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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 IAEA and the UNDHA. The
Forum was held at the IAEA 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 pan 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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XA9745441
REPRODUCTIVE STATE OF HEALTH AS A CRITERION FOR
DETERMINISTIC EFFECTS OF LOW RADIATION DOSES

L.A. BULDAKOV, I.Ya. VASILENKO, S.I. DEMIN, A.M. LYAGINSKAYA,
M.M. SAUROV
Russian Federation State Science Centre, Biophysics Institute,
Moscow, Russian Federation

COCTOflHHE PEIIPQflyKTHBHOrO 3#OPOBB5I
KAK KPHTEPH& £ETEPMHHHPOBAHHbIX
34><I>EKTOB MAJIblX £O3 HSJiy^IEHPIff

JIA. EyjiflaKOB, HJI. BacmieHKO, C.H. jQ[eMHH,
A.M. JlarraHCKaa, M.M. Caypos

u,emp PoceHftcKoft <I>eaepamfH - HHcnrryr OHO^HSHKH, MocKsa

H3MeH6HHa T3KHX HOKasareadi penpOayKTHBHOFO 3aOpOBba, K2K MepTBOpOXaaeMOCTb, 3360-
JieBaeMOCTb HOBOpOXaeHHHX, HaCTOra BpOXaeHHHX aHOMaJIHft, CMepTHOCTb HOBOpOXaCHHblX,
K2K B paHHHe qx>KH (nooie TJepHoSbUibCKoft aBapHH), TaK H B orjiajieHHHe cpoKK

nocjie paoHanHOHHoro BosndfcxBaui, HMCJOT nojioxHTe^bHyro Koppejismno c
CJieft penpojryKTHBHoro aaoposba MOXCT cnyxurb noKaaaTCJieM

, o&iyreHHoft B Manbrx aoaax.

PenponyxrHBHoe 3flopoBbe jiBJiflerca OOTHM H3 HaaGojiee couHanbHo-sHaiHMbix
HKBuca K nonyjisnHH. IIo coBpeMeHKHM paoHoGHOJiormecKK
penpojryKTHBHoro wopoBba asnaioTca OOTTHM HS HaHobaee pano oximaeMbix

. 3$$eKroB oGjryqeHHfl iiKweft B MaJibrx flosax.
rroKasareJDiMK penpojiyKTHBHoro 3zropoBBa sssKsnarcx rroKasaremff COCTO^HHST

3ffOpOBb« 6epeM6HHOft XCHmHHbl, HCXOflM GepeMCHHOCTH (caMOnpOH3BOJIbHHC aSopTbl H

BbiKHUbimH, HeflOHoraeHHOCTb, MepTBOpoameHiw, paHHfla HeoHaranbHas H nepHHaranbHaa
ra6ejib HOBOpoxHCHHoro), cocroaHHe saopoaba noroMCTBa, BBHO^aa oiieHKy nacroTH H xapaK-
Tepa spoxaeHHoft H HaoieacTBeHHoft naronorHH. Ho cosoKynHocrH 3THX noxasaa-eneft MOXHO
cyflHTB o nooieflCTBHax o6^yqeHH« He ro^bKo ceroizpiainHero, HO H oyjrymHX noKOJieHHJi.

Ho coBpeMeHHHM EfpeacraBJieHHaM o reHerinecKHX 3$4«Krax pagHaiiHH, ICTKO perHcrpH-
pyeMbie $eH°THnHtiecKHe HapymeHHH y noroMCTBa (BHyrpHyrpoCHaa rH6eab, anoManHH H
BpoxaeHHbie nopoKH pasesm&i, paHHHH nocrHaranbHaa rK6e^i> H fyusKonorwzecKasi ocjiaSjieH-
Hocrb poxneHHoro noroMCTBa) HMCIOT reHerinecKyio npHpojry.

TaKHM o6pa30M, noKaaaTenn penpojjyicrHBHoro aflopOBBJi no3BOJiHK>T oneHHTb H KOHTPOJIH-
poBarb MHaMKK? He To^bKo coMaTHraecKoro, HO H reHeriraecKoro sjioposbK HHjmflffita H nony-
nsmjsn na nporflxenHH HecKonbKax UOKOJICHEDEL

noKasare^H penpoayKTHBHoro aaoposbji (P3) y JIHH noaBeprranxcfl joyiHTejibHOMy
B03JXeftCTBHK> BO BpCMfl npOXHBaHHfl Ha paffHaUHOHHO 3arpfl3HeHHbTX TBppH-

nocae aBapHH B ̂ epnoGbine H Ha K>XHOM Ypa^e. HccneflosaffH B ^HHSMHKe 8 noicasa-
P3. lion HaGjuoaeHHCM 6bmo 40-103 iwioBeK, npoxHBaiomHx na TeppHropnax c IUIOTHO-

crbK> BbinaacHHa 137Cs or 1 40 15 Kn-iar2 npH aosax BHemnero H3^yieHHfl or 7 so 68 M3s.
CpasHeHHe naHHbDc aHHaxtHKH P3 xeHmHH PasaHCKOft H BpancKoft oSjiacTeft

HaceHCHHe yKasaHHbix oGnacreft paajnnaerca xaK no HcxojjHOMy ypOBHio P3 (B
nepao^ raK H no HHTeHCHBHocrn KO3<txJ)KuifeHTOB HSMeHqHBocTH B

rojibi. B RpaHCKoft oSjiaciH B noaBapHHHbiii nepwoa BHme HCM B PasaHCKoft oO^acrH 6buia
, HHXC noKasaTCJiH oomeji safkwieBaeMocTH HOBOpoacaeHHbrx, qacroTH BpoxaeHHbix



, npexaeBpeMeHHNX poaos, HO Bbime - saooneBaeMocrb 6epeMeHHbrx H He6na-
HCXO,HOB SepeMeHHOcreft, MeprBopoxflaeMocrb. B nocneaBapHHHbie ro^bi B KOH-

paftoHax BpaHCKoft o&iacrH HMOIO MCCTO yjiy^meHHe 6 aHanH3HpyeMHX
H yxymneHHe (orpHnarejibHafl OTHaMHKa) no 2 noKasarejiaM,

B Pa3aHCKO& ooflacrH no 5 noKasarejiHM Ha&moflajiacb orpHuaTe;ibHas flHHaMHKa H TOJIBKO
no 3 - nojioxHrejibHasi.

oSpaaoM, B floasapniiHuft nepHOA B EpjmcKoft oCjiacro xyxe GHJIK
6epeMeHHbK, a B PssaHCKOH o6^acTH - noKasareflH sjiopoBba HOBOpoxnenHbix.

B sarpaaHeHHbix paftonax PasaHCKofi o&iacrH c nnoTHOcrbio O7Cs B noise 1-5
Sojiee BbrpaxeHHyio, ICM B floasapHftHbrti nepHoa H B KOHrpojibHbix paftonax

n.o mem noKaaaTejtaM. H3 BocbMH OCHOBHHX BSHTHX wiff cpaBHH-
HirreHCHBHbie noKaaareair (Koo4'4JHnKeHT OTpHuara'ibHoii

o5meft saOo^eBaeMociH 5epeMeHHbtx yBe^irnuicH c 1.20 flo 1.41 (na 17%), oSmeft lacroTH
He6?iaronpaaTHWx Hcxoaos c 1.51 so 1.93 (Ha 28%), o6m&ft Hacrorbi saocweBaHHfl HOBO-
poxaeHHbix c 0.98 «o 1.20 (na 25%), npex^eBpeMeHHHX poflOB c 0.85 40 1.17 (na 38%).

B 3arpa3HeHHbix paftonax BpancKoii oS^acrH c nnoTHoerbio sarpasHeHHa HOHBW l37Cs 1-5
Kk-KM"2 oTMeieno H3MeHCHHe nojioxHreJtbHoft joraaMHKH Ha orpHuatejibHyio B nocneaBapHfi-
Hbie rojEH no q>aBHCHHio c aoaBapniiHHM no asyM OCHOBHHM noKasaTCJWM: nacrore Bpoxaen-
Hbix aHOMajiHiS (KO34)^HnHeHT HSMeHHJioi c 0.66 no 1.41, To-ecrb na 114%) H qacrore Mep-
TBOpOX£eHHft <K034>4>HUHeHr H3MeHEUlC« C 0.66 JB> 1.39, TO-eCTb Ha 110%).

