 44(18-71) 57(21-92)
1989-94 165(108-222) 158(105-210) 157(98-217)

TABLE VI - Indicators of data quality for leukaema

Dis- % Unspecified % Histology % DCO %Teaching Centre
trict (a) (b) © )
20-85 ] 96.88 ] 89-04 | 50.85 ] 86.88 ] 89-04 ] 80-85 | 86-88 ] 8904 ] 80-85 ] 86.88 | 89-94
SV 1 00 | 111100 1830|383 17390] 00 | 00 { 00 | 100 | 100 | 957
BT | 56 | 00 | 42 | 83 | 100 | 792§ 167 | 0.0 | 00 | 833 | 100 | 87.5
NT [ 00 | 00 | 00 | 100 | 882 | 7371 00 | 00 | 00 | 100 | 941 | 947
s 131 1700 | 00 | 938 | 895 | 90.0] 00 | 00 | 00 | 100 | 100 | 100
vs [00 00 100 {941 | 647 | 800§ 59 | 59 00 | 941 | 765 | 100
BC | 00 | 65 | 00 | 816 | 815 | 844 ] 26 | 65 | 00 | 921 | 93.8 | 93.8
GL [ 42 | 83 | 50 | 875 | 500 | 909 00 | 250 | 45 | 792 | 100 | 865
vN 00 [ 00 | 00 | 500 700 | 824 00 | 100 | 00 | 100 | 100 | 94.1
i
WEOMH 16 | 35 | 09 | 874 800 | 829] 31 | s0 |05 | 937 | 950 | 941

(a) - Leukaemua cases of “unspecified” type, (b) - Cases with histology exam, (¢) - Cases diagnosed at death (in
hospital only), (d) - Cases diagnosed in Teaching Centre

TABLE VII - Indicators of data quality for NHL

District % Histology (b) % DCO (c % Teaching Centre (d)
80-85 86-88 89-94 80-85 86-88 89-94 80-85 86-88 89-94

SV 75.0 50.0 100.0 25.0 25.0 0.0 100.0 | 100.0 0.0
BT 100.0 80.0 80.0 0.0 0.0 0.0 100.0 | 100.0 0.0
NT 100.0 75.0 73.7 0.0 0.0 0.0 1000 | 100.0 93.8
IS 93.7 1000 | 66.7 0.0 0.0 0.0 1000 | 100.0 0.0
VS 91.7 50.0 90.0 8.3 0.0 0.0 91.7 100.0 0.0
BC 78.6 50.0 75.0 0.0 8.3 0.0 100.0 | 100.0 75.0
GL 75.0 80.0 72.7 0.0 0.0 0.0 100.0 | 100.0 0.0
VN 60.0 50.0 80.0 0.0 0.0 0.0 1000 | 100.0 0.0
Vgg‘f 8356 | 711 | 774 | 30 26 00 | 985 | 1000 | 957

(b) - Cases with histology exam, (¢) - Cases diagnosed at death (in hospital only), (d) - Cases diagnosed n
Teaching Centre
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TABLE VIII - Indicators of data quality for BH

District % Histology (b) % DCO (c “a Teaching Centre (d)
80-85 86-88 89-94 80-85 86-88 89-94 80-85 86-88 89-94
SV 100.0 50.0 71.4 0.0 0.0 00 | 1000 | 1000 0.0
BT 100.0 | 1000 | 66.7 0.0 0.0 0.0 100.0 | 100.0 0.0
NT 50.0 1000 | 429 0.0 0.0 0.0 1000 | 100.0 0.0
IS 80.0 1000 | 727 0.0 0.0 0.0 } 1000 | 1000 0.0
VS 1000 | 1000 | 87.5 0.0 0.0 0.0 100.0 | 100.0 0.0
BC 54.5 80.0 88.9 0.0 0.0 0.0 100.0 | 100.0 77.8
GL 83.3 66.7 50.0 8.3 0.0 0.0 100.0 | 100.0 50.0
VN 50.0 0.0 50.0 0.0 0.0 0.0 100.0 | 100.0 0.0
WHOLER 773 85.7 70.6 1.9 0.0 0.0 100.0 | 100.0 92.2
AREA

(b) - Cases with histology exam, (c) - Cases diagnosed at death (1n hospital only), (d) - Cases diagnosed n
Teaching Centre

There was no association between the studied diseases incidence and estimated cumulative
doses. Excess risk (fig. 2) and excess relative risk (fig. 3) are higher in the less contaminated areas
(51.51; 0.50) and lower in the most contamnated areas (-28.68; -0.27) for leukaemia.

4. CONCLUSIONS

Overall. this findings provide a significant increase of leukaemia and NHL only after 1989
The most affected age groups were 0-4 v. for leukaemia and 0-4 v . 5-9+ for NHL.
These excesses were not correlated with dose levels.
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5. DISCUSSION

The haematopoetic system is highly vulnerable to radiation carcinogenesis. Leukaemia is one of
carliest (the latent period is brief beginning 3-5 years after exposure) and highest oncology effect [8].

This finding agrees with results of similar epidemiological studies in Finland, Sweden and col-
laborative European study which didn’t show any correlation between leukaemia and radiation expo-
sure {9, 10, 11].

It is possible that SIR calculated using completed data was subestimated because of some uncer-
tainties of incomplete data found in registers.

The lower percentage of histologically confirmed leukaemia and NHL after the nuclear accident
compared with the baseline period could underestimate SIR for this periods too.

The excess of the leukaemia and NHL found in our study could be determinated from the expo-
sure of other risk factors (chemicals infectious or ultraviolet-light) that may be involved as they were
suggested by other studies {12, 13, 14].
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1. RADIOACTIVE CONTAMINATION DISTRIBUTION IN ITALY

As the radioactive contamination distribution has been very inhomogeneous in Italy, the
dosimetric evaluations have been carried out on the basis of radioactivity values averaged over
three geographical areas corresponding to Northern, Central and Southern Italy.

The most significant food matrices, in addition to air and soil, have been taken into account:
milk, cereals, meat, vegetables and fruit.

The highest contamination levels have been found in Northern Italy; for this area, figures 1 and
2 show, as an example, the specific activity of iodine 131 in leafy vegetables and of caesium 137
in milk and cow meat until the end of 1992.

Specific Activity [Bq/kg]
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Fig.1 lodine 131 average specific activity in vegetables, in Northem Italy, in the first month after Chemoby! accident.
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188



kel *“ 100.} o
100.F %%, sa.r .

A*
0. [&
past

10.¢

wm
T

»*c 2
&’ mayB6jan87 jan88 jan89 3jan90 jan9l jan92  jand)

A J. 1 A 4 A Years
May 1986 May 1987 May 1988 May 1989 May 1990 May 1991 May 1992

Fig.2 Cs-137 contamination levels in cow meat (indicated with the stars) and milk (triangles) in Northern Italy. The
figure in the upper right corner shows the Cs-137 contamination of milk in the Emilia-Romagna district (see text for the

meaning of these data in the context of global dose evaluation).

In the other areas the radioactivity levels were lower by a factor 1.5+3. Ground deposition data
for caesium 137 (the major term for external dose) were about 13 kBq/m? in Northern Italy, 4.5

kBg/m? in Central Italy and 3 kBq/m? in Southern Italy and were approximately twice as large as

those for caesium 134. Nevertheless, the soil contamination data showed a strong dependence on
local fluctuations in the rain-fall and this caused markedly different contamination levels also in
adjacent areas.

2. DOSIMETRIC EVALUATIONS

The individual dose calculations have been carried out according to three age-groups: infants
(0-1 year); children (7-12 years); adults .

The following exposure pathways have been considered: external irradiation from deposited
material, inhalation of contaminated air and ingestion of contaminated food. The other exposure
pathways (external irradiation from the cloud and inhalation of resuspended material) were
negligible in Italy.

The dose coefficients internationally adopted for different pathways [1,2,3] have been used.

The dose from material deposited on the ground has been calculated on the basis of average values
of activity measured on the ground and a dynamic model describing the time trend of radioactive
contamination {4]. The most significant contributions come from I-131, Ru-103, Ru-106, Cs-134
and Cs-137. :
The exposure from inhalation and ingestion has been calculated using the average values of
measured concentrations of radionuclides in air and in food, together with appropriate breathing
rates {5] and dietary intake rates{6].

During the first month, three radionuclides (I-131, Cs-134, Cs-137) contributed for most of the
ingestion dose; during the following time after the accident only the caesium isotopes were still

significant. For the inhalation dose the most significant radionuclides were Ru-106, I-131 and
Te-132.
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2.1 Committed effective dose in the first year

Figure 3 shows the individual effective doses in the first year following the Chemoby! accident
according to age-groups, geographical areas, and exposure pathways.

North Centre South

Infants
0.

nhalation
External
i Ingestion

Fig. 3 First year effective dose distribution in the three main areas in Italy [values are given in mSv].

These doses have been calculated taking into account the countermeasures adopted in Italy for the
consumption of milk and vegetables as shown in Table I. In all the areas the infants represent the
crtical group, with the highest dose being received in the North for all ages groups. Ingestion
appears to be the main pathway, ranging from 60% to 85% of the total dose, according to the
geographical area and the age group.

North Centre South
Ban on sale of
leafy vegetables 3/5-17/5 3/5 - 12/5 3/5-12/5
Consumption of milk by 3/5 - 24/5 3/5 - 24/5 3/5 - 24/5

children and pregnant women
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2.2 The effect of countermeasures

The effectiveness of the restrictions adopted in Italy on milk and vegetables consumption has
been assessed, assuming that the bans were abided by strictly. The countermeasures introduced
until the end of May 1986 have allowed a significant reduction of the ingestion dose from iodine
131. The largest reduction in thyroid dose is that for infants whose ingestion dose decrease ranges
from 68% to 85%, according to the geographical area. Figure 4 shows the collective thyroid dose
saved in Italy, equal to 105 000 person-Sv; in the same figure is reported the collective thyroid
dose committed in Italy in the first year, according to age groups. In both cases, the largest
contribution to collective doses comes from adults, but the other age groups contributed more
than their percentage ratio with the combined population.

The overall collective thyroid dose reduction the restrictions allowed has been equal to about
54% of the expected value.

Collective Thyroid Dose Saved :
105000 person-Sv

N, - Infants: 8%

A mromsmiee £

‘ Children: 21%

E Adults: 71%

First Year Collective Thyroid Dose:
90000 person-Sv

- .. Infants: 3%
Children: 13%

b e

Adults: 84%

Fig.4 The effect of countermeasures in thyroid dose saving.
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2.3 Time trend of the ingestion dose

In order to calculate the time trend of ingestion effective dose, the food activity levels
measured in Northern Italy up to December 1992 have been considered.

In this geographical area, indeed, the values of ingestion dose have decreased down to about 1
USv after 6 years following the accident, while in the other areas this dose value has been reached
already after 3-4 years.

In order to check the time trend of ingestion dose obtained by radiometric data averaged on
extensive geographical areas, the radioactivity levels measured in Emilia Romagna district
(Northern Italy) have been also considered. In that district, indeed, the measurements have been
both systematic and highly reliable.

As can be seen in Fig. 5, the time trend of ingestion dose calculated for adults living in Emilia
Romagna matches the time behaviour of that obtained for Northern Italy.

143
* North
&
0.1} a Emilia
o
= = =] Our Regression
0.01} %
&
]
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o
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1986 1087 1988 1989 1990 1991 1992 1993 1994 1995 o °

Fig.5 Ingestion doses for the North and for the Emilia district. The values, including those of our regression {with R2
=.99], have been normalised to the initial (1986) value.

All the ingestion data, including those from the Central and Southern areas, and even those for
the different age groups, can be shown to follow a rather simple equation of the form x 2 Exp[-bx]

with a and b = 1. One should, finally, stress that the dominant contribution to ingestion doses, for
all the three areas, comes from the few first years terms, where the doses are still of the order of
hundreds or tens of puSv.

3. EFFECTIVE DOSE COMMITMENT

By using a model which takes into account the migration of nuclides in soil [4] , the effective
dose commitment due to external irradiation has been assessed.

In Fig. 6, the ingestion and external irradiation doses as a function of time in the first ten years
following the Chernobyl accident are compared for Northern Italy. This figure shows that the
external irradiation contribution to the effective dose becomes very soon the main term.
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Fig.6 External and ingestion effective doses [uSv] in Northern Italy as a function of time.

Here and elsewhere, the ingestion doses on the long term have been calculated by means of the
non linear fit discussed in the previous paragraph. The dosimetric evaluations as for the effective
dose commitment values are shown in Table II.

Table II. Effective dose commitments [mSv] in Italy for different age groups in the three
geographical areas.

Infant Children Adults
North 1.8 ' 1.4 1.6
Centre 0.9 0.7 0.8
South 0.6 0.5 0.6

The average effective dose commitment for an Italian individual is equal to about 1.1 mSv.
Figure 7 shows the collective effective dose commitment in Italy, compared with the committed
collective effective dose in the first year for the main exposure pathways.

The first year collective dose represents about 41% of the total dose. Moreover the ingestion is

the most important pathway in the first year (75% of the total dose), while the external
irradiation gives the largest contribution to the dose commitment (about 60% of the total dose).
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First Year Collective Effective Dose:
25000 person-Sv

Inhalation: 7%

- Ingestion: 74%
_ External: 19%

Collective Effective Dose Committment;
61000 person-Sv

Inhalation: 3%
i8¢ Ingestion: 39%

External: 58%

Fig. 7 Collective dose commitment and first year collective dose in Italy.

4. COMPARISON WITH DATA FROM WHOLE BODY COUNTER

Mean body activity of Cs-134 and Cs-137 were measured until September 1989 by means of the
whole body counter by the ENEA laboratory in Bologna[7]. The data are referred to adults living
in Bologna (Reference Group), but measurements performed on other aduits living in areas
surrounding Bologna (up to a distance of about 100 km) have shown that the mean activity
measured in Reference Group can be taken as representative of the adults living in Emilia

Romagna district. The individual effective dose due to Cs-134 and Cs-137 ingestion from WBC
data have been calculated by applying the ICRP 30 metabolic model [8]; it resulted equal to 234
{Sv in the period from 1 June 1986 to 30 September 1989.

This dose value has been compared with the Cs-134 and Cs-137 adults ingestion dose of 250 uSv
evaluated in the same period using the food activity concentration and the dietary intake rates in
Emilia Romagna [9]. Then the ingestion dose from WBC data differs only about 10% from the
calculated dose.

Figure 8 shows the remarkably good agreement between the Cs-137 mean body activity measured
in the Reference Group and the Cs-137 body content calculated from radioactivity levels in the
food for adults living in Emilia Romagna district.
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Fig.8 Mean Cs-137 body activity in adults, relative to Emilia-Romagna, compared with
our calculations. The last data have been taken in September 1989.

5. STRONTIUM 90 CONTAMINATION

In the Chemobyl reactor at the time of the accident, the Sr-90 activity could be compared
with that of Cs-137, whereas the OECD-NEA evaluation {10] ascribed to Sr-90 a release
fraction approximately eight times as little.

The measurements in different European countries show a ~10-2 ratio between strontium 90

and caesium 137. Our data confirms this ratio in the first year following the accident.

In Fig. 9 the time trend of Sr-90 concentration in milk in Emilia Romagna district, compared
with that of Cs-137, clearly shows the well-known effect by which Sr-90 activity will in time
equal that of Cs-137, due to the strong unbalance between the biological half-lives of the two
nuclides.
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Figure 9. The time trend of Sr~90 and Cs-137 concentration in milk in Emilia Romagna district.
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Dose evaluations have been performed in order to take into account the contribution to
ingestion dose from the relatively weak contamination from Sr-90. The Sr-90 ingestion dose
for infants starts from a few percent of the Cs-137 dose and reaches values which are
comparable with those from the other nuclide in August 1987. In 1994 the ingestion dose
ratio Sr/Cs is approximately equal to ten. The overall Sr-90 contribution equals about ten
percent of the global ingestion dose for infants {these data are relative to the Emilia district}.

6. CONCLUSIONS

In 1987 a preliminary evaluation of the radiological impact of Chemobyl accident on Italian
population was performed [11] . This evaluation took into account both the first year activity
levels measured in various matrices and models for the time behaviour of radioactive
contamination. It comes out that the dose assessment which was then performed is in good
agreement with the present evaluation, with some differences that should be noticed. The
ingestion dose, as evaluated in 1987 from the models that were then available [12], tums out
to be lower than the dose now calculated from the real experimental data. Moreover, the
recent change in the dose coefficients [1,2] leads to a new distribution of individual doses
according to age groups, as the dose to children is significantly lowered, and becomes even
smaller than that of adults.

Last, but not least, the 1987 values for the thyroid dose have been strongly reduced, mainly as
a consequence of the reassessment of the corresponding dose coefficients.
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SUMMARY

Children from areas affected by the Chernobyl accident have been receiving medical care in
Cuba since 1990. The assessment of the radiological impact includes: measurement of *’Cs body
burden; internal, external, thyroids and total dose estimation; evaluation of the overall health
condition and behavior of hematological, endocrinological, and cytogenetic indicators.

Measurements of body activity and dose estimation have been performed on 4506 children
from Ukraine (69.3%), Russia (22.5%) and Belorrus (8.1%). Assessments of overall health
conditions hematological and thyroid indicators have been made in five groups (1...5) established
according to the surface contamination levels (**’Cs) of the children’s local origins. Groups cover a
total of 3033 children from Ukrainian townships. Surface contamination increase from group 1 to 3
and is unknown in group 5, group 4 include evacuated children. Chromosome and micronuclei
aberration rates were established in 28 children evacuated from Pripyat, 21 living in Kiev and 20 in
Ovruch.

In 69% of the children, contents of '*’Cs activity was detected in the body. Specific activity
fluctuated from 1.5 to 565 Bg/kg. Of the children measured, 90% showed a specific activity under

20 Bg/kg.

For the study year estimated doses were: external, 0.04-31 mSv (90% of children with
values under 2 mSv), internal (*’Cs), 2 uSv - 5 mSv; in thyroids, 0-2.Gy (44 % of the children
with values under 40 mGy) totals, 0.2-84 mSv (80% of the children with values under 5 mSv).
Thyroid hyperplasia increased from group 1 (51%) to group 4 (69%). All other diseases and
indicators examined showed no vanations between groups 1-5. Dicentric and micronuclei rates per
one hundred cells were 0.02 and 0.56 in Pripyat, 0.04 and 0.6 in Kiev and 0.03 and 0.6 in Ovruch.
All individual rates were normal.

I - INTRODUCTION.

There were social organizations of the former Soviet Union that by the end of the 1980’s
requested effective co-operation in medical care for the people linked to the accident from the world
scientific community. Responding to the appeal, the Government of the Republic of Cuba set up a
comprehensive medical care program for children of these areas that started operating on March
1990.

The program began by selecting and classifying the children from affected areas that would
travel to the island. This process was implemented by a Cuban medical team, in co-ordination with
local health authorities and the support of the social organizations sponsoring this endeavor. The
main selection criteria was health status and possible health rehabilitation. Surfacc contamination of
children’s living location, body burden or other radiological parameters were not taking into account
and were not know by a medical team.
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Those selected were divided into four groups, according to ailments and required level of
medical care. Group I included children with onco-hematological disorders , some 3% of all selected
cases , and are cared for in specialized hospitals. Group II had the children with chronic or acute
intercurrent diseases that required hospitalization at arrival to Cuba and represented some 17% of
the selected cases. Group Il included children with diseases that could be treated through out-
patient services and represented approximately 60% of all cases. Group IV was made up by
relatively healthy children, representing 20% of the total [1]. Children from groups III and IV were
selected for the studies. The main stage of the studies were: _
e The measurement of *’Cs body burden.

o The doses estimation trough different pathway.
o The biomedical evaluation.

A computerized system was developed, which allows automated processing and analyses of
the studies results.

2 - MEASUREMENTS OF '’CS BODY BURDEN.

Of the gamma emitters radionuclides released during the Chemobyl accident, BCs has the
longest half-life and for that reason it contributes significantly to the doses for a long period of
time. In people living in areas affected by the accident it is possible to detect the presence of this
radionuclide in the body and make an estimate of the doses due to internal contamination.

2.1.- Materials and methods

Table I shown general characteristic of the group of children studied.

Table I - General characteristics of the group of children studied.

Number Amount of Age Sex (%)
Republic of towns children (ycars) M F
Belorrus 82 367 7-16 49 51
Ukraine 421 3121 1-17 54 46
Russia 156 1018 3-16 56 44
Total 659 4506 1-17 53 47

Two whole-body counters with partial shadow shield (5 cm led) and stretcher geometry,
were installed. A 150*100 mm Nal(Tl) detector and an AMC-01 domestic-made multi-channel
analyzer were used in each facility.

A set of phantoms made up of plastic containers were used to calibrate the system. They
cover from a 5 kg child to the 70 kg Reference Man [1]. The radionuclides used in the calibration
were gamma emitters with 511-1460 keV energies: 8Sr, *Mn, *'Cs and “K. The phantom used to
measure background has an amount of potassium and calcium corresponding to each weight [2,3],
which makes '*’Cs determination more precise since the contribution of the “’ K present in each child
is well known.
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In the case of the "*’Cs, detection efficiency for each phantom was adjusted through the
minimal square method, depending on its ratio (weight/high) [1]. Minimum detectable amount
(MDA) was established according to the ratio others have recommended [3].

Detection efficiency and minimum detectable amount values are shown in Table II.
Measurement error of an activity for a 90% confidence interval was estimated at 32%.

Table II.- Whole Body Counters Characteristics

Counter-1 Counter-2
Radionuclide e(cps/BQ)* | MDA (Bg)** e (cps/Bq) MDA (Bg)
B¥ics 3,09 E-3 105 2,66 E-3 126
YK 1,63 E-3 1036 1,69 E-3 804
* Phantom of Reference Man
** Measurement Time 25 min.

The behavior of activity distributions measured in the children of each region was studied.
Equality hypothesis of distributions found with respect to log-normal distribution was subjected to
the Kolgomorov-Smimov bond adjustment test.

2.2.- Results and discussion

Table I shows the general results of the measurements made in the three republics.

In 69% of the children, contents of *’Cs activity was detected in the body with values that
were higher than minimum detectable amount. Specific activity fluctuated from 1.5 to 565 Bqg/kg.

Of the children measured, 90% showed a specific activity under 20 Bg/kg. Activity distribution had
a log-normal character in each region studied. Adjustment bond test was accepted.

Table I1L. - General Results of '>’Cs Measurement in the Body of the children for the

Three Republics Studied.
Republic Number of Measurement with
children | total activity higher ot Specific activity
measured activity nterval
than MDA interval nte:

Amount % (kBqg) (Bg/kg)
Belorrus 367 324 88,3 0,1-85 1,5-363
Ukraine 3121 2239 71,7 0,1-31,8 1,5-565
Russia 1018 548 54,1 0,I-11,5 1,5-195
Totals 4506 3111 69,1 0,1-31,8 1,5-565
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Figure 1 shows values of activity measured for different age groups in the region of Kiev. It
is noted that the larger number of measurements were made on children of 8 to 14 years of age. The
activity ‘s value interval i1s similar for each age, which may confirm that measured activity values
have no direct relationship to the age of the children. There was no relation found between levels of
internal contamination and eating habits either.

Relations between mean values of specific activity of the children from different regions and
levels of surface contamination reported by others [4,5] are shown in Figure 2. An increased
contamination was noted in the body as surface contamination increased, although it is not possible
to establish a defined functional character with appropriate statistical rigor.
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Fig. 1 Values of Mean Activity for Different Age Groups in the Region of Kiev.
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3- DOSES ESTIMATION THROUGH DIFFERENT PATHWAYS

To make an approximate evaluation of the accident’s radiological impact in children
assisted in Cuba and to advice local health authority, several doses estimates were made, including:
external radiation doses; "*'I doses in thyroid; *Sr contamination doses and integrated effective
doses in 70 years due to *'Cs incorporation to the body of the children, assuming a chronic
incorporation model. Of these estimations, only '“’Cs internal doses are based on direct
measurements. The others doses were estimated by modeling and are not of the same level of
accuracy.

3.1.- External Radiation Doses

The preliminary data to estimate the doses equivalent due to external radiation was obtained
through a survey made with each child to learn about their geographic origin and location after the
accident, and life and eating habits during and after the accident. Doses were estimated from
Ukraine official data and from other international agencies where values of doses rates and surface
contamination of the regions of origin of the children had been published [4,5].

Radionuclides '®Ru, "', **Cs and "*’Cs were used to estimate external radiation doses for
the first year after the accident.

Distribution of children per external radiation doses intervals for the fourth year shows that
90% of the children received radiation doses under 2 mSv while only 5% received doses higher than
5 mSv. The highest estimate for that period was 31 mSv. The behavior of doses values for the study
year and forecast in 70 years is linear.

3.2.- Internal Doses

The estimate of effective doses produced by the *Sr was limited to a small group of 1314
children from areas where surface contamination values with this radionuclide are known. Transfer
factors recommended by UNSCEAR were applied [6].

The thyroid-absorbed doses produced by "*'I were hypothetically estimated, knowing the
ratio of this radionuclide with *’Cs on the ground. Transfer factors [6] were applied to the areas, in
line with "*’Cs surface contamination presented in other papers [4,5].

To estimate internal contamination doses, the methodology used was the one recommended
by ICRP publication 30 [7], with some modifications for children.

The *'Cs integrated effective doses was estimated for the study year and for 70 years since
intake began, assuming a chronic incorporation model. The distribution of children per doses
intervals show that 76% of children received doses under 0.1 mSv. Maximum estimated values have
mSv unit values.

The distribution of the effective doses due to *°Sr shows that 25% of the children receive
higher doses than the mSv unit. Maximum doses are not higher than 5 mSv.

The hypothetical estimation of thyroid-absorbed doses in some regions showed values of up
to 2 Gy. It should be noted that it is a conservative estimate since a 'I/'*’Cs quotient in the
environment is assumed, something not well known by specific locations. It is estimated that 44% of
the children received doses in thyroid higher than 40 mGy.
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3.3.- Total Doses

The contribution of all doses components are outlined in Table IV. The highest contributors
in the first time interval are external radiation and "'l hypothetical contribution. As a whole,
external radiation is the main contributor. Children distribution per total doses intervals show that
90% received total doses under 5 mSv. Maximum values are not higher than 0,2 Sv.

Table IV — General Results for the Group of Children Studied.

Doses Doses intervals (mSv)
component
For 4 years For 70 years
External Doses <1l -31 4-87
Internal 1370g <«<1-5 <1 -7
Doses 08¢ <1-4 <1-4
e 2-84 2-61
Total doses <1-84 8-171
* Assuming chronic intake up to the fourth year.

** Effective doses.

4 - BIOMEDICAL EVALUATIONS.

The medical diagnoses and laboratory tests results done on 3033 children from 421
townships of the Republic of Ukraine were used for the evaluation of the overall health condition
and behavior of hematological and thyroid indicators.

Bearing in mind the many townships and the small number of children per township, 5
groups were set up for the study (Table V).

Table V.- Groups Set Up for Biomedical Studies.

Group | Contamination | wyuyber | Number of Age (years) Sex (%)
[kBg/m,] of towns children (%) Average Interval M F
1 <37 33 831 (27.4) 10.8 2-17 54 | 46
2 (37-185) 63 512 (16.9) 11.1 1-16 59 4]
3 >185 19 192 (6.3) 114 4-17 42 58
4 evacuated 13 719 (23.7) 11.2 5-20 57 |43
5 unknown 293 779 (25.7) 114 1-17 59 41

The main dosimetric characteristics of thesc groups are observed in Table VI.
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Table VI- Main Dosimetric Characteristics of the Groups Studied. Mean Values.

Group | Cases External Doses(mSv) | '¥'-Cs Int. Doses (uSv) Thyroid | 1001 Doses (mSv)
>MDA | Sp. Act. Doses
% (Bg/kg) study 70 study years 70 (mGy) | study years 70
year years years years

1 65 6 <1 1 40 60 43 2 3

2 85 14 1 5 90 140 148 6 11

3 97 21 7 29 140 210 890 35 57

4 70 6 <1 1 40 60 -_ <l 1
S 74 10 —_ — 70 110 — <<] 0,1

In the valuation of obtained results the characteristics of the Cuban Program must be take

into account.

4.1.- Morbility

The most common diseases, according to the World Health Organization’s International
Classification of Diseases [8] were: Endocrine-Metabolic 62%, Hematological 37%, Respiratory

26%

Thyroid hyperplasia represent 99% of endocrine-metabolic diseases. Grades IA and IB

hyperplasia predominate among them.

Non-specific chronic limphaadenitis represent 99% of cases diagnosed with hematology
pathologies. The cases diagnosed and treated as anaemia, with hemoglobin values under 100 g/L,
represent less than 1%.

In respiratory diseases, chronic infectious processes of the upper respiratory tract, mainly
the oropharynx and nasopharynx (88%), predominated.

4.2.- Hematology Indicators

The hematological indicators examined in the study were hacmoglobin, hacmatocrites

and leucocytes, eosinophils, monocytes, polymorphs and lymphocytes count. All indicators
showed not variation between groups. In the total of the cases studied the most significant
results were: fifteen percent (15%) of cases have hemoglobin levels under values considered
normal. Lymphocitosis was present in 59% of cases, supposedly linked to parasitary infectious
diseases. Leucopenia levels varied from 4% (group 4) to 2% (group 3). Eosinophilia, that
fluctuates between 19% (group 4) and 27% (group 5), seems to be related to immunoallergic
(29%) and parasitary (39%) diseases.

4.3.- Thyroid Indicators

The indicators taken into account to assess the condition of the thyroids were tiroxine
hormone levels (T4), thyroid stimulant hormone(TSH) and clinical thyroid hyperplasia diagnosts.

Hormones T4 and TSH were determined with the ultra-micro-analytic system (SUMA)
that uses an automated detection system based on immune-enzymatic processes. Hyperplasia
presence and level were determined through palpation by a team of endocrinologists.
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The percentage of cases with high TSH levels goes from 0 (group 2) to 1 (group 1).

The main anomaly in thyroid function in the groups studied is associated to an increased
T4 with respect to normal values. This increase, fluctuating between 13 %(group 3) and 23%
(group 2).

Analysis of the simultaneous behavior of both hormones shows that normal TSH values
are accompanied by normal T4 values in 82% of cases. Reduction of T4 with normal TSH
values under normality only takes place in 0.6% of cases. Some 17% show a high T4 with a
normal TSH.

Thyroid hyperplasia increased from group 1 (51%) to group 4 (69%).

Hyperplasia is present in 61% of the cases in this study, 90% of which are degree 1A
(60%) or 1B (30%).

4.4 - Cytogenetic Indicators

The indicators used were: frequency of chromosome aberrations and micronuclei on
peripheral blood lymphocytes.

Chromosome and micronuclei aberration rates were established in 28 children evacuated

from Pripyat, 21 living in Kiev and 20 in Ovruch.

Dicentric and micronuclei rates per one hundred cells were 0.02+ 0.01 and 0.56+ 0.06 in
Pripyat, 0.04 + 0.03 and 0.6 + 0.06 in Kiev and 0.03+ 0.03 and 0.87+ 0.09 in Ovruch. All
individuals rate were normal.

5.- CONCLUSIONS

The *’Cs body burden in 4500 children from areas affected by the Chemobyl accident was
established. Levels of internal contamination in the universe studied fluctuate between 1.5 and
565 Bg/kg, 90% showing activities under 20 Bg/kg

Estimated doses shown that the doses component due to external radiation was the most
important contributor to total doses which fluctuate between 8 - 170 mSv.

The frequency of diseases and the behavior of hematology , thyroid and cytogenetic indicators
was similar in groups formed according to the surface contamination of children living location.
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THE CONSEQUENCES OF THE CHERNOBYL ACCIDENT
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I. INTRODUCTION

Upon the Chernobyl accident, there were many preconceived interpretations of the demographic evolution of
the contaminated territories, in particular, those concerning quantitative estimates of the additional mortality
caused by the accident. Regardless of the opinion of specialists™® the public associates every manifestation of
worsening health of emergency workers and residents of contaminated areas with radiation factor.

Correct comparison of population statistics in affected and unaffected areas prior to and after the
accident allows to detect any noticeable deviations in basic medico-demographic parameters in contamu-
nated territories from a common trends, if at all. In view of that when in 1990 in Nuclear Safety Institute a
start has been made on construction of an information support system for government and regional executives
to overcome the consequences of the Chernobyl disaster @ a specialised data bank on demography and medi-
cal statistics (MDBD) was created. Nowdays it embraces official population statistics for almost all regions

of Russia for the period 1982-1994. For
example there is a structure of data
Cobn e o] T bank rtality from different

DISEASES Rectun wder 1ol Z Femaes on mortality from erent reasons

infectious & paraste: Larymc 3 e being a constituent of MDBD shown in
Endocme & metabole . s Fig. 1.

Nenvots system il o I Data of MDBD are also valu-

MALIGNANT NeoPLASMS Concxof Wen 7;” able as a broad-based reference in study

Mental disorders oo tom of emergency workers (EW) health sta-

Gentounmary syst PP tistics. For the majority of EW regis-

Drgestrve system tered in Russia participation in decon-

17 CLASSES tamination work was a short-term episode

(2-3 months)” which superimposed on

79 PROVINCES, 1982 -1994 their different base health levels de-

pending on their native regions. So, it 1s

particularly important to take into ac-

count territorial features as well as dis-
advantageous trends in people health all
over Russia .

Fig 1 Structure of data bank on mortality from different reasons

2  MATERIALS AND METHODS.

In the Russian Federation there are about 56.0x103 km2 contaminated areas (137Cs density >37 kBq m-2)
assigned to 17 provinces with 2.7 million people The population fell into 3 groups according to the zoning of
contamunated termritories. Some 90,000 live in the zone of boundary resettlement, ZR ( > 555 kBq.m-2), an-
other 325,000 live in the zone of voluntary resettlement, ZVR (185 - 555 kBq.m-2) and the others live in fa-
vourable soctal and economic status zone which is of 85% of the affected ternitories
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In fact there is no specialised statistics on the exposed population systematically collected to cover all
contaminated areas. The most primitive data of variations of population size have been collected by the State
Committee on Statistics since 1992 in ZR and ZVR only. Actually health statistics available for areas of dif-
ferent contamination density are rather poor and some serious omissions in organisation of statistical data
collection were made In spite of that altogether with all the data collected in MDBD it allows us to be sure of
not overlooking radiation health effects in demographic development of the affected populations in Russia.
To follow long-term trends we can refer to the whole province (oblasts) population statistics. Territories re-
ferred as ZR are located in one province (Bryanskaya oblast - BO) and those referred as ZVR are spread over
four provinces of central Russia (BO, Kaluzhskaya, Orlovskaya and Tulskaya oblasts). Residents of both

zones are a considerable part of the oblast

Table I. Characteristics of population in the most con-  populations (except Kaluzhskaya oblast),
taminated oblasts in Russia. countrypeople in particular (Table I). In com-
parative analysis of oblast statistics we can
Population Percentage of zone residents use standardised indexes since detailed infor-

Oblast size, 13994 in population, % mation on population size and age-sex struc-
x10 Oblast Villages Towns ture is available from MDBD, for the zones
Btyanskaya 14709 33 26 8 only crude indexes are used.
galluz:ks:aya 190;942;3 ;(1) 174 é ? As a reference we take national aver-
rlovskaya .
Tulskaya 1820.1 5 46 24 age values and data averaged over Central

Economic Region (CER) being an administra-
- tive union of 12 oblasts and Moscow city with
some 30 million people of which 7% are under exposure. )
To form reference group for EW cohort we took selected age group of 20-45 (as of 1986) of urban
males (u; various regions of Russia as it is known that approximately 90% of EW are males mostly from
towns ¢

3. RESULTS
3. 1. Dynamics of population size and age structure.

Present demographic situation in Russia accumulated the problems of the past, including consequences of the
World War II, and recent social, and economic difficulties, including decrease in life standard and crsis of
national medical surveillance.
Since early 90s changes of

Table II. Change of population size and its components population size in Russia

. were determined by two op-

Pogulation SiZC a X103 Natural Miglaﬁon positc proccsses - natural de.

Territory decrease,  coefficient, crease and positive migration
1994 1994

balance. For the whole Russia

a0 i i b
ZVR BO)" 1520 151.7 151.7 -5.7 9.0 _population. In CER  this
BO 1463.8 14654 14709  -7.1 12.5 process  evolved even more
ZVR™ 3146 3255 3252 -10.0 10.8 rapidly. In contrast to that in
CER 30383 30277 29872 -104 72 the most contaminated areas
Russia 148295 148146 147968 -6.1 55 number of inhabitants was
* permanent residents about the same owing to
** ZVR assigned to Bryanskaya oblast newcomers (Table II). In ZR
**+x ZVR located in 4 oblasts ) immigration in the past few
*+%* In 1993 several new settlements came into ZVR . years has became a consider-

able phenomenon in demo-
graphic situation. For the period 1992-1994 total number of new residents in ZR was 15,000 people, that is
about 16% of the population. The only possible reason attracting newcomers might be compensations and
economic privileges granted by the federal government to residents of contaminated areas. It should be noted
that emigrants have not been exposed and they bring their own reproduction traditions and different health
problems. If uncontrolled migration goes on it will certainly misrepresent health statistics in the zone.

207



Percartage of totdl popuzon

Percardags of totd popuizion

Fig. 2. Age-sex piramid for rural population in BO and

Russia, 1994 -

3. 2. Birth-rate

Age structure of CER population is de-
mographically ‘old’ one®® . In 1994 proportion
between the young, working-age people and pen-
sioners was as follows : 24% , 59% of and 17%.
In towns part of working-age people(62%) is
higher than that in country (54%). In the oblasts
of interest part of pensioners is even higher, it is
about one third of rural population .

Deficiency in young and working age
people in rural population is clearly demon-
strated in Fig. 2. It is a reason for high mortality
crud indexes. The very small part of fertilise age
females is quite important for understanding of
low birth-rate.

Economic difficulties and deficiency of women of fertile age caused by birth-rate reduction in the 60s re-
sulted in long-term tendency for the birth-rate to decrease in all regions of Russia since 1986. In 1993 some
increase in number of women in fertile stabilised the situation (Fig. 3).
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Fig. 3. Birth-rate dynamics in Bryanskaya and Tul-

skaya oblasts, CER and Russia (crude index).
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Fig. 4. Dynamics of total mortality in Bryan-
skaya, Tulskaya oblasts and CER (crude in-
dexes).

Table III. Crude indexes of birth-rate and mortality in tested and reference territories.

Territory Percentage of Birth-rate, Total mortality,
countryfolk in index, per 1000 index, per 1000
population,

1994 (%) 1992 1993 1994 1992 1993 1994
ZR 53 13.1 12.3 11.2 15.1 184 19.8
ZVR 51 10.2 94 9.5 15.1 ‘17,9 19.5
Bryanskaya 32 112 102 9.8 137 159 16.9
Kaluzhskaya 26 9.2 8.0 8.2 13.2 158 17.4
Orlovskaya 37 9.7 9.2 9.5 14.0 16.0 16.8
Tulskaya 19 8.2 1.7 16 15.8 18.4 20.5
CER 17 84 7.6 7.8 14.3 16.6 18.2
- RUSSIA 27 10.7 9.4 9.6 12.2 14.5 15.7

In general in Russia birth-rate in country areas is higher than that in towns. Hence urbanisation degree
(Table III) should be taken into account as well as difference in population age structure when one compares
birth-rate baselines in the oblasts of interest. Against the baselines the birth-rate situation in contamination
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zones is appreciably better. Every year in the period 1992-1994 ZR birth-rate ranked first, birth-rate in ZVR
was a little lower but still well above CER average values (Table III).

Both in ZR and ZVR in rural areas birth-rate declined even slower then the broad base values, in
contaminated towns it was about the same as in unaffected ones (Table IV). So, disadvantageous processes
occurring in contaminated zones, are not as intease as in unaffected territories in the country in particular.

3. 3. Total Mortality

In Russia in recent years very low birth-rate combined with a rapid growth in mortality. In fact total mortality
started to increase in the oblasts of interest well in advance of the accident. The tendency was broken off in
1985 only and resumed after 1987 (Fig. 4).

Table IV. Birth-rate in rural and urban areas in tested and This phenomenon was seen everywhere in

reference Russia and it is believed to be a short-term ef-
territories (index per 1000) fect of the anti-alcohol campaign conducted in
, those years®®, The early 90s were marked by
Territory Rural Urban accelerating growth of mortality rates.
1992 1993 1994 1992 1993 1994 In the past decade in Russia growth of
ZR 127 120 117 135 129 107  rural mortality (in standardised indexes) over-
ZVR(@BO)* 116 110 107 124 1L5 105  takesthe urban one ™. Higher percentage of
BO 109 103 99 96  countryfolk in ZR and ZVR populations is one
ZVR ** 100 93 94 103 95 9.5 of the reasons for crude mortality indexes in
CER 84 33 74 .18 _ 7R and ZVR being higher than the broad-
* Termitories in BO assigned to ZVR based values (Table III). But if we take rural
** All territories with ZVR status and urban people separately the excess over
Table V. Mortality of rural and urban subpopulations in entire oblast W}l"“ both for ZR and ZVR is
BO (index per 1000) less (Table V} is much less.