TaKHM oopasoM B PaaancKoft oSjiacrH, rae HCXOHHHH (floaBapHHHbiH) yposeHb P3 xapaicre-
pHSQBattca 6ojiee HHSKHMH noKa3aTenaMHr B nocneaBapHHHbie roflbi npoHsonuiH 6onee rayooKHe
HeraTHBHHe HaMeneHHsr, new B Bp£HCKO& ofijiacnr. IIpR STOM orejyer OTMerHTb, iro npir
paBHbix ypoBH^x 3arpfl3HeHHfl HOHBH I37Cs (1-5 Kn-KM"2), aosw o6mero o5jiyqeHHfl H JIOSH

mHTOBHmHoii xeneso. y xHreneft BpxHCKod oSnacrH SBUIH Heaco^bKo Bwme, ICM B
oSjiacTH (3 cFp H 30 cFp B PasaHCKoft, 5 clp H 75 crp B EpHHCKoft cooTBercT-

). BTH pesy^bTarbi nosBomaor caenan> Bbisoa o TOM, TTO HcxoaHwft yposenb P3 nonyjia-
, MOXCT SbiTb sejiyinHM B (^opMHpoBaHHH nocjieflCTBHit oSjiyqeHHfl 3ioft nony^aiiHH B

B Ta&i. I npHBefleHH cyMMapHbie aaHHbie no flHHaMHKe HHTCHCHBHbix noKasatejieft o6i>e-
jDEHHeHHoft nonynaHHH PasaHCKoft H EpaHCKoft oSnacreii. Hb warepHanoB Ta6^HUH BHjmo,
B oGbejmHCHHoft KOHTpojibHOH nonyjiflUHH B nooieaBapHftHbiH nepHOiH no^oxjarejibHaa

(npupocr HeraiHBHbix cocroaHHti) Ha6ono.aanca no Tpen HS BOCMH B3STbK B
cHHxeHHe poxHaeMocTH, yBCjnraeHiK 3a6oJieBaeMocrH 6epeMCHHbix H qacroTH,

cxoflOB GepeReHHOCieft (K=-12.12, K=7.07 a K=34.98 cooTBercrBeHHo).
B sarpflSHeHHbix paftoHax c rniOTHocrbio HCSHH 1-5 Kn-KM'2 npHpocr HerarHBHbix COCTO^HHH

HaMHKa HHreHCHBHoro noKasarejw) HafijiioflajicH no 7 H3 8 Bhi6paHHbix JOM
noKasareareii: CHHxeHHe poxBaeMOCTH (K=- 12.99), saooneBaeMOcrb 6epeweHHbix

(K=12.27), qacrora He6jiaronpHjrrHbix HCXO^OB oepeMeHHocreft (K=19.49), lacrora 3a6o^eBaHHft
HOBOpoxaeHHbix (K=12.62), MeprBopoxflaeMocrb (K=17.71), npexfleBpeMCHHbie po^w (K=3.69)
H pOXflCHHfl pe6CHKa C HOpMailbHHM BCCOM (K=6.55).

B sarpasHeHHbK paftonax c roiOTHOCTbio aesna 5-15 Kn-KM'2 (TOJibKO BpaHCKaa od^acib) see
BoceMb BbiSpaHHfaix noKasare^eii P3 HMCJIH nonoxirrejibHyio HHHaMHKy HHTCHCHBHoro

(npHpocr HerarHBHbK cocroflHHft) Gojiee BbipaxeHHoro, no qpaBHeHHio c noreoa-
B paftOH3X C miOTHOCTbK> UC3HX 1-5 KH-KM"2.

TaKHM o6pa3OM, BHHEJwerca nerKaa saBHCHMocrb yxynmeHHfl noKasaxeneH P3 or
noqB uesneM H JTOS odJty^effRa nace^eHHflr. Cpe.ojnifi: rroKaaare/TL

P3 no BocbMH BbiGpaHHbiM noKasaTeTtHM B KOHTpojibHoft nonyn^uHH cocrasHn -5.09,
B nonyrauHH c sarpasHCHHeM TeppHropHH 1-5 KH-KM'2 pascH 20.96, Ha TeppHropnax c
3aipa3HeHHeM 5-15 Kn-KM"2 - 162.51.



H3MeHTOBOcTH
H EpHHCKoft ooJiacTefi

P3

CpeaHerxwoBoft
noKasaTejib
(Ha 1000)

PoamacMocrb
O6maa lacrora
saSones. 6epeM.
O6mafl qacrora
HHB
O6maa lacrora
3a6oJICB. HOBOp.
BposKjieHHbie
anoMaJiHH
MepTBopox-
aaeMocrb
IIpexseBpeMeH-
HblC POJH
Macca TCJia
HOBOp. COOTB,
aaanr. HOPMC

KoHTpOJIbHBie paHOHH

flo
asapHH

13.7
479.4

147.5

74.2

11.2

10.0

40.2

506.5

nocne
asapHH

12.0
513.3

199.1

73.4

10.8

7.4

37.9

505.5

Ko3<jM|).

-12.12
+7.07

+34.98

-1.02

-3.76

-26.5

-5.59

-0.19

SarpasHeHHHe paftoHH
137Cs 1-5 Kn-KM-2

flo
asapHH

12.9
449.1

153.4

56.5

13.3

7.5

37.1

452.2

nocne
asapHH

II.2
506.3

183.3

63.6

8.1

8.8

38.5

481.8

Kc34>4>.

-12.99
+12.72

+ 19.49

+ 12.62

-38.83

+17.71

+3.69

+6.55

SarpasHeHHHe paftoHBi
137Cs 5-15 Kn-KM-2

flo
asapHH

15.9
488.7

138.9

52.5

9.3

8.3

29.5

525.3

nocne
aiapHH

11.9
512.4

164.1

74.5

15.5

10.7

40.9

496.2

Ko34»4»,

-25.00
+4.85

+ 18.14

+41.84

+66.67

+22.91

+38.64

-5.54

k =
«,

— • 100 , rae «i - noKaaaTCJiB ao asapHH, a n2 - nooie aBapHH.

CpezcH oScjieaoBaHHoro HaceneHHfl IQxHoro Vpana or 40 flo 85 THCSH ICJIOBCK
HHHHBHjjyanbHHe JKXJH H3JiyqeKH« 3a 1-ft, 18-ft, 28-ft H 38-ft rogbi nocne nycsa aroMHoro
npejmpHflTHfl cocraBiciH 0,71; 7,6; 0,49 H 0,53 MSB B TOR.

OGnapyxeHo, TIO HSMeneHHe TaKHX noKaaaTeneii P3 KHK poxaaeMOCTb, oGmas saobneBae-
MOCTB HOBOpO^meHHBDC, laCTOTa BpOXHeHHBIX aHOMa^Hft pa3BHTHJI, MepTBOpOXHaeMOCTL BO3-
pacraer c yBenHH.eHH.eii jmsu: HanyieHHfl: H BcrpenaioTca qame, tew B peraoHax c BBICOEOH
njioTHOcrbKj BHuazceHiw panHOHyKJiHjtoB nocaie ^epHofeuibCKOH asapuK. TaKHe noKasarenn KHK
o6maa qacrora safxwieBaHHH 6epeMCHHbix, qacrora HeSjiaronpHOTHbix HCXOflOB GepeMCHHOCTH,
npeacaeBpeMeHHbie pojaoa, wacca TCTa HOBopoxaeHHbK He cBHaaHbi c aosawH H c ypoBHeM
pajIHOaKTHBHblX BbinaKeHHH.