In BO difference in rate of true

Temtory  Rural population  Urban population . Srowth of mortality (standardised index) in
1992 1993 1994 1992 1993 1994 post-accident period and prior to the accident

ZR 183 224 247 116 139 143 was not significant: average annual increase
ZVR(BO) 158 181 188 120 132 139 of standardised index was 0.33 (+ 0.09) de-
BO 185 215 227 114 133 142 ceased persons per 1000 a year in 1982-1985
* _ territories in BO assigned to ZVR and 0.41 (+0.13) in 1987-1993 ®_ A dramatic

increase of mortality seen after 1992 was a

. common effect for all territories in CER. As to

long-term trends (1982-1994) the analysis of test to refereace ratio of standardised mortality indexes showed

that in BO mortality rate grows slower than in neighbouring oblasts : for rural subpopulation in BO annual

increase of mortality rate is 2.1% less than in control (at significance level 99.99%) that is 28 deceased per-
sons per 100,000 in a year.

To provide another support to the conclusion that
the most contaminated oblast is in better condition now let
16 us compare the mortality situation in BO with that in other

1933 oblasts in CER. Fig. 5 presents standardised total mortality

Bryaskaye Tulskays indexes in 13 administrative units of CER according to
b ' their ranks in 1982 and 1993. In other words, the oblast that
Bryanskays holds the first place has the lowest mortality level, the high-
12 Tulskaya 1982 est mortality level corresponds to the thirteenth place. One
. M can see that mortality levels have risen everywhere since
od—e 1982 and BO changed from tenth position to third while in
1 3 s 7 s 1 B many others the situation became worth, for instance in Tul-

index per 1000

rank skaya oblast.
Fig. 5. Standardised mortality indexes (see For the past decade reduction of lifetime expec-
explanation in text). tancy of rural males in BO was more substantial than that

for the population at large but not for females (Table VI).
As a result the difference between sexes reached extremely high value of 13.4 years. It should be noticed that
for rural males in Tulskaya oblast life expectancy is even less than in BO (55.9 against 58.6). It means that
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there are more important factors responsible for the shortening of lifetime than radiation. In towns the situa-
tion in BO is better than in Russia (Table VI).

3. 4. Mortality from different reasons.

In connection with radiological consequences of the accident the public is very anxious about cancer
mortality. In fact it does grow in the oblasts of interest; also in all other regions in CER. For the period 1982-
1994 in rural areas in BO standardised indexes (all site neoplasms) increased from 131 to 171 deceased person
per 100,000 against 150 and 185 in control population in 4 unaffected neighbouring oblasts.

Statistics show that standardised cancer mortality rate in BO population has been one of the lowest
one in CER in the period 1982-1994. For example, in 1993 BO held the second place (rank = 2) among 13
others in 1993. Besides, there is no any correlation between growth of mortality and average individual or
collective doses: Orlovskaya, Tulskaya and Kaluzhskaya oblasts held 3, 7 and 10 places correspondingly.
And in oblasts of interest rates of cancer mortality growth prior to and after the accident were the same statis-
tically.

Analysis of test to reference population index ratio displayed that at 95.5% significance level cancer
mortality standardised indexed grew in rural subpopulation in BO more rapidly than in control (0.8% a
year). Having the better situation with the other indexes it is reasonable to attribute this fact to special atten-
tion to cancer problems and better cancer certification in the affected areas ©.

Certainly, epidemiological researches and statistics of cancer incidence will dive more convincing data
on stochastic effects of radiation exposure. But as to people health statistics recent increase of accidental

L . mortality (accidents, injuries, poisoning etc.) causes
Table VI. Average expected lifetime in rural o alam than does cancer mortality. Since 1987
and urban areas in tested and reference territo-  andardised accidental mortality indexes have in-

ries (years) creased 5 - 6 times everywhere as cancer mortality in-

Territory 1982/83 1992/93 crease was well beyond that (less than 30% for the

Rural Urban Rural Urban same time). As a result approximately equal number

Bryanskaya oblast (in some oblasts even more) of people die in accidents

Males 617 648 586 623 and from cancer nowadays although ten years ago the
Females 724 728 720 71.8 proportion was 2:3.

Russia The most frequent cause of accidental death is

Males 598 631 594 610 acute alcoholism (24% in BO, 16% in CER, 15% in

Females 730 73,7 706 714 Russia, 1994), suicides rank next in frequency (10-

15%). Although data are pot available it is reasonable
to think that the situation is evea worse as people there have extra money as a compensation from govern-
meant for being irradiated.

Another reason for the rapid increase in mortality rates in the past few years was the disorganisation
of the state health surveillance resulting from economic difficulties. In villages it has never been good and is
now about to disappear. Although there were no marked changes in provision of doctors and beds in hospitals
(Table VII) it did not refiect the real situation.

Table VII. Provision of doctors and beds Number of doctors in contaminated areas

(per 10, 000) is about half as many as in BO as a whole so
' there is no much benefits for the affected people in
Territory doctors beds excess of beds in hospital. According to some in-
1985 1989 1993 198 198 1993 direct indexes the health care in rural areas was
32 adversely affected everywhere in CER ®. For in-

ZR 20 136 stan . ral R ka blast i
BO 331 356 367 128 140 127 ¢, [0 fural areas in Myazanskaya oblast in-
CER 582 597 50.7 136 141 130 dex rcﬂectmg the aCOeSSlblllty and qua.llty of

medical surveillance dropped by almost 1000
times in the past decade. In villages in BO it was
3 times only, possibly owing to more attention being paid by federal and local administrations to health care
in connection with the accident.
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3. 5. Prognosis up to 2010

Calculations of perspective population size and age-sex structure were made to follow the future
demographic development in BO and in whole Russia. To do that we used method of movement of age dis-
tribution with one year interval. Under unstable social situation and economic difficultics the demographic
situation will very much depend on dynamics of such economic factors as national income and national prod-
uct. If optimistic scenario realises ” recession in industry will be overcome in 1996 and pre-crisis level of
economics will be restored by 2000 followed by national product steady increase by 3.5% a year. In this
case by 2010 living standard of the population will be about the preseat one of EC population. Pessimistic
scenario imitates prolonged economic stagnation till 2000 and about 20-year time delay in restoration of
living standard.

Experts in demography predict further drop in birth-rate till the beginning of XX century, by that
time percentage of one~child families in the population at large will run to 40-50% and of childless families
-to 30-35% , by 2010 the situation won’t be a great deal better (50 and 15-20% correspondingly) in case of
pessimistic scenario '". If economic reforms are in progress birth-rate may show compensative growth. In-
fant mortality being at the present-day level or even higher for next 10 years will decrease by 2010 in opti-
mistic scenario only. Specialists do not see chance for drop in mortality rate till 2000. At best, some reduction
is possible near 2010.

Based on these estimates we calculated some characteristic parameters for BO population and na-
tional averages under optimistic and pessimistic scenarios. Migration was omitted because of highly unpre-
dictable character of the process. Briefly results are as follows. Depopulation will be overcome, at best, by
2010 both in BO and in Russia. Under stagnation conditions drop in size of population will be more signifi-
cant in BO (up to 15-20% and 5-10% in Russia). Number of women of fertile age will increase till 2003 (by
2-3% in BO and 1-2% in Russia) and then decline all over Russia in any case. And in pessimistic scenario
low birth-rate will contribute to depopulation along with high mortality rates.

We concluded that further changes in demographic situation being not very sizeable will be more ad-
verse in BO since its population is ‘older’ and therefore, more sensitive to negative factor influence. For ex-
ample, percentage of old people (older 60) in population in 1994 was 20.7 in BO and 16.7 in Russia. By
2000 in pessimistic scenario it will increase by 1-2% and then decline up to 16-18% in BO and 14-16% n
Russia in 2010. Population will rejuvenate at the sacrifice of old people dying out. And it will be more inten-
stve in BO than in Russia. In optimistic scenario BO will be again in worse situation as by 2010 every
fourth will be older 60, that will cause looses in labour reserves and require additional financial support of
medical and social surveillance of old people.

3 6. Emergency workers.

Analysis of published data on liquidator health statistics' against the background of population sta-
tistics discovered particular important points.

Temporal changes. The disadvantageous tendencies typical for population act for EW too, in par-
ticular alcohol-dependent hypermortality of working-age males mentioned above. That explains to some extent
increase of mortality indexes in the cohort.

While the negative trends are in progress EW get older with time. Changes that occurred in liquida-
tor health conditions for the past 10 years just due to that reason were appreciable. It is well known that total

index per 10,000

iadez per 10,000

Fig 6. Accidential (left) and cancer (right) mortality rate, rural males in Tulskaya oblast
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mortality intensity increases exponentially with age and even more rapid for cancer mortality. For instance,
cancer mortality index doubles in going from age group 40-44 to the next group 45-49. Fig. 6 demonstrates
with rural male subpopulation of Tulskaya oblast (where approx. 10% of EW live) that in case of accidental
mortality (accidents, injuries, poisoning etc.) social and economical difficulties make greater impact than
the “ageing effect” while in case of cancer mortality the latter is the crucial factor.

Spatial distribution. EW live in all regions of Russia but in different proportions: about 18% in CER,
21% in Northern Caucasus Region, 16% in Ural Region etc. . Russia features strongly pronounced distinc-
tions in character of demographic development of different regions, that is determined by social and economic
variations, ecological factors, national traditions and habits, and differeat levels and quality of medical aid. As
a result even standardised mortality indexes deviate widely (up to 2 times) through this country. It is seen in
Fig. 7 where the territorial variety of total mortality rates (standardised indexes) with urban males in all prov-
inces in 1992 and 1993 is shown. Territories are ranked according to index in 1992 and for every one there is
a corresponding value in 1993. A spread of values ranged up to 100% in 1992 and became evea more in 1993.
Lowest mortality rates were fixed in Northem Caucasus provinces and the highest in Far-East Region. Note
that in 1993 mortality increased all over Russia.

Territorial variations through one eco-
nomic region may be considerable as well. For in-
stance, in CER for crude index maximum to mini-
mum ratio showed variations in the range 1.33 for
cancer mortality, 1.77 for accidental mortality, 2.7
for respiratory system diseases mortality and 12.3
() for mental diseases mortality in 1993. QObwi-
ously in such a case one should not take average
over economic region but use a proper weighting
factors when compare liquidator statistics with
population reference group statistics.

Standardived index per 1000

10 S — Social factors. Many other factors like
1 10 19 28 37 46 55 64 living in town or country, belonging to certain so-
Rank

cial group etc. should be taken into account in
comparison study of that kind. For example, in
some oblasts average expected lifetime for urban
males was more than 5 years above than that for

rural males (5.5 in Kaluzhskaya oblast, 1993). Pau-
Table VIIL. Total mortality rates for EW cobort and perisation of pensioners was many times the working

Fig. 7. Urban male total mortality rate distribution
through all provinces of Russia.

reference groups in different regions, per 1000. - people. According to results of selective questioning
of among EW conducted in 1994 pensioners were

Min EW® Russia.  Max  50% of them but only 20% were of pensionable

1991 5.3 5.1 7.6 11.1 age'®.  Amongst able-bodied people those who

1993 7.7 9.5(12.2%) 118 . 177 work in State institutions become poorer while
’ business men improve their welfare.

* EW exposed in 1986, Comprehensive study of EW health is in the

future, in this report we show the effect of ‘spatial

Table IX. Disease incidence for EW cohort and distribution’ only. In Table VIII total mortality crude

population in different regions, 1992, per 10,000 index of EW is compared with that of reference

groups (see Materials and Methods) in different re-

Disease Min _Russia EW  Max gions in 1991 and 1993. EW values were well be-

All site neoplasms 24 59 73 10.4 low the Russia reference group values. The scatter in

Malignant neoplasms 1.3 2.7 2 34 the indexes through regions was considerable and

Endocrine system L6 4.2 47 96 even very high value of EW of 1986 was substan-
Hemogeneticsystem 07 19 38 79 _ tially below the maximum value (Tyva Republic).

Table IX presents disease incidence for EW

cohort and for total population in Russia and peak

values. This is the diseases that caused most agitation as to EW health statistics. In all cases EW values are

about in the middle of the range limited above and below by peak values.
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Relatively good situation with EW health statistics might be a result of special medical surveillance
and better clinical examination. However, high proportion of registered invalids among EW and rapid in-
crease that number reported recently, in particular among those who took part in decontamination work in
1986, pointed to certain social and psychological problems bemg in progress. That may reflect on EW
health conditions in near future.

4. CONCLUSIONS.

To summarise, we can say that in the past decade the demographic sitnation_in contaminated areas
has been developing in a bad way just as in unaffected territories. Some departures from common tenden-
cies arose from changes in numbers of country people living in the most contaminated areas (ZR). Due to the
compensations and economic privileges, which are particularly inviting in severe economic crisis conditions,
positive migration increases were higher than in other oblasts in CER. Relocation measures have changed age
structure of the affected population so that being a constituent of ‘old’ population living in CER it is even
‘older’ than the population at large.

In some respects the most contaminated areas were in a better situation than unaffected ones. Disad-
vantageous trends in birth-rates and total mortality rates seen in the years following to the accident developed
a little more slowly in the zones of interest. According to cancer mortality indexes in CER the situation in BO
is not at all bad. Rapid growth of accidental mortality causes more alarm than the dynamics of cancer mortal-
ity. There are some reasons to believe that in BO and in the most contaminated areas the prompt attention
paid to detect medical consequences of the radiation exposure have mitigated the effect of overall disintegra-
tion of medical surveillance, typical all over the country. It can be concluded that the deviations in demo-
graphic development of the affected population from a common trends might be attributed to the influence of
nonradiation factors arising from countermeasures and at the level of population statistics an influence of
radiation has not been revealed yet.

By virtue of excessively ‘old” age structure affected population is more sensitive to social and eco-
nomic changes than the population at large. If economic stagnation continues in near future BO is threatened
with more intensive old people dying out followed by certain rejuvenation of the population. If more optimistic
scenario realises noticeable increase of old people portion in total population will demand special social and
medical care of pensioners.

Against the background of negative common trends EW health statistics is not as bad as the public
believes if correct reference group from population is taken. To form control group for EW cohort one
should take proper age-sex group from population with the same social status and take into account drift of
indexes in time, ageing of the cohort, wide territorial dispersion of indexes etc. Only if the control group
meets all these criteria one can discuss role of radiation induced health effects in EW statistics. It should be
noted that the build-up of social and psychoiogical problems of liquidators in recent years may affect their
health conditions eventually. So, we can establish that the most acute problems of both EW and affected
population are in social, economic and psychological spheres but not of radiological nature.
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IMMUNOLOGICAL AND EPIDEMIOLOGICAL INVESTIGATIONS
IN REGIONS CONTAMINATED BY RADIONUCLIDES AFTER THE

CHERNOBYL ACCIDENT MM

V.M. SHUBIK XA9745480
Institute of Radiation Hygiene,
St. Petersburg, Russian Federation

The views of researchers and physicians on the aftereffects of the
Chernobyl accident are contradictory. Numerous publications
indicate disorders in immunity and health in the residents of the
radiocontaminated areas. However, a number of leading specialists
in radiation medicine and radiobiology point to the fact that at
low level ionizing radiation to which is mostly exposed population
in the contaminated regions the disorders of health are usually

lacking.

The existing contradiction may be solved if the <c¢linical and
epidemiological evaluation of health would be supplemented with
results of unprejudiced methods of investigation. As such
immunology provides unique possibilities. Although individual
immupe characteristics can vary notably, some of them are
singularly radiosensitive. Radiation immune disturbances play
important part in development of early and late consequences of
the radiation effect (cancer, infections, sight disorders,
disorders of reproductive function etc). Immune disturbances are
nonstochastic. To prove that the disease developed after the
accident is due to radiation effect it is necessary to reveal the
dependence of its rate and severity on radiation dose,to establish

this dose-response relation for the immune reactions.

Data on dose-response dependence in immune disturbances or on
relation of immune disorders and the level of radiocontamination

are very few and not always convincing.
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We have carried out in Novozybkov district of Bryansk region,
Russia, immunologic inspection of residents with simultaneous
evaluation of radionuclides content in the body and individual
dose burden. We have not found any correlation between the dose

and immune characteristics: amount of T and B lymphocytes,

antibodies level.

Only 3 months after the accident increased level of antibodies
against thyroid antigens, thyroglobulin and microsomes was found at

Lthyroid doses over 75 cGy {(Table 1i}.

Table 1. Antibodies against thyroid antigens induced by

-

radioiodine in children 3 months after the Chernobyl accident.

Antigens Thyroid dose {(cGy)
Up to 15 15-75 75-200
Thyroglobulin 10 = 2 8.5 0.5 18.5 ¢+ 5
*
Thyroid microsomes 4.5 £ 2 6.5 £ 2.5 30 £ 11

Note. Mean reciprocal values * mean error.
*Difference from corresponding data for group exposed to
radiation dose less than 15 cGy is statistically

significant, p < 0.05.

As seen from Table 1 at thyroid doses of 75-200 cGy the antibody
titers with respect to thyroglobulin and microsomes were 2 -6.5
times higher than in children exposed to doses less than 15 cGy.
The rise in content of antibodies specific for microsomes was
statistically significant, p < 0.05. The dose of 75 cGy is a

threshold for development of thyroid autoimmune reactions.
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Autoimmune reactions were still recorded 7 vears after the
Chernobyl accident (Table 2). At thyroid hyperplasia (HTG) the
increased amount of antibodies against thyroid antigens was
demonstrated by the reaction of passive hemagglutination and by

immunoenzymometric assay.

Table 2. Antibody titers at thyroid hyperplasia (HTG)

Reciprocal Antibody Titers

Pla f . . . .
ce o HTG Passive hemagglutination Enzyme ilmmunoassay
examination Thyroglobulin Microsomes Thyroglobulin Microsomes
Xk *x *

Yes 14.5%1.5 11%1.5 13.5%9 3.5*x1
Novozybkov

No 3.5x1.5 1.531.5 0 11
Surazh No 7+1.5 512 7+t6.5 2+2

Note.*, *=*% Difference from the corresponding data for the
reference group (Surazh) is statistically significant;,

p < 0.05; 0.001.

The investigations performed in Novozybkov and neighbouring Surazh
(town free of radiocontamination, reference) show, that at thyroid
hyperplasia the titers of antibodies against thyroid antigens are
higher than in persons unaffected by this disease. The difference
from the reference value of the figures obtained by reaction of
passive hemagglutination were statistically significant. These
findings support the assumption on the role of autoimmune
processes in development of goiter, and on importance of radiation

in thyroid pathology.
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Reaction of 1inhibition of leukocytes migration demonstrated
sensibilization of lymphocytes against thyroglobulin and thyroid
microsomes, thus revealing autoimmune disturbances both of humoral
anf cellular type which presumably result from the effect of
radioiodine. However, the factors favoring goiter endemy in the

Novozybkov district should also be taken into consideration.

Our analysis of dynamics in development of malignant tumors in the
contaminated districts of Bryansk region has not revealed any
consistent relation between the level of so0il contamination and
cancer mortality. The significance of radiation for development of
thyroid cancer also requires further proofs. We have observed
increase in goiter morbidity, in particular, of its nodal forms,

at higher levels of radiocontamination and higher thyroid doses.

Table 3. Morbidity of intestinal and droplet infections in

children before and after the Chernobyl accident.

Diseases Morbidity per 10 thousand children (M * m)
Before accident After accident
Dysentery 68.3 * 8.7 30 £ 7.5

Acute intestinal

infections 83.9 + 3.6 87.2 * 5.5
Measles 6.2 + 1.7 17.3 + 14.6
Whooping cough 3.5 % 1.8 2.2 0.9

Note. M £ m is mean annual figure * mean error.
In Table 3 are presented comparative data on morbidity of
intestinal and droplet infections in children before and after the

Chernobyl accident. As can be seen from Table 3, no connection is
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observed between morbidity of intestinal infections including
dysentery and factors due to the Chernobyl accident. The number of
dysentery cases in the contaminated areas of Bryansk region even
decreased after the accident (statistically significant data).
Although the measles morbidity after the accident seems higher,
the variations in morbidity between years are greater, and thus
this figure is statistically insignificant. Moreover, we carried
out evaluation of postvaccination immunity against measles and did

not observe any relation of the findings to the radiation dose.

After the Chernobyl accident in radiocontaminated regions
including Novozybkov district some rise 1in morbidity of acute
respiratory diseases (ARD) was recorded. These diseases are Kknown
to be influenced by immune distortions. We are inclined to
consider the rise in ARD morbidity as a result of combined effect
of ionizing radiation, stress, and chemicals in foodstaff. The
high level of food contamination with pesticides and nitrates was
shown by Bryansk regional and Novozybkov town sanitary control. It
is also known that high level of anxiety was registered in over

70% of residents of Novozybkov.

Qur experimental studies described in the monograph of 1587 showed
that such combined action can result either in independent
operation of the factors and even 1in antagonism, or in their
summation and potentiation. The latter effects are practically
significant, and they presumably play part in immunity and health

disorders observed at the contaminated territories.

The possibility of such effects was found inobservations on
animals kept in vivariums placed in the 10-30 kilometer zone
around Chernobyl Nuclear Powerplant as compared to animals who
remained in "clean" vivariums. Immune distortions 1in the former

case were recorded at 10-fold lower radiation dose than in the

219



latter. Similar difference exists between the doses that caused
immune distortions in the victims of the Chernobyl accident, and
those of the accident in South Ural. But after the Chernobyl
accident both animals and humans were subjected to combined action
of radiation and nonradiative factors (toxic chemicals, stress
etc). In South Ural the latter factors operated to notably lesser

extent.

It is presumable that the disorders in immunity and health after
the Cherncbyl accident result from the combined effect of radiative
and nonradiative factors. Only the thyroid dQisorders are due
mostly to radiation influence, but here also may operate factors

favoring development of endemic gyoiter.
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STATE OF HEALTH OF THE CHERNOBYL ACCIDENT
CLEAN-UP PERSONNEL, THE POPULATION OF CONTAMINATED AREAS
AND PERSONS INVOLVED IN NUCLEAR WEAPONS TESTING
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St. Petersburg Scientific Research Institute for Radiation Hygiene,

State Committee of the Russian Federation for Epidemiological Monitoring,
St. Petersburg, Russian Federation

HEHOTOPHE OCCBEHHOCTY COCICAHUAL 3JOPOBBSI JMKBUJATOPOB ABAPWKM HA
YasC, HACEIEHAA 3ATPASHEHHHX TEPPUTOPMA Y JMI, OPUHMABUKX YYA-
CHME B WGINTAHAAX ATOMHOIO OPYMUA

Canxr-TerepGyprekuit M pagmanmonto# ruruens THCIH P@

Kaprior B.B., flxoBnesa H.I'., Mokpoycopa 3.B., 3amaHoaé J.B.,
Kyrepruua 3.T., [poxodrepa K.O.

C 1986 ropa coTpymmmkamy (UI6.H paaxeaipornoli Pursiern COBMECTHO C
Bpagamy JMcnawncepa pammatponnoit npodnartonoruy u 06RacTHOK SOMBHU~
I MPOBOGUTCA HEGJVHEHHEe 32 COCTOAHHMEM 3JOPOBBA JMKBUIATOPOB aBa~
puu Ha YR3C, npomusepmux B Cauxr-lletrepOypre n ofmacti (oxono 5
THC.genoBek). ChelManbHoe MENUIMHCKOE H26MogeHMe BKYANO B cebs
aHaM3 003 BHEDHETO O6MyueHuMs, onpefelieHue COJCPRAHMA DagMoLe3ns
B oprarusme (Bkmouas nsmeperun (MY), GCMOTD Bpauamu-CHElUATMCTAMN ,
acuxonoryyeckoe Tectuposamne, KT u 33 uccnemosasms, uurorene-
THYeCcKKe, MOpJOLMTCXMMItUECKKE u-,r(p.

Cpensme 03w BHEUHENo ramMa—oCNyUeHuA TMKEMAATOPOB COCTABIAMMA
B I966 r. -~ I%,440,46 cTp, IS87 r. - I2,34C,56 cfp, IS86 -

- 2,1+0,7I cip. Cymvepnan akTHBHOCTH LiE3UA B Opranuame y GOJbmuH-—
cTBa ofcrnegoBakHex He Npessmwana 0,5 mkHu, maxcivanshre 3HaueH#s
cocrasnsum B 19856 - 3,3 i, I967 - 2,1 mku, 1988 - 1,7 mxHu.

B I990-94 rr. y 80% 06CnenoBAHHHX COACPKAHUE Le3UA B OPraHU3ME HE
npeeugano 20 HHu.

B nepeue 3 roge nocne aBzpuu HauGojee vacTumu Ouam QyrKUMO-
HaNbHEE 3250JeBaHHS HEPBHOW M CEDAEVHO~COCYRMCTOH CUCTEM - ACTEHO-
—-HeBPOTUUECKMA CUHIDOM, B COYETaHWM C BereTaT™BHoW Luclywximew, v
Qeﬁpo-tmpxynmopﬁan ancrormusa (y 22,4% nwxsugaropos IS5 r.), sa-
Gonesarua opranoB mmuesapewus (y I7,2%), saGonesamus cepgeyHo-CO-
cymucroit cucremn {y 13,3%) u gp. Y muxsupatopos ISES r. no cpas-
HeHu ¢ ISE0 oTmeyanoch Gom?mee KOJMYCCTBO JIKL, MMEBLMX TE€ HIM
uspe safonesanus (82,1%), Gosnbmee KOMUYECTBO CIyuaesB I'MIEPTOHKNUE-
CKOM GOJe3tm U GyHKUMOHATBHMX 3afoneBatMii HepBHOH cucTemd. B mo-

CacIynmiue I'OAH OTMEYZJIOCh YBenvyehHue Uucria 3aGcacpaHufi mesyRodso-—
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~KHEUHOI'O TpakKTa, CEPAEHHO-COCYAMCTONA CHCTEMN, OPraHOB ANXBHHA,
KOCTHO-MMIIETHOH CHCTEMH M JP.

llo pesymraTamM aHKeTHHX WCChAefOBaHuil CLUIO onpemeneHo, YTO
CpenHee 3JIHAUEHMe YPOBHA JMYHOCTHOR TPEBOXKHOCTH y JUKBUIETOPOB
I96 r. (43,3 6anna no wxane CnunGeprepa) Grmv GIM3KK K TPAHMUHO-
My 3HAUEHMD ANA BHCOKOTO YPOBHA TPEBOKHOCTH, HM3KMH MHUMBKIYANb-
HHf YpOBEHB TPeBOXhOCTH OoTMewanch y 3,I% oGcrepoBamtnx. HamGonee
yacTHMM ObM RUIOON HA IFGJIOBHHE 0OMM, Pa3gpexUTEeMBHOCTD, NOBHIIEH-
Hy® yTOMnsemocTs, Hapymenua cva, Oxono 80% oOmpomieHHuX CBsIuBam
YXYAWeHHe CBOero 340poBbA C asapueft ma YASC.

Araum3 usmerenudl DK noxasareneft CBMOETEABCTBYET, UTO Yy JMKBH-
saropos 1986 r., no cpazxerw c I988 ormeuaerca Gonbmas yacroTa
HapyweHul: ceplevHOro puTMa B fopMme CHHYCOBEXX ApuTMMK u Opaguxap-
suhi (y mu monoxe 40 ner), HapyweHust NPOBOAMMOCTH ¥ HAJMUME efu-
MMuHBX BKCTpackcTon (& Gonee crapmem soapacte). B nunsmmke ormeua-
€TCA yBe/MUeHKe UVCI2 Hapyweruil NPOBOAUMOCTH.

ilpy 2HaiMae reMaTONOTMUECKHUX NOKA3ATeRef y JAMKBUNATOPOB GHNO
ONPEeleIeHO HEKCTOPOe CHUREHNE KOJMUECTBA ':bom‘Somrroa, NERKOLYTOE
" 3c3nne¢unoe.-a TaKxe YBEe/UYEHWE KOMUECTBA KJETOK C KAYECTBEHHO
CTPYKTYPHEMHM M3MeHEHMAMK (IBYALEPHEX m@omwc_)a M THIEepCerMeHTHpO-
BAHHEX HeATpodunos). ¥ auxbumaropos 1985 r. oTMevanoch 2-4-x KpaTho
JBEJMUEHHE UMCNA 3THX KJNETOK M0 CPABHEHMD C H0aBaDUBHEM YPOBHEM.

B jpanbrHefiieM HASIONANACh HODMAITMBALMA NOXasaTenefl.

CorsnacHo pesynbraTam uccregoBanuft 1992-93 rr., cpemHas uacroTa
XpoMOcoMHEX afeppaunit y Jmksuaaropos 1986 r. mpu gosax II-25 clp
cocraenana 4,0+0,6, auuenrpumyeckux xpomocon — 0,II+0,04 va I00
KJIeTOK, UMCHO muKpoazep 49,2¢2,0 Ha 100 KHeTOK, UTO CBULETEeJNbCT-
ByeT O NOCTENEHHOM CHIKEHMH UMTOTEHETHIECKMX H3IMEHEHMfi.

llpoBenetie avama muHaMiky 3a6oneBaeMocTH okoJo I0 TeC. pado-
Tapmx xuTeneft r.HoBosuGkopa Bpsrckofi obmactu (nioTHocTh aarps'isae—

wms no Cs > IS Kn/rmz) B 1983-92 rr., NOKasan yBeNWueHue ofmero
yucma cnydaes saGoresanut B I985-88 rr. no cpassermo ¢ 1983-85 rr.

B nocneasapuittuil nepuos GuiO ONpENEACHO ROCTOBEPHOE YBesMueHue
Y%CAA 3a60NeBaHMA HEPBHOK M KOCTHO-MEUEWHOfl CHCTEM, WHC/R fHelh He-
TPYAOCNOCOGHOCTH GipM OCJCKHEHUSX GEepeMeHHOCTR ¥ 3800NEeBAHMAX MOYeK,
2 TAKKe CHWNEHKM UMCJA CAyyaesB NHEBMOHW. )

CornacHo pe3vibTataMm UMTOMEHETHIECKOTO oOCregoBaHua 75 ueno-
BeK, MOAPEpPruMXCA DALKALIMOHHOMy BO3LENCTBMO MDY HMCINTAHKAX AOEp-
KOO CPYRUR ¥ painaumodiax asapusx 20-45 ner wasam, wacTh u3 Ko-
TOPHX TepeHecna 3 hipomaoM Jyuesyw GONe3Hb, Epegum QacToTa XpoMo-
comix aleppaumii cocrapuna ©,8640,20, KOAMYECTBO AMUCHTPUKOB
0,7040,1I0, ueHTpHuecKkux KoJbueBuxX Xpomocom - 0,04+0,03 na 100 xac-
TOK, XOJMuecTEG mukposagep 02,372,862 ra I000 kneTok, uTo CymecT-
3EHHC MpeBWuano nokasartems kowrpoias. Y 41,3% ob6cnemosapmbex XA
covtaBaana B u Geonee, npu KomecTBe guuenTpukos I,36+0,I7 na 100
RIAESTOK.

llomyuertine faHHMNE CBUASTEALCTBYDT O KOMOAEKCHOM BrusHuy gai-
20poB &sapui Ha YAIC (paguaumOHHOTO, NCHXO-3MOLMOHANLHOTO ¥ ApPYrHX)

Ha COCTOARKE 3NMOPOBLA UECAOBEKA.
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PREVENTATIVE ANTICARCINOGENIC TREATMENT
USING ANTIOXIDANT IMMUNOPROTECTIVE PREPARATIONS

LP. VARTANYAN [N

Central Research Institute of Roentgenology and Radiology, XAQ745482
St. Petersburg, Russian Federation

G.Y. DUBUR
Institute of Organic Chemistry,
Riga, Latvia

T.V.PONOMAREVA, E.I. IVANOV, G.N. MERKUSHEV, M.I. BOKK
Institute of Radiation Hygiene,
St. Petersburg, Russian Federation

METHODS

On experimental model of external and internal exposure simulating various post-
accidental situations, the effects of nitrogen - containing heterocyclic compounds with
antioxidant and antiradical properties have been studied. The following irradiation schemes
were used:

-Chronic gamma-exposure with dose rates of 0.25 and 0.50 Gy per week with
accumulated dose 19 and 25 Gy.

-Continuous prolongated exposure with accumulated dose 10 Gy per month.

-Fractionated X-ray exposure 20 times per month, accumulated dose 10 Gy, with
preliminary 2 days before single local 10 Gy exposure of the thyroid.

-Oral administration of 137 Cs (18.5 kBq/kg) every two months during 1.5 years. After
10 times administration for 600 days accumulated dose exceeded 21.0 Gy.

Survival rate, lethality dynamics, mean life span, cause of death and tumour induction
rate have been registered as well as routine immunological, hematoiogical and biochemical
data.

RESULTS
The administration of the studied antioxidant compound as food additive increased the life
span by 10-20. % in irradiated and non-irradiated animals showing the general positive
gerontological effect (Fig.1a and 1b). At all levels of lethality of irradiated animals the mean
life span was 2-2.5 months longer after the treatment in comparison with irradiated controls,
and after exposure the effects of shortening of life span was diminished by 2 times. These data
were statistically significant.

The mean life span is directly interrelated with lethality dynamics, and effect of
antioxidant compound on this indicator has been confirmed, as for instance in the experiments
with internal 137 Cs exposure (Fig.2). Lethality dynamics after 6 months of 137 Cs
administration practically did not differ from intact controls. At the same time lethality of
exposed animals without preparations significantly increased up to 24 %.
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Fig. 1
Life-span after chronic gamma-exposure of mice
0.25 Gy/week (A); rats after fractionated X-ray
exposure (10.0 Gy accumulated) (B)

1.Irradiation 3-1.Irradiation+compound 1mg/kg
2.Control 3-10.Irradiation+compound 10mg/k
%3.Irradiation+compound 4, Compound
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. Fig. 2
Lethality after internal exposure (137Cs,rats)

1. Control
2. 137 Cs administration
3. 137 Cs and compound administration

The lethality of treated animals at 240 days corresponded to that of nontreated group at
120 days (4 months advantage) and was two times lower than in the exposed controls at the
same period.

The study of the compound effect on carcinogenesis first of all revealed 1.9 times lower
incidence of spontaneous tumours in non-irradiated mice than in intact animals during 1.5 years
of observation with some extention of life span (Fig.3). After protracted gamma-exposure and
compound administration a number of animals with tumours was 1.7-2 times lower than in
irradiated but not treated rats.

Similar data have been obtained in cases with fractionated X-ray exposure. The
effectiveness of the compound was mostly pronounced after 15-18 months, when lethality
reached plateau. At this time tumorogenesis was inhibited by 2-2.5 times and corresponded to
the levels in intact animals. The period of cancer mortality in treated animals was postponed up
to 4-9 months (Fig. 3b), that indicated the maximal anticarcinogenic effect. In most
experiments the highest effectiveness of antioxidants was observed after 1.5 years and later,
when in irradiated control group a number of animals with tumours was at highest level. Fig. 4
presents data on a number of tumour carriers after 1.5 years in various chronic exposure
models in comparison with irradiated non-treated and intact control groups taken as 100 %
level. In all types of exposure with different doses of the administered antioxidant, significant
anticarcinogenic effect has been observed, including the effect on spontaneous carcinogenesis
(reduction of a number of tumours by 1.5-1.9 times) (Fig. 4).

The antioxidant also decreased the proportion of malignant tumours by 2-3 times and
number of animals with multiple tumours (Fig. 4b). After sublethal exposure the antioxidant
was highly effective in the improvement of general health indicators of the animal, such as
weight increase, 30 % decrease of immunodepression, 1.5 times lower the leucopenia and
some biochemical indicators.
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SUMMARY AND CONCLUSION

1.The tested compound is non - toxic and effective in relation to life span prolongation,
mortality decrease etc., including general positive gerontological effects.

2.As radioprotector, the compound is effective before and after exposure
administration and could be used for prevention and treatment.

3.Compound is effective as a general anticarcinogenic agent for radiation-induced and
spontaneous carcinogenesis.

4 The compound is non - toxic with the wide therapeutic spectrum in doses from 1.0-
50.0 mg/kg of body weight and might be used as a food additive for a wide preventive
distribution in population.
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ONE DECADE AFTER THE CHERNOBYL ACCIDENT: DATABASES,
MATHEMATICAL MODELLING, MEDICAL DATA ANALYSIS

VM.IANENKO, KL ATOEV lIIINlllllll!l)l(lll\l@!ﬂﬂlﬂ@!lﬂllllllMl”lll

V.G. BEBESHKO, V.I. KLIMENKO
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Kiev, Ukraine

1. CLINICAL INVESTIGATION

The changes in dynamic of clinical and immunological indices of preleucoses and hemoblastosies
one decade after Chernobyl accident was carry out. The results of retrospective estimation of leucoses
frequency among participants of Chernobyl accident consequences elimination show, that level of
disease has rised from 4.41 to 12.02 per 100000 men since 1987 till 1992 years. So, the radiation
factor is one of most important in hemoblastosies dynamic activation. The investigation, that were
elaborated in hematological clinic of ICINCRM, had demonstrated the complex of distinct clinical,
morphological and functional changes in hemopoesys system for above mentioned group of patients.
One of the form of hemopoesys system defeat, that precedes the tumor rise development, is
mielodysplastic syndrom (MS). It is one of the important manifestation of preleucoses. The group
with different forms of MS was distinguished among patients that were examined. 107 patients with
stable hemopoesys - 12 of them with MS (6 cases were transformed in leucosies) and 120 patients
with preleucosies were examined.

The correlation analysis of indices of peripheral blood, marrow bone and other clinical parameters
for determination of additional criteria of different forms of MS prediagnostic was carry out.

The results, that were obtained show that most important for prediagnostic parameters are the
hemopoesis signs, the number of blast elements and obvious dishemopoesis in marrow bone and
peripheral blood. All other changes have less important significance.

2 MATHEMATICAL MODEL

The main regulation mechamsms of immune response include mainly the parameters which can be
attributed to different links of regulation, that include antigen (Ag), pool of cells effectors, pool of
cells-predecessors, 1mmunocorrectors (ic) ( cortizol, thymahin, vilosen), pool of cell-suppressors, active
biological substances — hepann and histamine [1] In models of the interaction between the immune
system and cells with antigen determinants (CAD), that indicate the level of environmental pollution, it is
often difficult to recognize the picture of the immune system as it is changing under the action of
various factors (including Ag). Adaptation of the immune system alters the activity of some of the links,
while other links adequately ( or inadequately) compensate these changes [2] . Therefore it is
important to estimate the degree of change in the immune system by recognizing the state of the
so-called immune status of the organism (ISO) as an evolving system {3] ISO usually referstoa
function which characterizes the balancing of different links in the immune system, but at this stage we
have no formalized model of the ISO and the mechanisms responsible for the interaction between
links of the immune system have not been fully studied.

The evaluation of health detriment will carried out on the basis of proposition that the antigen
level indicates the degree of environmental pollution, utilizing proliferation index S, which
characterizes the degree of balance between subpopulations of effectors and suppressors cells
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Let us define the following variables of model such as cells precursors (Yp ), effector T-cells
(Yg), cells with antigen determinants (Ycap) — characterize the impact of polluting factors in
the food-chain on the vital functions of organism, T-suppressors (Ys), heparin (Yyp), histamine

(Yus ), calcium in cytoplasm (Yc;), calcium in intracellular compartments (Yc2), degree of
phosphorylation of membranous proteins (Yg), ic — the level of immunocorrectors, vc; and vc; are
speeds of binding of Ca® ions by intracellular and membranous proteins respectively; parameters d;
G= @), characterize nonlinear effects of interconnection of Ca? ions at dephosphorylation of
protens; I, (k = fﬁ) are currents of Ca®" through cell membrane from places of safe inside cell,;
oF - quantity of Ca™ ions, binding by systems of phosphorylation in one molecule of phosphorylating
protein, a; (I = 1,5), Ba, Ya, Tn (n= 1,_2), En(m = l_,zl), M, N — model parameters.

Then the mathematical model of interaction between immune system and environmental pollution for
risk assessment of public health detriment can be presented as follows:

dYp
_— = (kl + dlic) YCADYPYHS -k ZYP + (k3 + d3iC)YpYE ~ (k4 + d4lC) Yc]Yst;

dt
dYs dY s
—= (ks + dsi¢) YpYg - ksYg - MksYeYcan(N - Ys); = ki2YeYcap(N - Ys) - kisYus;
dt dt
dYCAD dYCl

= k7 Yean(do +d2Y11) - ksYcap - keYeYcap(N - Ys); =1, + L - vgy - Ve + AFLE;

dt dt
dYs dY 2
—— = (ky +daic) Yo YpYs - koYs = ve - I (1)
dt dt

dYp dYe

= kioYeYcap (N - Ys) - knYup; = VU¢p - OFLF.

dt dt

where

Iy = o1 - exp(-Git)Jexp[-calt - Tl)zl, I =, YeYcap(N - Ys )Y 1 - exp(-gst)lexp[-ca(t - Tz)Z],

vr = o3Yf, Vo= (BiYa - Ychxz), Ve = (BZYCI - YzYc12)(0~4 + Yus)os - Ycan).