AH3JIH3 MejBHHHHCKHX nocnejiCTBHii npoacHBaHHa B KpHTireHbix 3OHax JQxHoro Ypana noKa-
33JI, TTO flOCTOBCpHO nO3IO3arreJIbHbIH KO34>4>HIIHeHT KOppeJIHHHK O^affleHHC C yBCfllTjeHHeM

H3J!y*eHHa) Ha5nKxaaHH no ^acrore MepTBopoameHHH, CMeprHOciH HOBOpojKaeHHHX H
cMeprHocTH. Haooopor, qacrora BpoxneHHbix aHOManng pasBHTHK, cMeprHOcrb

OT HHX. HMC^H OTpHHaTeJIbHyK) KOppeJlHUHK) C flO3Oft.
BbiHBJieHHbie BJiKKHHfl MHHHMajibHfai H npoas^HioTca KaK npasHJio B ycjioBHHX He6jiaronpH-

couHaabHbix 4»aKropOB HJIH a yaioBHHX xywnero ncxozmoro yposHH penpoayKTHBHoro

oSpasoM, HSMeneHHe Taraoc noKasaTCJiett penponyKTHBHoro 3flopoBba, KHK MCPTBO-
, 3a5o^eBaeMOCTb HOBOpoameHHbix, Hacrora BpoxaeHHbix anoManHH, cMeprHocrb

HOBoposmeHHbix, H B paHHHc cpoKH nocjie paoHauHOHHoro BoajneftcTBiw
H B oxaa/ieHHBie CPOKH (naceyieHHe KtKHoro Ypazta) HMCJOT rro^oxirrejibHbiH

H C flO3OH.

CoBOKynHOCTb noKasare^efi penposyKTHBHoro 3flOpOBba MOXCT oiyxHTb noKaaarejieM 3ao-
nonynauHH, a yxyzmieHHe cocroaHHa ajiopoBbfl HOBopoxaeHHbix (cyMMapnHft

ocnaoJieHHocTH) MOXCT OUTB xpHrepHeM flerepMHHHpoBaHHbix
HH3KHX ao3 xpoHH^ccKoro HsnyqeHHfl npn TOHHOM yqerc japyrax OTKr«iaK>inHX



CLINICAL PECULIARITIES OF THE BRAIN DAMAGE
IN THE LIQUIDATORS OF THE CHERNOBYL ACCIDENT

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

XA9745442

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 ).

. Damage incidence to various brain
structures in the liquidators 8-9 years

after tne Cnernotoyl accident, %>



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

Retrospecm e anal\ 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 years have passed
since then , and the patients could easily forget whether they had any disturbances. This
assumption ma\ be justified by the fact that in a considerable part of patients ( 57 % ) the
signs of the 1 -st phase correspond to those of a mild radiation injury. Moreo\er , it should be
noted that , firstly , all the patients were radiation - injuried and , secondl) , all of them
demonstrated different!} manifested hemogramic shifts even feeling relatively \\ell

Regarding the 2 -nd phase , i.e. pseudorecovery and temporary compensation , this
definition should be also considered as just a conventional one. According to our data , 9 % of
patients belie\ed that this phase had not been recognized in them and reported no
improvement in their health after the 1 -st acute phase. This percentage was probably higher
in 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 , it was just a temporary improvement and
pseudorecoverx. In some way or other , the 3 -rd phase of the disease . i.e. progressive
decompensation , occured later on v\hich both patients ( subjectively ) and doctors
(objectively) have discovered in absolutely all the liquidators. Progressive nature of radiation
encepalopath} is seen from our clinical records . the much time passes the fe\ver patients with
mild symptoms are admitted to our Institute and the greater becomes the number of those
diagnosed as having severe variance of the disease . i.e. the 3 -rd phase of postradiation
encephalopath} as illustrated in Fig 2.

\
3-rd

severe
309c

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 - r d phase , it becomes possible
to distinguish the 2 - n d and the 3 - r d 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 , i.e. 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

O.7O

O.6O

O.5O

O.4O.

O.3O

O.2O

Plasma content (in convertional
units) of rn.id.d-le molecules in
peri pheral blood •

l-st 2-nd 3-rd degrees
of severit

Fig-.3 Correlation between tlie severity of
postradiation encephalopathy and the
expression of endogenic intoxication



Fig.4. Cerebrovascular complications at
different periods after radiation ijury,

% patients

Fig.5. Epilepsyl incidence at different
periods after radiation injury, %

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 m Fig 4 , was found in severe forms in about 15 % of patients.

Ul significance in the etiology of disability is that 5 - 10 % of patients reveal epileptic
syndrome (Fig 5 )

Thus our investigations evidence that.
1. In contrast to the postulate on the CNS radioresistance , \ve 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 severity 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 in
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.

3-rd
degrees of

severity1-st 2-nd

— — Clinical characteristics

~*s~ Level of autoantibodies to the brain proteins

—&*— Level of atatoantibodies to the brain proteins S - 1OO,

Level of biochemical disorders (characteristics of
endogenic intoxication of the acid - base balance)

. Levels of clinical, neuroimnriixnologieal
arid metabolic characteristics in patients with
differently severe postradiation encef alopathy.
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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 1 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. It 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 1 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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Total number of chromosome aberrations and its distribution in peripheral
blood lymphocytes of liquidators, %

Table 1

Group

Number, year
Donors
(50 persons)

Liquidators
1986
(17 persons)
1990-1993
(50 persons)

1995
(51 persons)

Base level
Test irradiation,
l.SGy

Base level

Base level
Test irradiation,
l.SGy
Base level

A total
number

3.3 ± 0.09
20.50±2.70

9.9±1.37

3.9±0.29
15.86+3.06

4.510.35

Dicenrics

0
8.3±2.00

0.12+0.09

0.2±0.07
4.0±0.91

0.54±0.09

Fragments

single
2.5710.3
4.511.21

3.75+0.51

3.1+0.27
7.0311.03

2.2510.17

double
0.7210.3
6.6611.72

6.0+0.68

0.710.12
4.211.17

1.2110.15

Exchanges

0.12+0.05
0.19+0.04

0.1210.09

0.110.03
0.11+0.03

0.03410.012

Micronuclei content in peripheral blood lymphocytes of liquidators,%

Table 2

Number, year
Donors

(50 persons)

Liquidators
1990-1993

(50 persons)

1995
(50 persons)

Base level
Test irradiation,
l.SGy

Base level
Test irradiation,
l.SGy
Base level
Test irradiation
l .SGy

A total number
of micronuclei

%

26.6±4.6
222.06123.60

25.5313.08
101.75+7.62

50.0+3.29
148.82111.30

Distribution of cells according to the number of
micronuclei

1

21.20+4.80
142.8+8.00

19.8312.03
77.25+5.16

43.3+2.29
111.53+7.51

2

1.8010.10
30.8013.60

1.5310.41
11.3811.91

5.3810.59
14.2312.02

3

0
4.20+0.80

0.39+0.14
0.75+0.49

0.84+0.17
2.17+0.58

>4

0
1 .00+0.50

0.22+0.09
0.3810.18

0.35+0.08
0.47+0.22

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 Table 1
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
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 lO-year studies of state of health of more than 2OOO
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, 44.77. the organic diseases of nervous system
are which during last years from 77. in 1987 to 44.7% in 1935 have
grown. The overwhelming majority of them the blood cirulation
insufficiency in different cerebral basins and dicirculatory
encephalopathy are. the cerebral blood circulation momentary violati-
ons including (55%). In SO, 47. of cases the dienchephalon structures
interest and moderately-manifested 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 (2-5 times chromosome aberrations freguency increase") as well
as spermatogenesis Cteratospery 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 in eliminators' organs
is sti]1 2—3 times higher.

As an antic lastoqeneous agent the new French antioxidant TANAKAN
preparation is used now, which on eliminators—volunteers was tested.
It is shown thet average, the chromosome aberrations percentage m
eliminators sell cultures, by tanakan treated is almost 3 tames lower
than in donor ones.

Thus, in Chernobyl accidence eliminators the nervous system pro-
gressing changes with clastoaeneeus factor parallel increase, cyto-
genetic and other morfological shifts are observed.
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THE HEALTH OF LIQUIDATORS FROM THE CHERNOBYL ACCIDENT

G. RENNERT, S. SHAPIRO, H.S. RENNERT, M. SHEINFELD
National K.K
Haifa, Israel
National K.H. Cancer Control Centre, Carmel Medical Centre, XA9745445

Background

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%)
I-10 Km 26 (20%)
II-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 DMA 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
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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

Type

a) Thyroid
b) Lymphosarcoma
c) Brain
d) Lymphoma
e) Stomach

f) Rectum
g) Prostate
h)CLL
0 Skin

#of
cases

2
1
1
1
1

1
1
1
1

Age at
exposure

28/58
52
26
33
51

57
58
56
55

relation
to

radiation
+
+
+

+/-
+i-
-
-
-
-

reside

Kiev
remote
Kiev

expos

remote
Kiev

expos
expos
Kiev

Employed in area
Distance

11 -30km
on site
?
On site
On site

11 -30km
11 -30km
11 -30km
11 -30km

Years

86-94
86

88
86

86
86-88

86
86

Duration

97m
6m

3m
2m

2m
29m
3m
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 7100,000 in Liquidators and
Control Population in Israel

Disease
Hypertension
Ischemic heart disease
Malignancy
Asthma

Liquidators
17.4
12.3
4.3
3.6

Israeli HMO 1995
16.6
6.3
2.3
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 XA9745446
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 early
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 daia 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 patients 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
patients 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 hone
marrow transplantations, etc.);

-significant occurences of skin injuries, which aggravated clinical syndrom by toxic revealings
and adult distress syndrome even for small depth of skin damage;

- mass character of both such severe damages and number of people involved in the accident, which
caused rclcavant social psychological resonance; significant complications and duration of treatment
of radiation damage of skin in ihc outcome of the disease.
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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

IV. STEPANENKO, N.V. GUZHOVSKAYA
Institute of Neurosurgery, XA9745447
Kiev, Ukraine

Clinical findings in the Chemobyl accident recovery workers evidence of a
mamfestative organic damage to the CN5 reflected in progressive lesions at all
the brain levels . the cortex , the subcortex and the stem.
Retrospective analysis 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 due to the brain membrane and the matter stimulation resulted in .
nausea , vomiting , headache , vertigo , blood pressure elevation , ataxia .
drowsiness , fatlguability , emotional instability. The patients responded
inambiguously , this probably depending upon individual sensitivity to radiation ,
the dose received , the place and time of work in 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 brain injuries as being mild , moderate
and severe. A mild brain response to radiation means moderate headaches ,
dizziness , drowsiness and other complaints that did not reduce the liquidators'
performance at the time of their being exposed to radiation A moderate
response implicates the Increased complaints and more objective symptoms
nausea , ataxia . abrupt blood 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
classified as being of the 1 - st , 2 - nd and 3 -rd degrees of seventy The
dynamics of the disease was studied In relationship with the seventy of the brain
response to radiation injury
Patients' dissimilarity , different manifestation of clinical symptoms as well as
diversified pathogenic links involved in the formation of patient's condition have
impelled us to use mathematical methods to assess the seventy of postradiation
encephalopathy and prognosticate its development
To assess patient's condition . we used clinical and paradinlcal methods of
investigation In order to determine the degree of ervdogenic Intoxication . the
signs of autosansitization to neuroantibodies . the direction of hemogram
deviations and homodyscirculatory disorders
To make medical evaluation of a patient's condition more objective . we have
devised clinical and biochemical indices of the disease severity b«*ed on
probability estimations introduced by G.I. Marchuk , I.B. Pogozhev and S.M.
Zuyev. The results of information analysis were ua«d to determine the sensitivity
of the Indices to alterations in parameters Indicating a patient's condition.
When modelling mathematically the metabolic disorders . the oxygen and carbon
aioxlUu Uwttvwiy yytcteui wee* fc»ulc»UxJ «n«J oualjrocnJ . 3y»Uni«k. itivnJM uf uAyyou
delivery disorders was created using the system of differential equations
supplemented with algebraic relations showing the parameter Interactrons.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
postradtatlon encephalopafhy patients. These signs Included acid -to - base ratio
. protein fractions ratio , mnestic impairment . response to primary radiation
exposure, 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 .5-2 years.
Further course of the disease ( decompensation ) was characterized by a
gradual increase of the brain damage clinical symptoms with insignificant
Involvement of other systems. 8-9 years after Uie accident the 1 -st degree of
encephalopathy which we classified as postradlation one, was revealed in 42.6%
of patients within this group . the 2 -nd degree in 41.7 % and the 3 -rd degree in
15,7%.
In patients with with a moderate brain response to radiation the disease was of
more progressive character. The phase of pseudorecovery 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 encephalopathy within this group of
patients were found in the following percentage : 1 -st degree in 26.5% . 2 -nd in
4o.5% and 3 -rd In 25%.
The most severe and progressive encephalopathy which Involved 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 several months or was absent at all. The phase of
decompensation was very short and involved the lesions at all the brain levels.
A few months after the radiation exposure the patients exhibited the symptoms
of hypothalamlc dysfunction and endocrinal disorders ( impotency , weight and
trophicaJ changes . dysrognorrea , thyroid dysfunction . etc. ) pointing to
dysadaptatlon 8-9 years after the accident 18% of the patients revealed the 1 -
st degree of postradlation 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 liquidators with an acute primary brain response to radiation
injury. Similar dependence can be traced when evaluating metabolic and
autoimmune disorders revealed 8-9 years after the accident. Comparison of
dinical and biochemical indices points to the relationship between metabolic
disorders . add - to - base ratio , endogenlc Intoxication level and the severity of
radiation injury at tne moment of the accident.
Thus clinical and laboratory correlations evidence of the existence of a
complicated and potyfactor 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 encephalopathy 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. CHERSTVOJ
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 the 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 wen" operated on during 1990-1994 yy.. This study has shown that
diffuse sclerosing variant of papillary carcinoma (PC) occurred more frequently in patients with higher
absorbed doses to the thyroid. This variant of PC was rarely found at pTl stage, besides, diffuse
sclerosing PC was more frequently accompanied 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.

BBEflEHHE: HccneflOBaHHH, npOBOjWMbie no BbUtaneHHio napaiuiejiH3Ma MOpdponoraHecKOH H
KapTHHbi LLPK noKaaaniH, MTO see yanoswe o6pa3OBaHna MOXHO pasaenHTb Ha cojiaaHwe

H KHCTO3HW6, BO3MO2CHbI TaiUKC CMCIIieHHbie BapHaHTbl [3,4,10,11]. npaKTHMCCKH OTCyTCTByiOT

CBCfleHHH O6 OCO6eHHOCTJIX yjIbTpaSByKOBOH BH3yariH3aUHH KapUHHOMbI IH2K y flerefi B SaBHCHMOCTH OT

ee MOp4>ononwecKoro BapHanra, HTO H crano npeflMBTOM Hauiero HsyneHHs. Ho aaHHbiM LiVolsi A.
(1992) [6] KpoMe THIIHHHOH MoaejiH namuuiHpHOH tcapuHHOMbi B 15-20% cnynaeB BCTpenaioTca MCHCC
oSbiHHbie rHCTOJiorHHecKHe nonBHflbi. Cpe^H onyxoJieH, HOHBHBUIHXCH B BenapycH nocne
Hepno6buibCKOH asapHH, 21% MOXHO KnaccHtbHUHposaTb KSK dpojuiHKyjwpHWH BapnaHT nanHWiapHOH
KapUHHOMbI H 10% - K3K flHd^ySHOCKJiepOTHMeCKHH [8]. jDtHd^KpySHOCKJiepOTHHeCKHH BapH3HT ORHCaH

KaK fleTCKHH paK H xapaKTepHsyeTca 6ojiee arpeccHBHbiM Te^eHHCM [6,7,9]. OjaHaKO B HccneflOBaHiwx,
npOBeaeHHbix B ^HOHHM, nonyneHbi aaHHwe, <rro jM«})4)y3HocKJiepOTHHecKHfi BapHaHT BCJI ce6H TaKHM JKC
o6pa3OM KaK H THOHMHaa nanHJUiapHaH KapuHHOMa [12].

METOJIBI: Y3H III^K npoBOflnnocb npn HOMOJUH annaparos "Toshiba"SAL-38B H "ALOKA-
500", aaTHHKOM 7.5 MFu B peanbHOM Macurra6e BpeMeHH c HcnoJibsoBaHHCM aBTopcKoro nporpaMMHoro
KOMnjieKca aw aBTOMaTHaauHH flHaraocTHKH H KOHrpoJW COCTO«HHH UIX. YjibTpasByKOBoe
HccnenoBaHHC mX npOBOflnnocb no MeroflHKe Brunn et al. (1981) [3] B COOCTBCHHOH MOflHdpHKauHH c
pacMCTOM o6ieMa IUJK. B OTHOCHrejibHbix noKasare^ax (% npeBbiiiieHHfl o6i>eMa IH)K

25



BO3pacTHoro HopMaTHBa). HaMH npeanoxeHO TaKxe npoBOflHTb 6HOMeTpmo ysJiOB H
B UU,)K. H3Mep».nncb nepeflHe-saaHHH pasMep (a) H uinpHHa ysJioBoro o6pasoBaHHfl (B) B

cKane, zuiHHa (c) - B JiOHrHTyaHHa^bHOM. O6i>eM yinoBoro o6pa3OBaHH» BbiHHC.na.nca
no cpopMyjie 3JiJiHncoHfla: 0,524*a*B*c. 3aT6M onpeaenaJica npoueHT, saHHMaeMbifi yinoM OT JIOJIH LLQK
H OT Bcero o&beMa LLPK.