We use the results of investigation [4] to estimate the proliferation index S, which characterizes
the degree of balance between subpopulations of effectors and suppressors cells.

Py;
S = 3]
(Tuax - to)Pya + so
Here Tyax — time of maximum concentration of effector cells; Pys and Py; — respectively the
general amount of effector cells and cells with antigen determinants, which participate in an immune
response on interval [t;, T]; s, — model parameter.

229



3. THE INVESTIGATION

OF THE DIRECTIONAL EFFECT OF IMUNOCORRECTORS

ON THE INTERACTION BETWEEN ANTIGEN, EFFECTORS AND SUPPRESSORS

The mathematical problem of the directional effect of immunocorrectors on the interaction between
antigen, effectors and suppressors tests was formulated as a problem of dynamics: to determine the

domains of the model parameter ic, corresponding to various immune responses. The analysis of model

results has shown the existence of ic concentration intervals
opposite influence on effector and suppressor cell populations. Results of investigation under different

where immunocorrectors exert

values of parameter ic are presented on Fig. 1. Increasing of immunocorrectors in the intervals [0,1]

decreases index ISO at chosen values of parameters and consequently increases reserve possibilities of
immune system. Further ic increasing under condition when ic > 1, gives rise of index ISO and

consequently increases reserve possibilities of immune system.
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Fig. 1. Results of investigation under different values of parameter ic.

4. OPTIMAL CONTROL OF IMMUNE RESPONSE, PROVIDING PREVALENCE OF
NORMALIZING EFFECTS OF IMMUNOCORRECTORS

The problem of optimal control of immune response is formulated as follows: it is required to define
control influence of ic, which minimizes functional:

S(t) =
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at following limitations:

Yr € [Yomin - Ypmax ), Y € [YEmins Yemax}, Ycap € [Ycapmin, Ycapme ], Ys € [Ysmin s Ysmax }
Yir € [Yupmun - Yupmax ), Yus € [Yusmin, Yasmax ) Yo € [Ycumin-Yeoimx ), Yoz € [Yeomin, Yoomax I,
Yr € [Yemn » Yema), 1€ € [0, 10mal].

Results of numencal experiment for determination of dynamics of control influences, which

minimize functional (3), are presented on Fig. 2.
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Fig. 2. Determination of dynamics of control influences for ISO optimization.

Thin line corresponds to results, which were obtained without optimization. Bold line corresponds to
results, which were obtained with optimization.

Carrying out investigation permitted to determine optimal conditions of change of parameter ic,
which imitates action of immunocorrector. Minimization of ISO index is reached under oscillating
conditions of parameter ic changes.

Therefore optimal control results into maximum activation of function normalization processes and
minimum activation of processes reducing protective functions of organism.

5. THE MODEL OF METABOLIC CHANGES AT STRESS CONDITIONS

State of cyclic nucleotides system along with parameters describing synthesis and energy
consumption is important rang of reserve possibilities. That system is one of the important
regulation systems of biosynthesis processes and proliferation of cells. Mathematical models
describing this link of regulation were elaborated in [3]. We have added these models a
contour that accounts influence of thromboxanes on activation of endonuclease. in presence of
radionuclides.
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The mathematical model can be presented as follows:

dE
—— = ki - E)k; - E)E - kevi - ksvz2 - kevs - kyva C))
dt
dF Lp
— = a1(1 - F)C(l -azA) -a3F — = alel’(am - H) - azoLp
dt dt
dAr dC
= a,F(as - F) - asAr — = ay[l -eM) eP- v
dt dt
dL dG
— = a;F(ag - F) - asL —— = v; - aG(azy + C)
dt dt
dPr dA
= apAr(a; - Ar) - a;Pr — = v;3 - azA(an + C)az + G)
dt dt
dTr dEn
= apAr(aly - Ar) - a;sTr —— = ayTrR - aj;sEn
dt dt
dH dM
—_—= a|5AI'- anH — = V4 - bsM(bs + b7En)
dt dt
(324 + C)3 E
vi = anp(C-ayn) a+E

Cy + (324 + C)4

V2 = asl(GE + ¢),

vy = a(c3E + ax)(aze- L)(csPr + cs),
vqg = (b + G)Yb, - A)b; + Lp) —— >
4 (b, )bz - A)(bs P)b TE

where E - energy substrates, F - phospholipase, Ar - arachidonic acid, L - leikotrienes, Pr -
prostaglandines, Tr - thromboxanes, H - SHETE and 1SHETE, Lp - lisophosphatidylcholine, C -
Ca**, G- cGMP, A - cAMP, En - endonucleas, R - radionuclides, M - level of proliferation.

The problem of determination of effect influences on cellular metabolism is appeared at the
investigation of action of therapy preparations exerting onedirect effect on opposite groups of
cells. We shall consider the model (4) with point of view of optimal control theory including
the control influences, which connect with action of therapy preparations. Control influences
are model parameters characterizing the intensity of the transmembran calcium fluxes in cell
(a;1), speed of the removing Calcium ions from cell (az;), intensity of energy syntesis in cell

(k;), intensity energy consumption at prolifiration (b). In the order to distinguish control
influences from constants of the model (4) we denote them as follows: ay = Uy, 25p = U, ,
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k; = U;, b = U;. Besides we denote wvariabless E =Y,, F=Y, L =Y; Tr =Y, Lp =Y,
G =Y6, En = Y7, Ar =Y3, Pr = Yg, H =Y]0, C =Y”, A= le, M = Y|3.

The problems of optimal control of balance of the syntesis and consumption of energy are
formulated such way: the mathematical model (5), minimum and maximum values of

variables Y, ( k =1,13) and the control parameters U; (i = T:Z) respectively  Yimin » Ykmax and
Uimia » Uimax are given. It is required to determine control influences and phase tracks on
interval (0,T), which: 1) minimize functional F; 2) maximize functional F under following
limits:

Y € [ Yimin > Ykmaxls Ui € [ Uimin »Uimax]s

T
where F=F (U, Uz, U3, Ug) = [ vyt
0

The problem of optimization was solved by the approach of occasional search [4].

The results of numerical experiment connected with the maximization of functional F are
presented at Fig. 3. The dynamics of control influences maximizing functional F is presented
at Fig. 4. Thin line corresponds to results, which were obtained without optimization. Bold line
corresponds to results, which were obtained with optimization.

Results of mathematical modeling on [0,20] an haurs interval are presented on Fig. 34 under
condition: level of radionuclides R=0.2 Gy. Under maximization task the speed of proliferation
increases as a result of changing of control influences. Under minization task the speed of
proliferation decreases as a result of changing of control influences.
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Fig. 3. Maximization task solution.

Obtained results give opportunity to calculate, connected with optimal therapy and ISI correction,
dynamics of changes of parameters of B-link. Basing on obtained data we can conclude that optimal
immune responds control is connected with therapy influences which provide the dynamics of model’s (1)
parameters given in table I.
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Fig. 4. Dynamics of control influences coresponding to task of maximizaton.

TABLE L
The Effect of Drags which are needed to use
Days intensity of intensity of the speed of the intensity energy
after energy transmembran removing Ca consumption at
antigen | synthesis in calcium fluxes in ions from cell prolifiration (b)
injection cell (k1) cell (a21) (a22)
0.0-0.9 | decreasing increasing decreasing decreasing
0.9-2.3 ] decreasing decreasing increasing decreasing
2.3-4.4 | increasing decreasing increasing decreasing
4.4-6.1 | increasing increasing increasing increasing
6.1-10.7 | increasing increasing decreasing increasing
10.7-11.9] insignificant increasing decreasing increasing
increasing
11.9-13.4] decreasing insignificant increasing increasing
increasing
13.4-14.3) decreasing insignificant increasing increasing
decreasing
14.3-17.3] decreasing decreasing increasing insignificant
increasing
17.3-17.8} decreasing decreasing increasing insignificant
increasing
17.8-18.5] increasing decreasing increasing insignificant
increasing
18.5-19.7} increasing decreasing decreasing increasing
19.7-20.0] increasing insignificant decreasing increasing
increasing
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6. RISK ASSESSMENT OF PUBLIC HEALTH DETRIMENT

For risk assessment of public health detriment we utilize the approach presented in [4]. Central
in this approach is possibility of evaluation of functional organism state by means of state vector,
whose components are variables of three types characterizing the levels of function — X, intensify of
regulatory mechanisms — Y, reserve system possibilities — S. It is based on the theory of properties
of smooth function which allows: a) to determine critical values of parameters under which
irreversible changes begin in the system; b) to plan the ways of prevention of irreversible changes and
recovery from a crisis. The minimum model can be reduced to catastrophe of “cusp” type. The
model analysis shows that, when the Y increases the function's level creases gradually. This decrease
happens to be insignificant until the upper bound of the trigger domain U (compensation limit) is
reached. This domain corresponds to the stationary steady-state with high level of function’s
possibilities (norm). Once U is reached, function's level decreases sharply to the second stationary
steady-state with low level of function’s possibilities (pathology). In order to restore the normal
function's level, Y must be lowered to the lower bound of the trigger domain L. The higher the degree
of pollution p, lower ratio Y yields the vital functions disturbance. The decrease in 'Y can be gained
either by low caloricity food or by limitation of lipid share in the ration.

The level of environmental pollution is utilized for Y estimation. ISO index indicates reserve
possibilities of organism. The risk of public health detriment is determined as measure of upper
bound of trigger domain reach. See Fig. 5.

Risk
3.5 1 : Risk

1986 1991 199 1o
Fig. 5. Risk assessment of public health detriment

The model determines the risk of public health detriment and the individual compensation limits,
i.e. the level of environmental pollution, that leads to sharp increasing risk of pathology under
the given level of reserve possibilities of organism.
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SIMIEMUOJIOTVMECKI# AHAJHI3 310POBLA HACEJEHHMH, NOCTPAJABUET0 OT
UEPHOBHJIECKOV ABAPWM, MO JAHHM HAUMOHAJBHOMO PEIWCTPA YKPAMHH
A M. Haropuas, 8.M.[loHomMapetko

O6benTuBHOE CyXOCHME O MEAKUMHCKUX MOCNEACTBUAX aBapuM Ha
YASC MmomeT GHTH COCTaBJIEHO HA OCHOBE MOATOCDOUYHOTO HNMHAMHUECKOTO
Ha0MopeHMA 32 COCTOAHMEM SHOPOBhA TNOCTpagaBWEro HaceNeHHA.

Kax nssecTHo, omHOI M3 OCHOBHHX 33mau HauwmonanbHoro perucrpa
¥ ABJIAETCA KOHTPOJNh 38 COCTOAHMEM 3JOPOBbA W N3YUcHHME Oaumaiiomx u
OTHANEHHHX MEOWLMHCKMX NOCNEACTBHA NOCTpanakmero HacesneHus. PemeHue
aTo# 33mauM OCyweCTBAAETCA NEpCOHANBHHM H2ONIONEHWEM 32 COCTOSHUEM
30OPOBLE AWL[, BHECEHHHWY, B PETHUCTp, OOECNeueHUEM aBTOMATU3UPOBAHHO-
ro c6opa ¥ HOArOBpEeMEHHOI'0 XpAaHEHUA MHPOPMALUUK O COCTOAHMM UX IHO-
POBBSfi, COGpaHHO# RO BpeMA NMPOBEHEHUS L@ASBOIt OVCIIAHCEDU3ALMUM.

AHanns nokasaTenedl 3HOPOBBA HaceneHus, BKmoueHHoro B Perucep,
ABNACTCA UPE3BHUSAHO CAOKHON MpoGnemoit., BO-NSpablX, IUCHAHCEDUIALUA
HaceJeHus B OSbeMe, NPefYCMOTPEHHOM ANs NOocTpajaBuvx B Yrpaune B
LeNoM ¥ B KOHTPONMPYSMbX pafioHax, IO aBapuy He TMDOROgMASCH. BO-BTO-
PHX, U3MSHOHME MEAWNKO-SKOHOMHUECKOV CHUTYaildy B CTDAHC 3 MOCHSHHUS
rogy He MOXST HE OTpasuThCs Ha QopMupoBaHuy noxasareneit 3n0poBBA
HaceneHus, CaemyeT 3aMeTHTh TaK®Ee, UTO MONOKEHUS O TOM, UTO B CpaB-
HUBaeMbX TNOMYAALMOHHHX IPYTNax YPOBEHb 3NMOPOEbS 1O P2NHALKOHHOTO
BOSEEiCTRUSA GBI OUMHAKOB HS BHACDAMB2ETCAH. !lo3TOMYy OCHOBONGAAr2REM-
MA ¥PUTSDUSAMY ROCTOBEDHOCTH U3MSHEHU! MoxasnTeneit 371000Bs8 NOCTpa-
laBmMX ABXACTCS UX OUEHKS B JMHAMMKS TIOCACABLDUAHBIX N7 C YU2TOM
YPOBHA DSAHAIMOHHONrO OSAYUSHUSA,

HaMu [UI» SDURSMUONOTUUCCHOTD SHINU3: UCTIONh3NBIJUCH NSHHNE ©

3300NCBACMOCT™H , WHBAIUAHACTU U CMSPTHOCTH Gnaise U2y Ha 400 THC.

236



nocTLAUABuUMX OT #3apuu B nuH2aMuke 1980-1994 ropoB cpemu mywmuuH u
KSHUMH 3 EO3D2CTHHX rpynnax G-I4, [O-17, I8-RF, 3u-59, 4049, 5C-
3, W meT ¥ crapme.

AHAMSYDYH JAHHHE O 3[OPODRE HACCACHUSA, 3K UCHHOTNO B Ferycro,
Wb BNABR2HHNS 32:NOHOMCDHOCTH I QODMUDO2GHUM OTLSNbLHHX €7 NOKG3&T3-
ne#l paccMATPpUBaEM Kak CTAaTUCTHUECKHE ¥ MOHMMACM, UTO HAUM pesynBpTa-
TH MOTYT CAY®ATb OCHOBOH Nif M3yueHMA Oojee IAYOOKUX APUUMHHO-~CIEn-
CTBEHHHX 3aBUCHMOCTE#l CIEeLUaNU3UPOBaAHHHMU MSRULMHCKUMY YUPSKISHUAMHU,

lilo pesyapraram uCCIENOBaHMA YCTAHOBNSHO, UTO NOKa3aTENH 3N0-
pOBbA 32 MoCneaBapuifHHii NepHOl YXYMIUIJIMCH CPERM HaCeNeHus BCex rpynn
TIePBUYHOT'O YUeTa Kax y B3pochsx, Tak u y gereit. Cnepyer oTMeTTs,
UTO 3MOPOBBE HACENCHUA N0 CPeIHEeCTATUCTHUECKUM IOrFa3aTenaM B YKpau-
HE B LS/IOM B 3TH %2 T'OJH Takwe YXYWUHIOCH ¥ TOMY MHOTO NPUUMH, HO
TEMIIH POCTa 3300JMEDBACMOCTH, WHBANUOHOCTH, CMEPTHCC™U Yy MOCTPaNaBHUX
IOCTOBEpPHO BHuIC.

CpaBHUT NbHNWI] aHaNU3 NO3BOJMN BHABUTH, C ONHOX CTODOHH, 3HAUM-
TSNbHEH DOCT NATONOMMUECKUX COCTORHUIA, KOTOPHE HS TKNWUHH DNA pafua-
UUOHHHX NOpameHUR, < OT omaupXx MOPHODYHKUMOHNALHER NACTTPOUCTBE
NCMURTHUTOTHUSS <), TIMUNOTE 3 3AMUTHHXVD Ny AATOTHEX CHCTSNAX ODPIE HU3-
#a, C TOYTOn CTONOHA — DOCT UUCHE OTASABHHX 3360M-3R8HUA, KOTODHEC
MOXHO PRCCMATPUEATF K&K DUNHALMOHHO OGYCAOBJCHHHS » CROGM BO3HWUKHO-
BCHUH.

Ero6xonuMo yuWTHBATHL TaK®e, UTO €CAM B NEpsu= ropd 1oCie aBa-
DHU CSCTBEHHVG POJb ﬁppana Ayumas BRABAASMOCTEL 3&50JSBaHWA B pe-
3yabTaTe UeNSHaNPasIeHHHX MEAMLMHCKUX O06CASAOBaHui, TO P MOCKeay:d-
MU~ TONN TOM)HCHHE? DEHHHS CBMAETEALCTEYNT O HACOMHHHOW QalTui2c-
oM CHUYCHUM TOXAJLTAA2r 3TOPIPLA MOCTNANTHEAD~ HY~ *MOHUS .

-8, CDPAK 4o STHUYODR AKKBUPAMUM MOCASHCTRK - OHU NOW, 72—
TARbL ANM 1 3200 AT NOCTH TICANUMACH OBa,l t a¥ol "M/, 1 LD, T
o3 PO, B OL L IINC M), OTMBLOH ONCT HAC 4 P AT 380, vor-
v AP TI0 Wt T 2 1 InanaHel ) B P OSORWIYN . CF TUHU TN e e
AOTJE QA sy SAnONQTNG OHITT,, HODAHN . CHCT “dN 4 VDI HOT T 2P,

SH 0 “T4HHO ¢ CACT Why, TICUYKLOCKYN PSCCTNO (AP0, HA SO0 ANBRHUNM,
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SONTSHAY, ¥PONK K FRONMPPADHRIY NDTHHOR, Lhiny "ave srerapou® nniaHe -
HY 3RGD03EYY a0 3 1908 rony, Kl - B LLYo TPOTY. ntpU OTOTO
KOHTHHI'@HTE OTMEUAETCH YBOIMUCHUE UMCNa MHBAJNUIOB B auHamuke 1988~
1994 rr.

TeMnu MpPUPOCT2 CMEPTHOCTH CPSAM VUACTHUKOB MUKBUEaUuM Mocien-
CTRUA aBapuy BHmE, UEM CPSAu HaceneHusd. BHABIEHHNE 32KOHOMEPHOCTH B
3a60M€BAEMOCTH ¥ CMEPTHOCTH JNMKBUAATOPOB WMEOT MECTO U B CTAHOAPTH-
30BaHHHX NOKasaTendx. Hro kacaeTcA fokasarenefl 30pOBbR 3BAKYUPO-
BQHHOI'0 HACEeNeHUA,TO UKCJHO NMpU3HAHHMX 3mopoBuMU B 1987 ropy cocrasns
56,8 u B 1993 - 24,5%. OrMeuaeTcs ysenuueHue TEMNOB NpPUPOCTa 3a60-
ASBAZMOCTH TOUTH [0 BCEM ursccam GOoJe3He#l Cpefin 3TOr0 KOHTUHIEHTS
70 CpaBHEeHMID CO BCeM HaceneHueM YkpavHH., B cTpykrype oGueit saSone-
BaSMOCTH BSPOCJOro HacenemMs yBeNWuMICA YRenbHHit Bec GoneaHe#t sHRO-
KPUHHO¥ CHUCTEMB, PACCTPOWCTRO NMHUTAHUS, HApYWICHWA OOMEeHa BSWeCTB ¥
UMMYHWTETA, KDOBM ¥ KPORETBODHHX OPraHOB, HCPBHOM CMUCTEMn U OpraHos
YYBCTB, HOBOOGD230Ba&HMit .

Cpenu MOCTOAHHO TNCOWMMBEXMMX HE DaARUALMOHHO KOHTPOAMDYEMHX
TSPPUTOPUAX CTPYKTYpa ofueii 3960/NSBAEMOCTH B MOCACaR&pUAHbMY Nepuon
COXTaHMN2  TeHAeHnuy GOopPMUPOBOHWA, XOPAKTSpHHE NAA N0a3APHUITHOIO
nepuona. [lokasarenp CME2PTHOCTH CpenM STOTO KOHTHHI'@HTA BollE, USM
CNOEM HACoNeHWUS! JIpYIUX TCOPUTOPHA.

CregyeT oTMeTHTH, UTO 3a60JEB3SMOCTL CPEIM HSHUMH BBUE EO
BCAY BO3paCTHEX rpymnex. [lo oTnesbHbl HG3OROTHUESKUM PODMAM UMEHT-
A DOCTORSPHHE BO3P3CTHO-TMIONORHS DPAINUVUA,

oMM DeTCKOT? HaCSNeHWsi MUM3HAHO 3I0DOBHMM B iv8o Togy cpepw
SBAUYUPORSHHLIX 43,%0, CP2RK TOCTORHHO NOORMBAMIYX HA KOHTDONUDYEMHIX
TEDPUTOPUAX — 3% ,9%, CH2nM DOJIMRWKXCA OT TOOWTENYV i1-3 rpyan nep-
BYUHOTO Yuera - 7o, B 1390 roayv - «3,9; £7,4; J0,% COOTBECTCTBEHHO.

£ CTPVKTYDC 32G0REEBACMOCTY BBAFYHDOBGHHHX fIeTEH Nuaupy-wied
%3ICTO TPUHATISKUT GONPAH: M ODCHOB mEX2HMA (35,01%), HA z-ow - Ho-
TA3HW OPUAHOD MUEERANSHU™ (3,920, 33T°M - S0ICAHU OHMOKNYHHOW
eucrems (11,90%) n HepSHOW cucTeMn u opranos uymcrs {L0,034). ¥

ACTPH, NPOWABANIMY Hi KOHTPONMPYEMHX TEPPUTODMAX, 7 °DBHS MOCTA
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3aHMManT BHOOKpuHHue Goneanu (31,2%), opramos muxamus (28,69%),
nuuenapenua (15,09%). B auHamuke obmeit saSonesaemoctu (673,4%0- B
1988 roay. 149 5,04, - B 1994 romy) HamGonbumii PoCT OTMEUAETCA MO
GonesHAM sHEokpuHHO# cuctems (176,9 - 467,8 %, cooTBeTCTBEHHO).

HauGonee shicoxue nokxasaTenyu 3a60NCBAEMOCTH OTMEUaTCA y meTeif,
KoTopue sBaxyumponaHs ¥3 30 kM. 30mw YASC B kOHTpONMpyeMbe DailoHH.

llpepcTaBaAnT MHTEPSC paHHHE O 3260]1€BaSMOCTH ASTe#, PONMBIMX-
cA nocne aBapuu Ha +HASC or pogureneit I1-3 rpynn nepsuuHoro yuera. B
CTPYKTYP2 328501:B&SMOCTH Yy HUX Gonee MONOBUHH 3AHUMANT GONE3HU Op-
ratos mwxauus (55,5%), Ha BropoM wmecre - nuuesapetus (8,0%), Ha
TpeTheM - BHANKpuHHOM cucTemn (7,95%), Ha ueTBELTOM - GONE3HN HEpB-
HOit cucTeMy ¥ ovraHos uyBers (5,9%). luHamuika o6ue# 3a60A€BAEMOCTH
He vMeeT UeTvux TSHIeHUudA. YpoBeHb ee CTafuiIsHO SHCOKWA 3a BCE IogH
HaO MOESHUA .

TaxuM 05na30oM, HCHOBHHE TSHOCHUMYM B COCTOSAHWY 3HOPOBBLA NOCTpa-
[IaBNET0 HICeNSHWA HaNp2BJEHH B CTOPOHY €I'0 yXyMueHuA. BuaBuTs moimo
BIUSIHUS DANMELKOHHOTO OONYUSHMSA, HSPBHO-TICUXMUSCHOIO HANPAKRSHMA,
NEMOTPafAUCIUX U COLUANBHO—3KOHOMUUECKUX TPOLESCCO3 HSJI0 MHOTUX U
MHOTMX YU2HBIX, KOTODHES Y%S HAKONUAM HEeMeno De3yNbTATOB.

Ha oCHnuisHWM 3MUASMMONOIMUECKOrO 2HanmM3a nokasarencit spopoBbA
WL, BEASUSHHLX B PSMUCTD, OTBETUTh HA BCC BOMNOCH, K4CALMMECH pas-
BYUTHA F01-3H1 i 03b O3MYUSHUA, OTACHLHBX BUA0B TATONOIMM M UX
OAHO3HAUHANY MPOTHO3: JGAG3HEH Y BO3DACT: ,3 XITOPNM NNJIYUSHO 06Ay-
URHUS .Y TOYTHX ASTEIbHWX 4CMEKTOB Ha CeTOIHAMHUA ASHS HE NP2HCTaB-

RASTCA DLOZNOHHHIZ, MH STOTO TPRGynTCA A"g NOATHUS IOTH HEONOR HU.
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ENVIRONMENTAL EFFECTS ON CHILD HEALTH IN UKRAINE
(TEN YEARS AFTER THE CHERNOBYL ACCIDENT)

TL BOGDANOVA, N.D. TRONKO \\\\\\\I\l\\\\!\!Ll}“ﬂlﬁ[\}l\ﬂ\\!\!\\\l\l\\\\l\\

O.A. BOBILJOVA, L.0. BEZROOKOV, N.G. HOIDA A.M. SERDJUK,
D.D. ZEBRINO

Ministry of Public Health,

Kiev, Ukraine

LA . LIKTAREV
Scientific Centre of Radiation Medicine,
Kiev, Ukraine

Ukraine, one of the largest countries of Europe, situated on
the northern store of the Black Sea has a population of over 52
million, on which 12 million are children. It is experiencing a
severe health crisis due to many faktors, the two most important
being socio-economic and environmental mismanagement.

Environmental factors are one of the more important
determinants of health in any nation. This situation cannot be
better portrayed then in Ukraine, a region that has been poliuted
at will for many decades. The health of the population,
especially the children has been affected in many ways. In the
last several years Ukraine has experienced a negative birth rate.

Dther than the cases of acute radiation illness after
Chernobyl there has been a signifikant increase of childhood
thyroid cancers in Ukraine. The incidence rate from 1981-85
ranged from 0,4-0,6 cases per million children per year. In 13930
this rate jumped to 2.3; 1in 1991 to 1,9; 1992 to 4,3 and in 1933
to 3,9. These statistics represent an overall increase of 6-10
fold above the pre-Cherobyl levels. The increase of these
childhood malignancies is probably due to the release of excess
radionucleotides after the accident because 60% of all cases have
been registered in the most radioactive contaminated regions.

The nuclear accident in 1986 at Cnernobyl precipitated a
further deterioration of the state of health in Ukraine. Not
until 1992, only after Ukraine achieved its independence was
Ukraine''s parlament able to pass laws to register, <c¢lassify the
involvement, offer aid and plan for the surveillance of the
victims of Chernobyl. Since then the offspring of the victims who
had been born by 1994 (over 250,000) are manifesting incrzocca
health problems.
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The population of large, heavily industrialized rsgions is
being exposed to chronic excessive lavels of sir gollicticn, a5 in
the city of Dnepropetrovsk. There the incidence of asthma has
increased by 15%, bronchitis and emphysema by 77% and infant
mortality by 9,3% in the last 10 years.

Such an environment is prone to unpredictable events. In
1988, 1in the city of Chernovtsy a mysterious epidemik occurred.
Over a 4 month period above 200 children developed an 1illness
manifested by hair loss, upper and lower respiratory and central
nervous system involvement. The initial cases started in August
with the maximum 66% being in October. Exept for two cases, only
one sibling per family was involved and above 85% of thess cases
were children 6 years and younger.

At first paediatricians and toxicologists believed this to
be of infectious origin but eventually the metal thallium was
identified as the incriminating agent. The unique aspect of the
Chernovtsy Chemical Disease 1is that it was most likely acquired
through an airborne route. Unfortunately, the sourse of
contamination has never been discovered, but many affected
children have been left with multisystem residual symptoms.

The lack of effective laws, money and scientific expertise
is turning an environmental crises into a health crisis. This is
no better portrayed than in an increase in paediatric morbidity
and mortality statistics.
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CLINICAL AND PARACLINICAL ASPECTS OF CHILDREN'S HEALTH
TEN YEARS AFTER THE CHERNOBYL ACCIDENT

EM. LUKYANOVA, Y.G. ANTIPKINE, L.I. OMELCHENKO, V.P. CHERNYSHOV,
L.I. APUHOVSKAYA, L.F. OSSINSKAYA

Institute of Pediatrics, Obstetrics and Gynecology,

Kiev, Ukraine

Introduction. These investigations are devoted to the problem of medical consequences of Chernobyl
catastrophy to the children’s population of Ukraine.

Conceming different reports, Chemobyl accident negatively influenced to the children health indexes
(1,2). Astonishing fact i1s that among children under radiation action only 2,1% have no functional
deflexions (I group of health) and 28% have chronical diseases with often aggravation (3). Our
previous investigation in children evacuated from 30 km zone showed an unfavourable changes in
immune system There are reports about disorder in immune, cardio-vascular and other systems in
children suffered from Chernobyl accident (5,6).

We have shown the data of investigation carried out in the frames of National Program “‘Children of
Chemobyl”. We have studied the morbidity, immune some functional charactenstics and metabolism
indexes in 2700 children aged 0-15 years, continually living within radiation contaminated territories.
The results were compared with the control indexes, obtained during examination of 980 children from
conditionally “clean” regions.

Methods of study. Immunological investigations include determination of: 1) lymphocyte subsets by
flow cytometry using monoclonal antibodies (“IMK Kit”, Becton Dickinson, USA); 2) levels of
immunoglobulins G.A M. by lazer nephelometry using polyclonal monospecific antisera (“Microplus™,
Russia); 3) phagocyte activity by flow cytometry using FITS labeled St.aureus (Wood 46) and

Some indices of morbidity structure in children
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Correlation of different classes of lymphocytes in perypheral blood in children with
recurent respiratory diseases taking into account the absorbed dose of radioactive
iodine by thyroid

e
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Indices of bowels microbiocenosis in children from radiation contaminated and
conditionally "clean” territories
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Fig. 3

Coccal flora >5% .
E.coll <200000 [IRARNIRNERENEE N
Bifido flora <100000 § M‘W«MW%
Kiebstella >100000 [NRESREIp
Ent. cloacae >100000 SEN
Ent. aerogenes >100000 ‘. N
Proteus vulgaris >100000 o |
Proteus Morgani >100000
Moraxella >100000 P
Actnetobacter >100000 Ml
Citrobacter >100000 SENI o
Candida >1000 [N, ooy
E.coli haemolitic >100000 mmm&
E.coli low-ferment >100000 mmmw‘mmmm ' i -
¥ ) , L T T
0 i0 20 30 40 50 60



Sve

Some indises of central haemodynamic in cildren with recurent respiratory diseases
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Total phospholypides and cholesterine concentration in erythrocytes membranes in children with vascular
dystony living within radiation contaminated territories
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Table 1

Indices of peroxid oxidation and antioxidant system in erythrocytes and plasma of blood of children

with vascular dystonia

Region Hydroperoxides Malon dialdehyde, Reduced glutation, Glutation peroxidase,
suspension of mmol/1 mmoi/l mmeol GSH/1
erythrocytes,

mmo} Fe/l
Conditionally “clean” 1,4%0,1 41,7131 2,5%0,7 4,0+1,2
Radiation 2,610,3 67,311,8 2,810,5 5,0%1,2
coniaminated




latexmicrobeads (d=1,1 mkm) Immunological studies were carmed out m cooperation with Japanese
(Institute of Nuclear Medicine and Biology, Hiroshima University) and German (Institute of Infectional
and non-mfectional diseases - Robert Koch Institute) specialists Bacteriological investigations used
standard bactenological medium for determination of dysbacteriosis degree Biochemucal studies
include the determination of calctum 1n serum and erytrocytes by biotest (Lachema, Czes republic) and
non-organic phosphorus by Dyce method [7] Osmotic resistance of erytrocytes determmed m a
condition of 50% heamolise in 0,4% NaCl solution [8] Total lipid level m serum carmied out by test
(Lachema, Czech Republic) Hydroperoxide of lipid- by Romanov method with thiocionate ammonium
[9], duen-conjugate- by Kostuk method [10], malonov dialdehyde - by placer [11], the activity of
glutationdependence antioxidante enxyme glutationperoxidaze by Olinesan [12], reduced glutadion -
after Sedlak [13], catalase - after Beers [14], antioxidante activity - after Sevaman [15]

Results. Total morbidity 1n chuldren, suffered from the radiation action 1s mcreased 1n companson with
the cluldren morbidity i conditionally “clean” regions There is an increase of cases of thyroid
hyperplasia, some breathing and digestive organs diseases, vascular dystonta wn the structure of
morbidity The number of healthy children 1s decreased among the chuldren’s population, permanently
living within contarmunated by radionuclides territones (fig 1)

It was determined, that the chuldren with recurent respiratory diseases have the disorder of mucous
membrane tesistance, the concentration of secretory Ig A n sahva 1s decreased The level of T-
lymphocytes and true helpers (CD3+/CD4+) in patients with recurent respiratory diseases (RRD) and
absorbed dose of radioactive 10dine 1n thyroild not exceeded 1 Gr, 1s lower than m patients from
conditionally “clean” regions The content of B-lymphocytes in pernipheral blood was m physiological
level, but 1t was much decreased i patients with the absorbed dose of 10dine n thyroid more than 2 Gr
(fig 2) It was also found out the changes of intestinal mucroflora mn children from basic group - the
increasing of conditionally pathogenic microorganisms content , changes of their enzymatic pecuhianties
(fig 3)

The hypokinetic type of cardiac phase prevails m children with recurent respiratory diseases, living
within contaminated by radionuclides territones, and the oxygene consumption 1s decreased (fig 4) The
hyperkinetic type of blood circulation prevails in patients from control group The oxygene
consumption by tissues 1s increased It was determuined that vascular dystomia 1n children from basic
group 1s caractenzed by astheno-neurotic symptoms with a headache, vertigo, emotional lability, undue
fatiguability Patients from basic group bave dystonia crisis (abdomunal, cerebral and oth) The cases
of vascular dystonia in children from basic group were determined in earlier age (prepubertal) And
the cases of vascular dystonia in chuldren from control group were determuned more late (in pubertal)
period of development

Metabolic disorder prevails in patients with vascular dystoma from contaminated by radionuchdes
regions The content of calcium in plasma and erytrocytes 1n venous blood 1s decreased The content of
cholestenn 1s increased The content of total phospholipides in erytrocytes membranes 1s decreased
(fig 5) It was also determuned the increasing level of erytrocytes dien comjugate, malon dialdehyde and
free radicals in plasma (tab 1) The changes of osmotic and acidic resistance of erytrocytes mn
penipheral blood 1 patients was found out

Conclusions The health state of children’s population of Ukramne suffered from radiation action 1s
caractenized by higher total morbidity, the increasing of cases of thyroid hyperplasia and vascular
dystomia Children with recurent respiratory diseases have symptoms of immune disregulations This
fact in future may cause the autoimmune pathology, decreasing of antivirus and antitumor organism
protection The increasing of cases of vascular dystoma, metabolic disorders 1n children suffered from
the Chemnobyl catastrophy show the possible risk of development of cardio-vascular pathology,
including early aterosclerotic changes These results testify about the necessity of following scientific
mvestigations, including clinical observation and laboratonial examination of above mentioned group of
children in dynamucs, and also control investigations 1n children hiving within conditionally “clean”
termitones It 1s also necessary to estimate the sigmficance of radiation factor in genesis of health |
immune and metabolic disorders 1n children’s population suffered from radiation Chuldren who are
living within contaminated by radionuclides terntornies need a permanent medical observation Healthy
life, giving bad habits up, timely social and medical rehabulitation are quite important for them
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EVALUATION OF THE FREQUENCY OF T-CELL RECEPTOR GENE
MUTATIONS IN THE VICTIMS OF THE CHERNOBYL ACCIDENT
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Kiev, Ukraine

OIEHKA YACTOTBI MYTALUUI I'EHA THUM®OIIUTAPHOI'O
T-KJIETOYHOI'O PELIEITTOPA V JIIONEHN, IIOCTPAIABIIIUX B
PE3VJIbTATE ABAPHH HA YADC

I'epamenxo b.U., Manspkes B.A.

Hayunsnit Hexnrp paruaunonHoi Mequuibl AMH YipauHsi, Kues

In the present study, the frequencies of in vivo lymphocyte T-cell antigen receptor
(TCR) gene mutations in people exposed to ionizing radiation due to liquidation of
Chernobyl accident consequences were determined. A total of 43 male persons were
examined from April to December 1995 (9 years after the accident). Their ages varied
from 30 to 50 at the time of examination. The group of exposed people consisted of 31
individuals. Their estimated doses ranged from 0.01 to 1.0 Gy. As a control, 12 individuals
were not exposed. Peripheral blood lymphocytes were prepared from heparinized venous
blood and were stained with monoclonal antibodies. The number of mutant T-cells with a
phenotype CD34" was determined by flow cytometry. Differences in the TCR mutant
frequencies between considered groups were not significant. However, in this preliminary

study, we found that one person from the group of exposed people had high mutant
frequency.

1.BBEIEHHE

H3BecTHO, 9TO HWOHHU3MpYOLIasi pajdalMsa  sABIseTcss (HaKTOpoM PpHCKa
BO3HHKHOBCHHA paka. TaKk KaK OHa MOXeET HHAYIHPOBaTbh COMATHYCCKHC MYTaLlHM, TO
CYINCCTBYET HCOOXOMMMOCTH ONPCACHCHHS HX YacToT UL OLICHKH 3TOIO pPHCKa.
CoBpeMCHHOE Pa3sBUTHE TEXHOJIOTHHM NPOH3BOACTBA MOHOKJIOHANBHBIX aHTHTEN, a TAKKe
JIa3¢pHOM TMPOTOYHOM LHUTOPIYOPHMETPUM, OTKPHUIO HOBYIO 3MOXY B IUlaHe 6BicTporo
aHaNM3a M BHACNACHHS PCAKMX THIOB MYTAHTHHX KJICTOK KpoBH. JlaHHpii mnogxox,
OCHOBAaHHBIN Ha HACHTHPHKALMU OGHONOIHYCCKHX MapKEpOB, HMCET XOpOIIHME IMepClek-
THBH Ui OLCHKM PHCKa 3JOPOBBI0O HaccjicHHs. B Hacrosimee BpeMsl U1 M3Y4CHMSA
YacTOT COMAaTHYCCKMX MYTalUMi in vivo HaHbosiec IIMPOKO INPOBOASTCS HCCICHOBAHMS
MYTalMil SpuTpoluTapHoro riamkodopuna A (GPA) {[1-4] u numbouurapHoro T-
KJleTogHoro aHTureHHoro peuernropa (I'CR) [5,6]. Mccnenosanus o, mocTpaiaslonX
B pe3yNLbTaTe aTOMHOM OombGapmuposku B SInmoHuM M aBapHM Ha YADC, obHapyxaum
nopilicHHE YacToThl MyTaluit GPA, a Taioke ec 3aBHCHMOCTB OT JO3bl O0My4eHHs [2-4].
Xora 3ddexT panuaund atoMHoil 6omGapaupoBku Ha TCR He 6pU1 OOHapyXeH,
IOJIHOCTBIO HCKJIOYaTh TO, YTO Takoii 3¢ddekT He O6ymer ob6HapyxeH B ciydae
9 ¢pHOOBUIBCKOH pajHalliM HC CTOMT BBHMAY BO3MOXHBIX PaldiiyMil B ¢axTopax ce
BJIMAHMSA Ha OPraHM3M, a TaKOKC BPCMCHH, NMPOIUCALICIO C MOMCHTAa MOCHC OOMy4CHMS.
CywectByeT npeanonoxcHue, 9ro TCR-MyTaHTH NOCTENEHHO 3TMMUHUPYIOTCA in Vivo B
TeYCHUE BpEMEHH mocne obnydeHus [6]. Mcxoas M3 BBILICU3NOXKCHHOIO, HaMH ObUIO
NMPOBCACHO IpPEABAPUTEABHOEC MccaenoBaHue 4actoThl MyTauuit TCR y nuxBHHaTopoB
apapud Ha YADC.
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HspectHo, yto TCR y 3HaYMTENbHOTO OONBUIMHCTBA 3peNbiX T-THMMEPOLUTOB
00pa3oBaH TIeTEpOOMMEPOM, COCTOSIIIMM M3 a- K P-Ueneir. OH B CBOWO oO4Yepenb
accouuMpoBaH ¢ CD3-Monekynoit, o6pasys koMiviekcHYI0 crpyktypy [7]. TCR/CD3-
KOMIUICKC UIPACT LUCHTPAIBHYIO PONb B PACNO3HABAHUM AHTHUICHA M AKTHBALMH 3PCJIBIX
T-xnerok. W HakTHBauMsT IeHOB, KomupylolMx 6cnkoseic crpyktypsl TCR/CD3-
KOMILICKCA, BEET K MOTEpe 3KCMPECCHM 3TOM0 KOMIUICKCA HAa KJIETOYHOM MOBEPXHOCTH
H TNOCHCOYIOUICMY OTCYTCTBHIO OTBeTa T-KJIETOK K aHTHIeHHOMY cTuMmyny. Ilpu
BO3ACHCTBHM DPagMaliMd WM XHUMHYCCKHUX MYTareHoB T-JTHM@OUMTH MOIYT TEpSTh Ha
cBoeil nosepxHoctH TCR/CD3-koMIuteKcH U NPU ABOHHOM (IyOpEeCHEHTHOM aHaIU3e
OHM pacnosHalorcs Kak CD34-knerku. K HacTosiieMy BPEMEHH CyHICCTBYIOT
JIOKA3aTeNbCTBA B NMOJMB3Y Toro, Yro TCR-reHn 6oibine MOABEpXKEHB! MYTareHesy, 4eM
CD3-rennl. JIro6oit gJedexT B onHON M3 ABYX MoNeKyi, obpasyommx TCR-rerepomumep,
BeAeT K norepe axcmpeccud CD3-Molekyl Ha IOBEPXHOCTH T-THMQOUMTOB, XOTS OHU
M HaKaIUIMBAaIOTCA BHYTpM KieTkHM. TakuMm o6pasoM, skcnpeccuss CD3-aHTHreHa Ha
KJIETOYHOM IMOBEPXHOCTH MOXET CIYXWHTh B KaYeCTBC MapKepa Il BHABICHUA ¢akra
myTtauuu TCR.

2. MATEPHATI 1 METOJUKA

HccnenopaHuss MpOBONWIHCh ¢ ampend mo naekabps 1995 r. Mccnemosamuchk
MYXYIHHBI B Bo3pacTe oT 30 go 50 yer (n=31), yCTaHOBJICHHBIE JO3BI OOJYYeHHA KOTOPHIX
Haxomwiuch B npeaecnax ot 0,01 mo 1,0 I'p. KoHTpoibHast Ipynmna coCTosUla B3 MYXYMH
Toro xe Bo3pacra (n=12). Jlumpouuts mnepudepudeccKkoii KpOBH BBIICSUIMCH U3
TeMapHHM3HPOBAHHON BCHO3HOH KpOBM Ha rpamdcHTe GHKoW/BeporpaduH U
OKpalIMBAJIUCh MOHOKJIOHAJIGHBHIMH aHTHTeNaMH: anti-Leu-3a (CD4), MedeHHBIA
dbnyopecuenroM H anti-Leu-4 (CD3), meuenusnit ¢puxosputpuroM (Becton Dickinson).
Jo LHUTOMETpMH B KIETOYHYIO CYCIICH3MIO OBUT NOOaBNCH HONMCTBIA HPONMUIUYM B
GMHAIBHOM KOHLUCHTpauuu 10 MKT/MJI C LCABI0 MCKMIOYCHHMA M3 aHalH3a MEPTBBIX
KIETOK. DKCIPECCHs COOTBETCTBYIOUIMX aHTHICHOB aHAJIM3HPOBANach C IOMOLIBIO
nporogHoro uurodyopumerpa FACStar Plus Toit xe ¢pupmei. Becero aHamusupoBanock
1 x 10° xrerok ¢ Kaxmporo o6pasua. Yacrora MyTanMil olpeAeAanach KaK OTHOLUCHHUE
xomuuectBa CD374*-knerok K o6iieMy konudectBy CD4'-KieTok.

3. PE3VJIBTATBHI U OBCYXJIEHHUE

HccnenoBaHusi mMoKa3anmd, 4YTO CpeaHAsa dactora Myranuiik TCR B rpynme
obydeHHbIX JMIL coctaBager 2,8+ 1,1 x 104, a B KOHTpOJBHOM _TpymnIe -
3,0 + 1,2 x 10% VY omuoro uyenoseka c Jpo3oit obmysermsa 0,3 I'p HaGmomanacek
MOBBIMICHHASA 9acTOTa MYTaHTHBIX T-xenmepos - 28,0 x 1074, Jlna cpaBHEHHMA CaexyeT
3aMETHTh, 9TO Y 9ecloBeKa ¢ Jo3oif obmyyeHmusa 1,0 I'p gacrora Myrauuit cocTaBisieT
4,5 x 10™*. YpoBeHb, IpH KOTOPOM BBIXO[ MYTaHTHBIX KIETOK COCTAaBJsUI Gojiee ISATH Ha
10 000 CD4"-x1eToK, MpUHUMAJCS 332 ITOBHIICHHBIM.

Taxum o0Opa3oM, cornacHoO HalIMM IMPCHBAPHTENLHHIM HaOMIOOCHUAM, BBICOKas
YacTOTa MYTAaHTHBIX T-XeJINepoB BCTpPeYaeTcsl TOJABKO Y ONHOIO 4eJIOBeKa M3 TPHALATH
ONHOI0 NMOCTPAaJaBUICTO, XOTS B LCAOM 3HAYMMBIX pa3iMyuit B Yacrorax Myrauuit TCR
MCEXIY paccCMaTpHMBacMbIMH TPYIIIIaMH Jofcit He oOHapyXeHo. Kakoii-mnbo Koppeassuuu
YacCTOTHl MYTalUMi c H030if OONMydcHHUS TakKe He OOHapyXeHo. BepostTHo, 3TO Moxer
OBITH CBSI3aHO C TaKMMHM (aKTOpaMH, KaK BpeMs, IpolHciuice ¢ MOMEHTa ODNydeHHs,
HEPaBHOMEPHOCTh NEHMCTBHs pamuauud H Ap. He HckmodeHo, YT0 y OIIYyTHMOIO
KONMHYeCTBa OONy4eHHBIX JIMI[ MOIYT PETUCTPHPOBAaTbCA MYTAaHTHBIE KIIETKH 1O
deHoruny CD34" ¢ moBHIEHHOH YacTOTOX H 3TO ONPCACICHHBIM OOpa3oM MOXET

COCTaBMTb PUCK BO3HMKHOBCHHS paka. PelieHHe 3Toro Bomnpoca Tpebyer Gonee rimy6okux
MCCJICTOBaHHH.
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HEALTH CONDITION OF CHILDREN IRRADIATED IN UTERO
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Kiev, Ukraine

INTRODUCTION

Among children exposed to ionizing radiation, the irradiated in utero
ones are the eoningent of the prevailing observation. It depends on the greatest
organism sensivity to the effect of radiative factors in the neonatal period of the
development and on the greatest duration of forthcoming life under the
irradiation risk.

RESEARCH SUBJECT AND METHODOLOGY

The three study groups were studied with 1144 children - involved.

Ist group. Children with acute exposure to radiation - born from women
pregnant at the moment of accident and evacuated from Pripyat city.

2nd group. Children with chronic exposure to radiation - born from
women pregnant at the moment of accident and remained staying in radiation
control zone.
3rd group. Control group - children born in 1986 and still now resident in
normal radiation situation region.

504

40

30 -

0-7 8-15. 16-25 >26

Fig.1. Disribution of children irradiated in utero according to
gestation age at the moment of the Chernobyl accident ( %)

Thyroid dose exposure of fetus ranged from 0,0 to 334,0 cGy. The doses

of total - body irradiation in the Ist group varied from 0,5 to 37,6 cSv, in the
2nd - from 0,1 to 3,3 cSv.
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The general clinical, instrumental, hemathological, biochemical,
immunological, cytochemical, electronmicroscopic studies both with
psychologic testing were held.

RESEARCH RESULTS

No significal differences were found with data obtained studing medical
documentation, and the results of mass screening under the condition of
intrauterine development in children of the Ist and 2nd groups as well as in
valuess of physical development of neonates and adaptation processes in
neonatal period. However great variability of individual indices in body mass
of childrens irradiated in utero was noted. The cases of children born with head
dimension less than the age normal values were not found ( Tabl.1).

Table 1
The physical development values in birth of children irradiated in utero
Parameter Study groups
I I I1 | I1

Body weight, g 3524,0 + 70,00 3272,30 + 74,70 3304,00 + 59,10

Body length, cm 52,62 + 0,31 52,10 + 0,37 51,04 + 0,28

Head Circumference 35,83 + 0,55 33,90 + 1,05 35,76 + 1,01
Diwension (HCD), cm

Chest Circumference 35,00 + 0,61 33,50 + 0,51 34,50 + 0,51
Diwension (CCD), cm

Average monthly augmentation of mass and body length at the Ist year
of the life in children of the Ist group were in accordance with the age. In
children aged 1 of the 2nd group the lower body mass was registered while no
differences in doby length and that of children in control group were revealed.
Psychomotor development of children corresponded to the age. A structure of
pathology revealed in babies was such as in children of the control group.
However among children irradiated in utero, more numerous group of
children being often ill was aiready formed at the Ist year of life.

No significant differences from the age norma in mean quatity of
indices for physical development of children from the Ist and the 2nd groups
in pre-school age were registered. An increase in a number of disharmonious
development was found by the evaluation of individual parameters.

The somatic status estimation in dynamics revealed the number of
children irradiated in utero decrease with higher rate compared to that in
control group ( Fig.2).

The most unfavourable changes were registered in children exposed to
irradiation in early gestation terms ( Fig.3).
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Fig.2. The age-related health status dynamics in children of main
study group and that of comparison one
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Fig.3. The children health status dynamics dependind on various
gestation terms :
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The thyroid inlargement of IA&IB degree was rather more frequently
registered in children irradiated prenatally ( Tabl.2).

Table 2

The thyroid inlargement frequency in post-accidental period (in % )
dynamics among children irradiated in utero

Gaiter Ist group 2nd group Control
degrel

1989 1991] 1993]1995] 1989] 1991 | 1993 ] 1995 | 1989 | 1991 | 1993 ] 1995
0 | 723 607 114 102 810 577 161 150 926 80 836 545
1 |268 379 804 752 125 397 721 702 T4 130 132 340
b | 09 14 82 146 05 26 118 147 00 00 32 115
m | 00 00 00 00 00 00 00 00 00 00 00 00

The ultrasound topograms analysis revealed the echostructure and
echodensity presence in 14,0-29,9 % cases.

The TSH bias from normal values were registered in 5,2 % ( 1989 ) and in
8,6 % (1994).

An evaluation of blood system revealed the more rare optimal
hemoglobin level of children irradiated in utero in the all periods of
observations (Fig.4) .

60+ o -+
Control group
404 o
- - 2 group

ot N

20+ S ol
0 s e I group

<110 110- 120- >130
119 -130

Fig.4. Distribution of children irradiated in utero at the age of 2 years (%)
by number of hemoglobin
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They have characteristic tendency to the lower number of leucocytes
( Fig.5), and more frequent changes in leucocyte formula. These changes were
more pronounced in children of group 2.

o
AN !
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-60
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i N L 40
Bk £ t %2%& ":1)
Control group e - . N

2 N : ) FZO

o A\ i - N o
- o \ > 10

N : S 7
I group = T ’
| T T T T O

<40 4,1- 6,1- 81  >100
6,0 8,0 10,0

Fig.5. Distribution of children irradiated in utero at the age of 2 years
by number of leucocytes ( % )

Significant changes on the side of superficial architectonics in blood cells
were noted. So discocyte number between erytrocytes of peripheral blood was
decreased and varied within range of 62,5 - 59.8 % during all the time of
observation with simultaneous increase in the number of transient and

prehemolytic forms cells with degenerative changes and pathologic form of
superficies were appeared ( Fig.6).
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Fig.6. Erytrocytes of peripheral blood of children irradiated in utero

Lymphocyte metabolism of children irradiated in utero
was characterized by the activation of energyproduction processes with all
paths involving into this process for receiving cell energy but the level of

glycolysis enzymes was increased to the greater degree ( Fig.7).

ELDG
NADH?2
BMLDG
asbhG

B MDG
NADPH?2
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B BDG

B GDG

# a-GPDGNAD
#I1DG

1987

1989-1990

1993-1995

Fig.7. Cytochemical parameters of lymphocytes for children

irradiated in utero
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Neutrophiles differed from control by higher content of lipides,
peroxidase, glycogen, alkaline and acidic phosphtases ( Fig.8).

@peroxydase

Blipides

BWglycogen

Jacidal phosphatase
| #alcaline phosphatase

100- 1 | : > 1987
1 % i : 1987-1988 rr.
50 1989-1990
o ; 1991-1992 rr
1993-1995

Fig.8. Cytochemical parametres of neutrophiles for children
irradiated in utero

Next years a non - stability in neutrophiles functioning that was
characterizedby the suppression of phagocytic and tetrasoliumreducing activity
against a baskground of an decrease in the level of all intracellular enzymes
(with the exception of acidic phosphatase) and cytochemically detected
substances preserving the ultrastructural changes was distinctly revealed.

An intellectual evaluation revealed that a number of children with mean
level of mental faculties was identical in the all groups. No differences in a
number of children with degree of intelectual defects in these 'groups were
registered. It can de marked only the tendency to decrease in percentage of
children with high 1Q and the increase in a numder of children with decreased
IQ in the Ist and 2nd groups comparing with decreased IQ in the Ist and 2nd
groups comparing with the controls ( Fig.9).
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Fig.9. Percent distribution of children, irradiated in utero, according to
date of total intellect

Mathematical analysis of data obtained revealed that the group risk of
health aggravation in children irradiated in utero ranged from 1,63 to 2,94.
This means that during 1 year among 100 children 16-29 have the chance to
pass into the less benefit health group. In control group these data are
signiticantly lower and are 0,85 -1,13 e.g. among 100 children 8 -11 have the
chance to pass into less benefit health group. Significant influence on the risk
quantity of health aggravation rendered the mean level of dose loading
accumulated in the living regions.

CONCLUSION

Thus, multicomponent effect of radiation and nonradiation factors of the
Chernobyl accident on the body during antenatal period of ontogenesis
resulted in decrease of adaptation possibilities of born children and stipulated
their health aggravation with shortening the practically health subjects of
population from 35,7 to 5,0 % in 1987 and 1995, respectively.
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EPIDEMIOLOGICAL AND THEORETICAL ASSESSMENTS OF LONG TIME
MEDICAL EFFECTS IN VICTIMS OF THE CHERNOBYL CATASTROPHE

A.E. ROMANENKO [
Research Center for Radiation Medicine, XA9745489
Kiev, Ukraine

SITMAEMHOAOIMYECKAS Y1 TEOPETUYECKAS OLIEHKA
ANTEABHBIX KAMHHUYECKUX SOPEKTOB,
HABAIOAAEMBIX ¥V TTOCTPAAABIINX

BCAEACTBUE YEPHOBLIALCKOM KATACTPO®BI
POMAHEHKO A.E.

Hayunsili yenmp paguayuonnol megquyunst AMH Yxpaunbt, Kues

Reconsideration of results of clinical studies allows to estimate in different way meaning of number
of factors of radioecological catastrophe and their combined health effects. Epidemiological studies
of dynamics of malignant neoplasms among population of radiation contaminated territories have
shown that for 10 years after the Chernobyl accident there was no sufficient excess of oncological
morbidity. Whereas considerable excess of thyroid cancer frequency has been revealed, especially
at children. It is established that for 10 years after the Chernobyl catastrophe essential worsening
took place in health condition of suffered contingencies and population in general. Postchernobyl
morbidity of suffered population is the integral result of both polyfactoral influence and stable
prechernobyl tendencies. On areas exposed to radioactive contamination process of formation of
new social and economic environment is taking place. It is characterised by disruptions of
processes of vital activity of huge population contingencies, additional irradiation of people, high
level of situation anxiety (which has long-time and mass character), social and psychological
tension, unsatisfaction of people with their health condition. Here new interpersonal relations are
being formed, and old ones are being disrupted. Necessity of unusual social roles and duties
appears, it requires tension of adaptation mechanisms and influences negatively at formation of
individual and public health,

OIHUAEMHOAOTHYECKHEe MCCAEAOBAHHUSA AMHAMHKH 3AOKAYECTBEHHEIX HOBO-
oOpa3oBaHHN CpeAH HaCeAeHMs PaAHOaKTUBHO-3aTPSI3HEHHBIX TEPPHTOPHH YK-
paMHEI, [IOKAa3aAM, YTO 32 NPOIIEAINH MocAe UepHOOBIABCKONH aBapHH IEPHOA
CYLIeCTBEHHOro IpHpPOCTa OHKO3aboAeBaeMOCTH He IIPOM3OIIAO, COXPaHSIOTCH
TaKHe >Ke TeHAEHIWH, KaK M B IIPeAlIeCTBYIOLUME TOABl. BONpeKH CyllecTBO-
BaBIIKM paHee MHEHHSM B NOCAeaBapHHHOM IlepHope He HabatopaeTcss M3MeHe-
HUI TpeHAA AMHaMHKH 3aboreBaeMocTH reMobAaacTo3zaMu. B To Ke BpeMsi BBISIB-
AeH 3HAYUTEeALHBIH IPHPOCT YACTOTHI paKa I[HUTOBHAHOM >KeAe3rl, OCOOEHHO Y
Aetel [1]. HacKoABKO COXpPaHSITCS TaKMe COOTHOLUEHMS AMHAMHKH OHKOAOTHYE-
CKHuX 3aboAreBaHHH B AaAbHeMHllleM, ITOKa)keT BpeMs, OAHAKO Y’Ke CETrOAHs MOJKHO
CAeAaThb BBIBOA O HEOOXOAMMOCTH AOIOAHEHMS CyLIeCTBOBAaBBIIHMX pDaHee B3rAf-
AOB Ha Pa3BHTHE OHKOAOTHYECKHX CTOXaCTHYECKHX IIOCAGACTBHH OOAy4YeHHS H
IPOAOAKEHHST HCCACAOBAHHH B AQHHOM HAllpaBACHHH.

B To Xe BpeMs yCTaHOBA€HO, 4TO 3a 10 AeT mocre YepHOOBIALCKOM KaTa-
CTpodHl B COCTOSHMH 3AOPOBBSI IIOCTPEAABIIHX KOHTHHITEHTOB H NOIIYASL[HH B
LeAOM IIPOH3OIUAO CyLUeCTBEHHOe yXyAllleHHe. DTO IOATBEPKAAeTCS OAHHMM U3
CcaMBIX OOG'BEKTHBHBIX IIOKa3aTeAell - CMepPTHOCTBHIO IIOCTPapaBLIETO HaCeAeHHS,
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KOTOpasi M3 ropa B rop Bo3pacraeT. HauboAbINH ypOBEeHbR CMepPTHOCTH HabAro-
AaeTcsi B IpyIlie HaceAeHH$, IIPOKHMBAIOIIEero Ha KOHTPOAMPYEMEIX TeppHTO-
pusx. [TokasaTeAu CMEepPTHOCTH YYaCTHHMKOB AMKBHAAUMM aBapHH TaKXXe PacTyT,
HO OHH XapaKTepH3YIOTCA GoAee HH3KHMM YPOBHeM, YTO OOBACHAeTCS ocobeHHO-
CTAMH BO3PACTHOM CTPYKTYPH 3TOHM FPyHNE B 60Aee BEICOKMM HCXOAHEIM YpOB-
HeM 3A0pOBbs, B 3aTpPOHYTHIX aBapHeH palOHAaX OTMeYaeTCsi poCcT OOABIIMHCTBA
OOIIMX COMaTHYEeCKHX M IICHXOCOMAaTHYeCKHUX 3aboaeBaHuM. OHH celidyac SBAS-
FOTCSl OCHOBHOM NPUYUHON MHBAaAMAM3AIMHA KU CMEePTHOCTH, OAHAKO YeTKOH 3aBU-
CHMOCTH OT BEeAHMYHHEI AO3HI OOAydYeHH:d, KaK IIpaBHAO, He HabaropaeTcs. B Am-
TepaType HIpaKTHYeCKH OTCYTCTBYIOT AAHHEIE O DHCKe OOIIHX COMaTHYeCKHX
3aboAreBaHHM, OOGYCAOBAEHHEIX AEMCTBHEM MaAbBIX A03 HOHHU3HUPYIOLIEro H3AyYe-
HHSA, XapaKTePHBEIX AAS IIOAABASIOIIEro GOABLIMHCTBA IIOCTPAAABUIMX OT aBapHH
Ha YepHoObIABCKOM ADC. IToaToMy ocoboe 3HadyeHHe NMpHOOpETaIOT MCCASAOBa-
HHS B AQHHOM HallpaBA€HHH, H3yYeHHe NPHYHHHO-CACACTBEHHLIX CBf3el pa3BH-
THA [IAaTOAOTHH H POAM pajpHallMOHHOro ¢akropa. IlepeocMEICA€HHEe pe3yABTAaTOB
KAHHHYECKHX HCCAECAOBAHHI IIO3BOASIET MHade OLEHHUTH 3HAYHMOCTH psipa (pax-
TOPOB PAAMO3KOAOTHYECKON KaTacTpodel M HMX COYETAHHOrO BO3ASHCTBUS Ha
3a0poBee [2].

CHHeprusM OTPHUATEABHHX (aKTopoB YepHOOBIABCKOM KaTacTpodHl,
BKAIOYast AMCTPeCC, ABASeTCS XapaKTepPHOH 4epTOM COBpPEeMEHHOH KAMHHMYECKOH
IIPAKTHKH. Y MHOTHX IIOCTPAAaBIIMX He AOCTHraeTcss peabHAMTaIHMs IIOCAe
yCTpaHeHUs pPaAHallHOHHEIX Ae(eKTOB, PeTryAsiTOpHBIE CBA3M He MOTYyT BEPHYThb-
Csl Ha MpPe’KHUN YPOBEHL OPraHM3aldM, AU3PEryAsTOPHBLIE U Ae3HHTErpaTHBHLIE
AedeKTH pPa3HOH CTelleHH BHIPakKeHHOCTH IIPOAOAXKAIOT coxpaHsThca. OHH Mo-
I'yT OBITE GAArOAATHOM NOYBOM AAfl (PYHKIHOHAABHOTO IIPeAOOAe3HEeHHOIo CO-
CTOSIHHS MAM Pa3AHMYHOM COMATHYECKOH IaTOAOTHH, IIPOAOHTHMPOBAHHS H yTAXKe-
AeHMsI TeYeHHs pa3AMYHEIX 3aboAeBaHHIL.

LuTroreHeTHYyeCKHe HHAHWKATOPH PaAHAIMOHHOIO BO3AEHCTBHMA, 4YacToTa
KOTOPBIX MOACKHTEABHO KOpPpPeAHpYyeT C HHTEHCHBHOCTBIO II€pPBOHAYaABLHOTO
OCTpOro OOAyYeHHs, BBISIBASIIOTCA Y YYaCTHHMKOB AHMKBHAAQIIMH aBapHH M B Ha-
crosinlee Bpems. OGHapy)XKeHO, YTO XPOHHYECKOe paAHALlMOHHOEe BO3AeHCTBHEe
TIIPUBOAUT K HaKOIIAeHHIO IIMTOTeHeTHYecKoro »@pdeKTra cO BpeMeHeM H3-3a
TIpeobAapeHHsT IIPOUECCOB aKKYMYASIMH HHAYIHMPOBAHHEIX IIOBPEXAEHUH Xpo-
MOCOM Haj MX 3AMMUHauueH. [ToAydyeHHbBle AaHHEIE, SIBASTIOLLIMECS MMOKa3aTeAsIMH
oblyell MyTareHHOM Harpy3KH Ha YeAOBeKa, CBHAETEABCTBYIOT O AecTabuAM3aIuu
reHOMa COMaTHYECKHX KAETOK Y PsiAd IMOCTpajAaBLUMX (IIpe’kKAe BCero y y4acTHH-
KOB AHKBHAALIMM aBapHHM M IIPOKUBAKOLIMX Ha 3arpsisHEHHBIX PaAMOHYKAMAAMH
TEepPUTOPUSX), YTO NOGYXAaeT OTHECTH UX K Irpymie MOBHIUEHHOIO PHUCKa.

HmMmerolpecss B AMTepaType CBEAEHHs! YKa3BIBAIOT Ha CHMI)KeHHe MMMYHHO-
ro OoTBeTa H HecneHUPHUYEeCKOH Pe3HCTEHTHOCTH I10A BAWSTHHEM HOHH3HUPYIOLIEro
HM3AYYeHHUs, a TaKXe O 3aBHCHMOCTH 3THX HM3MEHEHHH OT A03bl obAydeHHs [3).
CrnenMaAbHBIe MCCASAOBaHUS, NpoBepeHHble B HayyHoM HeHTpe papualfHOHHON
MEeAMIUHBI, MMO3BOAHUAHM CYIIECTBEHHO PAaCIIMPUTE MPEACTaBACHHS M0 AAHHOMY
Borpocy. B 4acTtHocTH, 6blrna OOGHapy’>KeHa reTepOTpPONHOCThE U3MEHEHHH KAeTOK
B 3aBHCHMOCTH OT IIOBEPXHOCTHOrO HMMYHHOro ¢geHorHna [4]. K Hacrosiemy
BpeMeHH YCTAaHOBAEHO, YTO 3(deKTH BO3ASHCTBHS pajHallMd Ha HMMMYHHYIO
CHCTEMY OIIPEAEASIOTCH He TOABKO IIOTAOIeHHOH AO30H OOAyueHHs, HO U YPOB-
HEeM 3JAMMHHAIMH CTAaOHABLHHIX OBPEXASGHHH HMMYHOKOMITETEHTHEIX KAETOK,
HapylUIeHHeM B3aMMHEIX CBA3ed MMMYHHOH ¥ HeHpPO3SHAOKDHHHON PperyAsiiHH,
HaAMYMeM IIpeAllleCTBYIOUleH HMAM COIYyTCTBYIOLUeH COMaTHYeCKOH ITaTOAOTHH.
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BoccraHoBAeHHe HMMYHHOM CHCTEMEI ITOCAe OGAYYeHHsT MOJKeT COIPOBOXAATHCS
CHH)KeHUeM (QYHKIHOHAABHEIX pe3epPBOB M CTaGHABLHEIMM HM3MEHEHHSIMH TOMeo-
CTaTHYECKHX CHUCTEM.

AHaAM3 MOAyYEeHHEIX AQHHEIX IIOATBED)XKAAeT CylllecTBOBaHHe GaraHca pe-
TYASTOPHEIX IIPOLIECCOB MeXXAYy HOBPEXAEHHEM H KOMIIeHCAaUuHel, HMeIOI[ero
BaXHOe ob6lebHoAOrHYecKoe 3HaYeHHe. MoAeKyAsIpHas U KAeTOYHAas penapamis
B TKaHAX C BHICOKMM YpPOBHeM ob6MeHa (KpOBeTBOpHAasl, MMMYHHAas1) BEIXOAST HM3-
IIOA KOHTPOASI IIOBPEXAEHHHIX BHICOKOAH(PEpPEeHIUPOBAHHEX ITOCTMHTOTHYE-
CKHMX HEePBHHEIX M 3HAOKPDHHHEIX KAETOK, Y KOTODEIX CKOPOCTH pelapauudi U
KOMIIEHCAIlMH Ha KAeTOYHOM YPOBHe 3HaYHTeAbHO chabee M MOXET ONPEAEAsiThb-
Csi TOABKO Ha CHCTeMHOM YpOBHe. B cAayyae, Koraa mospeskparouiuit sagpdekr He
npeobrapaeT HaA pelapaTHBHONH aKTHBHOCTBHIO, IPOHCXOAHMT TOTAABHOE BOCIIOA-
HeHHe papHoreHHoro 3addekTa. [IpoporKaromjeecss obAyyeHHe B HH3KHX A03aX
MOXeT CTHMYAMPOBAaTh penapaTHBHYIO aKTHBHOCTb M IIPUBOAUTE K THIIEPKOM-
[IeHCaUMM MAM TaK Ha3klBaeMOMY ' pajHaIlMOHHOMY repmespcy’. OAHaKO BO
MHOTMX CAy4dasx HabaropaeTcss npeobrapaHue nospeskpatoljero 3ddekra Hap
penapaTUBHOHN aKTHBHOCTBIO X "PaAMAIIMOHHEIM repMesunc” He NposiBAgeTcs. [lo
HallleMy MHEHHIO, B KAMHHYECKOM IAaHe OTHOLUeHHEe K pajpHaI[MOHHOMY repMe-
3UCy" AOAJKHO OBITH OYE€HB OCTODOJKHHEIM. B NMOAB3y TaKO#l CAEPXaHHOCTH CBHAe-
TEABCTBYeT H OTCYTCTBUE OOBEKTHBHO HOATBEP)KACHHBIX ITOAOKHTEABHEIX 3¢-
¢$eKTOB B OTHOLIEHHHM 3AOPOBBS IIPH AAMTEABHOM HabAIopAeHHH OOABIIMX KOH-
THHTE€HTOB HaCeAeHUs!, MOABEPTIUHXCSA PAaAHAIlMOHHOMY BO3AEHCTBHIO.

ITocreyepHOGEIABCKasA 3a60A€BAaEeMOCTh ITOCTPAAABIUEro HAaCEeASHHsS HHTe-
TPAABHEIN Pe3YABTAT KaK IMOAMQAKTOPHOTO BO3AEHCTBHS, TaK M YCTOMYMBEIX AO-
YepHOOBIALCKHX TeHAEHIUMH. B moaABepriuuxcs papHOaKTHBHOMY 3arpsa3HEHHUIO
parioHax IIPOHCXOAHUT  IIpollecc ¢dopMHpOBaHUSA HOBOH COITHAABLHO-
3KOHOMMYECKON CpeAR!, XapaKTepHU3YIOUWHNCSA HApYIUIeHHSIMH IIPOLeCCOB XHU3He-
AESITEABHOCTH OOABIIMX KOHTHHI€HTOB HACeAeHHSs, AONIOAHHTEABHBIM OOAy4YeHH-
'eM AIOAel, BBICOKMM YPOBHEM CHTYaI[MOHHOM TPEBOXHOCTH (MMEIoUIeH AAM-
TEABHBIN M MAaCCOBEHIM XapaKTep), COMHMAALHO-TICHXOAOTHYECKHM HAalIpsyKeHHeM,
HeYAOBAETBOPEHHOCTBIO AIOAEH COCTOSSHHEM CBOero 3p0poBbsi. IIpm 3ToM pas-
pYyLIAlOTCA cTapeie U (POPMHUPYIOTCS HOBBIE MEKAMYHOCTHBIE OTHOLUEHHS, BO3-
HHKaeT HeOOXOAMMOCTh B HENPHBHIYHBEIX COIMAABLHBEIX POASiX M OOSI3aHHOCTHX,
YyTO TpebyeT HaNpSI)KeHHUS aAAllTAIlMOHHBIX MeXaHHW3MOB M OTPHIIATEABHO BAHMSAET
Ha popMuUpOBaHUEe HHAUBHAYAABHOIO M OO11eCTBEHHOIO 3AOPOBBA.

Cpean (aKkTOpOB, BAMSIOIIUX Ha 3AOpPOBbe HaceAeHHsA B TeYeHHe BCero
IIOCA€aBapUIHOTO MEepHOAa, COIMAALHO-IICHXOAOTHYECKHEe SBASIIOTCS OAHHMMH H3
HauboAee AAMTEABHBIX, YCTOMYHMBHIX, OOAQAAIOLIUX TPaBMHUPYIOUIMM IIOTEHIHA-
AOM, A€TEPMHHUPYIOLHM KaK IICHXOIATOAOTHYEeCKHe COCTOSHHS B OCTPOM IepH-
OAe, TAK H IIPOAOHTHPOBAHHBIE ITHCXOCOMATHYECKHE IIOCAGACTBHUSA. IOTO KOM-
NAeKC (PaKTOpOB, OGYCAOBAEHHBIX B NEPBYIO OoYepeAb ITpolieCCaMM COITHAABHOH
Ae30praHHu3alHy B CBSI3H C aBapHeM, 3arpsisHeHHeM OOABUINX TePPHTOPHH AOA-
TOKUBYIIMMH DPaAHOHYKAHAaMH. OH XapaKTepH3yeTCs BO3HHKHOBEHHEM M HH-
TeHCUPUKAIMEN CAeAYIOUIHX SIBA€HHUH: 3BaKyalHsi H IlepecereHHe OOABIIHX
MacC HaCeAeHHUsI B HOBBIE YCAOBHs, 3HaYHMTeAbHble HapyllIeHHs IMPOLEeCCOB JKH3-
HEAESITEABHOCTH, Pa3pHB COIHAABHEIX CBSi3ell M M3MeHEeHMe TPaAMIIMOHHOro ob-
pasa XH3HH, paboTa B 3KCTPEMaAbHOI CHUTyalllH, BAUSHHE CPEACTB MAacCOBOH
uadopManuu Ha GopMHUpOBaHHe OOLIeCTBEHHOIO MHEeHMs. PapHalMOHHEMN ¢hak-
TOp MpHOGpeTaeT COIMAALHYIO M IICHXOAOTHYECKYIO 3HAYMMOCTE (HapsiAy C ApPY-
TMMH) U TaK)XKe CTAaHOBHTCSA CTPECCOTE€HHEIM (PaKTOPOM CpeABl OOHTaHHMA.

263



TakuM obpa3oM, H3 BceX NATOTeHHBIX (akTopoB YepHOOBIALCKOH Kara-
CTPO(dH MO’KHO BHIAGAUTL ABa Hauboaee 3HAYMMBIX: PAAMAIMOHHEIN M COIMaAb-
HO-IICHXOAOTHYeCKHH. EcAM Ha mepBOM CKOHIEHTPUPOBAaHO BHHMAaHHE IIOAAB-
ASIONLIEro GOABIIMHCTBa HCCAeAOBaTeAelf, TO BTOPOHl A0 IIOCA€AHEro BpeMeHH B
CHAY psiA@ OOGCTOSTEeABCTB HEAOOLIeHMBAACS, XOTa 6e3 ero yyera He MOTYT OBITB
pelleHbl 33)a4YH OpPraHM3allMH HayYHO OOOCHOBaHHEIX NPO(PHAAKTHYECKHX Me-
POIPHSATHH.

Ha ocHoBaHHMM Hallmx HabAIOAEHHH MOJXHO YTBEpP’XKAAaThb, YTO HH3KHe
(MaABle) AO3BI HOHH3HPYIOU[ErO H3AYYEHHs COBMECTHO C APYTHMH QaKropaMu
06AAAAIOT OTPHIATEARHEIM AHCTBHEM Ha 4YeAoBeKa. M BMecTe C TeM NpH OIeH-
Ke ITOCAeACTBHM YepHOOBIABCKOM KaTaCTPOGB HEAb3sT OrpaHHYHBATHCS TOABKO
BAUSTHHEM HOHU3HMPYIOHIero usaydeHus. HeoOXopAHMEBI MCCAeAOBaHHS, B KOTOPBIX
BHHMaHHe 6blr0 6B 06pallleHO Ha FAOOaABHYIO NpobaeMy - OKpy Karowjas cpeaa
U YEAOBEK, €I0 3KOHOMHUYECKOe M COUHAALHOE ITOAOKEHUE.

TakuM ofpa3soM, K pellaloliMM IIPHMYMHAM YXYAIUEHUS 3AODOBbS Haceae-
HHs CAeAyeT OTHOCHTBh TaKXe COUHaAbHBIe (PAKTOPBI: HHU3KHH AOXOA Ha AyLIY
HaceAeHMs], IAOXOe XHALe, HEYAOBACTBOPHUTEAbHOE NHTaHte U T.N. TOABKO KOTAa
B YKpauHe 6yAeT AOCTUTHYT ONTHMAALHEIM YPOBEeHb >XU3HH, HaydHBIEe H3BICKa-
HHSI O BAMSTHHH MAaARIX AO3 HOHH3HMDPYIOLLEro M3AyYeHHsI Ha AIOAeH B IIOCTYEePHO-
OBIABCKHMI EPHOA CMOTYT AaTh MCYePNBLIBAIOLIHI OTBET, B KAaKOH CTelleHH TaKoe
PaAHAIHOHHOE BO3AEHCTBHE BAHSET Ha 3A0POBbe, YHCAO BPOJKAEHHBIX YPOACTB H
MEpPTBOPOXXKAEHHH, Ha IPOAOAKHUTEABHOCTh JXH3HHM H IIpeKAeBpeMeHHOe cTape-
HHe, Ha pocT 3ab0AeBaHUN KPOBU U 3A0KaYeCTBEeHHEIX HOBOOOpa3OBaHHH.
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1.INTRODUCTION

As the result of Chernobyl NPP (CNPP) accident different groups of people were exposed to a
wide range of doses of additional suprabackground radiation. These groups include: 1) the immediate
participants in the liquidation of the accident in 1986 -87 and of its consequences in the following
years, the professionals working at the unit "Shelter" among them; 2) residents of the radionuclide
contaminated territory which is under strict radiation control. A 30 km aliepation zone was
established and its population was evacuated on May,4, 1986. However in June - September 1986
part of the evacuated people returned as self-settlers to the least contaminated villages . By the
beginning of the 1996 the number of self-settlers in the alienation zone has been about 800.
Undoubtedly it is of great interest to study the state of cell genome of the professionals who
participated in the clean-up after the accident and who are still working at the "Shelter" unit and of
the self-settlers who have been living in the alienation zone for almost ten years being constantly
subjected to the influence of small doses of both internal and external irradiation.

A number of publications has already presented results of the cytogenetic examination of the
individuals who took part in the liquidation of the Chernobyl accident consequences and of the
individuals who dwell in the areas due to this accident contaminated{1,2,3 and other.]. However no
data were presented on the state of genome of the liquidators professionals who continue their work
at the "Shelter" unit and of the self-settlers dwelling in the alienation CNPP zone.

The aim of this study was to investigate the genome of the peripheral blood lymphocytes of the
abovementioned groups of people as to the following indices: level of instability of the DNA structure
in the nick translation test, the frequency of micronuclei (MN) and the cell DNA index (DI).

2 MATERIALS AND METHODS

Samples of human heparinized peripheral venouse blood were used in the experiments.
Lyvmphocytes were isolated from blood by Ficoll/Verografyn density gradient centrifugation. For the
MN assay the whole blood was analysed.

2.1. Nick translation assay

Lymphocytes were suspended in a solution containing 0.25 M sucrose, 0.1 M Tns- HCl (pH
7.4), 10 mM MgCl, and 0.5 mM dithiothreitol. Then the cells have been permeabilized by exposure to
0.02% Triton X-100 for 2 min. at 4 °C. The nick translation reaction was carred out as described in
[4]. The reaction was terminated by moving the entire sample mixture onto the Whatman 3MM filter
discs prewetted with 2% pyrophosphate. The discs were conventionally washed. Acid insoluble
radioactivity was measured in a scintillation counter Beta-1219 (LKB Wallac).