MaTepHajioM noc.rcy>KHJiH IH)K nauHCHTOB B Bospacre OT 4 no 15 JICT, onepHposaHHMx c 1989 no
1994 rr. B PecnySjinicaHCKOM HayMHO-npaKTHiecKOM ueHTpe no npo6jieM3M paKa mHTOBHflHofi x&ne3bi
(HHpeKTOp - npocpeccop E.FT. HeMHflqHK).

MopdpojioranecKyio Bepwc^HKauHK) KapuHHOM npoBOflmiH na Kat^ieape naTonorHsecKOH aHaTOMHH
MHHCKOFO rocynapcTBeHHoro MCflHUHHCKoro HHCTHTyra (sas. KacpeapoH npocpeccop HepCTBOH E.fl.) B
COOTBCTCTBHH c MoKflyHapoflHOH rHCTO^orHMecKOH KJiaccHdpHKauMCH onyxo/icft m>K [1]. . KpHTepHaMM

nanmuiflpHbiH paK 6faiJiH najiHMHe cocoMKOBbix CTpyjo-yp, ncaMOMMHbix Te^eu H
onyxojieBbix K^CTOK c osajibHbiMH GjiejaHooKpaiueHHbiMH HacnaHBatomHMMca apyr Ha

apyra a^paMH Tuna "npHTepToro CTCKJia". KpOMe TOTO, BbwejiHJin BapHaHTbi nanHjuwpHoro paxa:
" nannmiflpHbiH (FIB), cpoJuiHKy^apHbifi BapnaHT (OB) H flHcpcpysnociaiepOTHHecKHH CflCB).

ananHse rncrojiorHHecKoro crpoeHHa onyxojiefi BHsya^bHO oueHHBajiH oraocHTejibHoe
nannfuwpHbix, (pojuiHKyjwpHwx H cojiHflHbix crpyKTyp. KpoMe TOPO, yMHTbisanH xapaicrep

pocra (HanHHHe Kancyjiw onyxojiH, wyjibTHueHTpuHHOCTb, npopacTaHne 3a npeaejibi
Kancyjlbl IH^C), HajIHHHC JIHMCpOHflHOH HHCpHJTbTpaUHH, COHCTaHHOH THpOHflHOH

pacnpocTpaHCHHOCTb MeTacraaHpoBanHS.
PacnpocrpaHCHHe pasa LU3C B opraHH3Me onpeaejBUiH no MexnynapoaHOH CHCTCMC pTNM.

ao3bi, nomomeHHofi UpK, npOBOjytnca coTpynHHKHMH HHH 6HO(pH3HKH r. MocKBa [2].

PacnpefleneHHC fleTefi no aososbiM xapaKTepHCTHKaM B
OT MopdpojiorHHecKoro BapHaHTa nanmuuipHOH KapuHHOMbi IL[X

MopCpOJIOrHHCCKHH

BapHaHT
MajibHHKH a6c

%
HBBOHKH a6c

%

HB
n = 26

12
46.15

14
53.85

OB
n = 9

5
55.6

4
44.4

HCB
n = 7

4
57.1

3
42.9

O6^acTH :
FoMejibCKaa a6c

%
EpecrcKaa a6c

%
MonuieBCKaa a6c

%
MHHCKaa a6c

%
flosa (cGy)
1 flos.ip. a6c
(0-30) %
2 flos.rp. a6c
(30-100) %
3 flos.rp. a6c
(> 100) %

16
61.5

6
23.1

3
11.5

1
3.9

n=19
9

47.4
5

26.3
5

26.3

8
88.9

0
0,0

1
11.1
0

0,0
n=5
3

60
1

20
I

20

6
85.7

1
14.3

0
0,0
0

0,0
n=6

2
33.3

1
16.7

3
50
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II.
SaBHCHMOCTb MOpdpojiorHHecKOH KapTHHbl naiiiuuuipHOH KapuHHOMbI IH2K OT flp3w, nornomeHHOH

IUHTOBHAHOH

floaoBaa rpynna (cGy)

HajiHMHe Kancynbi
onyxoJIH
CKJiepos
BHyrpHOpraHHaa AHC-
ceMHHauna
HepHTyMoposHHH
THpOHflHT

Bcero
n = 31

1
a6c %

10

13
25

14

32.26

41.94
80.65

46.57

0- 30
n= 15

2
a6c %

5

8
1
3
7

33.33

53.33
86.67

46.67

30- 100
n = 7

3
a6c

%
2

2
5

3

28.57

28.57
71.43

42.86

> 100
n = 9

4
a6c %

3

3
7

4

33.33

33.33
77.78

44
(n=8)

HI.
PacnpejjeneHHe GOJIBHMX no cramMM pTNM B saBHCHMOCTH

OT MOpdpojiorHiecKoro BapnaHra nanHJinapHOH KapuHHOMbI

Mop4)OJiorHiecKHH BapnaHT

Tl a6c
%

T2 a6c
%

T3 a6c
%

T4 a6c
%

NO a6c
%

N 1A a6c
%

N IB a6c
%

M 0 a6c
%

HE
n = 26 (1)

4
15.4
3

11.5
0
0
19

61.5
8

30.77
12

46.15
6

23.1
26

100

<DB
n = 9 (2)

3
33.3
0
0
0
0
6

66.7
4

44.5
3

33.3
2

22.2
9

100

flCB
n = 7 (3)

0
0
2

28.5
1

14.3
4

57.1
3

42.86
1

14.29
3

42.86
7
100
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PESYJIbTATbl: HccneaoBaHHa npOBejjeHW cpeflH 42 Bereft, nonBepmiHXCH
B pesyjTbTare asapHH Ha HA3C H npoonepupOBaHHbix no noBoay nanmumpHofi
. CpejXH HHX 6buio 26 onynaeB c "HHCTWM" BapHaHTOM nanmumpHofi KapuHHOMbI, 9 - c

H 7 - c flHdjxpysHocicnepoTHHecKHM. IlpH nanmuiapHOM BapnaHTe HCCKOJibKO iaiue
aeBoiKH - 53,83%, npH cpojuwKynflpHOM H aH(p<J>y3HocKJiepoTHHecKOM

npeo6jiananH ManbHHKH - 55,6 H 57,1% cooTBercrBeHHO (ra6ji. I). KaK BHBHO HS ra6ji. I,
BospacT flerefi npH nanHJUiflpHOM H (po^iiHKyjwpHOM BapHanrax cocraBjisui 10,34±0,52 H 10,0±0,72 JICT
H HecKOJibKO MCHbiue npH jm4>4>y3HOCKJiepoTHHecKOM BapHanre - 9,4±1,5. A6co^KtTHoe 6onbiiiHHCTBO
aereA c pasjiHMHWMH BapHanraMH KapuHHOMbI npojKHBajiH B FoMejibCKOH o6^acTH: c nanHJirupHbiM -
61,5%, c 4>ojuiHKyaHpHbiM - 88,9%, c AHijKpysHOCKJiepOTHsecKHM - 85,7%

FIpH HsyneHHH pacnpefle^eHHa aereH no aososbiM ipynnaM B saBHCHMOCTH or wopcpo^orHMecKoro
BapnaHra BbiaMeHa onpea&neHHaji TeHfleHuwa: npw nanHJi^apHOM H (JsoJiJiHKyjiapHOM BapwaHrax
HaHGo^biuMH npoueHT flerefi OTHOCHJica K nepBOH aosoBOH rpyimc (0-30 cFp) - 47,4% H 60%
COOTBeTCTBCHHO. OpH flH(p(py3HOCKJiepOTH4eCKOM - OTMCManaCb o6paTHa« 33BHCHMOCTb: 3 flO3OBaa

rpynna (cBbiuie 100 cfp) HacHHTbiBajia OTHOCHtejibHO Go^bujee HHCJIO flerefi - 50% (Ta6ji. I).
SaBHCHMOCTb MOpcpoJiorniecKOH KapTHHbl (HanHHHe Kancyjiw onyxoJIH, cioieposa, BHyrpHopraHHOH

, nepHTyMopO3Horo THpOHflHTa) OT flosbi, nonioweHHOH 111,}K, npeflcraB^CHa B Ta6n. II.
b, 'ITO npoaBJicHHa cicneposa necKo^bKo name - 53,3% BcrpenanHCb B aosoBOH rpynne 0-30

cTp no cpaBHCHHK) c ipynnaMH 6onee BWCOKHX nos (28,6-33,3%). B 6ojibuiHHCTBe oiyqaeB,
npaKTHHecKH nesaBHCHMO OT aosbi, 6bina Bbipaxena BHyrpHopraHHaa aHCceMHHauHs: npouecca (71,43-
86,67%) H noHTH y nojioBHHbi aeTefi - npH3HaKH nepmyMOposHoro THpOH^HTa (42,9-46,7%).