2.2. Micronucleus assay

0.2 ml of the whole blood was mixed with 2.0 ml RPMI - 1640 medium (Sigma) containing
20% fetal calf serum and 0.02% PHA-P (Sigma). The cell culture was incubated at 37 °C. The
cytochalasin B at final concentration of 6 pg/ml was added after 44 h to the PHA stimulated

265



lymphocyte cultures In the following 24 h the micronucleus slide preparations were made following
the method of [ 5] foang in 3 1 ethanol acetic acid with cold hypotonic treatment and dropping of
the cell suspension onto clean cold slides, which were then stained with Giemsa Cells with two
macronucler with cytoplasm surrounded by cell membrane were scored in order to find micronucler It

was done at x800 magnification and 1000 binucleated cells (CB cells) were scored per each
individual

2.3. Flow cytometric analysis of the DNA content

Lymphocytes were suspended mn cold phosphate-buffered saline (PBS) pH 7 4 contaiung 0 5
mmol EDTA and 10% fetal calf serum (Sigma) The cell suspension was fixed in 50% ethanol at a
concentration of 107 cells/ml The samples were stored at 4 °C Prior to the analysis the fixative was
removed and the cells were resuspended in PBS Clucken erythrocytes were used as internnal
standard to determune zero point on hystograms {6] DNA of the cells (3 x 10° cells/ml) have been
staned with ethuidium bromude (15 5 pg/ml final concentration) (Serva) for 5 min after the 30 mun
RNAse-A (37 pg/ml final concentration) (Sigma) treatment The measurement was carried out on the

flow cytometer FACStar Plus (Becton Dickinson,USA) For each histogram 10000 cells were
analysed DNA content in the lymphocytes was expressed as DI

2.4, Calculation of the dose loadings

Calculation of the dose loading was made according to take standard progammes [7] using data
on radionuchide contamunation of the terntories [8] In calculation the doses of external irradiation
shielding by buildings and snow and the depth of penetration of radionuclides nto the soil were taken
into account For the calculation of the internal irradiation doses 1t was considered that the self-
settlers used all the food products ( except bread and sugar ) grown at their own formsteads

3 RESULTS

Three groups of individuals were examuned CNPP professiomals, who had participated 1n the
liquidation of the Chernobyl accident consequences and are still working at the “Shelter" (20
individuals), self-settlers from five villages in the alienation zone (26 mdividuals), the Kyivans, who
have never worked at atomic or chemucal enterpnises, have not undergone radiotherapy, and for the
penod of the past six months have not been X-ray diagnosed and have not had any viral infections
(20 individuals) The age of those examined was withun the range of 22-60 years

3.1. The study of the instability of the DNA structure

The level of instabiity of the DNA structure of peripheral blood lymphocytes of the
professionals was defined by the incorporation of [’H] dTTP into the permeabihzed cells n the
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conditions of the nick translation reaction The degree of incorporation of the radiolabelled DNA
precursor reflects the level of 3'-OH single-strand breaks of DNA We have examined 16 individuals
in four expenments Simultaneously two Kyivans were examined during each experiment As the [*H]
dTTP incorporation depended upon the degree of the cell permeability obtained, in each separate
experiment the index of its incorporation nto the lymphocytes of the professionals was compared to
that of the Kyivans and was expressed in relative umits The degree of incorporation of [°H] dTTP into
the cells of the Kyivans was taken as 100% The half examuined professionals showed the increase of
the level of 3'-OH DNA single-strand breaks of lymphocytes as compared to the Kywvans by 20-32%
(Fig 1)

3.2. The study of the chromosomal damage by micronulei registration

The probability of the genome damage on the chromosomal level was studied by MN analysis
method proceeding from the following According to the data [3] the dose- response dependance 1s
analagous for both chromosomal abberations and MN 1 wrradiation of the donors blood n vitro
withun the dose range up to 2 Gy According to [9] at small doses of wrradiation (up to 0 5 Gy), the
MN assayis more sensitive than the analysis of the unstable chromosomal abberations Moreover the
MN analysis 1s easier and quicker As 1s seen from Table I the spontaneous frequency level of
lymphocytes with MN 1n the group of the Kyivans vanes from 4 to 19 per thousand of cells These
data quite agree with those for the healthy donors given 1n a number of publications[10,11]

On the average the number of cells with MN 1s 1% and the majonity of them has one MN ( only
in 10% of the Kyivans investigated lymphocytes with two MN per CB cell were found) The analysis
of lymphocytes of the CNPP professionals showed a sigmificant increase of MN content as compared
to that of the Kyrvans Thus increase mainly due to the increase of number of CB cells with two MN
and the appearance of cells with three MN In the blood of 87% of the professionals examuned cells
with two MN and in 36% - with three MN were found

The analysis of MN wn the lymphocytes of the self-settlers in the CNPP zone showed no significant
difference in the mean total MN content and the range of the individual vanation from those of the
majonty group of professionals examined (Table I ) However if 1n the professionals as compared to
the Kyivans, the increase of the number of MN 1s due to the appearance of cells with several MN 1n
the self-settlers 1t is due to the valid increase of the number of CB cells with one MN Only 19 % of
the self-settlers examined have cells with two MN There number show no significant difference from
that of the Kywvans The group of self-setllers was compnsed of the residents of five willages in the
alienation zone The volume of the groups being rather small, we nevertheless made an attempt to
compare the frequency of the presence of MN 1n the lymphocytes of their blood with the level of

TABLE I Content of micronuclel in the penipheral blood lymphocytes of the
professional and self-settlers of the Chernobyl NPP zone, %o
The Range Mean Distributzon of cells Mean Range
group of the total according to the number of MN number of the number
examuned total number of cells of cells
number { of MN
of MN 1 2 3 with MN with MN
Kyivans 4-19 108108 | 10608 | 0 1101 10 7£0 8 4-18
Profes-
sionals 4-25 15618 | 120£12 | 12+03" | 05£02 13 6114 4-20
Self- .
settlers | 7-24 14 6:08° | 138107 | 04102 14 2407 7-24

p< 0 0l 1n compared with Kyivans

*" p <005 1n compared with professionals
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TABLE

II. Content of micronuclei in the peripheral blood lymphocytes of the self-settlers
depending on the density contamination with radionuclides of the territories

and dose loading.
Name Density of Mean total dose Range Mean Distribution
of of cells
of the contamination of irradiation  (1986-95) the total total according to the
mSv number number )
village Ci/km? External Internal number of MN
on the on the
137¢s 905 whole red bone | of MN of MN 1 2
body Marrow
Gorodi- | 2.0 0.9 17.5 209 24.1 10-14 122 122
sche +0.8 +0.8
n=5
I’'yincy | 2.2 1.1 19.3 24.7 26.3 7-19 122 122
n= 1.7 1.7
Koupov | 2.9 2.5 253 345 58.8 10-18 135 13.5
atoye 1.9 1.9
n=4
Louby- 11.0 39 96.7 95.9 88.9 12-24 16.3 14.9 0.7t
anka +13 £1.8 0.5
n=7
Opachi- | 8.0 5.5 76.0 76.0 125.7 16 -22 19.2 16.3 1,5¢
chi $1.2 1.3 08
n=4
*p>0.05 in compared with Opachichi.
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Figure 2. Dependence of the mean total number of MN on the density of radionuclides
contamination of the territory. (For *’Cs r=0.51; for *Sr r=0.62; P=0..99).




radionuclide contamunation of the terntory of habitation and the mean dose of radiation they are beng
exposed to As 1s seen from Table II the largest content of MN mm lymphocytes i1s found 1n the
residents of Opachichi willage This index 1s significant higher than that of the residents of
Gorodische, II’'vincy, Koupovatoye and shows no significant difference from that for the Loubvanka
residents In the blood of Gorodische, II’'yincy , Koupovatoye residents we found lymphocytes with
only one MN per cell Two MN celis were found only 1n the blood of the residents of Loubyanka ( in
2 out of 7 examuned) and Opach (in 3 out of 4 examined) Correlation analysis of mean content of
MN n the lymphocytes of the residents of the abovementioned willages and the density of
contamination with radionuclides of these territonies and with the doses of external and internal
exposure ( of the whole body and of the red bone marrow), detected according to the contamination
indices showed the valid correlation relationship The highest level of correlation was found between
the MN content and *Sr contamination and also between the MN content and the dose of red bone
marrow irradiation (Fig 2)

3.3. Estimation of the DNA index

Flow cytometry analysis of the DNA content in lymphocytes of the professionals and self-settlers
of the alienation zone showed the presence of the single cell population with coefficient vanation of
the G, peak about 3% No deviation from the DNA diploid content was found 1n the examined
individuals

3 CONCLUSIONS
The presented results of the comparative study of the state of genome of the professionals,

the self-settlers of the CNPP alienation zone and of the group of donors - Kyivans show the
increased level of the genome nstability 1n the contingent of the zone In the professionals examined
it was manifasted by the increase of instability of DNA (by the yield of the DNA single-strand
breaks ) and of chromosomes ( by the MN frequency mn CB cells) The increased level of the
genuine DNA SSB may be due to the DNA functional activity tension and to the shuft to a
different regime of transcription and reparation 1n the conditions of chronic exposure following the
exposure to a greater dose

Greater yield of cells with several MN 1n the professionals suggests that they could have been
exposed to doses no less than 40 cGy [12 ] Possible exposure to large doses of radiation soon after
the accident when there had been no strict dosymetry control 1s still show 1n the increased mstability
of lymphocyte chromosomes It is likely that cells with several MN found are either long-life
mytoticly mactive lymphocytes or the total result of the damages, being preserved in the genome of
the lymphoid tissue cells for several generations (the possibility of such preservation had been
shown on the different cells lines {13] and those being induced at present by small doses

The increased nstabihity of the lymphocyte chromosomes of the self-settlers 1s mainly due to
the presence of cells with one MN ( mean frequency of cells with MN 1n the professionals and the
self-settlers being equal) This testifies to the fact that dose loading 1n these two groups was
significant different The found correlation between the density of radionuchdes contamunation of
the territory and the content of MN 1n lymphocytes of the self-settlers shows that the mucronucleus
assay 1s quite sensitive and adequate method to bioindicate the constant influence of small doses of
rradiation on a human being In all investigated groups DNA diploid contant was retained
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PREDICTED HEALTH EFFECTS IN BULGARIA FROM THE
CHERNOBYL NPP ACCIDENT:
OBJECTIVE ASSESSMENTS AND PUBLIC REACTIONS

G. VASILEV, A. BAYRAKOVA
National Center of Radiobiology and Radiation Protection,
Sofia, Bulgaria

1. FIRST POST-ACCIDENT YEAR AND LIFELONG EXPOSURE OF THE BULGARIAN
POPULATION (TOTAL EXPECTED EFFECTIVE DOSE)

The results of analyses are shown in Table I. More particularly, the following may be noted:

- To determine 'l exposure, use was made of the tissue weighted factor 0.05 newly proposed
in ICRP Publication No.60 [1].

- The total mean individual lifelong exposure is 0.95 mSv (effective dose), with contributions
from the three principal factors (external exposure and internal exposure from *'I and from '*’Cs and
13Cs) nearly equal.

- The difference in total exposure between children and adults is about 35% (higher for
children).

- ICRP Publication No.60 [1] proposes for the first time a limit for exposure of the whole
population: a mean of 1.0 mSv/a (as averaged over every five consecutive years).

- Exposures from other sources (point 4 in Table I) concern surface contaminations, possible
intake of other radionuclides besides the indicated ones, etc.

Table 1
First-year (May 1986 - May 1987) and Lifelong Exposure of the Bulgarian Population

Effective doses (mSv)
Exposure First year For 50 years
Children Adults Weighted mean
1. External exposure 035 0.29 0.31 0.31
2. Internal exposure
from “’Cs and '**Cs 0.13 0.17 0.16 0.30
3. Internal exposure from
B 0.50 0.17 0.28 0.28
4. Other sources 0.05 0.03 0.04 0.06
TOTAL 1.03 0.67 0.79 0.95

2. EXPOSURE OF THYROID GLANDS FROM IODINE-131 INTAKE (EQUIVALENT
AND EFFECTIVE DOSES)

The results are shown in Table II. The UNSCEAR report from 1988 [2] indicates for the
Bulgarian population values of 3.0 mSv for adults and 25.0 mSv for children under 1 year (equivalent
doses ). In our opinion, the children value given is not realistically founded, as it has been obtained on
the basis of model calculations only, without in vivo measurements.

The results of effective dose estimation are also given in Table 1.
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Table 11

Exposure of Thyroid Glands from lodine-131

Dose (mSv) Children Adults Weighted mean
Equivalent 10.0 33 5.5
Effective 0.50 0.17 0.28

3. TENTATIVE FIGURES FOR MEAN RADIATION DOSES IN VARYING REGIONS
OF THE COUNTRY

The country’s radioactive contamination was nonuniform. This is a normal phenomenon for
such atmospheric transfer during the spring season in our geographic latitudes. The same phenomenon
was observed over the whole of Europe. A better estimate of exposure of the population residing in
different regions of the country is hardly obtainable for a number of objective reasons: nonuniform
deposition, presence or absence of radiation control, individual features of behaviour, in particular
eating habits, etc.

Exposures were probably greatest in regions of higher altitudes above sea level, as well as in
those where fallout density was highest.

Estimates of probable mean doses by regions of the country are shown in Table III. They were
obtained using two main assumptions: first, that the majority of the population stayed within a limited
region (place of residence); and second, that the largest part of the consumed foodstuffs were of local
origin. Clearly, such estimates are largely circumstantial, nevertheless, they are a useful guide for
planning and conducting epidemiological studies.

Table I1I
Estimation of Mean Doses by Regions

Group _Region Total effective dose (mSv)
I: highest Kurdzhali, Stara-Zagora, settlements at above 0.8 km
altitude 1.7
II: high Iambol 1.3

III: medium | Sofia city and county, Pernik, Russe, Silistra, Shumen,
Khaskovo, Razgrad, Pazardzhik, Vidin, Turgovishte,

Gabrovo, Sliven 1.0
IV: low Burgas, Blagoevgrad, Vama, Veliko-Tumovo, Pleven,

Tolbukhin, Kyustendil, Lovech, Mikhailovgrad, Plovdiv 0.8
V: lowest Vratsa 0.6

4. ASSESSMENT OF PROBABILITY FOR APPEARANCE OF LATE STOCHASTIC
EFFECTS, IN CONFORMITY WITH THE NEW RISK COEFFICIENTS PROPOSED BY ICRP

Table IV

Late Stochastic Effects
Fatal cancer 363 cases overall Severe hereditary effects
Nonfatal cancer 107 cases
TOTAL 470 cases 80 cases

Publication No.60 [1] proposes new risk coefficients as regards stochastic effects: fatal and
nonfatal cancer, and severe hereditary effects. For chronic exposure of the whole population (all age
groups and sexes), the new coefficient regarding malignancies with lethal outcome (the so-called fatal
cancer) is estimated at 5.0 x 10? Sv™'. In the case of nonfatal cancer, detriment is held to be increased
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by 20 to 30%. As for severe hereditary effects, the radiation risk coefficient for the whole population is
estimated at 1.3 x 10 Sv"'. Accepting that the Bulgarian population numbers 8.8 x 10°, estimates for

stochastic effects are as shown in Table IV.

Table V

Carcinogenic Effects

Organ or tissue Fatal cancer cases Period of appearance
Bladder 18 Beyond year 2000
Bone marrow 31 Around year 1991
Bone surface 3 Around year 2000
Breast 12 Around year 2000
Colon 52 Beyond year 2000
Liver 9 Beyond year 2000
Lung 52 Around year 2000
Oesophagus 18 Beyond year 2000
Ovana 6 Beyond year 2000
Skin 1(2) Around year 2000
Stomach 63 Beyond year 2000
Thyroid gland 44 Around year 1995
Other 30
From prenatal exposure 20
TOTAL 363 cases

Table V presents a breakdown of fatal cancer cases according to a variety of sites. With regard
to prenatal radiation exposure risk, the coefficient used is 25 x 102, that is, five times above total; and
the number of exposed population was taken to be 10°. Tentative time periods for appearance of
maxima of radiation-induced cancer cases are indicated in the last column of Table V. It should be
noted that the predicted cancer cases indicated are to develop over a period equal to the lifetime of an
average generation, that is, over 50 to 70 years. At the present time in Bulgaria, registered new cases of
fatal cancer amount to about 23 thousand anually.

5. NONSTOCHASTIC SOMATIC EFFECTS AND EFFECTS OF PRENATAL
EXPOSURE

ICRP abides by its conceptions in Publications No.26 [3] and No.41 [4]. Nonstochastic
somatic effects will be avoided if the equivalent radiation dose to any organ or tissue is less than 500
mSv/a (except for the eye lens, where it is 150 mSv/a). Publication No.60 provides for the population a
“provisional reduction factor” of 10, bringing these dose levels to 50, respectively 15 mSv/a (the latter
for skin and eye lens). As for effects of prenatal exposure (apart from cases of cancer), a threshold of
100 mSv is indicated for congenital malformations, and likewise 100 - but under question and with a
recommendation for 10 mSv - for possible CNS damage during a certain critical period of gravidity
(8th to 15th week). Such damage could lead to mental retardation.

The highest probable individual doses received in Bulgaria are presented in Table VI
(compared with effects of prenatal exposure and nonstochastic somatic effects).

Equivalent doses from external exposure of about 3.0 mSv may have been sustained by persons
residing at peaks higher than 2.0 km (Musala, Botev Peak), i.c., by several tens of persons.

Internal exposure from caesium-137 and caesium-134 could amount to about 5.0 mSv.
Experimentally, by whole-body counting, this has been ascertained in the case of a Vienna resident with
maximum caesium body burden of about 10’ Bgskg body weight during the spring of 1987. In
Bulgaria, such a body burden has not been observed.

With regard to thyroid gland exposure, the probable maximum equivalent dose of about 200
mSv could have been received by residents of some mountainous or iodine-deficiency regions.
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Table VI

Probable Highest Exposure - Equivalent Doses (mSv)

Exposure mSv Regions Number of population
External 3.0 Peaks higher than 2.0 km Up to 100 persons
Internal (Cs) 5.0 (10> Bg/kg) | Mountainous Several thousands
Thyroid gland ("*'T) 200 Mountainous, iodine-deficiency Several thousands

Effects of prenatal exposure

Congenital malformations
Mental retardation
Cancer

Threshold, 100 mSv
Threshold, 100 mSv (?)
Coefficient of risk, 25 x 10 Sv''; cases, 20

Nonstochastic somatic effects

Dose limit for the population - 50 mSv/a
(eye lens - 15 mSv/a)

Table VII

Distribution of Overall Exposure

Mean effective | Collective | Background Excess over
Source of exposure doses doses exposure background exposure
(uSv/a) (man-Sv/a) (%) (%)
1. Background exposure 2283 19600 2154
1. External 735 6300 32.1
.2, Internal 1548 13300 67.9
2. Excess over
background exposure 1054 9130 46 .4
2.1. Occupational exposure 116 1000 11.0
2.2. X-ray diagnosis 802 6900 75.70
2.3. Radioisotope diagnosis 81 700 7.67
2.4, Uranium mining 41 350 3.83
2.5.NPP 3 32 0.35
2.6. TPP 3 80 0.88
2.7. Global fallout 2 15 0.16
2.8. Other sources 6 51 0.56
TOTAL 3337 28700

Experimentally determined by in vivo measurements, such a figure has not been found in Bulgana.
lodine is not considered to be a genetically significant radionuclide.

For the Bulganian population, the estimated collective dose due to the Chernobyl accident 1s as
follows:

- For the first post-accident year - 7000 man-Sv;

- Dose commitment for 50 to 70 years - 8400 man-Sv.

Table VII shows for comparison the Bulgarian population’s collective doses due to various
sources by the beginning of 1990.

In Bulgaria, as well as in a number of other countries, public response to the danger entailed by
radioactive contamination from the Chernobyl accident was hardly appropriate. The problem is of a
purely psychological nature. It is not a new one because almost never has a fully realistic assessment
been made of events relating to major accidents that are striking to human consciousness. In Bulgaria,
over 1986 and 1987, and later also, this issue was particularly pressing as the level of public
information on the actual situation and its dangers was far from adequate. There was a lack of proper
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co-ordination between relevant national services In addition, a number of existing problems were of a
purely political nature

Now, 10 years after the Chernobyl accident, the situation and 1ts actual dangers are gradually

being clarified A number of programs for epidemiologic surveys are being implemented, and 1t 1s a
major objective to bring their results to a possibly wider audience As always, the best strategy to which
both scientists and politicians should adhere 1s to give the truth, only the truth, and the whole truth

(1
(2]
(3]
[4]
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THE ISRAELI CHERNOBYL HEALTH
EFFECTS STUDY (ICHES)

G. RENNERT, S. SHAPIRO, H.S. RENNERT
National K.H. Cancer Control Centre,

Carmel Medical Centre,

Haifa, Israel

BACKGROUND

More than 100,000 people have immigrated to
israel since 1989 from areas in the former
USSR in which radiation from the Chernobyl
accident was measurable.

Exposure to radiation is known to be
responsible for a variety of sequella. Among
these are various malignancies and other
chronic diseases. Pregnancy outcome is also
possibly influenced by radiation exposure.

The Chernoby! accident is characterized by a
long-term low-dose exposure. The health
consequences of this type of exposure are not
yet known to the scientific community.

AlM

To estimate the prevalence of various diseases
among the immigrants to Israel from the
radiation-inflicted areas around Chernobyl.

METHODS

A case-control study with on-going recruitment
of cases and with two fixed control groups.

The cases group includes ali immigrants who
registered with the Study Center who were
from one of 14 regions (oblasts) in the former
USSR where evidence of Cs137 in the ground
was found in 1990, following the Chernobyl
accident.

This group currently includes 9,804 people.

The two control groups are:

7,000 immigrants from the same areas as the
cases who did not register with the Study

Center (to control for a possible selection-bias
due to volunteer effect).

7,000 immigrants from non-exposed areas
{Moscow and St. Petersburg) to provide the
baseline disease rates for the (European)
Russian-Jewish population.

All study participants were requested to
complete a self-reported questionnaire. All
participants of the cases group, but only about
10% of the participants of the control group
have returned their questionnaires. An effortto
increase compliance among the controls is
under way.

RESULTS

The cases group (volunteers) includes about
10% of the target population. The age-sex
distribution of the cases group is very similar
to that of the target population of all
immigrants as of 8.9<.

Pregnancy outcome - No increase in the rate
of miscarriages was noted in the years
following the accider.t among the exposed
group (Figure 1).

Cancer - Cancer was self-reported at time of
registration by 165 (1.7%) of the cases group;
a prevalence rate of 1683/100,000. The most
prevalent cancers reported are breast cancer,
colorectal cancer and leukemia (Figures 2,3).

DISCUSSION

The current results need to be interpreted with
caution. They are as yet uncontrolled, and are
based, at this stage, on self-reports only. The
study team is currently making an effort to
increase compliance of the control group as
viell as to validate the health status of the
participants by reports from the treating
physicians.

The study participants have reported a high
prevalence of health problems. Whether this
reflects a true health consequence of the
Chernobyl accident or is only a reflection of the
anticipation of disease in this group remains to
be established.
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HOSPITALIZATION PATTERNS OF IMMIGRANTS FROM THE
CHERNOBYL AREA IN ISRAEL

G. RENNERT, S. SHAPIRO, H.S. RENNERT

National K.H. Cancer Control Centre, Carmel Medical Centre,
Haifa, Israel

Background

More than 700,000 immigrants from the former Soviet Union (FSU)
have arrived in Israel since 1989. Of them, more than 100,000
arrived from areas exposed to radiation from the Chernobyl
accident. Among residents of the exposed areas in the FSU an
increase in thyroid cancer but no increase in leukemias has been
reported.

Methods

All hospitalizations of immigrants from the FSU in 7 general
hospitals of the major Health Maintenance Organization (HMO) in
Israel during the years 1990-1994 were studied. These hospitals
serve the general population of the geographical areas in which
they are located, regardless of their health insurance affiliation. Of
all hospitalizations the following diagnoses were sought: acute
leukemia, chronic leukemia, thyroid cancer, brain cancer, breast
cancer, hypothyroidism, hyperthyroidism. Records were included if
any of the abovementioned diagnoses was registered either as the
main diagnosis or as an accompanying diagnosis, based on the
ICD codes registered on the discharge letters. Cases with multiple
hospitalizations with the same diagnosis were counted only once.

Three groups were compared:

1. Immigrants from areas in Belarus which were strongly affected by
radiation from the Chernobyl accident (n=41,215).

2. Immigrants from the oblast of Kiev in Ukraine, considered to be
mildly affected by radiation (n=34,035).

3. Immigrants from the non-radiation-affected cities of St.
Petersburg and Moscow (n=41,215).
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Five-year age-adjusted hospitalization rates per 100,000 population
and 95% confidence intervals were also calculated were calculated
for each disease and each study group.

Results

During the period of investigation there were 66,913 hospitalizations
of immigrants from the FSU. Of these, 410 were for the selected
diagnoses in the relevant study groups.

a. Leukemias (figure 1)

The age-adjusted hospitalization rate from acute leukemia was
higher for immigrants from Belarus; 16.7/100,000 (4.9-28.7) than
for immigrants from Kiev, Moscow-St. Petersburg (4.8/100,000 and
4.9/100,000 correspondingly).

The age-adjusted hospitalization rate from chronic leukemia was
also highest (19.6/100,000, C.I. 10.8-28.3) among the immigrants
from the exposed areas in Belarus.

Radiation-related solid tumors (figure 2)

The differences in hospitalization rates of thyroid cancer, brain
cancer and breast cancer were small and not significant. Thyroid
cancer (14.7/100,000) and brain cancer (19.2/100,000) were more
common in immigrants from Belarus. Breast cancer was similar in
immigrant females from Kiev (196/100,000) and Belarus
(192.8/100,000) and higher than in immigrants from Moscow-St.
Petersburg.

Non Malignant thyroid disorders (figure 3)

Hypothyroidism was similarly diagnosed in immigrants from the
three areas (26.8/100,000 in Moscow-St. Petersburg, 30.0/100,000
in Belarus, 30.5/100,000 in Kiev).

Hyperthyroidism, though, was much more common among
immigrants from exposed areas in Belarus (25.8/100,000, C.I.
16.0-35.7) than for immigrants from Kiev (14.3/100,000, C.I. 4.1-
24.5) and immigrants from Moscow-St. Petersburg (9.1/100,000,
C.1. 7.5-10.7).
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Conclusions

These data provide some support to a possible radiation effect on
the occurrence of leukemias and hyperthyroidism among
immigrants from the FSU to Israel.

The data-base employed in this study is unique in its non-
selectiveness. ltis further relatively protected from detection-bias
as all diseases of the hospitalized patient were taken into account,
and not only the main diagnosis. There is no reason to believe that
the medical teams in Israeli hospitals employ a different diagnostic
approach for patients from within and outside of the Chernoby!
area.

The current database, though based on a large number of
hospitalizations, has come-up with only a smali number of end-point
events. This is due to the relative rareness of events such as
leukemia, thyroid and brain cancers. In spite of the small numbers,
the differences between the various study populations are easily
visible, and even reach significance for leukemia and
hyperthyroidism. As results from Ukraine and Belarus on
leukemias are generally negative, these findings are of interest and
call for more in-depth study of the issue. Thyroid diseases leading
to hyperthyroidism, such as autoimmune thyroiditid have been
recently mentioned to be on the increase among the exposed
populations. Our data lends support to this finding.
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DYNAMICS OF CANCER INCIDENCE AND MORTALITY IN THE
WESTERN BRYANSK REGIONS OF RUSSIA BEFORE AND AFTER THE
CHERNOBYL ACCIDENT

G.I. MIRETSKY, P.V. RAMZAEYV, LE. SHUVALOV, A A. DOUDAREYV,
M.N. TROITSKAYA

Institute of Radiation Hygiene, ”,,”I,",”I),(",'HHQ",?”!!,,!,&!’:”QIL" "mm”m

St. Petersburg, Russian Federation

This study was undertaken to investigate cancer incidence and mortality in connection with
enhanced radiation exposures after the Chernobyl accident in the most contaminated regions
of Russia (Bryansk province).

A study was carried out in six western districts of the Bryansk province (total population
265 000) which are located close to the most contaminated regions of Belorussia and the
Ukraine — the border of Bryansk province is 150 km from Chernobyl (density of radioactive
fallouts was up to 4 x 10'? Bg/km®).

Conclusions: 1. There was no evidence of increased overall cancer rates due to radiation in
the contaminated regions of the Bryansk province. 2. Before the accident in the regions
corresponding to the “high cancer” zone, there was a sufficiently high quality of diagnostics
— here the cancer rate after the accident did not change. In the “low cancer” zone, where the
medical service probably was not so good, the enhancement of cancer rates was due to mass
clinical examination of the population of the whole western Bryansk regions after the
accident.
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DISTRIBUTION OF INDIVIDUAL DOSES IN THE MOST HEAVILY
CONTAMINATED AREAS IN RUSSIA FOLLOWING THE

CHERNOBYL ACCIDENT (R

XA9745495
Yu. KONSTANTINOV, V.G. ERKIN, O.S. MOSKALEV
Institute of Radiation Hygiene,
St. Petersburg, Russian Federation

Whole body measurements on caesium radionuclide contents and individual TLD
measurement of exposure to external iodiation were made in the western part of the
Bryansk region where caesium-137 contamination from the Chemobyl accident exceeds
0.55 mBq/m2 (”Strict control zone - SCZ”). Distribution of the annual ingestion dose
from radiocaesium is shown for residents of a large rural settlement. Total dose to whole
body (external and internal) is shown as a function of an occupational group. With use of
questionnaire data on milk consumption and measurement data on radiocaesim body
burden a distribution of the internal thyroid dose from radioiodine was derived for 14
thousand children in the SCZ. The data bank is under development with the aim to use
available information for the reconstruction of individual doses.

The most affected by Chernobyl! fallouts in Russia is the
western part of the Bryansk Region. The territory initially
specified as Strict Control Zone (SCZ, from 1991 officially
assigned to "relocation zone") with caesium-137 contamination
level (S) in excess of 0.55 MBq/sq.m (15 Ci/sq.km) covers an area
of 2000 sq.km. At the time of the accident 112 thousands
residents happened to live in the SCZ.

Over 250 thousands of whole body measurements on caesium
radionuclides contents were carried out by the institute of
Radiation Hygiene in the SCZ and at some settlements in adjacent
territory, including 150 thousands made in the first two years
after the accident. 10 thousands individual measurements of
exposure to external radiation were made with TLD in samples of
people from settlements inhabited by 90% of the total population
of the SCZ.

Processing of data on measurements of caesium radionuclides
content in the body is demonstrated here for the village Yalovka
situated in the highly contaminated area (S=2.4 MBq/sq.m). At the
time of the accident Yalovka was the largest (in number of
residents) rural settlement in the SCZ. 2311 individual whole
body measurements were made for 1216 residents during four survey
periods from summer 1986 to spring 1988. Figure 1 presents
statistical characteristics of measured values for one of survey
periods. In view of essential change (mainly decrease) of
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Figure 1. Specific activity of caesium radionuclides in the body (Wcs).
Yalovka, 20 August - 8 September 1986.

A. Frequency distribution of the logarithm of Wcs
B. Log-normal probability plot

C. Scatter diagram of Wcs versus age

D. Average value of Wcs as a function of age

radiocaesium body content after the early summmer 1986, relevant
model was employed to calculate personal doses taking into
consideration the time points of whole body measurements during a
period of dose accumulation. The median levels of annual internal
dose were 9.5 mSv in 1986 and 2.4 mSyv in 1987. Figure 2 shows the
distribution of calculated ingestion dose in 1987. Analysis of

dose distribution and questionnaire data revealed a dominating

role of food habits, especially milk consumption and the time

after the accident at which the individuals ceased to consume
locally produced milk.
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Figure 2. Radiocaesium ingestion doses, Yalovka,
1967

Restrictions in consumption of contaminated food averted
essential fraction of the projected ingestion dose and resulted
in predominant contribution of external radiation into the total
effective dose to the whole body. Figure 3 shows the total dose
in Stary Vyshkov (S=1.2 MBg/sq.m) for individuals who were
measured for both external dose (with TLD) and radiocaesium body
burden. The total dose is dependent upon occupational activity
with those individuals who spend more time outdoors receiving
higher dose.

Due to results obtained from a limited set of reliable
measurements of iodine-131 in the thyroid gland made in May 1986,
a method of thyroid dose reconstruction was deveioped using data
on environmental radiation, on consumption of milk, on the early
measurements of radiocaesium contents in the body (Balonov, Bruk,
Konstantinov, Korelina, Zvonova). The method was employed to
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Figure 3. Total dose as a function of
occupational group, Stary Vyshkov,
1987

assess the distribution of individual thyroid doses at residents
of the SCZ. Distribution of calculated doses for children up to
14 years old is shown on Fig.4. The ‘formally’ calculated doses
were a justified base to design a general dose distribution and
to derive mean values for regional and/or age groups of people,
but not for use as real personal doses.

Unlike mean doses and dose distributions averaged for large
population groups, personal doses ( PD - individual dose ascribed
to an identified person) may be assessed with high degree of
uncertainty. The error in reconstructed numerical value of
personal dose may vary from several tens per cent (the best case)
to several hundreds per cent depending on availability of
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Figure 4. Distribution of thyroid dose
at children 0-14 years old

individual dosimetry data and relevant environmental and social
information (including questionnaire data on human habits after
the accident). It means that stochastic (statistical or

probabilistic) presentation of PD is more reasonable than a
deterministic one. The specific form of presentation of PD values
should be a matter of choice derived from the kind of application
of dosimetric data for medical, scientific or/and social

purposes.

With the aim to effective use of available data to
reconstruct doses to people living in SCZ a data bank is under
development in the Institute of Radiation Hygiene, St.Petersburg.
The data bank includes data bases of personal dosimetry primary
records and of environmental and social information relevant to
exposure conditions. The latter includes individual responses to
questionnaire on human habits after the accident, including time
spent daily outdoors, in wooden houses, stone houses at various
seasons of a year, milk consumption, date of taking advice to
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stop consumption of locally produced milk, dates of temporal
relocation in 1986. The current functioning of the data bank
suggests development of software modules for cross-checking,
verification and correction of primary records from radiometric

and questionnaire surveys of population, production and

processing of secondary radiological information. in spite of the
system is currently under development, it is already in use for

some needs related to the consequences of the Chernobyl accident,
including social and legal purposes as well as needs of medical
surveillance and epidemiology.
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LEUKOSIS DISEASES IN TERRITORIES WITH DIFFERENT LEVELS OF
RADIONUCLIDE CONTAMINATION AFTER THE CHERNOBYL ACCIDENT
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M.G. SEVASTIANOVA, D.M. MESHIARIKOVA, G.I. SIDOROVICH,

1.V. OSECHINSKI

Haematological Scientific Cengre of the Russian Academy of Medical Sciences,
Moscow, Russian Federation

A.D. PROSHIN, G.I. MILUTINA
Main Department of Health in the Bryansk region,
Bryansk, Russian Federation

1. INTRODUCTION

Increase in risk of leukemia is an earlier and marked stochastic effect of irradiation. Its
epidemiological regularities were established mainly in studies of effects of acute irradiation
as a result of A-bombing of the Nagasaki and Hiroshima population as well as radiological
procedures. Occurrence of leukemia and other haemoblastosis is relatively rare: the total
incidence of the diseases does not exceed 16 or 18 cases per 100,000 persons in a year.
Comprehensive epidemiological information on haemoblastosis can be collected in special
investigations of initial documents under special protocol. It is caused by the following
reasons:

-lack of statistical registration of individual forms of haemoblastosis which are dependent on
radiation exposure to variable extent;

-available information on morbidity with haemoblastosis  collected in the system of cancer
registration is incomplete.

2. POPULATION AND AREA UNDER STUDY

The area of Bryansk oblast is 34.9 thousand sq.km. According to the census of
01.01.1989 the population of the Oblast was 1,470,129 persons: urban population - 984,996
persons, rural population - 485,133, male - 671,376, female 978,762, children to 15 years old -
316, 151 persons. 6 south-western rayons of Bryansk Oblast contaminated with radio
nuclides as a result of the Chernobyl accident are: Gordeevsky, Zlynkovsky, Klimovsky,
Klintsovski, Krasnogorsky, Novozybkovsky. Cs-137 contamination density in these rayons is
above 37 KBg/sq.m. The above rayons cover the study area on the protocol of
Epidemiological study within frame of the Pilot project HAEMATOLOGY under IPHECA.
Economic activity of 143 collective farms, 151 private farms is performed in the study area.
According to the official information (1.04.92) 1,637.4 thousand hectares or 41.5% of the
agricultural area is contaminated with radio nuclides, Cs-137 contamination density is above
37 KBg/sq.m.

3. METHODS OF EPIDEMIOLOGICAL FOLLOW-UP

To compile, store and analyse of epidemiological, dosimetric and demographic
information specialised registry of blood diseases has been established. The following work
is carried out within the frame of the registry:

- a search for and registration of epidemiological and clinical data at institutions located 1n
study areas;
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- investigation of archive documents and specimens at central specialised institutions
Haematological Research Center, Medical Radiological Research Center, Botkin's Hospital,

Morozov's Children Hospital, Institute of Children Haematology, Oncological Scientific
Center, Herzen's Research Institute of Oncology, Russian research Center of Haematology and
Transfusion) verification of the information on fallen ill persons by inquiry hospitals, study of
health history and diagnostic material;

- primary processing and sorting of epidemiological charts;

- study of archived laboratory materials to verify diagnosis;

- urgent and planned clinical advice of fallen ill persons by clinicians of

Haematological Research Center;

- collecting of demographic data in study areas at Oblast, Rayon levels as well as in separate
settlements;

- search for and recording of individual dosimetric information related to registered persons
with haemoblastosis;

- sampling and sending of material to biodosimetry;

- inputting the following information into the database:

a) list of settlements related to geographical co-ordinates and demographic features;

b) level of contamination with radioactive and nonradionuclear substances;

c) cases of disease detected among residents.

Teams of epidemiologists and haematologists have collected epidemiological
information in Bryansk Oblast in field missions. Clinical expertise of validity of the diagnosis
on results of laboratory and clinical examination has been performed in analysis of initial
clinical information. Morphological validation of the diagnosis has been judged.

4. RESULTS

The total population of Bryansk Oblast was 1,464.1 thousand in 1991. It was 9.4
thousand persons less than in 1985. The increase in urban population +59.4 thousand,
decrease in rural population -68.8 thousand persons were registered. Size of children
population did not change. At the same time the number of persons of young and old age
decreased, the size of the age group of 30 - 44 years old increased.

The size of urban population in study areas did not practically change in 1991,
however the size of rural population decreased of 22% (-20,000 persons) in total and in
individual rayons: Gordeevsky -16%; Zlynkovsky - 17%; Klimovsky - 10%; Klintsovsky -
21%; Krasnogorsky - 48%, Novozybkovsky -20%.

Epidemiological data on 3,036 patients with haemoblastosis compiled for the period
from 1979 to 1993 are kept in the registry of blood diseases at Haematological Research
Center.

The following abbreviates are used:

ALL- acute lymphoblastic leukemia; AnLL-acute non lymphoblastic leukemia; nsAL- non-
specified acute leukemia; AAL- all acute leukemias; CLL - chronic lymphoid leukemia; CML
- chronic mieloleukemia, E - erithremia; ACL- all chronic leukemias; PPHB -paraprotenemic
haemoblastosis; HD - Hodgkin disease, nHD - non-Hodgkin disease (lymphomas); AHB - all
haemoblastosis.

Retrospective data are not exhaustive because initial medical documents mainly health
history have been lost at hospitals and archives in individual cases. For the period from 1979
to 1993 in 449 persons living in 6 study rayons haemoblastosis was first diagnosed. The
annual average morbidity rate is 13.71 per 100,000. Comparison between rates of different
types of haemoblastosis in 6 study rayons and in other 21 rayons of Bryansk Oblast as well as
in Bryansk city has been performed. Since compared groups of the population are varied by
age because of migration and other reasons rates of morbidity for the period from 1986 to
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1993 have been standardised by sex and age with the use of direct method. Age structure in 21
rayons of the Oblast fixed in the census of 1989 has been used as a referent.

The standardised rates in 6 study rayons are either less or slightly differ from those in 21
rayons of the oblast for the period after the accident. Incidence of haemoblastosis in Bryansk
city is markedly high than it is in the two compared areas.

From regression analysis of trends of morbidity in Bryansk Oblast for the period from
1979 to 1985 and 1986 to 1993 it is noted significant increase in incidence rate of nHD and
AAL for the latter period. Comparing rate of diseases for three following periods one can see
that increase in sick rate is observed in rural population of older age groups. Relative risks
(RR) of a developing disease within period of 1986-1993 have been estimated for
haemoblastosis in Bryansk city and 6 study rayons. Standardised expected number of cases of
individual types of haemoblastosis has been estimated with the use of information on
morbidity among urban and rural population of other rayons of Bryansk Oblast stratified on
sex.

RR estimated for all types of haemoblastosis in Bryansk city exceed 1.0. At the same
time relative risks in rayons under study do not exceed 1.0 for all haemoblastosis except ALL.
The analysis of this irregularity is given below.

The comparative study of non-standardised incidence in areas of 6 rayons (1986-1993)
with different level of 137 Cs contamination shows a higher (but not statistically significant)
rates of ALL, HLL, HD for mostly devastated territories > 555 KBq/sq. m. The crude rates for
AHB are differed significantly. This result was proven by means of standardisation and
space-time analysis by method of Knox. There were no statistically significant aggregations
of diseases cases in 7 years before Chernobyl accident in mostly devastated territories of
Russia. In distinction from this the significant time-space aggregation of AL occurred after
the accident. The critical limits of these clusters being 3 years and 25 km contradict the
possible influence of rural residents migration to towns. This phenomenon needs additional
investigation.

Data on cases of disease in children after the Chernobyl accident , during the period
from 1986 to 1991 have been collected and analysed. 58.6 thousand children to 15 years old
live in study areas. 158.6 thousand children live in referent area, 98.9 thousand children live in
Bryansk city. 75 cases of ALL, 10 cases of AnLLL, 3 cases of ncALL, 39 cases of nHD, 1 case
of CML were registered during 8 years. Since the part of children population is relatively
small, about 20%, age structure of rural and urban population of Bryansk Oblast is of
regressive type. According to data of 1992, of 58,500 children 34% of them live in areas with
the level radio contamination above 555 KBgq/sq. m, 26% of children live in areas with radio
contamination density ranged between 185 and 555 KBq/sq. m and about 39% of children live
in areas with radio contamination ranged between 37 and 185 KBq/sq. m. Novozybkov town
and Novozybkovsky rayon are located in the most radio contamination area, which is the most
populated with children.

The annual average number of cases of acute leukemia in children is 3.48 per 100,000
persons. It is close to that registered in developed countries. The average number of cases of
nHD is 2 times less, it is 1.54 per 100,000 children. This index is close to that in economically
developed countries.

The following main trends of individual types of haemoblastosis are marked:
asymmetric, close to log normal age distribution of ALL, with maximum at the age of 3-5
years old, incidence of AnLL reaches maximum in older groups.

Average annual sick rate for AL is the most high in Bryansk city, it is 3.79. The
probability of disease developing for the first 15 years is 0.057.

Average annual rate of disease in 6 study rayons is slightly less than in Bryansk city, it
is 3.41, the probability of disease developing in the first 15 years is 0.051. According to data
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of cancer registry published in the issue "Cancer in 5 continents" these rates are middle.
Average annual incidence of ALL in referent areas it is 3.31 (the probability of disease
developing is 0.049).

The marked variability of average annual rates attracts the attention. In referent areas
(158,000 children) they are ranged from 1.89 to 5.04; in Bryansk city (98,900 children) -from
2.02 to 7.08, in study areas (58,600 children) - from 0 to 11.95. Increase in range of annual
morbidity depending inversely on the size of population is natural for such rare events as
childhood ALL. Nonetheless the incidence 11.95 estimated in areas under study in 1986 is
statistically improbable (95% confidential borders are 4.9 and 24.62). When comparing there
is no trend to increase in incidence rate of ALL in children in the three areas of Bryansk
Oblast during 1987-1993.

The highest average annual incidence of nHD rate, 1.90, was in Bryansk city,
probability of disease developing is 0.030. This was in accordance with average level of
international data. At the same time the rate in referent areas and study rayons was 1.42 and
1.28 respectively, probability of disease developing is 0.021 and 0.018. For the period of the
follow-up the rates of nHD developing varied within the range from 0 -5.06 (Bryansk city);
0-1.71 (6 study rayons); 0-5.04(referent areas).

Distribution of subjects with ALL by the age at the time of diagnosis establishing is
consistent with standard asymmetric distribution characteristic of this type of leukemia: from
0 to 2 years old - 1 case (7%), from 3 to 5 years old - 7 cases (50%), 6-8 years old - 2
(14%),9-11 years old-1 (7%), 12-14 years old - 3 case (22%). Two patients with nsAL were of
3 month and 12 years old. Of 6 patients with nHD was from 0-2 years old- 2 (35%) 9-11 years
old- 3 (50%), 12-14 years old- 1 (17%). It was only one case of CML in girl of 14 years old.
During every year of the follow-up except 1988, cases of disease among children have been
registered. 4 cases annually in 1987 and 1991, 3 in 1989, 2 in 1993, 1 in 1992 and 7 cases in
1986.

Expected number of cases during 8-year period of the follow-up does not differ from
empirical number relative risk is 1.08 (ALL), 0.9 (AnLLO; 0.9 (nHD). There is great
difference between expected and true number of AL cases (relative risk is 6.31, p=0.007) in
1986.

During the following 5 years from 1987 to 1991 the relative risk of every
haemoblastosis does not exceed 1.0. So, the excess of risk of ALL developing in children
living in 6 study rayons in 1986 has been established, of 7 children with ALL in that year
diagnosis was established in 2 patients before the accident, i.e. 30.03.86 and 03.04.85. Two
children fell ill in June, 1986, two children - in July and 1 in August.

Three patients lived in Novozybkovsky rayon, 3 patients -in Klintsovsly rayon, 1
patient in Zlynkovsky rayon. Of 7 patients with ALL 6 were boys. This ratio differs from
standard male-female ratio which is slightly varies around 1.2 in various countries.

There is no serious evidence to associate the detected excess of cases with exposure to
radiation because of short latent period between the accident and time of the establishing of
diagnosis . From the study of kinetics of leukemia cells population it is obvious that time is
not sufficient to accumulate the pool capable to clinical manifestation of the disease.

The age of patients with ALL first diagnosed in 1986 is: 3 years old, S years and 2
months old, 5 years and 7 months old, 7 years and 4 months old, 7 years and 7 months old, 14
years and 3 months old, 14 years and 4 months old. It is widely distributed on age scale. More
than a half of patients were of the age from 3 to 5 years old. At this age interval the maximum
of standard distribution of ALL cases occurs.

Considering the possibility of build-up of ALL in study areas the incidence of the
disease in adjacent area should be compared.
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For this purpose we have used data of blood diseases Registry located at
Haematological Research Center which were collected as a result of joint epidemiological
study. Data of Belarus 6 rayons (Dobruzhsky, Vetkovsky, Kormiansky, Chechersky of Gomel
Oblast, Kostyukovichsky and Krasnopolsky of Mogiliov Oblast) surrounded the study area
from West and North and 3 rayons of Bryansk Oblast (Starodubsky, Surazhsky, Unechsky)
located to the East of the study area have been analysed. The level of contamination in these
rayons is common to that in the study rayons. All cases of diseases diagnosed in children in
1986 have been selected. 4 cases of ALL and 2 cases of nHD have been detected in children
lived in 4 of 9 adjacent rayons in 1986.

Distribution of numbers of cases of haemoblastosis detected in the adjacent rayons
during the first 4 years since the accident was analysed. There were no features of morbidity
excess in 1986, because the cases of haemoblastosis were registered only in 4 of 9 adjacent
rayons. From 6 cases of hemoblastosis 4 were AL and 2 were nHD. Tendency to excess of
ALL cases in areas surrounded the study rayons was not detected.

At the same time attention is drawn to unusual male-female ratio. It was 6:1 in study
rayons, and 4 patients with ALL were boys in adjacent rayons. In contrast to this acute
leukemias in the period from 1986 to 1993 for Bryansk Oblast except 6 study rayons the ratio
1.18 is in consistence with commonly accepted index.

The examination of place of residence of fallen ill children demonstrated that patients
lived in settlements separated 8 to 60 km.. It is evident that there is no dependence of the
disease distribution on a local factor.

The next step of study includes case-cohort analysis with an attempt of individual
dose interval evaluation. As a first approach to this work a sample of approx. 2000
inhabitants of contaminated areas was examined. For every representative of this sample a
detailed epidemiological data were collected and comprehensive medical examination was
performed. As a result a strict dependence of internal radiation dose from combinations of
behavioural characteristics was demonstrated. This approach could be a realistic bases for
cohort under examination division into individual dose level groups. The such expensive and
complex methods as tooth enamel ESR and stable chromosomal aberration analysis could
be used as sample methods for limits of groups criteria correction.
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Institute of Pediatrics, Obstetrics and Gynecology, Academy of Medical Sciences of Ukraine,
Kiev, Ukraine

Introduction. From the first davs after the Chernobyvl catastrophy constant observation of health state
in pregnant women , who are permanently living within contaminated regions of Ukrane was carmed
out Pregnant were examined either in hospital or by ambulant teams The examination consists of
radiometry of incorporated radionuchids in orgamism. radiommunologic, endocrinologic, biochemucal,
morphologic and paraclinical methods

The analvsis of pregnancy and dehivery tendency, state of fetus and newborn takes place providing
registration of the same indexes 1n the period from 1983 till 1986 and 1n conditionally ““clean™ Poltava
regions also 1t s taken in consideration habitable zones with level of contamination bv cesium. doses of
radiation and penod of pregnancs

Results. The results of mvestigations of more than 20 000 women show that low doses of iomzing
radiation have unfavourable influence to reproductive function of woman orgamism We note the
decrease of birth rate, the increase of pregnancy and delivenn complications of pennatal mortahity,
morbidity of pregnant and newbomns

It s interesting to mention that the screening 1nvestigations of pregnant and their newborns during first
peniod after catastrophy hasn’t showed any alterations 1n their health state

The examunation of health state in dvnamics of pregnant and newbomns showed significant alterations 1n
functional systems and in neurchumoral mechanisms of their regulation in mother and fetus There are
the alterations of cardiovascular system, central and peripheric hemodynamucs, pulmorespiratory
apparatus, hormonal and immunologic status, svstem of hemostasis and processes of adaptation

There are the dvsorders of psychoemotional state in 74.8 % of pregnant. which manifest by low level of
fnnctional abilities of psvchic adaption. sharp weakening of physical endurance

These alterations have a great influence to the development of obstetnic and pennatal complications, the
frequency of which exceed the average indexes all over the country Significantly increased frequency
of EPH-hestosts, threatened abortion, preterm labours, uterine bleedings ( Fig 1, 2)

All these data were combined with the results of hormones concentration of feto-placental complex and
system of hemostasis, which allow us to suppose the possibility of complications like mentioned above
The level of whole morbidity of pregnant women also increased, especially the level of anemua,
neurocirculatoric dystonia, pyelonephntis, pyo-inflammatory diseases (Fig 3) That could be connected
with oppression of anti-infectious immunity system

The structural and functional alterations in hypophysial-thyroid system has been found out 1n 46,9% of
pregnant From 1993 we have observed hyperthyroxinemua On the background of high level of
thyroglobulin, the level of thyroxine binding globulin was reduced The alterations in state of
hypothalamo-hypophysial-thyroild system 1 newborns from mothers who are living within
contamunated areas are registrated The number of laboratory and transitory TTG-hypothyrosis raised
also

Asphyxia takes the first place in structure of newborns morbidity, that could be explained by high
frequency of obstetric alterations The level of fetal growth retardation syndrome 1s as much as 3 times
higher at the most contaminated regions (Ovruch, Narodichi, Polessye ) than in whole population This
connects with retardation of placental growth, its vascular sufficiency, dysorder of blood circulation,
which detenorate the effect of radiation influence to fetal state On the basis of study of immumty
system m newborns the groups of high nsk development of autoimmunologic pathology n children
were created
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FIG. 2. Incidence of haemorrhage in some controlled areas.

295



1985  “Vascular dystony  FIyclonephritis AAnacmia

FIG. 3. Dynamic of morbidity of pregnant women from controlled areas.

Besides the radiation factors the great nfluence to the health state of women and newborn have
social, medical and biological ones

The registry of pregnant and newborns was created with the amm of longterm observation under the
pregnants women, the children and future generation, estimation of their health state and disorders 1n 1t

On the basis of these data the scientific programmes are fulfilled

Based on registrated alterations were carried out algorhytmes of prediction of obstetric and pernatal
complications and complex of differential medical and prophylactic arrangements
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EFFECT OF LONG-TERM LOW DOSE IRRADIATION ON PATHOLOGY AND
SOME METABOLIC MECHANISMS OF UROLOGICAL INFLAMMATORY
DISEASES IN PATIENTS FROM RADIOCONTAMINATED AREAS OF UKRAINE

Ch. BUSCH A M

Department of Pathology, Uppsala University Hospital, XA9745498
Uppsala, Finland

V.S. KARPENKO, G.G. NIKULINA, S.P. PASECHNIKOV, A M. ROMANENKO,
AF. VOZIANOV

Institute of Urology and Nephrology, Academy of Medical Sciences,

Kiev, Ukraine

The aim of this pilot study is to establish some mechanisms of morphological,
immunohistochemical and metabolic changes of chronic cystitis and pyelonephritis in
patients inhabiting the radiocontaminated areas of Ukraine.

The first part of our study was based on 40 patients with symptoms of chronic
cystitis which were referred for cystoscopy to the Institute of Urology and
Nephrology in Kiev in connection with benign prostate hyperplasia. The experimental
group included 20 patients (male, 30 to 76 years old) treated from 1992 to 1994,
inhabiting the radiocontaminated areas of Ukraine and the control group included 20
identical patients who were treated from 1984 to 1985 ie. before the Chemobyl
accident.

Morphological, proliferative and indications of possible genetic changes in
bladder urothelium from patients with chronic cystitis from both groups were
compared by immunohistochemical staining of proliferating cell nuclear antigen
(PCNA), Ki-SI and indication of p53 expression. Our study has shown that p53-
immunoreactivity occured in the nuclei of all layers of urothelium in 90% cases of
experimental group. In the control group 70% of urothelia were p53 negative. The
simultaneous p53 and PCNA overexpression as seen in urothelia in the experimental
group possibly indicates the failure of check-point controls connected with their
functions in cell-cycle phases. The results leave us with a posibility that continuous
exposure to radioactive cesium which is known to concentrate in the urine during
excretion adds to other possible carcinogenic influences. The study could also to the
understanding of the progressive increase of bladder cancer in Ukraine.

The second part of our study based on 120 patients treated in the same Institute in
period 1991-1995. 40 patients inhabiting the ecologically clean regions (group 1) and
80 patients living on the radiocontaminated areas (group 2).The third control group
included 30 healthy people who had been examined before the Chernobyl accident.
We studied the actuvity of free radical oxidation (FRO) by measurement of
maloniledialdehyde (MDA), antioxident protection (superoxidedismutase),
lactatedehydrogenase (LDH) and malatedehydrogenase (MDH) as the markers of
energetic metabolism.
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Patients with pyelonephritis from both groups had the increased MDA levels in
cellular erythrocyte membranes and urine against the control, especially in the group
2. This date indicated the higher activity of FRO caused more significant unbalance
of lipid structure of sellular membranes in comparison with the group [. At the same
tume imhibition of superoxidedismutase activity was noticed n the blood serum of
these patients. The total LDH and MDH activities were increased Evidently, this date
reflected the serious disorders in the aerobic and energetic metabolism in kidneys.
The investigation of their isozymes discovered the more deep alterations in patients
of the group 2 than in the group 1, such as the more expressive decrease of the
mitochondrial m-MDH, the aerobic LDH-1 and LDH-2 fractions, on the one hand,
and the increase of the cytoplasmic ¢c-MDH, the anaerobic LDH-4 and LDH-5
fractions, on the other hand.

The early postoperative period in calculous pyelonephritis patients in the group 2
was accompanied by the deeper metabolic disoders, too.

In conclusion we could suppose that the long-term low doses of irradiation
provoked the negative metabolic action followed by the progression of chronic
pyelonephritis.

298



IRRADIATION OF POPULATION IN THE REPUBLIC OF SERBIA

AFTER THE CHERNOBYL ACCIDENT

R. MAKSIC
Federal Ministry of Economy,
Belgrade, Yugoslavia
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Federal Ministry of Labour, Health and Social Policy,

Belgrade, Yugoslavia

G. PANTELIC, R. BRNOVIC, 1. PETROVIC
Institute of Occupational and Radiological Health "Dr. Dragomir Karajovic",

Belgrade, Yugoslavia

1. INTRODUCTION

The radiation protection is very
important interdisciplinary research field
due to the presence of the radiation in
daily life. For the sake of preventive
protection of population and environment
from the harmful effect of ionizing
radiation, the national programme for
monitoring environmental radiation beca—
me permanently established in Serbia
from 1960.

The systematic examination of
radioactive contamination of  vanous
samples  from environment was
established in the Institute of Occupational
and Radiological Health "Dr Dragomir
Karajovi¢". The contents of radionuclides
were determined in: aerosol, soil, fallout

(wet and dry deposition), rivers, lakes,
drdnking water, human and animal food.
The samples were collected in certain lo—
cations of the Republic of Serbia and in
regular time intervals [1], according to
methods determined by the Regulations
[2])-

The regulations and the monitoring
programmes were updated after the Cher—
nobyl accident.

In 1992, Environmental Gamma
Radiation Momnitor RSS-112 (Reuter—
Stokes) was established for continuos
recording of a dose rate in Belgrade and
Kladovo. These systems are comnected to
the Republic information center. They are
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of primary importance for information
about the increased levels of radioactivity.

Since 1992, measurements of
external beta and gamma doses are per—
formed by TL dosimeters which are
located in 18 towns. They are read out
twice a year.

High resolution gamma spectro—

metry measurement is performed as the

backbone of all monitoring programmes,
because of their simple use and accuracy.

The Institute participated in interna—
tional project GERMON (Global Environ—
mental Radiation Network), with the
programme of radioactivity monitoring in
Yugoslavia from 1991.

2. METHOD AND RESULTS

The aim of the present study was to
estimate the effective doses arising from
137Cs and %Sr activity through food intake
for the population of the Republic of
Serbia after Chernobyl accident.

The samples (vegetables, fruits,
meat, crops and diary products) are
collected twice a year (in the spring and
in the autumn, in Belgrade, Ni§, Zajear,
Uzice, Novi Sad and Subotica regions —
Fig. 1) except milk which is sampled
monthly.

137Cs activity was determined by
gamma-spectrometry measurements using
HP Ge detector (ORTEC), with relative
efficiency of 25 % and energy resolution of
1.85 keV (1332.5 keV  90Co). The cali-
bration was made by Amersham standard
in Marinelli beaker.

90Sr activity was determined after
radiochemistry separations, using of3
proportional counter of 24% efficiency
(Countmaster ORTEC).

The activity measurements in food
in the Republic of Serbia are presented in
table I for 137Cs activity and in table II for
90Sr activity (average annual values).
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Using relevant dose coefficients [3] and
data for food consumption in Yugoslavia
[4] we have estimated average annual and
daily intake and effective doses of these
radionuclides for the adult population in
the Republic of Serbia (table III).

[ J
Subotica

°
Novi Sad

®
Belgrade

UZice
L

Figure 1: The sampling locations in the
Republic of Serbia



Table I: 137Cs activity in food in the Republic of Serbia (average values) (Bq/kg)

Year | Vegetables Fruits Meat Crops Dairy Milk -
products
1986 75.90 53.80 92.23 244.30 36.36 16.65
1987 37.65 9.43 92.45 37.96 7.58 16.67
1988 0.47 1.89 6.63 2.05 8.30 2.35
1989 0.43 1.87 - 1.20 8.44 6.05
1990 0.64 0.69 2.27 0.52 3.43 1.47
1991 0.23 1.19 0.09 0.03 0.34 0.45
1992 0.33 0.49 0.81 0.07 0.16 0.40
1993 0.20 0.54 0.23 0.13 - 0.13
1994 0.21 0.08 0.12 0.04 0.28 0.12

Table II: *°Sr activity in food in the Republic of Serbia (average values) (Bq/kg)

Year | Vegetables Fruits Meat Crops Dairy Milk
products
1986 3.24 0.92 1.16 0.47 6.44 1.72
1987 0.63 0.31 0.26 0.77 0.65 0.16
1988 0.39 0.15 0.20 0.31 0.27 0.09
1989 0.40 0.18 - 0.58 1.09 0.13
1990 0.38 0.34 - 0.27 2.32 0.07
1991 0.33 0.37 0.20 0.12 0.20 0.13
1992 0.34 0.20 0.04 0.36 0.17 0.11
1993 0.34 0.09 0.04 0.15 0.10 0.06
1994 0.06 0.04 0.05 0.11 0.09 0.01

3. CONCLUSION

The main pathways of due to food consumption. The relevant
radionuclides in the human body are dose coefficients were used in the estimate.
inhalation and ingestion through food and The effective dose due to 1*?Cs and
drinking water. This paper provides the %Sr activity were decreased during 1986 to
data of activity for two important 1994 for the population in Serbia.

radionuclides Cs and Sr and effective doses
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Table III: Average annual and daily intake of 137Csi 90Sr
and effective doses for population in the Republic of Serbia

137Cs 905,
Year Bg/year Bg/day Doses Bg/year Bg/day Doses
(mSv/year) (mSv/year)

1986 47310 129.53 0.662 580 1.59 0.02

1987 11782 32.26 0.164 191 0.52 0.0027
1988 827 2.26 0.011 91 0.25 0.0013
1989 940 2.57 0.013 138 0.38 0.0019
1990 358 0.98 0.005 101 0.28 0.0014
1991 123 0.34 0.0017 74 0.20 0.0010
1992 11 0.30 0.0015 96 0.26 0.0013
1993 74 0.20 0.0010 54 0.15 0.0008
1994 39 0.11 0.0005 24 0.07 0.0003
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INTRODUCTION

The European Childhood Leukaemia-Lymphoma Incidence Study (ECLIS) aims to monitor trends in the incidence of these diseases in
European populations in relation to estimated exposures to radioactive material released at the time of the Chernobyl accident. Thirty-
six cancer registries in 23 countries are collaborating in ECLIS, coordinated by the International Agency for Research on Cancer
(IARC).

DATA AND METHODS

Populations-at-risk and childhood leukaemia incidence data

Registries provided listings of cases of childhood leukaemia for a period from
1980 up to the most recent complete year of registration (at least 1991), and
estimates of the populations-at-risk broken down by sex and single years of
age.

Radiation exposure assessment

Estimates of levels of radiation exposure due to the Chernobyl accident were
obtained from the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR). The countries participating in ECLIS are
shown in figure 1. For countries with wide variations in exposure levels, sub-
regions were used. The estimated mean effective dose equivalents at 1, 4 and
70 years after the accident are shown for the study areas in figure 2. An
individual dose was imputed for each child-at-risk, based on age, year of
follow-up and place of residence, under the following assumptions:

¢ the leukaemogenic effect of the exposures due to the accident has a latency
of at least one year

o the effective dose to the foetus is equivalent to that of a free-living
individual

o the total leukaemogenic dose is cumulative, starting from conception (Fig.
3)
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Fig. 1: Europe, showing (shaded) areas for which data on exposures
populations-at-risk and leukaemia incidence were available.

%, KINGDOM

ROMANIA

Note: the numbered regions within countries, for example Germany, represent areas for which regional
dose estimates and cancer registry data were used. The numbering does not indicate ranking.
Unnumbered regions in other countries, for example France, show the locations of regional cancer
registries, whose data were pooled with exposure regions.
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Fig. 2: Effective dose equivalents (mSv)

due to Chernobyl accident by region
Source: UNSCEAR, 1988
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Fig. 3: Illustration of the method of calculation of dose.
The box in the upper graph contains all points (¢,a) representing subjects
aged 2 at any time in 1989. The method of estimating the effective dose at
(1,a) consists of integrating the dose rate curve s
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Statistical methods

Poisson regression models with terms for sex, age or birth cohort, region of
residence and calendar year were used to establish the null distribution of
childhood leukaemia in Europe since 1980. Likelihood ratio tests were then
applied by adding parameters for dose

RESULTS

The estimated doses were generally very small, with 91 million person-years-
at-risk at a cumulative dose of less than 0.06 mSv and 58 person-years-at-risk
at more than 0.3 mSv. The highest doses were in Belarus, with an estimated
dose of 2mSv in the first year following the accident.

In all study regions combined, there was an increase in the overall age-
standardised rate of childhood leukaemia in the period 1980-86, during which
the leukaemogenic dose attributable to the Chernobyl accident was zero
(average annual change +0.6%). Thereafter, there was no evidence of an
increase in this gradient (average annual change +0.4%). Table II shows
observed and expected cases by cumulative dose. There was no indication of
heterogeneity between the dose categories (x2=0.98, 3df), or of a trend in
incidence with dose when fitted as a continuous variable (x2=0.85, 1df).

Table I: Observed and expected cases of childhood leukaemia and
observed/expected ratios by dose category

15004.0

3870 3862.2 1.002
2172 2151.7 1.009
2022 2037.7 C 0992
2752 2764.5 0.995

This lack of effect of dose was also seen in the individual age groups (table
II). The data are categorised by approximate birth cohort in table III. Of
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Table II: Observed (O) and expected (E) cases of childhood leukaemia by
age at diagnosis and estimated cumulative excess radiation dose due
to the Chernobyl accident

) E

ﬂi@i@% 775 77501 6796 6796.0] 4364 4364.0| 3069 3069.0
" ? 00 513 506.3{ 2054 20488 767 772.2| 536  534.8
43 53.7 1063 1084.3 644 608.5 422 405.2
6 7.6 977 952.7 652 655.0{ 387 422.4
13 73| 982 9902 1043 1070.3| 714  696.7

0.26 0.12 0.72 0.28

Table III: Observed (O) and expected (E) cases of childhood leukaemia by
approximate birth cohort and estimated cumulative excess radiation
dose due to the Chernobyl accident

12083 12083.1{ 2921 2921.0 0 0.0 0 0.0
852 872,77 1381 13404 319  327.7] 1318 13214
691 651.1 925 9385 225  237.1] 331 3250
617 647.1] 1006 997.5 269  260.8) 130 1324
937  926.2] 1426 1461.7 290 2774 99 99.3

0.02 0.36 0.72 0.24

particular interest is the 1987 cohort, which includes children who received
the largest exposures in utero. The trend in risk with dose for this cohort was
not statistically significant (x2=0.72, 1df).
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DISCUSSION

Although we observed a small increase in the risk of childhood leukaemia in
Europe during the 1980s and early 1990s, there was no evidence of an
association between risk and the estimated doses received due to the
Chernobyl accident (after allowance for the effects of sex, age or birth cohort,
calender year and region of residence). However, at this stage of follow-up,
the study has low statistical power to detect such a trend. If the excess risks
per unit dose estimated from the atomic bomb survivors are applied to the
childhood population-at-risk in Europe following the accident, then the power
of the study is about 50%. This may even overstate the statistical power,
since the protracted low-dose exposures concerned differ in quality, and
probably also in leukaemogenic effect, from the acute high-dose exposures
experienced by the atomic bomb survivors.

The study has been analysed as a cohort study, it should be clear that the
allocation of dose to individuals was determined by a function of place of
residence and time since the accident. The actual exposure of individuals
within the study populations was unknown, and imputed values from
estimated population averages were used. Migration between study regions
would give rise to exposure misclassification, which would attenuate any
estimated dose effect. However, inter-regional migration of children in the
five years of observation is unlikely to have been of a sufficient scale to have
affected the results of the study.

A possible source of bias in the studies of cancer risk following radiation
exposure is differential ascertainment of cases which is correlated with
exposure, due to an increased interest in and improved detection of cases in
heavily exposed populations. In contrast to thyroid cancer, which can exist
for long periods in a latent form, this seems unlikely for childhood leukaemia.

The study will continue data collection for a period of ten years following the

accident, so that the further potential of the excess radiation exposure can be
studied.

309



A COMPARATIVE EVALUATION OF THE CONSEQUENCES OF THE
CHERNOBYL ACCIDENT BASED ON THE INTERNAL DOSE OF ''Cs

TO JAPANESE MALE ADULTS

M. UCHIYAMA, T. ISHIKAWA, M. MATSUMOTO, S. KOBAYASHI

Natiogal Institute of Radiological Sciences, ' ,"" mm”m ""”"

Toarat, Japan e ﬂﬂlﬁlﬂlﬁlﬂlﬂﬂlﬂlﬂﬂl

1. INTRODUCTION

The Chernobyl accident released a large quantity of radionuchdes into the
environment. Many measurements were carried out to assess the consequent
radiation doses around the world. The health and environmental consequences,
however, have not been fully evaluated. The Chernobyl accident reminded us that it 1s
unportant to estabhsh methodology for the evaluation of measurements obtamed
with diverse methods when we estimate radiation effect in different countnes.
Even with hmiting the assessment of internal exposure to the whole-body counting
of 137Cs, there still remam many unsolved factors related to dose accumulation.
These 1nclude the calibration of measurements, the timing of measurements, and so
on. It willtakelong time to develop a rehiable and generally agreed upon method for
the reasonable evaluation of measurements in different countries. As a substitute
for such amethod, the measurements of subjects from different countries at a given
nstitution can serve for the comparative evaluation of their internal doses when one
apparatus 1s used consistently for the measurements.

We have measured radiocesium body burdens of both Japanese and foreigners
smce the Chernobyl accident using a whole-body counter. In the occasion of 10th
anniversary of the accident, we evaluated the body burdensin order to compare the
internal doses among countries.

2. MATERIAL AND METHODS

A whole-body counter at the National Institute of Radiological Sciences (NIRS)
was used to measure the radwcesium body burdens of the human subjects under
evaluation. The counter 1s equipped with two identical Nal(T1) detectors 8" n
diameter and 4” 1n thickness [1]. It was operated in a scanning mode of 5 cm/min 1n
a shielded 1iron room with walls 20 cm n thickness.

Measurements were carried out on the following four groups. The first group
was made up of healthy male researchers from the NIRS who resided m Chiba or
Tokyo. This group was measured for 137Cs every 3 months from February 1986 to
December 1995. This group was used as the reference for comparative evaluation
with the other groups. The subjects of second group were healthy adult mdividuals
who visited the NIRS from varwous locations within Japan durmng spring, early
summer or autumn of each year. The third group was composed of Japanese
returnees from the former USSR and European countries, where they had resided
for some duration after the accident. This group included subjects of both genders
with a wide spectrum of ages. The fourth group was made of both male and female
adult subjects, mainly from European countries that occasionally visited the NIRS.

The mternal dose of 137Cs to the whole-body was estimated using the Medical
Internal Radiation Dose (MIRD) method The difference mn the specific absorbed
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fraction to penetrating radiation 1n weight between the subjects and the standard
man of the MIRD was taken into account and the actual absorbed fraction was
corrected accordingly {2].

3 RESULTS
3 1 Japanese subjects

For the first group, 137Cs body burdens were 1ndicated as a function of time as
shown mn Fig 1 The body burden began to increase in May 1986 and 1t attained a
maximum of 59 Bqin May 1987. This was the estimated maximum consequence of
the accident on the radiocesrum body burden for the first group The temporal
change m their average body burden can be explamned by a smgle-compartment
model. The average mdividual dose was 1.5 u Sv for the first year. Using the
above mentioned single compartment model for 137Cs body burden, together with
the daily !3’Cs1intake data for each distnct 1n Japan, consequences of the Chernobyl
nuclear power plant accident on the Japanese people were assessed The doses

were an average of 1.24 u Sv and 148 man Sv for the population of 120 milhon for

the one-year period from May 1986 [3]

The annual change in the body burden decreased with a human
radioecological half-time of 1.8 years by May 1991. Five years were sufficient to
reduce the effects of the accident to the level before the accident for the first group.

The dose from radiocesrum was below 2 u Sv/year even 1n the most contammated

period. The cumulative dose for 5 years was estimatedto be 5.6 u Sv  After May

1991, the body burden fluctuated erratically, reaching a small peak of 16Bq 1n 1993.

When comparing the human radiwoecological half-time and the cumulative
dose of 137Cs body burden due to the worldwide fallout from the atmospheric nuclear
weapons tests carried out during the years 1961 and 1962 on the fifth group of
Japanese male subjects [4], the half-time 1s 0.3 years longer 1n the first group. The
variance i the half-times between the first and the fifth groups can perhaps be
explained by the difference m the contribution of mmported food to the total food
consumption 1n Japan. The consumption of domestic products decreased rapidly
from 91%1n 1964 to just 65%1n 1991. The cumulative dose 1Ismuch smaller than the
committed dose of 82 w Sv to the year 2000 that includes the dose from the
atmospheric nuclear explosion tests carrnied out over approximately 20 years from
1963.

The trends and the levels of 137Cs body burden m the second group were
similar to the first group This suggests that the dose caused by 37Cs mntake n
Chiba was insignificantly different from that in other areas within Japan, although
a larger distribution was observed among mdividual body burdens in the second
group.

No detectable health risk was expected for the two groups or the Japanese
population

3.2. Japanese returnees

A regression hine for the biological half-time on the body weight was obtained
for 16 individuals in the third group, the Japanese returnees. The half-time (Tbin
days) was expressed as 1.14 times W (body weight 1n kg) +9.47 with a correlation
coefficient of 0.72 When a subject could not be measured for the body burden
immediately after their return, the bodyburden on the day of return was estimated
using the formula explamed above As for the third group, the relationship
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between the time elapsed after the Chernobyl accident and the duration of each
individuals’ stay according to the length of their stays. less than 1 month and 1 month
or greater The secular changes in the concentration of '3’Cs 1in the body are
explamed graphically for the subgroup 11n Fig 2aand for subgroup 2inFig 2b. The
number of ndividuals as of December 1995 was 82 for subgroup 1 and 59 for
subgroup 2

3.3. Foreigners

The fourth group was composed of foreigners who wisited the NIRS
occasionally. It was divided into 5 subgroups according to origmn of each subject.
They were; (1) Ukraine; (2) Belarus; (3)Russia; (4) the rest of Europe except for
just mentioned 3 areas and the Near East; (5) Asia and North America. Only one
foreigner was measuredbefore the year 1988, a subject from Hungary in July 1986.
Figure 3 represents annual changes in the 37Cs concentration m mBq/kg. The
highest concentration of 137Cs mcluding 13¢Cs was 67,400mBqg/kg. It was observed
in a male Ukramian. The subjects from the most affected countries, Ukraine,
Belarus and Russia were principally at similar levels to one another by 1992. A
shght mcreasing tendency was observed thereafter with occasional high levels
Foreigners from Europe and the Near East had larger concentrations than the first
group. The concentration in subjects from Asia and North America did not exceed
the level of the first group This tendency mn the concentration of body burden
primarily coincided with the order of areas contaminated with fallout radiocesium of
the Chernobyl accident that had been analyzed by the UNSCEAR 1n 1988 [5].

In Kiev, the concentration had decreased considerably by 1991. The trend
was comphcated from then on. The circumstances m Belarus and Russia were
simuar to Ukraine as described above. It must be emphasized thatn all the former
USSR regions under study, there were individuals who showed 37Cs concentrations
at extreme levels, sometimes as much as two orders higher than that for the first
group.

The consequences of the Chernobyl accident on the citizens in Kiev in Ukraine,
Mmsk m Belarus and Moscow n Russia were evaluated according to the ratio of
137Cs concentration for the third and fourth groups to that in the first group. The
ratio of 137Cs concentration in the whole-body to the first group was about one-
twentieth for the third and fourth groups. In Minsk, an mcreasmng trend mn the
137Cs concentration was observed from 1992 The ratio to the first group was
approxmmately at the same level as Kiev A farrly large distribution m the
concentration existed i mdividuals from these cities. In Moscow, the
concentration decreased to one-seventh m 1990. Thereafter it seems to show an
increasmg trend. The ratio to the first group was rather large, one-sixth to one-
eighth for Moscow The doses of the groups mentioned above were evaluated
relative to the dose 1n the first group. The risk can be estumated to be not larger
than 2 orders greater than the first group. These dose evaluations led us to
conclude that there may not be any serious consequences expected for the health of
mdwiduals 1n the third and fourth groups except for some extreme cases.

3.4 Estimate of 137Cs ingestion by citizens 1n Kiev and Moscow

A model was used to describe the temporal change in radiocesium body burden
following the continuous ingestion of radioces;um  The daly amount of
radiocesium mtake in mBq per kg of body weight was estimated for the returnees
The regression of the estimated concentration of radiocesium resulting from the
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daiy intake of 37Cs agamst the elapsed time after the Chernobyl accident varied
according to the period of the analysis For the people thatreturned from Kiev, an
apparent half-time of 460 days was estimated for adults for the period from 1986 to
1992. Itvaried from 391 to 920 days when changing the period or the number of
indmviduals included in the analysis. For the returnees from Moscow, the apparent
half-time was estimated to be 358 days for the period from 1987 to 1990. Recent
measurements indicate trends 1n 137Cs body burden that can not be explained by the
current methods of estimation. However, a decreasing trend in the body burden
was observed mn returnees who consumed strictly controlled foodstuffs. This
indicates that the regulation of the food distribution systems might have loosened up
in the former USSR countries. The prognosis of dose estimation should be changed
with regard to this situation

4. Conclusion
The internal dose from radiocesium due to the Chernobyl accident was

estimated tobe 5.6 u Sv for § years for the body burden of Japanese male adult group.

The highest average recorded level was 59 Bq m May 1987. No detectable health
rnisk was expected for the Japanese population. In Kiev, the concentration had
decreased considerably by 1991. The trend was comphcated from then on. The
circumstances in Belarus and Russia were similar to that in Ukramne. The ratio of
137Cs concentration m the whole-body to the first group ranged from about one-
twentieth for Kiev to one-seventh in 1990 for Moscow. A fairly large distnbution in
the concentration existed m individuals. It must be emphasized that in all the
former USSR regions under study, there were mdwviduals who had !¥°Cs
concentrations at extreme levels. The risk can be estimated as being not larger
than 2 orders greater than the first group. These dose evaluations led us to
conclude that there may not be any substantial consequences to the health of
individuals expected in the third and fourth groups, except for some extreme cases.
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HEALTH CONSEQUENCES OF THE CHERNOBYL ACCIDENT IN EUROPE
OUTSIDE THE FORMER USSR: A REVIEW
AR

E. CARDIS, D. SALI XA9745502
International Agency for Research on Cancer,
Lyon, France

‘Ihe accident which occurrced in the night of 25 to 26 April 1986 in reactor 4 of the Chernobyl
nuclear power plant in the Ukrainc rcleased considerable amounts of radioactive substances in the
cnvironment. Qutside of the former USSR, the highest levels of contamination were recorded in
Austria, Greeee and Romania, followed by other countrics of Central and Southeast Lurope.

Studies of the health consequences of the accident have been camed oul in these countries as
well as in other countnies in Furope. This paper presents the results ol a systematic and crilical
review of studies of the general population in Furope, carried out on the occasion of the fenth
anniversary of the Chernobyl accidenl. The primary locus of this paper is cancer, the major long
term consequence ol radiation exposure expected, although studies of pregnancy outcome in these
countries are briefly outhined. Overall, there is hifle evidence ol* a major public health impact of the
accident in countries of Furope outside the lormer USSR,
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LEUCOCYTE MARKERS IN THE CHILDREN OF UKRAINE
AFFECTED BY THE ACCIDENT AT CHERNOBYL

G. LOPEZ PUMAR
Instituto de Medicina de Trabajo,
La Habana, Cuba

J. CARDENAS HERRERA
Centro de Proteccién e Higiene de las Radiaciones,

La Habana, Cuba
Los leucocitos son las células sanguineas que mas
rdpidamente reflejan los efectos inducidos por las

radiaciones 1ionizantes. En la medida que son mayores las
dosis los cambios inespecificos se traducen en alteraciones
funcionales y orgdnicas que afectan 1la vida media de las
células, el desempefio de sus funciones y de 1los d6rganos de
la hematopoyesis. Con el propésito de estudiar el
comportamiento de los indices leucocitarios y su relacidn
con el estado somdtico general, se estudidé un grupo de 100
nifios ucranianos atendidos en Cuba en el periodo 90/94. Los
resultados preliminares arrojan que las cifras relativas de
Teucocitos neutré6filos segmentados es muy similar al de
linfocitos, encontridndose los numeros absolutos de amhos,
asi como del total de leucocitos por debajo de la media por
edades en un rango que oscila entre el 20 - 35 7% de los
casos. E]l conteo de eosindfilos se mantuvo en un gran nimero
de casos por encima de 2,5% asociado a patologias no
radiogénicas. Es de sefialar que se encontraron alteraciones
del sistema hemolinfopoyético, entre 1las mds frecuentes
adenopatias e hiperplasia de tejio linfoide en orofaringe.
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PSYCHOLOGICAL CONSEQUENCES OF THE CHERNOBYL ACCIDENT
IN BELARUS

AP. GELDA, FM. GAJDUK, IL.M. SHELDAK, A.Eh. KACHALKO, V.D. KOROLEV

Minsk Institute of Medicine, R

Minsk, Belarus XA9745504

[ICROYECKVE TIOCIELCTBUA b BEJNAPYCH YEPHOBHJIIBCKOM KATACTPOSH .
®.M.I'aitnyk, b.Ji.Hopones, A.ll.Teana, U.M.Kesmmax,A.5.Kauanxo .

Benapycb, MuHCKMiA MegMDMHCKUIA MHCTHTYT.

B ueTnpex pailoHax ¢ o6mum 3apaxeHueM cBume I Hopu Ha
KMIOMETP M B ABYyX UMCTHX DailoH8X usyuayocCh BiMAHUEe YepHOOH-
JbCKOA KoTacTPO(H Ha YaCTOTYy BO3HHMKHOBEHMA musodpeHuw,
BPOXOeHHo#t yMCTBeHHO# 0TCTa/mCTH U HeBpacreHuu. CpaeHubBa-
JUCh NEPUOIH BPEeMEeHM 3a D JieT ;o KaTacTpofs # 5 JeT mnocle
katacTpodri. B nmocrseaBapwuitHoM nepuope yacToTa 3860 JEeBaHUA
umsodpenneit ¥ BpOXBEHHN¥ YMCTBEHHO# OTCTAaJNOCTHIO HE W3IMEeHU-
Jach, HeBPacCTEeHUA CTAaJR BCTPEUaThCH usille ¥ UBMSHMJIACH KJIU-
HUUECKafA ee CTPYKTYyD2 3a CUeT YBEJWUEHHUS aCTEHUUECKOTo Ds-
[UKaia.

Y pere#t, MoApPOCTHOE M B3DOCIHX NMPU KJIMHWKO-TICUXO JIOMH-
UeCKOM 06CJIefio BaRMY B 3aDaKeHHHX palioHax GHJO0 OTMeueHO
yBelnyeHve MPUMEPHO B 2 Pasa YPOBHA TPEEOKHOCTH YU SMOTUO~
HaJIbHO# NBGUABHOCTH, & TaKKe M0BCEeMECTHOE CHMKEHME YH)B-
JETBOPEHHOCTH KaueCTEOM XWU3HKU NO CPAaBHEHW0 C UUCTHMHU Daio-
HOMH.

Bunn a6rnepnvano 1808 pereit, nosyumBLMX panunaKTUBHNE
nopaxeHue MIYTPHYTONORN, & Takke WX MmaTepelk u EncrnmraTelie#
no nporpamme o3 "afQukz". Buiie BrABJEHE B NODamEeHHHX pai-

OHEX Gn.iee usctas peTpevaeMocTd 1Q Hwke 70 cornacHn TIEET-
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HEM MaTpurem "Papena" u BpuTsHCKOMy pucysounnmy TecTy
MYKUMHH .