Ta6;iHua IV.
SHOMCTPHJI npn nannjuiapHOH KapuHHOMe

3aBHCHMOCTH OT MOpCpOJTOrHHCCKOrO BapH3HTa

Mopdpo^oniHecKHH
BapnaHT
MOHO- a6c
ysen %
2 ysna a6c
H 6ojiee %
flnaMCTp a6c
ysJia no 1 CM %
CpCflHHH AHaMCTp

ysna (CM)
CpeflHHH o6bCM

ysna
% or ROJIH
jKenesbi
% OT BCCH

xejiesw
% yBCJlHHeHHfl

BCCH xe^esbi
% OCTaTOHHOH

TicaHH noc/ie
onepauHH
FIoBTOpHbie a6c
onepauHH %

HE
n = 26

23
92
3
8
4
16

1.6±0.19

2.04±0.75

24.02±5.28

14.02±3.59

137.36±7.5

72.05+7.2

10
38.5

OB
n = 9

7
77.8

2
22.2

2
23

1.92±0.35

3.0±1.28

42.04±12.3

27.06±10.2

238.9±46.0

45.2±9.3

2
22.2

flCB
n = 7

3
42.8

4
57.2

0
0

2.83±0.79

4.06±2.49

53.01±15.8

41.80±13.53

195.86±37.57

57.0±16.6

3
43
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PacnpeaejieHHe nereS no cramuM pTNM B saBHCHMoc™ or MopcpojiorHnecKoro
KapujHHOMbi LUX npeflCTaBJieno B Ta6.n. IE.
BbiHBJieHa flocTOBepno 6o.nee BbicoKas HaeroTa craaHM Tl cpeflH 6o;\bHbix c nanmuiapnbiM H
CpOJTJlHKyjiapHblM BapHaHT3MH KapUHHOMbl (15,4%,33,3%) B CpaBHCHMH C HHCpCpySHOCKJiepOTHHeCKHM

(P<0,05). CraaHM T2 name Bcrpenanacb npH flncpc]py3HOCK.nepoTHHecKOH cpopwe, qeM np»
cpojuimcyjiJipHOH (28,5%, 0, P<0,05). flocroBepHbix painHHHft B qacrore craaHH T4 B saBHCHMoem or
MopdpojiorHHecKoro BapHanra He OTMCHCHO. Meracrasbi B jiHM<paTHHecKHe jonw BCTpenanHCb npH
pasjiHHHbix MopcpojioraiecKHx (popMax B 69,23%-55,5%. CraflHa NIB oTHOCHTejibHo Mauie OTMenanacb
y nereH c flH(p(py3HOCKJiepoTHHecKHM sapHaHTOM KapuHHOMbi IUX - 42,8%, B cpaBHCHHH c
nanmuwpHbiM H dpoJinHKywipHbiM -23,1-22,2%.

flaHHbie no yjibrpa3ByKOBOH 6HOMCTpHH npHBeneHbi B ra6ji. IV, rae BHBHO, MTO B BJWC MOHoysJia
name nporeican nannrwapHbiH sapHaHT paxa IU/K - 92%, peace flH(p(py3HocioiepOTHHecKHH - 42,8%
(P<0,05).

B TOXC BpeKta asa H 6cuiee yajiosbix o6pa3OBaHH» name BCTpe«iajiHCb npn
flH(p4)y3HOCKnepOTHHecKOM BapnaHTe - 57,2% (P<0,05). Ysjibi flHaMerpOM no I CM odnapyxeHbi npn
nanmuwpHOM BapHanre B 16% cnynaeB, npa (pojuiHKy^spHOM - B 23%, a npH
flHepdpysHocicnepoTHiecKOM - Bbusnenu He 6buiH (P<0,05). CpeaHHH ^HaMerp yana 6bw MCHbuue B
rpynne flerefi c nanmuwpHbiM sapnaHTOM - 1,6±0,19 CM, HaH6o^biiiHH - npw .niKpcpysHOCKJiepoTHHecKOH
dpopMe - 2,8±0,79 CM. AaajiorHMMbie TeHnenuHH npocjiexHBanHCb H na Apyrax noKaaarejMx:
ysna, npouenre naTOJionmecKHX HSMeHCHHH B acme H BO BCCH xejiese, XOTS

naMH BbUBJieHO He Gbuio. O6mee yBenHHCHHe LUX B 6oJibiuefi creneHH OTMeneHO npw
BapHaHre - B cpeaneM ao 238,9±46,0%, HecsojibKo MCHbiiie npn

- 195,86±37,57% H nanHJinapHOM - 137,36±7,5%.
HaMH npoaHajiH3HpoBaHa Macrora noBTOpnux onepaunft no noBOjoiy B03o6HoaneHHs onyxojieBoro

pocra B TCHCHHe 2-5 JICT Ha6jnoAeHH^ (ra6ji. IV). Y aereH c flH(p(py3HOCKJiepoTHHecKHM BapHanroM B
43% cjiynaes Sbuio npOBCflCHO noBTOpHoe onepaTHBHoe BiwcuiaTejibCTBO, HTO B 2 pasa «iame, MCM npw

- 22,2%.
cHryauHio MM MOJKCM o6i>scHHTb K3K 6HO^orHiecKHMH OCOGCHHOCTJIMH onyxojrefi, HO

H TCM, ITO npH AHdpdpysHoctcjiepoTHHecKOM BapnaHTc OTMeiaercji caMbifl BbicoKHH npoueHT nopaxeHHH
TKEHH IHX - 41,8 H B TOJKC BpeMJi Hcpes 6 MecHUCB nocjie onepau.HH BH3yanH3HpyeTCH B cpeflHCM no
57% o&bewa xejiesw. IIpH (pojuiHKynapHOM BapnanTe 6ojiee pacuiHpenHwe oneparHBHbie BMeuiarejibcrBa
(oTcraroHHaa -ncaHb - 45,2% o&beMa LUX) Ha (pone weHbuiero nopaxeHHJi (ao 27%) npHBOflHT K
MeHbuien nacTore noBTOpHbix onepauHH. IIpH nannjiJwpHOM BapnaHTe KapuHHOMbi OTMCHCHO
BO3o6HOBJieHHe onyxo^eBoro pocra B 38,5% orynaeB na (pone onepauHH c ocraroMMbiM o&beMOM ncaHH
IHX B cpeflHCM no 72%.