Dwmievmueckoe HEG WASHWE 38 E3POCIHMU NOKe3HBUOT, UTO
B CTPYKTyDe rcuxuueckoit narosyoruw Ha I srane mrcje kKaTacr-
podu mpeoGigna HEBPOTHUECKHE U comaTodopmime paccTpoiicr-
Ba. B HacTosmee BpeMs NPOUCXOOUT X TPaHcPopMmammd B mocT-
TPaBMaATUUECKOEe CTPECCOBOE PaCCTPO#CTBO, HapyWeHMEe NCHUXOJo-
I'HUECKOIO Pas BUPUA JMUHOCTU Y OPTraHWdecKoe IopaxeHue Io-

JNBHOTO MO3ra COCypucToro reHesa.



SOCIO-PSYCHOLOGICAL EFFECTS OF THE CHERNOBYL ACCIDENT
ON THE POPULATION OF BELARUS AND MITIGATION OF THOSE EFFECTS

LA AGEEVA AR

Institute of Sociology, Belarus Academy of Sciences, XAQ745505
Minsk, Belarus

PEJ®EPAT
Hay4HOro fAokjaga Ha MexayHapoHYO KOH$epeHLHIo

"lecATHIIeTHE MNoOcCie YepHOOHJA :olLeHKa MocleACTBUIl aBapUK"

ATEEBA Jl.A.
COLIMAJIbHO~-IICUXOJIOTUMECKHUE MOCHEACTBHUSI YEPHOBHJILCKON

KATACTPO$H i1 HACEJEHUS BEJAPYCH H HX CMATYEHHE

[locie BTOpPOH MHUPOBOM BOHHH,B KOTOpOid B Benapycu norub KaxgHi
YeTBepTHH ee XuUTelb, YepHOOHJIBCKasdg KaTacTpoda aABIsgeTCs HALWOHAIL-
HOM Tparegvei HUUYYThH He MeHbIero macumraba. Ha 3arps3HeHHHX TeppH-
TOPHUSAX, Ha KOTOpHE BHIIAJNO OKOJO 70 IPOLEHTOB pafHOaKTHBHHX BHOpa-
COB,OKa3allUCh JBa MHUI/UIMHOHA CTO THCSAY 4YelloBeK. O pagvalHHU KHTelH
pecny6IMKM 3HanM Majlo. CBOHUX ATOMHHX CTaHLUMA y BenapycH HeT. O uy-
XUX aBapusX CpefCcTBa MAaCCOBOM HWHpopMauuu coobmanmu oO4YeHb CKYIoO.
CYHUTaNoOChL ,YTO HHUYero nogobHoro B Hamel cTpaHe MMPOH3ONATH He MOXeT.
Bce APYXHO NpOCNaBisAilK "MUPHHHA aToOM" M MPOKJIHHANU aTOMHylO 60MOy.

llpoucmenmass Ha ‘YepHOOBJIBCKOM A3JC aBapus 3acTajlla BcexX Bpacl-
Jox. OHa KacCHyllack He TONBKO TeX, KTO NpoxuBajg BOMHU3U YepHOOHIBL-
CKOM CTaHLUMH H Monajl, B Tak Ha3HBaeMyll TPHIUATHKHIOMETPOBYI 30—
Hy ,HO M TexX, KTO HaXoOMACss OT Hee Ha 3HAUYUTENLHOM PaCCTOSHHH.
CTpax pagHaudy NMpodyHo obBocHoBaJCsi B pecliyblnMKe M BH3BaJll CymecCTBeH-
HHe HM3MeHeHHS B CO3HAHMU HACeJIeHHA B OTHOMEeHHH K "MUpHOMY aToMy" H

BCeMy, UTO C HHM CBSA3aHO.
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[lo DaHHHM COLMOJIONMYEeCKHX HMCCledOBaHHUI, BHIIOJHEHHEX B paMkKax
MexayHapogHoro npoexkra JSP-2 B 1993-1995 rr.r(6nno onpomeHo 1015
YyeJIOBEK B pAa3JIMYHHX pervoHax pecrny6biuMkH) YepHOOHABLCKYI aBapHoO Kak
"DOBONBLHO 3HauUMUTeNbHyO " M "OuyeHb Ooabimy" NMPUUYHUHY CBOEro INCHUXOJIO-
rMyeccKoro cTpecca HaaBaiau 55,2 % pecrnoHgeHToB. [IpuyeM TaK BHCOKO
CBOH CTpecC OLeHHIH He TOJIBKO XHUTeJNH TepPpTOPHH C BHCOKHM YPOBHEM
3arpsisHeHun ( 15-40 KH/KMZ),HO Y1 YUCTHX TeppuTOopuin. Tak, Ha 6Snusz
pPacrnoJIoXeHHHX K 3arps3HeHHHM 30HaM (MOorpaHHYHHX) TEepPPHTOPSX CTpecc
OLIeHMBAJICSI O MaKCHUMyMy 51,8 % HaceleHHs, a Ha YUCTHX, YZHOAaJESHHHX
3HAUUTEeNBbHO OT 30H 3arpsi3HeHUs - 46,9 %. CBsA3aHa TaKas peakxlus Ha
npoucmegmyi0 aBapuio,Ha Ham B3rnsfg, C TeM, 4YTO OOJBNMHCTBO XUTeleH
pecniybJIMKH OO CHX Nop He BepAT, YTO IPOXHBALT Ha YHCTHX TeppUTOpU-—
fIX. 3TO NMPOM3OMJIO NOTOMYy. 4YTO B I[IepBOe BapeMs Iocljile aBapUHU pecrnyb-
JuKa He ob6jlajajla HZOCTATOYHHM YUCI/IOM ClelHaJIMCTOB-AO3HMUTPUCTOB H
HajJIUYMeM JOJDKHOTrO KojudecTea NpHOOpPOB fAisi W3MepeHusT YypOBHS pagua-
1IMH,0 4YeM HacelleHHO OHJIO HU3BECTHO, M, BMeCTe C TeM,OoTCyTcTBOBaljla
npasAuBas MHOpMalHss o Macmrabax kxaracTpodpn , KoTopas O6Hiaa 6H goc-
TynHa HaceJjJeHWo. [Io nojiydyeHHHM HaMH HaHHHM, IPOLIEHT,CUYHTAbMUX CBOM
TEepPUTOPHH pPaZHOAKTHMBHO CHILHO 3arpsi3HeHHHMH, JOBOJBHO BHCOK H COC-
TaBJsSIeT 22,4 ¥ B 4YHCTOH 30He,64,0 % B UYHCTHX TIPUIpPaHHUYHHX 3O0HAX H
88,2 ¥ B AeHCTBHTENbHO 3arpsisHeHHHX. OgHako 17,3 % nepecelieHHHX B
YACTHE 30HH YBepeHh, UTO BCE€ PaBHO MPOXUBAOT Ha 3arps3HeHHHX pagu-
OHYKJIUAAMH TeppUTOopHUsx. I[IpOBOOAUMHE XKe NpaBHTEIbCTBOM MEpPONPUSITHUMS
B 30HaX C MNOBHIEHHHM YPOBHeM 3arpssHeHHs ( 2BaKyalus,lepecelleHHe,
HU3HMaHHe CKOoTa, [Ae3aKTUBauus,obsizaTelbHas AUCNIAHCepuU3alMs ¥ Apy-
rve) ,IpMBOAKIN K BO3HHKHOBEHHIO TNOBHIEHHOM TPEBOXHOCTH y HacelleHUSs
3a CBOE 3[0pOBbe U 3[OPOBbE CBOUX OJHM3KHUX. 9STa TPeBOXHOCTHL oOCTa-
JJack Ha [JOCTaATOUYHO BHCOKOM YPOBHEe M CIYCTs psj JeT NocJje aBapHH.
Tak, B HaMX HUCCleJOBaHHUAX 7,1 % PECNOHOEHTOB COOOMWIAH, UYTO Yy HHX H

18,6 % Yy 4JEeHOB HX ceMel TNOSBHIHCL CepbLes3Hue 3abofieBaHUs Bcraeac-—
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TBHe YepHOOBILCKOH aBapuM,IIPU 3TOM OHM COOBMMIH, UYTO JOKyMeHTa ob
3TOM Y HUX HeT.50,4 % yTBepxgafnH, UYTO JHYHO 3HADT cephbé3Ho 3abo-

leBONX BCJHeACTBHE aBapHH.

Hanuuo TeHAeHLUMsI CO CTOPOHH HaceJieHHsi BCce 3aboleBaHUsI, KOToO-
pHEe OKa3HBaJUCh Yy PecCIIOHgeHTOB, CBA3HBAaTh C aBapHen Ha YA3C Ha Ham
B3rJjsfg, 3TO INPOMCXOAMIIO MOTOMY, 4YTO MOCTpagaBNHMM OT aBapHUH IoJjlara-
Jachk oNnpefelleHHass collMallbHas 3amuTa,dYToO B YCIOBHUSX yXyamaomerocs
9KOHOMHYECKOr'o nojloxeHus Pecrnybauku, OO HeMallOBaXHO, a OTCoja M
CTpPeMiIeHHe TOoJYUYHTH IMoJjlarapvmuecs nocrpajapmeMy HaCeJNeHHIO JbIOTH.
IIocKONBKY yCTaHOBJIeHHe CBS3H 3aboieBaHMiA C aBapHeld Ha YA3C npobiae-
MaTH4YHO, TO MOSBHUIACH TeHLEeHUUS He BepUTh CBOHUM CHELHUAIUCTaM. 3ITO
NOATEePXAAT JaHHBE COLMOJOTrHYecKOro uccllefoBaHHMsA.Tak, B 3arpsi3HeH—
HOM 30He He BepsST KOMIIeETEeHLHH Jofed, H3yvyaomUX BJIUSHHe YepHOOHIBL-
CKOHM KaTacTpod¢n Ha 3JOpOBhREe 22,8 % pPecClOHAeHTOB,B NOrpaHH4YHONW 30He
12,5 %, B 4yUCTOH 30OHe 13,8 %, a" oueHb HEeMHOro" JOBepsOT COOTBETC-
TBeHHO 29,5 %, 27,4 % # 27,1 %. B TOo %e BpeMs OOECIIOKOEHHOCThL 3a
noclefCcTBUS OT aBapHM Ha YA3C y HaceneHusi Pecrnybinudkn 6nna oOuYeHb
BHCOKOR M CocCTaBlsfjla B 3arps3HeHHHX paloHax 62,5 %, B NOrpaHHYHHX
68,0%, Yy NnepecelleHHHX 74,4%, y XHTellel 4YUCTHX 30H 67,8 %. B TO Xe
BpeMs MNoBeJeHHe MeCTHHX BJlacTeH, KOTOpHe NpH3BaHH O6HJIKH 3abOOTHTHCS
o nogax, nonasmux B 6efy olLeHUBaeTCs] HaceJleHMeM oOuveHb HH3KoO. Tonab-
Ko 4,8 % peCNOHAeHTOB OLeHMIM 3Ty z3aborTy kak "AOBOJIBHO JOCTaTo4-—
Hyo", 59,6 % nocudTanu, uTO oHa OHjIa" B Kako¥-TO cTeneHH" M 34 %
IIOMHOCTLI0O €€ OTpHLaNH.

OomymeHHe 6e3HCXOAHOCTH, MOKHUHYTOCTH B Hefe, NOSIBHINUCE Yy TOCT-
pagjaBmero Hacel/leHUs CINYCTs HEeCKOJbKO JieT Nocile aBapHH, Korja peskKo
CTajio MeHSIThCS COLHaJbHO-TIOIUTHYECKOe nonéxeuue Pecniy6AHKH B CBS3H
C pacnagoM Coo3a,HW3MeHeHHEM e& cTaTyCa M HeBO3MOXHOCTBIO B TONHOH
Mepe Teneph OKalHBATEH MOMOML NocTpagaBliiM. YBEepPeHHOCTbL, 4YTO MMEHHO

rocyAapcTBO, O¢HUHAJbHHME CTPYKTYPH Mpexge BcCero AOJMKHH 3ab60THThCA
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O NIoOsax, OKA3abBIIMXCS B TPYAHHX YCJIOBHAX, IpOC/leXxHuBaeTCss B OTBeTax

pecrioHgeHTOoB. TaK, Ha 3ab6oTy OT UeHTpallbHHX BJIaCTeHd PaCYUTHBAJIHU
81,3 %,oT BpadYen - 51,3 %,o0T MeCTHHX BJlacTeM - 47,9%, orT cayx6 pa-
OUALIMOHHOrO KOHTponss - 32,7 %. BMecTe C TeM Ha cebs ,CBOH CeMbH.

Apy3el pacyYUTHBaeT CPaBHUTENILHO HebOoNbLmWOH IPOLIeHT OINPOmMEeHHHX (12,1%
~ CeMbsI, QApy3bA H 26,3 %- caM Ha cebsi). 3ech MH HMeeM CHTyaLHoO,

CBOMCTBeHHy© OONBLNUHCTBY HacelleHMs OnBmero Coo3a - HWXAUBEHYECTBO,

HecnocobHOCTE M YacTO HexeljlaHHWe TNoMoraTh caMum cebe.HacejieHMO BH-
rogHee 3aHATH MNMO3HIHO "xXepTBH" ¥ TpeboBaTkr K cebe BHMMaHUsI, 3aboTH
CO CTOPOHH, 4YeM CaMOMy aKTHMBHO NpPEOoAONeBaTh BO3HUKIHE CIOXKHOCTH B
CBoer XuzHe. Ilo3HUUA oxUOaHUsA, HeyMeHue 6BopoThcsH unnuaun&anbno co
cBovMu bOefaMM - Hacnepgue bHojlee yeM ceMUAECSTHIETHEro KOMMYHHUCTH-
YeCKOro npomjoro, Korja Bce AeHCTBHS HaceJleHUS NpH JIOOHX oOcCllaxHe-—

HHUSIX CTpPOro pernanenwuposanncs? B pgaHHOM cuTyauuu'nonoénoe BEDKHJQ—
HUe Ans MHOIMX obopadynBaeTCs CepbE3HHMHM TpPygHOCTSIMH. Takx,Hecrnocob-
HOCTH TNepeCTpPOHTHh CBOM YKJal XU3HH, S3aHATBCS HOBHM [eJIOM,CMEHHTH
MeCTO XHUTefbCTBa, IIepeopHeHTHpOBaTh cebss U CcBOHUX OIHM3KHX Ha HOBHE
XHU3HEeHHHe LIeHHOCTH,HeyMeHUe obmaThcs, 3amumaTs CBOH Npasa, fobu-
BaThCs HaMeUYeHHHX lelleli NpUBeJIM M NpoAoXKaoT IIPUBOAUTE MHOIMX XKHU-
Tejed M3 MNOCTpajaBONHUX, M He TOJNBKO, paNoOHOB B OTUYasHHOe IIOJIOXEeHHe,

nopoxpgasi rnMeccUMU3M, omymeHHe 6eszpcxogHocTH. Tak, CcBoUM OyAymHUM
"oyeHsr CHJIBHO" U "JOBONBHO CHIBHO'" ob6ecrnoxoeHn 70,7 % pecCrOHOeHTOB
B 3arpsizHeHHHX paWoHax, 77,5 % - B NpHIrpaHHYHHX,76,7 % B YHUCTHX H
84,7 % mnepeceneHHHX. [Ipy 3TOM 46,2 % ONpPOmMEHHHX XAYT YXYOLNEeHUS CH-
Tyalluh B cTpaHe B 6nuxainmem O6ygymeM,CoXpaHssi YBepeHHOCTh, UYTO JIHY-
HO OHH , a INpPOLEeHT Takux 39,7 ,HUKaK He CIIOCOO6HH MOBJMSTL Ha CBOL
XU3Hb. "HeMHoro" u "oyeHp HEe3HAUYUTENBHO" CUHUTAOT , 4YTO MOI'yT BJiH-
TP Ha CBOK cerofgHAWHO XU3HL 47,7 %. I[ogobHoe BocIpuUsiTHEe CBOEro

COCTOSIHUSl CBSIZaHO He TOJbKO C aBapvei Ha YepHoOmnbCcko# A3C, HO H

BeUCTBUTENBHBM YXYONEeHUEeM TOJIOKeHUs HacelleHUs B IMOCTKOMMYHUCTHUYeC-—
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KoM obmecTBe B CBSI3H C KPU3HUCOM 3KOHOMHMKH ¥ PE3KHM MMaJeHHEeM XKHU3—
HeHHOro YpoBHs HacCeJleHHss B NpomjoM 6iaronojiydHoil pecnybiauku. I[os-
TOMYy CeroJHSIIHHe CTPpeCCOBHE COCTOSHHS HacelleHHUs AOJKHH pacCMaTpH-—
BaTbCsI B KOMINIEKCe BCeX ¢aKTOpOoB HMX BHIHBaOMHUX H TakKke KOMIIIEKCHO
HeobXOAHMO IMPOBOAUTE NPOPHIAKTHKY I3THX COCTOSHHHA.

K MeponpHATHAM, TPU3BaHHHM CHHU3HTL TPEBOXHOCTHL HAaCelleHUs, INo-
MOUYb MNpeofolIeTh AEeNpPecCH,CTpax pafgWalldH,CMSATYHTL MNOCIEACTBHS OT
aBapuy Ha YA3C, Ha Ham B3rasg , clegyeT OTHECTH He TONBKO YHCTO
MeJULMHCKHe, HalpaBJ/IeHHHe Ha COXpaHeHMe 3OOpPOBLS NocTpajaBmHUX, HO
M TINpoAyMaHHY TMOJHUTHKY rocyjgapcTsa, [ONYyCTHBIEro B IepBHHA Mepuol
NMOCTaBaAapUAHON CHTyallUH MHOro omuMboK (HenmpoAyMaHHOE IOoCliemHoe Iepe-—
celleHHUe,CllemKa CO CTPOHUTENbLCTBOM THIIOBOI'O XHUIbS, HeZo6pOBOALHOCTD
nepecelleHUs , HEMIOATOTOBJIEHHOCTL paboyux MeCT B MecTax oTcene-
HHUSA ,HecrnocobHocThr obecCrneyuTs YHCTHMH NMPOAYKTaMH, KBalHOUIMpPOBaHHOM
MeOIUIIHHCKOH TMNoMombld, MW gpyrve), KoTopas AONXKHA BKJIOYaTh,Ha Hal
B3rnsan, bonsmyo paboTy ¢ HacesleHHMeM Bce# pecnybiiMKM, a He TONBKO C
nocrpajaBOMM HaCeJleHHEM [0 MOBHIEeHUI0 YPOBHS pajHalMOHHHX 3HAaHHM;
MOJIHY® OTKPHTOCTL HHPOpMalHKH 06 aBapuM M ee [IOCHeACTBHUSIX; CO3NaHUe
no Bcell pecnybinke peabMAIMTAUMOHHHX UNEHTPOB COLHANBHO-TICUXOJNOIU-
YEeCKOro IMNpopHiaAs C OLHOBpPeMeHHEHM noaumeﬁﬁem TICUXOJIOrHYEeCKOM KYJNbTYy-
PEH HaceJjleHMsi; OTMEeHa /bIOT NoCTajaBHNeMy HAaCeJeHHO INpH OAHOBPEeMeH-
HOM YyIy4YlleHHM MeAHLMHCKOro ajgpeccHoro obcnyxuMBaHUS 2ITOH KaTeropHH
HacelleHHS B MNOJMKJIHMHUKAX M CTalUUoOHapax M HeCozfaBaHUs I[MPOTHBONOC-
TaBJIeHUs] MexAy INOoTepreBHHMM W HernoTeprieBONUM HaceneHueM Pecnybnu-
KM ; IPUHSATHE MPaBHTENbCTBOM 3aKOHOB,KOTOPHE AOJXHH OHTHL HMCIOJTHHMH-
MH,a He [JexNapHpPyeMHMH,Ha OCHOBEe MHPOBOIO OIHTa 60pb6H C ATOMHHMH

aBapHUsAMHU.

327



ROLE OF RADIOECOLOGICAL EDUCATION IN THE SOCIO-
PSYCHOLOGICAL REHABILITATION OF THE POPULATION OF BELARUS
ATFECTED BY THE CHERNOBYL ACCIDENT NN
AL STAVROV XA9745506
Training, Research and Information Centre, Academy of Management,
Minsk, Belarus

The accident on Chernobyl NPP was the largest radiation accident in a history of
mankind. It touched millions people in Russia, Ukraine and Belarus and has become one of
the most significant phenomena, which have affected influencing a course of development
of political and economic processes in these states. The accident in the special degree had
an effect and will an effect hereafter in Belarus, which has assumed main radiation impact.

The consequences of Chernobyl accident represent a complex radiation,
socio-psychological, economic and political effects. Each of such effects results in changes
of conditions of life of the population of republic, influences a condition of his health and
requires the special measures on its minimization.

As experience has shown , one of the most significant consequences of accident were
in socio-psychological sphere. It is connected first of all to inadequate perception of these
consequences by all layers of the population, including, authorities, accepting the decisions,
executive authorities of all levels, experts, mass media and etc. An existing situation largely
was strengthened by all history as of period before accident, and first years after.
Characteristic  attribute of this time was practical complete absence of the authentic
information not only for the population, but also for a wide range of the chiefs of a various
level in the most various fields of human activity.

The process beginning simultaneously with announced "perestroyka" and "glastnost"
to a moment of accident has not typed complete force and first years after accident a real
radioecological situation, condition of a health of the population and liquidators, economic
damage and etc. down to a beginnings of 90’s were actually closed for access as the
population, and many experts.

Opening of the information in the above mentioned fields along side with positive
effect has resulted and negative - strengthening of socio-psychological consequences and
formation of certain mistrust in the home specialists and state structures, engaged in work
on overcoming of consequences of accident. Besides in result of desintegration USSR
practically main sources of the information, educational centers, experts in the field of
radiation and nuclear safety and uses of nuclear energy have appeared outside of Belarus in
Russia and on Ukraine.

As experience accumulated to the present time shows, the fulfillment of the whole
complex of measures on providing of radiation protection of the population depends not only
on quality of the accepted programs and laws, but on a level of competence, qualification and
education of the experts and chiefs of a various level, responsible for realization of these
measures or connected to work in this field. Or else, in which degree a system of education
in field of radioecology and radiation protection is advanced. On the other hand, the
maintenance of ability to live in conditions of radiation contamination largely depends on a
level of education in this field of whole population, on knowledge of the rules and norms
of radiation protection and on a degree of their fulfillment.

328



In connection with change of state policy to the rehabilitation of contaminated
territories and maintenance of normal ability to live in formed conditions, one of the main
roles begin to play education and information of the experts, engaged in work on realization
of measures on overcoming of consequences of accident, and with the population of republic
in, first of all, regions, subjected to radiation contamination.

Despite distinction, these two problem in contemporary conditions can and should be
solved in complex, with use of all opportunities available in republic, with attraction of
the leading scientists and experts, with orientation on all groups of the population.

At the same time, the traditional measures and actions on formation of adequate
perception of accident on ChNPP as of one of main ways of socio-psychological rehabilitation
of the population in republics have appeared not quite effective. In many respects it is
connected to a problem of trust of the population to various sources of the information on
problems of radiation protection. Some results of sociological survey of the population on
study of the attitude of the citizens to an opportunity of development in Belarus of NPP,
conducted in republic in 1995 can by way of illustration serve. Was straightened out, that
more than 89 % of the population considers that information in this field is absolutely
insufficient (Pic. 1). At the same time, as it is clear from Pic.2, population prefer to
believe international organizations (IAEA), foreign experts, and almost do not believe
authorities (state and local) and mass media.

In this connection search of new ways in the decision of a delivered problem was
required. In conditions of Belarus such way has become general radioecological education
of all layers of the population, including informing of all categories of the population on
problems, connected not only with consequences of accident, but also with general problems
of radiativity and use of nuclear energy in the peace purposes.

Radioecological education is based on introduction in all steps of common education
from school up to high educational establishments, specialized training of the workers of
a network of the radiation control, chiefs of all branches of a national economy,
representatives of an executive authority of all levels and other, wide knowledge in the field
of radioactivity, consequences of accident and maintenance of ability to live in hard
radioecological conditions. It is directed on creation educational base, formation of adequate
perception of specific information and of certain skills in maintenance of own radiation
protection, of the decisions in all spheres of life and activity, directly or indirectly
connected to consequences of accident. As experience has shown, in conditions of Belarus
without such education usual information activity by virtue of the mentioned above reasons
would be not effective.

At the same time radioecological education permits to generate adequate perception
of consequences of accident among the persons, whom the population trust first of all. To
these persons, besides well-known categories (medicine doctors, teachers and other) belong
the workers of a network of the radiation control, providing the control of an environment,
food-stuffs, industrial goods and etc. Just they, working on contaminated, in the heaviest
degree can render influence to public opinion and perception the population of
consequences of accident, thus largely intensify socio-psychological rehabilitation of the
population. On the other hand, through them the most effective distribution of the
information in the specified areas is possible.

Understanding gravity of a delivered problem, in republic was created Training,
Research and Information Center (BelTRIC) on problems of radiation protection, power
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engineering and radioecological education of Academy of management at the President of
Belarus.

The purposes of activity of Center were:

3.1. Training and education of the specialists, authorities and workers of
ministries on problems of the prevention and overcoming of emergencies.

3.2. Development of the educational program, maintenance of constant
scientific and informational-methodical support of educational process,
coordination of such activity in republic.

3.3. Development and distribution of information materials on the specified
problems, intended for governmental establishments, management bodies
of a various level, ministries and departments, but also for the
population.

3.4. Scientific-analytical support of the decisions and valuation of their
efficiency in the field of radiation protection, overcoming of consequences
of accident on ChNPP, actions under the prevention and overcoming of
emergencies.

3.5. Organization of information exchange on the above-stated problems with
international scientific organizations and centers and distribution in
republic of the arriving information.

3.6. Creation and maintenance of serviceability of specialized computer banks
of data for educational process, information and scientific-analytical
support of the decision on the above-stated problems.

3.7. Coordination of development of the normative-legal documentation in
the field of radiation, nuclear and industrial safety.

3.8. Maintenance of methodical support of activity of a state and
departmental network of the radiation control on territories of republic,
contaminated in result of accident on ChNPP.

BelTRIC is appointed as head organization in republic of a radioecological
education and training of the specialists of a network of the radiation control and workers of
ministries, departments and authorities engaged in realization of measures on overcoming of
consequences of accident on ChnPP, providing of radiation protection of the population.

Experience of BelTRIC has shown:

1. The main purpose now is informational and educational activity on
radioecological education of the specialists of an specific infrastructure
created in republic (network of the radiating control, organizations and
establishments, scientific institutes and other, oriented on fulfillment of
State Programme of overcoming of consequences of accident on ChNPP).
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In turn, these specialists become the personnel basis for general
radioecological education of the population, as in the heaviest degree
cause trust at the general public of republic and are able to render
significant influence to process of socio-psychological rehabilitation of the
population.

The significant role plays wide use of world experience in the field of
providing of radiation protection. According to existing situation in
republic, the population prefer in a greater degree to trust foreign,
instead of home scientific and experts. In this connection is necessary
to establish effective information exchange first of all in sphere of
radioecological education and training of the experts and specialists,
engaged in this activity.

Creation of the concept of radioecological education and the begun work
on its realization creates conditions of wide distribution of main
knowledge in field of radioecology in a system of national education. In
turn it will allow to begin formation of adequate perception of the
mentioned above problems of young generation, that is in essence
important from the point of view of development of a situation in
republic in foreseeable future.

The realization of the mentioned above approaches within the
framework of work BelTRIC has demonstrated appreciable results. Past
through a system radioecological education in Center more than 3000
experts largely render now influence to formation of adequate perception
of consequences of accident on ChNPP different layers of the population
and management bodies of republic. It has in turn allowed largely to
decrease socio-psychological stress among the population, first of all that
part, which lives on contaminated territories.
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STUDY OF THE ART AS A NEW WAY TO MEASURE
NUCLEAR PUBLIC OPINION

M. OBERHOFER
ISPRA Establishment, JRC.,
Ispra, Italy

F. ABDEL-HAY
National Center for Nuclear Safety and Radiation Control,
Cairo, Egypt

1. INTRODUCTION :

In the recent last years, it became increasingly evident that people must learn
more about the atom and radiation , in order to be able to live with it without fear.
More efforts are needed to make them familiar with the benefits of its applications in
the modern live The recent accidents of Chernobyl and Goinea in Brazil ereated an
immense negative public reaction against nuclear energy. It is therefore important to
consider using art as an approach to make people listen more and undérstand.better.
Such objective is not so easy because it requires that the artists themselves should be
familier with related science and technology aspects of the subject and its various
consequences on human beings. Then they can try to find ways of expressing
themselves with their artistic tools and skills.

In this context, it is important for scientists to seek for an appropriate way of
communication with artists. The different types of art which could be engaged are
either the spoken word ; such as novels, poetry and drama, fine arts; paintings,
illustrations or even cartoons or a combination of both ; such as theater and movies.

2. PSYCHOLOGICAL IMPACTS OF NUCLEAR ACCIDENTS :

Soon after the discovery of ionizing radiation, it was realized that radiation
could harmfully affect skin tissues, body organs and the human body as a whole
beside the genetic effects. Lately after the drop of the first atomic bombs in Hiroshima
and Nagasaki and also after Three-Miles-Island and Chemnobyl accidents anew
phenomenon described as RADIOPHOBIA have become apparent and widely spread..

After Chernobyl , radiophobia manifested itself among the population on an
international level. As a consequence, some people consumed only canned food over
months and even over years, other people did not leave their homes or move around
using masks. Also numerous abortions have been performed in order to save newly
bomn from a miserable life in the future(1).

Citizens do not know the behavior during radiological accidents and
emergencies . Even though ionizing radiation are continuing to be used in research,
medicine agriculture, and industry with all the problems connected with itsuse and
radiophobia of people. Thus radiological accident will contribute againto fear with its
consequent uncertainties with regard to the “Monster” called ionizing radiation.

The psychological symptoms estimates have been found in association with
more serious psychological health indices. The relationship between the people believes
about negative health effects of pollutants shows their behavior during pollution
episodes (2) The role of human behavior in the environmental health science with
emphasis on the study of pollution has not yet been completely investigated
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.Surveys among different countries such as Germany, England, U.S.A, Australia and
other countries in order to analyze the long-term impacts of Chernobyl disaster on
public opinions, attitudes and behavior showed that uncertainty about the health
consequences was a major response of increasing the hurted (and/or injured)
population in the event. The information given to the public by different sources after
the accident were insufficient, (3,4) . The assessment of danger was not well estimated
after the following 3 years. This explains the increase of the political opposition to the
future uses of nuclear power.

3. THE ROLE OF ART:

Art reflects culture development, knowledge and interaction of people with
new technologies. Art sums up the life of the whole people and casts light ahead. Each
person in the center of his own being has a reservoir of spiritual energy (5) keeping all
land and time memories. The art with all its tools, is a human being self expressing and
it is a spiritual dialogue between land and time. So, the art in the old stone ages is
different from the art now.

The industrial revolution with its economic svstems contributed an enormous
share towards the radiation quality in life. So any accident is not a machine’s mistake.
It was a human mistake(S)Profits and explorations little care is given to art . In the
nuclear age,The concern is the use of atom in peace; health and prosperity, electrical
power, agriculture, hydrology, medicine, industry and regulatory activities. The atomic
culture ignored both the public psychology and artists feelings.

The effect of Chernobyl accident on children drawings were studied at
southeast England. The analysis of complete drawings after Chernoby! from 3 schools
seemed to contain chimneys smoke, pipes and cooling towers which were expressed to
some extent as bombs or rockets (6).The study of attitude towards nuclear power
plants could be made as questionnaire consisting of sociodemographic questions with
a drawing paper in order to be analysed (6).

The aim of this study is to measure the nuclear public opinion and their reflections
after the nuclear accidents.

3.1.The Effect of Chernobyl Accident On Egyptian Artists:

The Chernobyl accident affected deeply the public opinion in Egypt. A research
was made in two famous daily journals AL-Ahram &Al-Akhabar and two popular
weekly magazines Rose Elyossef and Sabah EL-Kheir during April to December1986,
after the accident the artist drawings and cartoon published expressing the reactions of
Chernobyl accident on their feelings influences the public opinion that had stopped the
Egyptian nuclear program after this accident directly. The Egyptian artists were
affected clearly through their art works reflecting their fear against nuclear technology
and the radiological accidents.

This was shown in the Egyptian journals and magazines. Some of them were
reflecting their fear in their drawings, the other joined the accident time by the festivals
Sham-El-Nassim which occurred at the same period of time of the year in Egypt, the
third group used the Arabic language derivatives making jokes reflecting their fear
from the accident of Chernobyl.

Fig. (1) shows the thoughts of the artist Salim from Rose Elyossef magazine. It
was clearly a negative effect where he drew the skull (head bone) and the dried leaves
and roses reflecting his pessimism.
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Fig. (1) Expression of Feelings of Fear Due to Chernobyl Accident Giving
Warning to The Universe. (Reproduced from Rose Elyossef magazine.
at 9/6/1986 by Artist Salim).

. o ITIS

el . *\
Rort F
(o 'EC?l{Sg'knﬂll

TS THIS ACOTE s
Frem RUSS AL

x £XPLOSION OF SoviET REAS
O iy 5990 Jelhs Jladit B

U dir-"1 Jetill Slelud] e A cf =
, ' _ d N N ‘ 15 .. (s g9t
# FISIKM 2 Salted Fish ofacafe smdl. - Gl cteladl o0 - Y-
Fig.(2) Expression of Radiohobia After Chemobyl Accident .
(a) Reproduced from 'ALAkhbar Journal at 5/5/1986.by Mostafa

Hussien.
(b) Reproduced from ALAhram Journal at 4/5/1986. by Nagy.
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Fig.(3) Expression and Reflections of Chernobyl Accident and its effects on
Human Body (Reproduced from 'Rose Elyossef, magazine at 19/5/1986
for a, band ¢ and for d at 9/6/1968 by Artist Abdel-Baky).
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Fig .(4) Expression of the Effect on Nuclear Cloud on Somie Body to get rid of
him (Reproduced from Rose Elyossef magazine at 23/6/1986 by Artist
Kamal).
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Fig.(5) Expression of ignorarce of Two Thieves Had Stolen a Radioactive
Source (Reproduced from Sabah EL-Kheir Magazine at 5/6/1986

by Artist Mohamed Hakim).



Chernobyl accident occurred in April, 26, 1986 that was the spring time “Sham
El-Nassim”. The feast day in May, the Egyptians are accustomed to eat salted fish with
a characteristic smell.

Fig.(2,a,b)by Mostofa Hussein, from AL-Akhbar, and Nagy, from AL-Aharm,
represents their thoughts about the effects of the accident and they joined it with the
smell of salted fish.

Fig.(3,a,b,c and d) drawn by Abdel-Baky from Rose Elyossef, he used Arabic
language derivatives creating both negative and joke effects, the derivative from the
nucleus of the dates and that of the atom in (a). The cloud of the accident and the
cloud on the sick eye in (b). The accident site “Kiev” and smoking drugs in (c). The
new generation and the atom in (d).

Fig.(4) that drawn by Kamal from Rose Elyossef magazine represents the death
effects of the nuclear cloud on someone waiting under its effect.

Fig.(5) drawn by Mohammed Hakem from Sabah- EL-Kheir magazine showing
two thieves that had stolen radioactive source from faculty of science giving their
wishes to move to the nuclear countries to transport their activities there.

These figures show the poor nuclear culture for the Egyptian artists that results
in a negative effect on the nuclear public opinion producing antinuclear opinion
againist the nuclear program in Egypt.

3.2. The Effect of Goinea Accident On the Artwork :

The examples shown in figures (6) to (13) were drawn by Barzilian artists,some
of them were unknown and spontaneous. they painted it directly on the building walls.
The others were proffessional and working in the local magazines. The artworks are
given for demonstrating to what extent that art is already used in connection with the
atomic radiation and nuclear energy. They give an idea about nuclear public opinion
locally. In general most of the artworks presented regarded as negative effects on
human life. It is observed that all the artists used symbols that directly and indirectly
reflect their opinion and awareness. They used radiation symbol, atom orbits, sexual
fear, children awareness, tears, headache, wounds, cracks and pessimistic effectiveness.

Figures (6) through (8) - which are wall paintings were made by unknown
spontaneous artists at Goinea in Brazil. They expressed their awareness towards the
accident. Figure (6) shows the atom with its orbits located inside the brain in a man’s
head, a naked human body resembling the awareness towards the human race
destruction and the symbol of radiation awareness. Also it is cleariy noticed from Fig.
(7) the crying announcement to survive the children from hazards effects. This is clear
from the children faces drawn inside the arms of the radiation symbol, with the eyes full
of tears and a frog throwing its tongue out to swallow the radiation symbol.

Figure (8) shows an atom with its orbits having legs and moved around as an
unknown monster worm to eat all green lands and spreading radiation every where
through its walking ways.

Figure (9) was published in Journal De Brazl in 19.10.78 created by a
professional artist named “IQUE” . He drew the radiation hazardous effects revealing
at a wounded face and head covered with plasters, a swelling eye and headache with
atomic radiation symbols resulted from the radioactive accident.

Figures (10) and (11) by another artist “SIRON” in biack and white forms.
Fig.(10) represents the human sickness resulted from radiation while Fig. (11) shows
the terror of a poor man against shooting with gun towards him. It reflects the effects
of radiation with all its distorting tools on the poor human.
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Orbits Inside The Brain in Human Head, Nalked Human Body And
Radiation Symbol Awamess ( Reproduced from a Wall Painting
Goinea by Unknown Spontaneous Atist).

Fig.(7) Expression of Sadness After The Radioactive Accident lllustrated by
Eyes With Tears, Radiation Symbot and Frog Throwing its Tongue on.
( Reproduced from a Wall Painfing Goinea by Unknown Spontaneous
Artist).
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Fig.(8) Expression of Fear lllustrated by the Atom Orbits Having Legs Moving

Around Eating All Green Lands and S i
preading Around .( Reprod
from a Wall Painting Goinea by Unknown Spontaneous (Am:t) Hoed
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Fig.(9) Expression of Negative Effect on Human Body . ( Reproduced from
Joumal of Brasil by the Artist Ique at 19/10/1987).
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Fig.(10) Expression of Sickness of a Man Due to the Fig.(11) Expression of Teror of a Man With a Gun Frieghting
Effect of Radiation by the Atist Siron. a Poor One by the Artist Siron.
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Fig.(13) Expression of Mesrableness of Human Due to
Fig (12) Exoression of Painlull Effect of Headache Radiation by Artst  Luis Triman,
due to Radiation by the Adist Luis Triman
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Fiy (14) Shows the Peicentage in the Use of Adistic Symbols by Both
Spontaneous and Piolessional Arlists, From the Direcl and Indirect
Point of View
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Table (1): Number of Symbols Found in the Artwork Used
1o Express Feelings in Both Spontaneous and Professional Artwork.

Symbol Symbol Subject Spontaneous Artwork Professional Artwork Total No
No.
Sy:{bol
Fig(6) | Fig.(7) | Fig.(8) | Fig.(9)| Fig.(10) | Fig(11) | Fig(12) | Fig.(13)
I Radiation Symbol 1 1 ] — 1 - —_ — 4
1 Atomic Orbits 1 - 1 1 — — — — 3
mn Sexual Fear i - 1 — — — — — 2
v Children Awarcness - 1 i —_ —— - — —_ 2
\Y% Tears — 1 — — —_ - 1 — 2
Vi Wounds (Cracks) — - —_ | ] —_ 1 i 4
vil Headache (Sickness) 1 - - 1 1 - 1 1 5
Vi Terror - -— —_— 1 1 1 1 s
IX Pessimism — — — 1 1 1 1 5

Table (2) Percent ape of

arl wark (N)

Number of symbols (S) to the Total Number of

Symbol No. Symbol Subject %ofS/N
1 tadiation Symbol 50%
" Atomic Onbits 37.5%
1 Scexual fear 25%
v Childhien awareness 25%
\Y Tears 25%
Vi Wotnuds (Cracks) 50%
\%1 Feadach (Sickness) 62%
VvIHl Tenor 62.5%
IX Pessimisi 62.5%

Table (3) Pereentage of Number of symbols (S) (o the Total Number of

atwork (N)

Symbol No. Symbot Subject %-S/N
T Radiation Symbol 100%
" Atomic Orbits 66.6%
i Sexual fFear 66.6%
v Childien awateness 66.6%
\ Teus 33.3%
Vil Headach (Sickness) 33.3%

Table (1) Percentage of Number of symbols (S) to the Total Number of

art wark (N) :
Symbol No. Symbol Subject %S/N
{ Radiation Synibol 20%
1l Atomic Orbits 20%
\% Tems 20%
Vi Waounds (Cracks) 80%
Vil Headach 80%
vill Tenor 100%
X PPessi-misn 100%
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Figures (12) and (13) were drawn by “LUIS TRIMAN" in black and white
forms expressing a cracked body representing the damaging effects of radiation on
human face in two different expressions.