YjibTpassyKOBaa KapTHHa paajiHHHbix BapnaHTOB KapuHHOMbi HIX npeAcraBJieHa B Ta6ji. V. Bojiee
xapaKTepHbiM Gbuio pacnojioxeHHe naTOJiorHnecKoro npouecca B npaBofi jio^e .ana scex Tpex

KapTHHa pasjiHMHbix MopiJrajiorHHecKHX KapUHHOMbl

MopdpOJlOPHMeCKHH

sapnaHT
rro

n = 26
JIoKanHsauHa naTOJiorHHecKHx HSMenenHH:
Cnpasa a6c

%
CneBa a6c

%
BCH a6c
xe^esa %

17
65.4

9
34.6

0
0.0

OB
n = 9

HCB
n = 7

5
55.6

3
33.3

1
11.1

3
42.9

2
28.55

2
28.55

29



1 2 3
Pacno.nc»KeHHe OTHOCHTeflbHO nojiwcoB :
BepxHHft a6c

%
LJeHTpaJibHaa a6c
nacrb %
HHXHHH a6c

%
Bcfl floJia a6c

%
FIoflKancyflbHO a6c
pacnojioxeHO %
OrcyrcTBHe KOHra-
Kra c Kancyjiofi a6c

%

0
0.0
20

76.9
6

23.1
0

0.0
25

96.1

1
3.9

1
11.1
3

33.3
1

11.1
4

44.5
8

88.9

1
11.1

I
14.2
2

28.6
~2
28.6

2
28.6

7
100

0
0.0

Konryp :
HCTKHH a6c

%
OrnocHTejibHO a6c
HCTKHH %

HeneTKHH a6c
%

HajiHHHe "Halo" a6c
%

HajiHHHe Ran- a6c
cyjiw yana %
CrpyKTypa a6c
oflHopoflHaa %

HeoflHOpojjHaa a6c
%

3
11.5
10

38.5
13

50.0
2

7.7
4

15.4
5

19.2

21
80.8

0
0.0

1
11.1

8
88.9

1
11.1

0
0.0

0
0.0

9
100

0
0.0

1
14.3
6

85.7
1

14.3
0

0.0
1

19.3

6
85.7

3xoreHHOCTb :
HsoaxoreHHafl a6c

%
FHnoaxoreHHaH a6c

%
PHnepaxoreHHaa a6c

%
CMeuieHHafl a6c

%

1
3.8
22

84.6
0

0.0
3

1.15

1
11.1

6
66.7

0
0.0
2

22.2

0
0.0
5

71.4
0

0.0
2

28.6
BHsya^HsauHa jiHMdpoyinoB :
BbiHB^eHo a6c

%
EflHHHMHbie a6c

%
MnoKecTBeHHbie a6c

%

17
65.4

6
23.1

11
42.3

6
66.7

2
22.2

4
44.5

5
71.4

1
14.3
4

57.1
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BapHaHTOB (65,4%,55,6%,42,9%), 6miaTepajibHas JioKannsauHa name Bcrpenanacb
npH flH<p<py3HOCKJiepoTHHecKOM BapHanre H He BbiHRneHa npn nanHJinapHOM (28,55%, 11,1%, 0%).

OnpejiejieHHe naTOJiorHnecKoro npouecca B ueHTpanbHoS lacrH .ZIOJIH H(JK npn nanmmapHOM
BapnaHTe Sbino B 76,9%, npn (pojuiHKyjiapHOM - name, new npn apyrax (popMax nopaxanacb sea jaojia
(44,5%, P<0,05), npn flHCpcpysHOCKneporaHecKOM - OflHHaKOBO Macro HSMCHCHHa BH3yanH3HpOBanHCb
JIHSO B UCHTpajIbHOH, JIH6o B HHXHCH M3CTH AOJIH, Jiu6o OXBaTblBaftH BCK) flOJIK) UCJIHKOM (28,6%).

PacnojioxeHHe naTanorHHecKHX HSMCHCHHH BHyrpH xejiesw 6bino TaKOBO, HTO B npcBanHpyiomeM
6oJibuiHHCTBe cjiynaeB HMenca MCTRO BH3yajiH3HpyeMWH KOHraKT c Kancynofi IH)K. H TOJIBKO no
cjiynaio BbraRneHO npH nanonjiapHOM sapnaHTe - 3,9% H (pojuiHKynapHOM - 11,1%

onaroB B rny6HHe TKAHH IHX.
CTpyKTypa yajioB no «aHHbiM Y3H y 6cwibiiiHHCTBa fleTeH 6bina HeoflnopoziHOH (80,8%-100%),

npn dparuiHKyjuipHOM BapnaHTe name. HeM npn nannruiapHOM (P<0,05). THnHHHbiM ana
IH3K Gbuio HanHHHe He^CTKoro Konrypa yana, KOTOpbifl flOCTOBepHO name BCTpeianca npH

BapnaHTe (88,9%) H .HHCpdpysHOCioiepoTHiecKOM (85,7%) no cpasneHHio c
nanmuwpHbiM (50,0%, P<0,05). BH3yajiH3Hpyewaa Kancyjia ysna oTMCMCHa TOJibKo npn nanHJinapHOM
BapnaHTe (15,4%,P<0,05), B eaHHHiHbix cjiynaax npn BCCX (popMax BCTpenanca dpeHOMen "halo" (7,7%-
14,3%).

BxoreHHocTb KapuHHOMbl HUK B SojibuiHHCTBe Ha6jijoaeHHH 6bina noHHxeHHofi: npn
nanHjuiapHOM BapnaHTe - 84,6%, npn dpojinHKyjiapHOM - 66,7%, npn flHdpdpysHOCKJiepoTHHecKOM - 71,4%
(Ta6;i. V). Ilpn (pojuiHKyjwpHOM H aH(})(py3HOCKnepoTHHecKOM BapnaHTax HecKOJlbKO name BCTpenanca
CMemeHHbiH ran axoreHHOCTH (22,2%,28,6% cooTBeTCTBCHHo).

JlHM<|)aTHHecKHe ysflbi BH3yanH3HpoBajincb B 65,4 %-7 1,4% cnynaeB, npHMCM HecKOJlbKO Hame npH
jlH(J)$y3HOCKj]epoTHHecKOM BapHaHTe OHM SbuiH MHOxecTBeHHbie (57,1%) (Ta6n. V).

TaKHM o6pa3OM, flHdpdpysHociuiepoTHHecKaa tpopMa xapaKTepn3OBanacb TeHfleHUHefi K
B03HHKHOBCHHK) Ha cJ)OHe 6ojiee BbicoKHX flos norjiomcHHbix U1JK. OH& pexe flHarnocTHpoBanacb B
craflHH pTl, H name aasana SRnarepanbHoe H MCAHacTHHajibHoe MeTacTasHposaHHe.
ocoGeHHOCTH MoryT 6brrb B onpeflCJieHHofi creneHH o&bacHCHbi paflHauHOHHbiM
.HHCpcjjysHOCKJiepOTHHecKoro Bapnanra KapuHHOMbl IH^C, oanaKO 6onee ocHosaTejibHbie
npo6^eMaTHHHbi H3-sa ManoHHcneHHOc™ STOH rpynnti fleTeii B naiiiHx Ha6nK)fleHHax.
KapuHHOMbl IHX noKasajia, HTO HaHGojibuiyro pacnpocTpaneHHocTb naTOJiorHMCCKHH npouecc HOCHT
npn flHdpcJjysHocicnepOTHHecKOM BapHaHTe, HaHMeHbuuyio - npH nananJiapHOM. HacTOTa noBTOpabix
onepauHH Bbiuie TaKxe npn flH<p(py3HociuiepOTHHecKOM BapnaHTe H HHXC npH (pojuiHKyjwpHOM, MTO,
BOSMOXHO, cBasaHo c 6ojiee paciuHpeHHbiM xapaKTepOM npOBOAHMbix onepauHH~npn dpoanHKynapHOM
BapHaHTe KapuHHOMbl LUX. KaKHX-JIH6o CneUHCpHHeCKHX OCoSeHHOCTCH SXOCeMHOTHKH HaMH BbWB^CHO

HC Gbuio, HS Hero cneayeT, MTO ynbTpasByKOBofl MeToa HcaieAOBanHa He MOJKCT AH^MpepeHUHposaTb
Mop4)OJiorHHecKHe BapnaHTbi KapuHHOMbl. OflnaKO Bbia&neHHe pacnpocrpaHCHHoro Ha o6e HOJIH asyx H

naTonorHMecKHX onaroB c HeneTKHMH KOHTypaMH H SunaTepanbHO
HHCCKHMH JOH3MH MOXHO paCUCHHBaTb CHMRTOMaMH nOBblLUCHHOrO

flH(pt|»y3HOCKJiepoTHHecKoro BapnaHra KapuHHOMbl LU2C. B STHX CJiynaax AOJIXHM 6biTb
6ojiee pacuiHpeHHoro xHpypnmecKoro
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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, A.M. DUBOVTSOV, S.V. MARKOV A, M.P. KAPLIEVA
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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 thyroglobulin and free thyroxin (FT4) were marked, as well
as the reduction in binding of thyroxin with thyroxin-binding globulin (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 iodine 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 metabolism and lipid peroxidation.