Table (1) gives the number and the distribution of symbols used to express the
feelings of different artists for both spontaneous and professional artworks. [ The
symbols are located on the figures in roman numbers]. As illustrated in Figs. (6) to
(13), these symbols ranged from direct symbols [symbols (I) to (V)] to indirect ones
[(VD to (D).

Radiation symbol (I) that is normally drawn on the different sources of
radiation to warn people to take care of handling and using of the objects. The atomic
orbits (II) which is a scientific symbol were used to show the nucleus and electrons in
their orbits, sexual fears (II) as a naked female or arrows. Children awareness (IV)
which is symbolized by a face of a child drawn between the arms of radiation symbol.
Tears (V)is drawn directly on the crying eyes. Wounds and cracks (VI), headache (or
sickness) (VID), terror (VIII), expressed in the eyes or wolves and finally gun attack
and the pessimism (IX) expressed by the black background and on the drawn mouth.

Table (2) presents the percentage of number of symbols (S) to the total number
of art work (N). It is clearly indicated from table (2) that the percentage of indirect
symbols showing terror, pessimism and headache have higher values (62.5%) than
other direct symbols (which range from 25 to 50%) and express directly the artists fear
from radiation.

Table (3) gives the percentage of number of symbols to the total number of
artwork of the spontaneous artists. As indicated from the table, the spontaneous artists
have used radiation symbols in all their artwork as a direct symbol of awareness, also
atom orbits and sexual fear, which is of great importance where it reflects their fear
from the human destruction .

Table (4) gives the percentage number of symbols to the total number of
artwork of the professional artists. It illustrates their higher interest to express the
indirect feelings of bessimism and terror and lesser interest in expressing headache and
wound. The minimum interest was in using radiation symbols, atomic orbits and tears.

Figure (14) shows the percentage in the use of artistic symbols by both
spontaneous and professionals. It is clearly observed from the figure that the
spontaneous artists expressed themselves more using direct symbols while the
professionals were more expressive using the indirect symbols.

This means that they were expressing themselves in different ways according to
their culture and their background knowledge about the atom.The appropriate creation
of artists may lead to a better understanding and fearless living of public opinion with
peaceful uses of nuclear energy.

4. DISCUSSIONS

Up to recent time it was very rare that artists tried to forward their
understandings, impressions and feelings in connection with the atomic radiation and
nuclear energy in the form of paintings, sculptures and spoken word. If they did so,
they did it in order to express their grieves or fears which is negatively affecting
people. Some examples may demonstrate this; paintings which were created in
connection and after the radiological accidents at Chemobyl and Goinea in Brazil,
some of them also were presented as murals. Such paintings definitely are suitable to
influence people, as experience shows and if this in a negative sense it should be
possible to achieve also the opposite.



Artists should demonstrate this fact in the future by introducing appropriate
creations. ‘

Stage plays or theaters are another way for artist to express himself in front of
a larger number of audients. So, he has the vocation to forward a message to the public
and affect directly their opinion. Indeed after the radiological accident in Goinea, some
artists wrote stage plays on this accident to demonstrate its socioeconomic and
psychological impacts on the general public.

5. CONCLUSIONS:
From the analysis of the collected art work, paints, wntten words about the
radiophobia, The following conclusions can be drawn:
1: It was clearly found that the fear from the unknown was extremely exaggerated
It could be used as a measure of the negative effect on public opinion.

2:Due to the fear from the exaggerated danger the opposition of population against
nuclear actions increased. It leads to the antinuclear opinion which directly affects
establishment of new nuclear facilities in some countries all over the world.

3:The public opinion could be a controlled and oriented or directed towards the
benefits of the peaceful uses of nuclear energy.

4:1t is important to realize that the art plays a great role on the public opinion. So it
is important to upgrade the artists culture on atomic radiation with simplified
information written by scientific writers.

- 5:The artists having atomic and nuclear culture and knowledge could then be used
against this unknown with respect to people, by making art have a positive effect and
high lighting the benefits of the peaceful uses of nuclear radiation to mankind.

6:After positively art work orientation to population feelings; reconsideration to
its effect on the public opinion should be evaluated and measured.
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SOCIO-PSYCHOLOGICAL CONSEQUENCES OF RADIATION ACCIDENTS FOR
THOSE LIVING IN RADIOACTIVELY CONTAMINATED AREAS

AN. LIBERMAN, N.K. STRELNIKOVA, V.N. MURALOV, M.V. KISLOV,
E.V. KHRAMTSOV, M.A. BAZJ , M.V_KISL

Intitate of Radiation Hygiene, T AR
St. Petersburg, Russian Federation XAQ9745508

A complex of radiation-hygienic and socio-psychological studies was carried out in western areas of
Bryansk region contaminated due to the radiation accident at the Chernobyl nuclear power station and
population living in the areas of the Chelyabinsk region radioactively contaminated after release of
liquid wastes into the basin of the Techa river, and accident at the "Mayak" enterprise. In all 1256
persons were examined , including those of control groups.

In Bryansk district the following population groups of Zhukovsk and Pochep areas have been studied:
- permznent residents of "clean” settlements;

- relocated in 1991-1992 years from contaminated areas in these "clean” settlements;

- residents of contaminated territories (Yablonevka, Baturovka, Doubenets, Udobnoe, Selets, Medvedi,
Myrny).

Total number under observation - 525 persons. The level of anxiety has been studicd by Spielberg and
Hanin method and by interview on factors affecting the health and on measures to protect and
improve the health status.

In all groups of Zhukovsk and Pochep areas (place of relocation) the level of anxicty was similar
(Table I) with exception of group of relocated by whole families population in Zhukovsk, with higher
level of anxiety in comparison with permanent residents. The level of anxiety in relocated persons was
significantly higher than in residents of contaminated territories. In assessment of factors affecting the
state of health respondents mentioned "effect of radiation and hard work" (Table II).

The effect of radiation has been mostly blamed by relocated persons than by residents of contaminated
areas. In assessment of remedial actions population gave priority to improvement of work conditions,
increase of pensions and salaries (Table III).The effect of anxiety persisted for a long time and did not
decrcase with time of living in the new place of residence, as well as in the contaminated areas.

Table I
Anxxiety in'population of Bryansk district
Area for Intervied group Level of anxiety
relocation in units (1)
Zukovcky " Relocated persons 50,4 7+ 0 0,76*
Residents of conta- 4807+ 00,62

minated territorirs
Permanent residents 4987+ 00,78

(Clean area)

Pochepsky Relocated persons 49,97+ 0 1,57
Residents of conta- 50.97+01,83
minated territorirs
Permanent residents 496 7+ 02,02
(Clean area)
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Table II
Opinion on factors affecting their health (proportion in % of respondents
mentioned 2-3 basic factors; Bryansk district)

Factors Relocated Residents of Permanent
contaminated residents
areas (clean area)

Age 2 6 7

Hard work 20 14 25

Poor nutritions 7 11 0

Radiation effects 35 27 2

Environmental

and food pollution 8 12 13

Neurotic

environment 20 12 25

Family problems 7 14 17

Alcohol, smoking 2 4 10
Table LI

Public opinion on measures to improve health (proportion in % of
respondents mentioned 2-3 basic factors; Bryansk district)

Factors Relocated Residents of Permanent
contaminated  residents
areas (clean area)

Improvement of work

conditions 38 18 35
Increase of pensions

and salaries 23 18 35
Improvement of health i

care 13 6 5
Quality improvement

of water, air and food 5 3 5
Cessation of alcohol

drinking, smoking 0 2 7
Provision of compensa-

tions and privileges 0 1 0
Relocation to clear

areas 3 11 0
Radioactivity-free food

supply 13 40 5

The long-term anxiety phenomenon has been observed also in the Urals accident area in 1992-1993,
when 727 persons have been interviewed, more than 30 years after the accident, in 1949, river Techa,
and in 1957, East Urals accident. The study has been carried out on 460 persons from contaminated
area (more than 50 mSy) in comparison with control group (267 persons with the effective dose less
than 50 mSv) (Table IV).

The level of anxiety increased with age and in general was significantly higher in the affected group.
The similar to the Bryansk region public assessment of health status was observed in Chelyabinsk
(Table V, VI), with prevalence of radiation and hard work effect on health.
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Level of personal anxiety (in unite) depending on age (Chelabinsk area)

Table IV

All cohorts. Affected Control
age group group
(> 50 mSv) (<50 mSv)
20-29 4737+01,1 46,97+ 00,7
30-39 50,1 7+ 00,7 4807+00.9
40-49 50,1 7+00,8 4907+01.0
50-59 53.27+009 486 7+0 1.6
60< 53,87+009 5097+01.2
All ages 5137+004 4827+004
Table V
Opinion on factors affecting their health
(proportion in % of respondents mentioned
2-3 basic factors; Chelabinsk district)
Factors Affected Control
group group
(>50 mSv) (<50 mSv)
Age 24 16
Hard work 48 30
Poor nutritions 13 7
Radiation effects 69 39
Environmental and
food pollution 28 28
Neurotic environment 28 37
Famiiy problems 11 17
Alcohol. smoking 6 5
Table VI

Public opinion on measures to improve health (proportion in % of

respondents mentioned 2-3 basic factors; Chelabinsk district)

Factors Affected Control

group group
(>50 mSv) (<50 mSv)

Improvement of work

conditions 23 23

Increase of pensions and

salaries 60 57

Improvement of health care 52 50

Quality improvement

of water. air and food 16 30

Cessation of alcohol

drinking. smoking 4 7

Provision of compensa-

tions and privileges 72 26

Relocation to clear areas 8 1
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The lowest rate was given to alcohol and smoking and their cessation as a measure to improve health
The main way to health improvement was constdered 1n all groups as the increase of salanes and
pensions and provision of better health care

Comparative studies of psychological status of population in Bryansk and Chelyabinsk distnicts
defintely 1ndicate to long-term anxuety effects that practically do not depend on ume after accident
These phenomena could be explamned bv some kind of collective stress conditions or so-called
collective traumatic neurotization, leading to the increase of stress-dependent chronic diseases rate
and possibly related to the increase of morbidity and mortality from cardiovascular diseases in
Bryansk district with high incidence of hypertension and myocardial infarction, with 2-3 tmes
increase during first years after accidents

Simular increase of chromic morbidity from the so-called stress-dependent diseases (neurologic and
mental disorders hypertonic discase 1schemic heart disease stomach and duodenal ulcer some
endocrine and other diseases) has been observed 1n the Chelvabinsk case (Table VII) Some clauon
between stress-dependent diseases frequency and self-estimation of health status has been established

Table VII
Chronic diseases depending on age
(Number of persons with chronic diseases %)

Affected Control
All cohorts, group group
age (>50 mSv) (<50 mSv)
0* 1 2 0 1 2
20-29 61 11 28 72 16 12
30-39 50 17 33 43 23 34
40-49 24 36 40 29 26 45
50-59 11 56 33 31 46 23
60< 11 62 27 359 38

0* - no chronic diseases
1 - chromc diseases related to stress-factor
2 - chronuc diseases not related to stress-factor

CONCLUSION

No significant correlation between radiation dose and psychological tension level was found It 1s
suggested that the spread of psychological tension depends not on radiation factor itself, but on the
perception by population of the situation 1n contaminated areas after the accident The results of the
study show that mamn reasons of psychological tension in residents of the contaminated areas are
relocation of population, prolubition of local food and water consumption, and other limitations,
resulting 1n the disturbance of usual mode of life. diet and social activity Less than 10% of all persons
examuned 1 the Bryansk and Chelyabinsk regions agreed to move to noncontamnated regions

On the basis of the obtained results a complex of recommendations was worked out to decrease the
level of anxiety in population living (or having hved before) in contaminated areas It 1s
recommended to provide a tmely, complete and objectuve information on radiation situation and
degree of nsk, and measures taken by authonties for the improvement of socio-economical conditions
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THE PSYCHOLOGICAL EFFECTS OF CHERNOBYL ON THE VICTIMS

Yu. SAENKO TR
XA

Institute of Sociology, 9745509
Kiev, Ukraine

Introduction. Social and psychological post-effects of Chernobyl disaster have
turmed out onc of the most unpredicted unexpectednesses by scale and extent
in the post-catastrophe period. Certainly, it was necessary to start to study this
phenomen from the very beginning in the monitoring comparative mode.
However, the lack of understanding the urgency of this problem, from onc
side, and the lack of funds, from the other side, have led to the fact that.
beginning only from 1992 thru 1994 there have been camried out in Ukraine
three systematic studies of socio-psychological post-effects of the disaster
funded from the state budget. All the studies performed further by Western
rescarchers were of episodic nature. If Western funds intend to continue to
allocate the funds for such studies, it would be better to do it, involving the
Institute of Sociology of the National Academy of Sciences, Kiev, Ukraine
that functions as the National Coordinator on this problem, possessing of
proper expericnce and system resuits.

Method. Mass socio-psychological interviewing of all categories of suffered
population has been conducted by questionnaire. Survey method is the
interview. Representative quota sampling is according to the criteria of place
of residence (city, village), type of settlement, sex, age and level of education.
Reliability of results is equal to 3-5%.

Results. The disaster has made a tremendous destructive impact upon socio-
psychological state and socio-cultural orientations of the population. Apathy,
passivity, paternalism, lack of initiative, loss of future, fear of suffered
environment, loss of belief in support from the side of authorities, syndrome
of doomed, fear for health and future of children is the uncomplete list of
typical characteristics of the suffered people. The migrants adapt very hardly
to natural-climatic and socio-cultural conditions of new place of residence,
they have quite a high level of nostalgia, almost all adults want to return to
old places. There have been fixed a number of paradoxes in orientations of
the suffered people. The radius of socio-psychological impact of disaster was
found to be much more greater than the radius of radioactive hitting. There
have been detected radioactively “clean™ areas in Zhytomyr region, residents
of which, by the level of socio-psychological impact of disaster, do not differ
practically from the residents of readioactively contanunated territories. In
some cases the level of their fears even exceeds the level of fears of the
suffered. There have been fixed in the 1994-1995 studies that general and
political crisis in Ukraine has “covered” the Chernobyl factor, the people
have reconciled themselves to their destiny, and their low living standard and
absence of clear perspective to pass through the crisis frighten them out of
existence more than the Chernobyl. There has been fixed the “psychological
tiredness” due to permanent stress situation. In my view, methods of mass and
socio-psychological rehabilitation are of limited effectiveness, without
improving political and economical situation in the country.
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Conclusions. Socio-psychological studies should be carried out in complex
with the other studies in the monitoring mode. Involved Western funds for
conducting socio-psychological studies of Chernobyl disaster post-effects
should be co-ordinated with the Institute of Sociology of the National
Academy of Sciences of Ukraine. These studies must be continued, because
the “memory of trauma” remains at the sufiered population, and while
improving an economic situation, the “Chernobyl factor” again will be valid.
Especially as, it is not known, how the small radiation dozes will influence
upon socio-psychological state and physical health of 130 000 suffered people
who remained to reside in radicactively contaminated zones.

The Chernobyl disaster is the global catastrophe of XX century. The deep
bases of mankind -- spiritual, social, material -- have shuddered. Chernobyl has
appeared as the result of undoubtful priority of engineering and technology and
economics thought over ecologic and humanistic expediency. Chernobyl is the
planetary multifactor unique hypercomplex event that should be studied and treated,
using not elementary linear or mosaic measures, but involving non-ordinary non-
traditional and complex methods.

This Chernobyl “explosion” has occured long before 1986, just in the period
of planning, designing and adopting the decisions on the nuclear reactor type and
region alotted for the construction of it. This is the spiritual, moral-ethical tragedy,
first of all.

Moscow has taken in arbitrary manner the decision on the construction of the
Chernobyl Atomic Power Station. Moscow has managed overall work at the
Chernobyl construction site. Moscow commanded to start that saddly known
experiment resulted in the explosion. Moreover, even today we do not know, for
sure, of what nature -- technical or militarv -- was that experiment at the 4th block?!

Moscow has said no word, it has taken no step to remedy post-Chernobyl
situation in Ukraine. Quite the contrary. When Russia fastens the noose of prices on
energy carriers, suddenly shot up to the world level, around Ukraine’s neck and
strangles, by doing so, it compells Ukraine to run even the blocks of the Chernobyl
Atomic Power Station.

Chernobyl is the energetic tragedy, no doubt. The myth of “peaceful atom” is
undermined. The safety of atomic power engineering raised doubts. kaely, searching
for alternative kinds of energy is the only way to salvation.

Chernobyl is also the methodological and organizational tragedy: neither
science nor technology do know and do manage to cope with it. We do not cure,
but do make it worse by unskilful treatment. This the tragedy of crisis and begging.
From one side, it ought to curtail nuclear power engineering, bot from the other --
may we allow this to ourselves under the power famine situation that is the result,
incidentally, of outdated power consuming technologies.

However, the most striking unexpectedness of Chernobyl has been its socio-
psychological strike at the population. Ecological, economical and medical post-
effects could be foreseen, to some extent. More than convincing experience of
Hiroshima, Chelyabinsk, nuclear test range of Kazakhstan gave some grounds for it.
However, it has been Chernobyl that has demonstrated tremendous destroying impact
on socio-psychologic sphere of vast masses of population -- up to 6 000 000 of
people (including Kiev habitants, suffered, in fact, but not recognized, offcially, as
such ones).
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The first socio-psychological studies have fixed symptoms of different aspects.
Break-down, astheniazation, headache, memory weakening, sharp health worsening.
Alarmedness and fear for children’s and own health and fate. Fear of uncertain
future. Feeling the total menace and absence of commomn sense. Feeling keenly the
dissonance of the authorities statements: ‘Evervthing is okay, there is nothing terrible
in the Chernobyl disaster” and great mass resettlement actually and the other large-
scale acts of the Chernobyl disaster liquidation. There is no confidence to the
authorities. Acute problems of resettled population. The syndrome of doomed.

The first sociologic study of socio-psychologic post-effects of the Chernobyl
disaster has been carried out by the Institute of Sociology of the National Academy
of Sciences of Ukraine in 1992. Beginning from that time, these studies have
assumed the more systematic character. There have been interviewed more than 10
000 of suffered people, resettlers, in particular. 60% of the suffered have testified the
dread of foodstufis, feeling of fear and helplessness, sleeplessness and shortness of
temper; 20% noted that they have no appetite. Almost 30%, in general, lost their
interest to life. 45%, answering the question “What do you intend to do for finding a
way out from this hard situation?!”, said “Nothing”! The suffered people fall in the
state of to be infatile socially. There is formed “the community of doomed”, who
rely, mainly, upon God, sometimes on themselves, the near relations, the state aid
for life. 90% of these people are concentrated only on their own health, and health
of their children and near people.

The resettlers possess of the crippled socio-cultural and landscape space, they
are hardly adapted to new conditions. A half of them wants to come back to native
places, even radioactively contaminated. Moreover, “the Soviet model of life” --
irresponsibility, helplessness, absence of initiative -- has sticked fast in quite a great
number of people. So, for example, only 7% want to have their own property, and it
does not matter for 40% who will possess of the property; 30% are for the state or
kolkhoz property, and more than 20% have not formed their own opinion of it.

The people are inclined to hyperbolize the Chernobyl disaster post-effects:
whatever happens with them they put down to “the Chernobyl factor™.

Carrving out the resettlement too chaotically has shown what the irreversible
influence on the state of mind, social and socio-cultural status of the resettled
population, especially, of elder age is made by such unreasoned actions. Due to
prolonged hushing up by the USSR government the Chemobyl disaster scales and
post-effects, the suffered population as well as population of Ukraine, in general, has
experienced hardly the double stress, “two Chernobyls”. The first is obejective, the
second is of informational nature when mass media has received, at last, an
opportunity to open the truth about the Chernobyl Atomic power Station Disaster.
The Chernobyl has marked the beginning of searching for the new post-Chernobyl
models of survival for the whole mankind, not only for Ukraine itself. It has dictated
the requirement to change cardinally value-normative space of life and complex
analysis and synthesis of all factors of the survival

The interviewing in December 1994 has covered 1 200 respondents, who
belonged to such categories of Zhytomyr region population: II zone, obligatory
settling out - 300 persons; III zone, free-will settling out - 300 persons; IV zone,
high radiation - 300 persons; “clean zone”, control zone - 300 persons. The sample
is representative by age, sex, education, place of residence (city, village) and family
structure.

Due to the lack of funds, researchers selected, as a “clean” zone, the
Zhytomyr region areas, not listed in the register of radioactively contaminated zones,
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where the people from the II and III zones have been resettled to. Unexpectedly, we
registered such a fact. The residents of “clean” areas do not differ in the least, in
their socio-psychological self-appraisals, from the residents of radiocactively
contaminated territories. This fact indicates that the radius of socio-psychologic
impact is vastly larger than the radius of radioactively suffered territory.

For example, the life plans of residents of territories under comparison are
practically the same:

Clean Disaster
Areas Zones
Life Plans:
- To search for additional earnings 55 42
- To do nothing, only to survive 28 24
- To rent or buy a plot 8 14
- To be retrained 6 11
- To be engaged in making business 11 21
Perception of the Chernobyl disaster:
- We are living as before 14 19
- We are overcoming everything 36 47
- Irreparable fatal thing came about 15 10
- We have no future 4 6
- Children have no future 22 14

The population, irrespective of residence area and degree of its radicactive
contamination, is fully concentrated on the problems of elementary survival. The
most pressing needs are money aid, medicines, food products, clothes. In the
interim_ such active orientations of activity as a retraining, setting up a business or
acquiring a plot for farming remain in the background. In settling the problems of
survival, the people rely, mainly, upon themselves, their families and near persons.
They rely a little in this matter on public oraganizations and do not trust the
authorities’ structures. It is the Ministry of Affairs on Protection of the Population
from Chernobyl Disaster Post-effects with which the suffered people connect bigger
hopes, comparatively to the other organizations, to improve the situation that has
arisen after the disaster. 30% of the suffered people and 46% of “clean” area
residents did know practically nothing of the Law On Status and Social Protection of
Citizens Suffered from the Chernobyl Disaster, or could say nothing of it. And only
1% of both the suffered people and “control” respondents consider this Law as the
just, complete and effective law.

This is too alarming symptom. It testifies the apathy, distrust, utmostly lowest
level of legal consciousness of the population, and spiritual emptiness, information
deafness, law-making and organizational insolvency from the side of the state and
civil society. It may search for explanations in pateralistic stereotypes of the
population that has been weaned from independent thinking and initiative actions by
centuries, in the youth and poverty of the state and immmaturity of civil society, in
absence of experience from the side of world community for large-scale actions of
support that Chemobyl needs, though they themselves only will not mend matters.
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Self-appraisals of socio-psychological siate and orientations
(in % to the interviewed people) of
residents of the II and ITI radioactively contaminated zones, resettiers and residents of

comparatively clean zone.

June 1992. The Institite of Sociology of
the National Academy of Sciences of Ukraine

Chernobyl Disaster Post-Effects of
Worsening:

health

material conditions
attitude to the authorities
standing at the work
relations at the family
attitude to religion

Forecast of the future:

all things will settle one way or
another, it is not terrible

we must seek the way out from this
situation

it is better not to think of it

the worst is still ahead

we are doomed

What do they hope for?

for themselves

for the authorities
for science

for foreign aid

Disaster

Zones

81
45
43
38
42

4

11

18
38

"

e it

Resetilers Clean

Zones
85 20
65 35
45 32
40 6
30 6
3 1
9 17
20 28
28 18
26 21
15 6
45 57
13 5
4 10
1 4

Self-appraisals of socio-psychological state and orientations
(in % to the interviewed people) of
residents of the I, II and ITI radicactively contaminated zones, resettlers and residents

of comparatively clean zone.

December 1995. The Institute of Sceiology of
the National Academy of Sciences of Ukraine.
The number of interviewed persons is 700.

Clean
Areas

1. The Chernobyl disaster is
perceived as follows:
- Irreparable fatal thing came 9

about, we have no future

- We live, as if nothing came 37
about
2. Residing in radioactively 52

contaminated environment
(air, earth water, plants)

3. Wishing to resettle to the other 1
territory of Ukraine

Resettlers IT and 30 km

37

0.5

54

I Zones Zone
Residents Residents

48 70
6 3
90 98
36 5
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4. Having the bad or terrible

state:
- Material conditions 57 51 50 99
- Adults’ health 33 42 53 91
- Children’s health 15 13 41 -
- Psychologically feeling 27 25 26 - 70
themselves
- Housing conditions 7 8 12 21
- Food 19 7 11 91
- Relations in family 1 2 3 8
- Relations with other people 2 2 5 8
- Conditions for treatment 44 21 66 99
5. Lack of incomes for a living 40 77 65 95
6. It does not matter what food to 56 60 60 98
eat, if only to have something
7. Adults have chronic diseases 26 55 52 100
8. Success factors in life:
- Of will origin: initiative, 38 48 16 8
dodgeness
.= Intellect: education and 27 54 12 8
qualification
- Efficiency: persistent work 34 26 45 4
- Of myth nature: lucky 27 16 32 10
chance, lucky way of life
Self-appraisals of socio-psychological state and orientations of
“samosels” -~ the residents of the dead 30 km alienation and astrangement zone
(in % to the interviewed people)
December 1995. The Instifute of Sociology of
the National Academy of Sciences of Ukraine.
The namber of interviewed persons is 160.
1. Residing in the zone more than 5 years 93
2. Out of them those who has resettled never from the zone 52
3. Residing here, because here everything is native 98
4. As far as possible from the society, politics and authorities 80
5. Residing here, because we want to be independent people 72
6. We want to remain in the zone for ever 99
7. We have suffered strongly and seriously from the disaster 100
8. The disaster has broken our life, we do not have the future 70
9. Residing there where all is radicactively contaminated -- 97
air, earth, water, plants
10. Having the bad housing conditions 20
11. Having the bad material conditions 99
12. Having the chronic diseases 90
13. We feel ourselves psychologically bad 70
14. Do not have medical servicing 99
15. Observing the strange changes in the people, animals and 98
plants
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It is seen from the above that the population of disaster zones, in absence of
the proper support and advice, has accustomed to all of this for long ten years after
the disaster, and directed thoughts and efforts to getting the living and daily bread,
safeguarding children, and then -- higgledy-piggledy.

The studies of December 1995. There have been interviewed 700 persons,
including the II zone residents -- obligatory settling out, the III zone residents --
free-will settling out, as well as the resettlers and the “clean™ zone residents from the
Poltava region territories. It is the results of studying “samosels” -- the residents of
the dead 30 km alienation and astrangement zone, the persons who took their old
residence again (or new ones) independently, without anthorities permission, the
number of which exceeds 1 000 persons that deserve a special attention. This is the
particular phenomen of post-Chernobyl situation. The results of the study given
below are so significant that they require no comments, taking into account the
limited size of this paper.
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PSYCHOLOGICAL STUDIES OF CHILDREN AFFECTED BY
THE CHERNOBYL ACCIDENT MADE DURING THEIR STAY IN CUBA

A. LORENZO RUIZ, R. PEREZ LOVELLE, B. PEREZ IBARRUR],
M. VASILEVA ANGUELOVA, L. BECQUER GORDON

Hospital Peditrico Tarars, A

La Habana, Cuba XA9745510

G. AMARGOS GONZALEZ
Hospital Psiquiatrico de La Habana,
La Habana, Cuba

ESTUDIC PSICOLOGICO EN NIROS DAMNIFICADOS

DE CHERNOBIL DURANTE SU ESTANCIA EN CUBA

INTRODUCCION

El accidente de la Central Electronuclear (CEN) de Chernobil,
constituye una catéstrofe por su magnitud, pérdidas ecolbgicas, que
muy dairectamente afectaron los intereses vitales de algoc mas de 4

millones de personas.

En funcién de sobreponerse a sus consecuencias. muchas veces se ha
prestado mayor atencién a los aspectos econdmicos y materiales.
olvidando su innegable naturaleza también psicosocial. Desde los
estudios comenzados durante los bombardeos atdmicos a Hiroshima vy
Nagasaki en Japdn. han sido demostradas las reacciones humanas durante

este tipo de desastres, su esencia y contradicciones (1i).

El accidente de Cherncbil. como cualquier desastre, rasa una serie de
estadios. Partiendo de los criterios establecidos ror Cohen et. al.
(2), actualmente estamos ante la fase post-traumdtica, la més compleja
en sus aspectos psicosociales, inclusive en el caso de lograrse unas
exitosa soluciédn de muchas interrogantes técnicas y econdmicas. dado

que no todos leos individuos no perciben por igual estas situaciones.

En Psicologia sz reconoce que la psigquis en todas sus manifestaciones
actia como un producto activo de la interaccidn del individuo con su
medic circundante. Sin embargo, se mantiene abierta la interrogante en
relacién al rol del sujeto mismo en dicha interaccion. En tanto, de

gran interés resulta abordar la problemé&tica de la actividad del nifio,
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en particular sus posibilidades de readaptacidén en condiciones
desagradables o dificiles de interaccién con la naturaleza y el medio
social. Ejemplo vivo de ello lo constituye el accidente de la CEN de

Chernobil.

A partir de la primavera de 1890 en Cuba se ha organizado un programa
médico-sanatorial especializado, el cual ya abarca cerca de los 15000
nifios y adultos acompafiantes, todos procedentes de &reas afectadas por
el accidente de Chernobil. El programa se caracteriza tanto por la
organizacién de una precisa atencién médico-especializada con el
sistema cubano del Médico de la Familia, como por 1la calidad en 1la
organizacidén de actividades culturales-recreativas, todas basadas en

las caracteristicas psicosociales de esta poblacién damnificada.

En esta direccién fue organizado especialmente un servicio de atencién
psicoldgica, interrelacionado con todas las estructuras médicas y dJe
los servicios. El mismo lo integran especialistas de Psicologia
rusoparlantes y conocedores de la cultura ex-soviética, lo cual les
permite disehar y eJjecutar diferentes programas de acciones

psicosociales.

Para la ejecucidén de este programa fue seleccionado el Campamento
Nacional de los Pioneros, ubicado en Tarard a orillas de las »layas
del este de la Habana, centro sanatorial donde los damnificados

descansan 45 dias como promedio.

OBJETIVOS

OBJETIVO GENERAL:

Evaluar el sistema de acciones psicolégicas a que se someten los
damnificados de Chernobil, que reciben tratamiento en Tararé&, teniendo
en cuenta, tanto las variables referidas al desastre en si, como las
gque dimanan de caracteristicas personales que influyen en la

adaptacidn psicosocial de esta poblacién.

OBJETIVOS ESPECIFICOS:

1.- Estimar la mejoria en Salud Mental en el transcurso de la estancia
en Cuba, asi como la satisfaccidn con los diversos servicios

recibidos.
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2.- Determinar algunas caracteristicas del Cuadro Internc de la

Enfermedades (CIE) en damnificados con padecimientos crénicos.

3.- Identificar y cuantificar los principales factores influyentes en
la adaptacién psicosocial de esta poblacid6tn damnificada, tanto
referidas a las caracteristicas del desastre tal y comoc han sido
percibidas por los damnificados, como los dependientes de

caracteristicas de personalidad.

4.- Disefiar y ejecutar un sistema de acciones psicoldgicas, basado en
las investigaciones realizadas al efecto, para facilitar la adaptacién

psicosocial.

En este trabajo pretendemos integrar los diferentes estudios

realizados por nuestro equipo de trabajo.

MATERIAL Y METODOLOGIA

Se selecciond® una muestra de 404 nifios damnificados de Chernobil, en
edades comprendidas entre 11 y 17 afios de ambos sexos, de 1los cuales
140 (34.65 %) corresponden a pacientes con enfermedades crdnicas
(Vitiligo, Alopecia, Psoriasis). Donde los nihos sanos sSe considerarén

el grupo control en relacidn a los enfermos crdnicos.

La investigacidn se realizd teniendo en cuenta las caracteristicas
biomédicas generales y especializadas agrupadas en la base de datos
computarizada Quest Tree de nuestro centro, la observacidén clinica vy

los siguientes test y cuestionarios:

1.~ Cuestionarios de satisfaccién con 1los servicios recibidos. Se
aplican al final de la estancia en Cuba. (Variable - Satisfaccién de

ios servicios).

2.- Inventario de Autocevaluacidn Ansiedad Rasgo / Estadoc Infantil
IDAREN (STAIC) de Ch. D. Spielberger. Se aplica al principio y al

final de la estancia en Cuba. (Variable - Ansiedad).

3.~ Cuestionario de Depresién, confeccionado sobre la base del Test de
Dercesién IDERE de J. Grau y M. Martin, elaborado a 1los efectos de
esta investigacidén. Se aplica al principio y al final de la estancia

en Cuba. (Variable - Depresidn).

4 .- Escalas de Autovaloracidn de Dembo-Rubinstein. modificacién de T.

M. Gabriyal. (Variable - Autovaloracidn).
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5.- Inventario de Personalidad de Eyzenck, modificacidn del Instituto

de Psicodiagndstico de Kiev, Ucrania. (Variable - Personalidad).

6.~ Test de Thomas, el cual evaliia las formas de reaccién ante

situaciones de conflicto. (Variable - Afrontamiento).

7.- Cuestionarios de magnitud de las pérdidas; incluyve las siguientes
variables:

a) pérdidas materiales,

b) pérdidas en el sistema de relaciones,

c) pérdidas del bienestar subjetivo.

8.- Escala de credibilidad del individuo de 1la magnitud de las
pérdidas. (Variable - Credibilidad).

G.- Cuestionario Valoracién del individuo de la informacién recibida

acerca del desastre. (Variable - Grado de Informacidn).

10.- Cuestionario de eventos vitales previos al desastre. (Variable -

Eventos Vitales).

11.- Cuestionario Control del destino. (Variable - Control del

Destino).

Para el andlisis estadistico, toda la informacién fue almacenada en
una base de datos computarizada. Las correlaciones y comparaciones
fueron hechas con ayuda del software Stadgraf, tomandose un
coeficiente = ©.05, asi como su coeficiente K para comparacién de
pardmetros idénticos entre dos muestras de una poblacién. Es decir, a
continuacidén las significaciones estadisticas las abordaremos siempre
tomando en cuenta los dos grupos de sujetos, los sanos y los enfermos

crénicos.

ANALISIS DE LOS RESULTADOS

La valoracién de la estancia en Cuba es de muy satisfactoria.
Practicamente el 92 % valoraron su estancia en Cuba de MUY BUENA a
BUENA, con una tendencia mé&s marcada en los ninos c¢on enfermedades
crdénicas. Es decir, todo ello independientemente de 1o novedosc de una
cultura y condiciones de vida diferentes, observédndose una buena

adaptacidén al medio.
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Ello estd en 1gual direccidn que los resultados de la evaluacidén de

Ansiedad y Depresidn

La Personalidad en formacidn de estos infantes refiere en el 45.798 ¥%
de los casos aumento de los elementos neurdticos y manifestaciones de
labilidad emocional. un 32.18 % reflega introversidén yv el 22.03 %

extraversidn

La Autovaloracidén por su parte no tiene un carécter diferenciado (por
todas las escalas), ni patrones medios, lo cual 1indica hacia sus
1nadecuaciones, donde tanto 1los rasgos neurotizantes, como las
inadecuaciones de la Autovaloracidén se manifiestan como tendencia
predominante en los enfermos crénicos. Ello posiblemente manifiesta la
subgetividad de la personalidad como mediador para contrarrestar las

situacicones estresantes y como una especie de defensa psicosocial

En esta direccion. es importante sefialar como al finalizar de la
estancia en Cuba los estilos de afrontamiento a situaciones de
conflicto y/o generadoras de estrés tienden a formas mads adecuadas ¥y
estructuradas de reaccidn y maneyo. Resaltando una vez més los mayores

aprendizajes en los enfermos croénicos.

En su congunto todas las variables reactivas en relacidén al accidente
de Chernobil consideramos pueden ser agrupadas dentro del -conocido
sindrome de estrés post-traumético (5,6), pues resulta llamativo 1la
pobreza de la unidén 1lb6gica entre 1los objetivos y los medios para
lograr su alcance, consideréndose la falta de posibilidades reales vy
experienclias para la solucién de situaciones de esta iIndole de

complegidad y novedad

Por ejemplo, la preparacidn prsicosocial previa al desastre en esta
poblacidén se manifiesta de forma insuficiente. En tanto, las
informaciones de carécter cientifico acerca del accidente en la CEN de

Chernobil para estos infantes resulta poco convincente y creible.

Igualmente encontramos como la mayoria de 10s nihos se cons.deran
afectados en el planc material, muy 1insatisfechos con 1los cambios
ocurridos en los sistemas de apoyo psicosocial (familia, escuela,
amigos , etc) Inclusive negativamente valoraron las repetidas
evacuacliones y sus mecanismos, la continuiadad de la wvida en zonas
contaminadas por radiocoactividad sin olvidar ni un 1instante sus

posibles repercuciones sobre la vida humana.
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Pudiera abordarse como con frecuencia los nifios refieren un variado
grupc de situaciones estresantes tales como: enfermedades y muerte de
seres queridos, conflictos individuales-grupales-familares, las
posibilidades de situaciones similares al accidente de Chernobil, etc,
donde todo ello deja sus huellas en la insuficiente preparacidén para

su autoreafirmacidn y andlisis de la vida futura.

El carécter amplio de estas informaciones nos 1lleva a meditar en
relacién a todos estos parémetros psicosociales, sin dejar de
considerar las emociones como reacciones organismicas que Juegan un
papel importante en la determinacién de la salud, ... , una exitacidén
emocional puede producir cambios patolégicos en el organismo (3). En
tanto las reacciones emocionales crénicas pueden conducir a patologias
crénicas, apareciendo las personalidades con una estrategia

determinada de enfrentar la vida (4).

Tal parece ser el caso de las diferencias sustanciales que detectamos
en los enfermos crénicos, donde estas reacciones emocionales negativas
(incluyendo las consecuencias psicosociales del desastre en si)
guardan cierta interrelacidn con la etiopatogenia, curso, evolucién vy
tratamientos especializados de sus enfermedades de base, segin los
propios pacientes refieren. De ahi las alteraciones detectadas en el
cuadro interno (subjetivo) de la enfermedad. No obstante, sus mejorias
en salud mental con la estancia en Cuba, son muy superiores a 1los
nifioe sanos. Resultados gue explicamos como posibles factores
asociados a la efectividad y satisfaccidén con los tratamientos médicos

especializados recibidos, particularmente la Histoterapia Placentarisa

[

qQue reciben estos enfermos crénicos, sSegin la metodologia de
cientifico cubano Dr. Carlos Miyares Cao (11), en el Centro de

Histoterapia Placentaria de Tarara.

Las experiencias acumuladas en la atencidn integral a lcs damnificadcs
de Chernobil fue aplicada con iguel efectividad en la rehabilitacidén
psicosocial de uh grupo de familias radicaccidentadas brasilefias (i2),
en ambos casos poblaciones damnificadas por desastres asociados a la

radiocactividad.

CONCLUSIONES

1.~ Presencia de valores llamativos de Ansiedad y Depresidn, con

tendencia a disminuir al finalizar la estancia en Cuba.

2.- Alteraciones en la personalidad en formacidén con predominio de
rasgos neurotizantes, inadecuada autovaloracién u insuficiencias de

afrontamiento.
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3.- Vivencias de pérdidas significativas, destacédndose las propias del

sistema de relaciones sociales.

4.- Percepcidn en grado significativo de etiguetamiento v

estigmatizacidédn por ei desastre.

o

5.- Tendencia a sobrevaloracidén de los efectos reales de 1
contaminacidén radicactiva sobre la salud. hasta considerarla causa

generadora de enfermedades.

6.- Impresionan insuficientes la preparacién psicolégica previa de la

poblacidén y la informacién recibida en relacidén al desastre.

7.-— El1 cuadro interno (subjetivo) de la enfermedad manifiesta
inadecuaciones en relacidén a las realidades de cada patologia, dado
las notables influenciac gque tienen las valcraciones cognitivas vy

psicosomatizaciones detectadas.

8.- Superiores en los enfermos crénicos los matices negativos
" relativos al desastre y las mejorias de salud alcanzadas durante la

estancia en Cuba.

8.- La situacidén social de esta poblacidén actia sobre el desarrocllo de
la Perscnalidad Infantil en formacién como un conjunto de situaciones

estresantes.

1@.- Tendencia hacia la deformacidén del Cuadro Vital del adolescente

rl

actual y futuro.

11.- El desastre de Chernobil en general se considera una situacién

extrema, novedosa y compleja por sus repercusiones.

12.- Valoracién positiva de la estancia en Cuba, resaltando la

satisfeccidn con los servicios médico-especializados recibidos.

13.- Finalmente, la constatacidén de mejoras en la salud (de la mental
en lo particular) durante la estancia en Cuba, nos inclina a evaluar
el sistema de acciones psicoldgicas-médico-especializadas como prorias
de una favorable readaptacién psicosocial para una poblacidén

damnificada por desastre.
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