1. Ââåäåíèå
Çà ïåðèîä, ïðîøåäøèé ïîñëå àâàðèè íà ×ÀÝÑ, â Ðåñïóáëèêå Áåëàðóñü çàôèêñèðîâàí

çíà÷èòåëüíûé ðîñò òèðîèäíîé ïàòîëîãèè, îñîáåííî ó äåòåé è ïîäðîñòêîâ [1]. Èçó÷åíèå
ýêñêðåöèè éîäà ñ ìî÷îé ó äåòåé è ïîäðîñòêîâ èç ðàçëè÷íûõ ðåãèîíîâ ðåñïóáëèêè ïîêàçàëî,
÷òî â áîëüøèíñòâå îáñëåäîâàííûõ ðàéîíîâ éîäíàÿ íåäîñòàòî÷íîñòü ñîîòâåòñòâóåò ëåãêîé
ñòåïåíè [2]. ×òî êàñàåòñÿ ðîëè ôàêòîðîâ ðàäèàöèîííîé ïðèðîäû â ôîðìèðîâàíèè ïàòîëîãèè
ùèòîâèäíîé æåëåçû (ÙÆ), òî îíà òðåáóåò òùàòåëüíîé îöåíêè. Ó÷èòûâàÿ, ÷òî äàæå ìàëûå
äîçû ðàäèàöèè ìîãóò íàðóøàòü ïðîöåññû íåéðîãóìîðàëüíîé - ðåãóëÿöèè è
âíóòðèêëåòî÷íîãî ìåòàáîëèçìà, ïðåäñòàâëÿëî áîëüøîé èíòåðåñ èññëåäîâàòü
ôóíêöèîíàëüíîå ñîñòîÿíèå ãèïîôèçàðíî-òèðîèäíîé ñèñòåìû, âêëþ÷àÿ öåíòðàëüíûå è
ïåðèôåðè÷åñêèå ðñãóëÿòîðíûñ ìåõàíèçìû, âî âçàèìîñâÿçè ñ ïîêàçàòåëÿìè ìåòàáîëèçìà. Â
çàäà÷ó èññëåäîâàíèÿ âõîäèëî ñîïîñòàâèòü èçó÷àåìûå ïîêàçàòåëè ñ óðîâíåì çàãðÿçíåíèÿ
ìåñòíîñòè Cs-137 è åþ èíêîðèîðàöèñé, à òàêæå ñ ðàäèàöèîííûìè íàôóçêàìè íà ÙÆ-
ñôîðìèðîâàííûìè çà ñ÷åò ïîãëîùåííîãî 1-131.

2. Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Â 1990-1995 ã.ã. áûëî ïðîâåäåíî áåçâûáîðî÷íîå ñêðèíèíãîâîå èññëåäîâàíèå ñîñòîÿíèÿ

ùèòîâèäíîé æåëåçû ó äåòåé è ïîäðîñòêîâ (5-17 ëåò), ïðîæèâàþùèõ â Õîéíèêñêîì (630
÷åë.) è â Âåòêîâñêîì (336 ÷åë.) ðàéîíàõ Ãîìåëüñêîé îáëàñòè, à òàêæå ó 205 øêîëüíèêîâ (6-
14 ëåò), ïðîæèâàþùèõ â Ñòàëèíñêîì ðàéîíå Áðåñòñêîé îáëàñòè. Â ýòîò æå ïåðèîä âðåìåíè
ïðîâåäåíî óãëóáëåíííîå îáñëåäîâàíèå, âêëþ÷àþùåå ïîêàçàòåëè ìåòàáîëèçìà, ó äåòåé è
ïîäðîñòêîâ èç ãðóïï ðèñêà ïî ðàçâèòèþ òèðîïàòîëîãèè, âûäåëåííûõ íà îñíîâàíèè
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ðåçóëüòàòîâ ñêðèíèíãîâûõ èññëåäîâàíèé ñ ó÷åòîì äîçîâûõ íàãðóçîê íà ÙÆ è
èíêîðïîðèðîâàííîé àêòèâíîñòè Cs-137. Ðàäèàöèîííûå íàãðóçêè íà ùèòîâèäíóþ æåëåçó
(ÙÆ) îöåíèâàëè ïî äàííûì ïðÿìîé äîçèìåòðèè (Ãîìåëüñêàÿ îáëàñòü è äåòè, îòñåëåííûå èç
30-òè êì çîíû ×ÀÝÑ), âûïîëíåííîé ñîòðóäíèêàìè Ìîñêîâñêîãî Èíñòèòóòà áèîôèçèêè, è íà
îñíîâàíèè ðàñ÷åòíûõ äîç (Áðåñòñêàÿ îáëàñòü), ïðåäñòàâëåííûõ òåìè æå àâòîðàìè [3].
Èíêîðïîðàöèþ Cs-137 îöåíèâàëè ïî çíà÷åíèÿì ÑÈ× (Ñ÷åò÷èê èçëó÷åíèÿ ÷åëîâåêà WBC-101,
ôèðìà "Aloka", ßïîíèÿ). Êðîìå òîãî ó÷èòûâàëè äàííûå [4]. Îñíîâíûå ñâåäåíèÿ î
ðàäèàöèîííûõ íàãðóçêàõ äëÿ îáñëåäîâàííûõ êîïòèïãåïòîâ ïðåäñòàâëåíû â òàáëèöå I.
Êîíòðîëåì ÿâëÿëèñü äåòè è ïîäðîñòêè èç Áðàñëàúñêîãî ðàéîíà Âèòåáñêîé îáëàñòè (420
÷åë.) è Ñòîëáöîâñêîãî ðàéîíà Ìèíñêîé îáëàñòè (203 ÷åë.), ïðàêòè÷åñêè íå çàãðÿçíåííûõ
ðàäèîíóêëèäàìè.

Îáñëåäîâàíèå âêëþ÷àëî îñìîòð ýíäîêðèíîëîãà, óëüòðàçâóêîâîå èññëåäîâàíèå
ùèòîâèäíîé æåëåçû ñ åå áèîìåòðèåé ïî ìåòîäèêå [5] ñ ó÷åòîì íîðì îáüåìîâ,
ðàçðàáîòàííûõ äëÿ äåòñêîãî íàñåëåíèÿ Áåëàðóñè [6]. Ó äåòåé, íå ïîëó÷àâøèõ ïðåïàðàòû
ñòàáèëüíîãî éîäà, îïðåäåëÿëè êîíöåíòðàöèþ éîäà â ìî÷å ïðè ïîìîùè
ñïåêòðîôîòîìåòðè÷åñêîãî öåðèé-àðñåíèòíîãî ìåòîäà [7]. Òèðåîòðîïíûé ãîðìîí (ÒÒÒ)>
îáùóþ è ñâîáîäíóþ ôðàêöèè òèðîêñèíà è òðèéîäòèðîíèíà (Ò4 è ÒÇ), òèðîêñèíñâÿçûâàþøèé
ãëîáóëèí (ÒÑÃ). òèðåîãëîáóëèí (ÒÃ) îïðåäåëÿëè â ñûâîðîòêå êðîâè ðàäèîèììóèíüø ìåòîäîì
ñ èñïîëüçîâàíèåì íàáîðîâ ôèðìû "CIS bio international" è ïðîèçâîäñòâà Èíñòèòóòà
áèîîðãàíè÷åñêîé õèìèèè (Ìèíñê). Òèðîèäòðàíñïîðòíûå ñèñòåìû êðîâè èçó÷àëè ìåòîäîì
ýëåêòðîôîðåçà ñ èñïîëüçîâàíèåì ìå÷åíûõ 1-125 Ò4 è ÒÇ (Èíñòèòóò áèîðãàíè÷åñêîé õèìèè.
Ìèíñê). Ñâÿçûâàþùóþ àêòèâíîñòü ÒÑÃ, àëüáóìèíà è ïðåàëüáóìèíà âûðàæàëè â ïðîöåíòàõ ïî
îòíîøåíèþ ê îáùåìó êîëè÷åñòâó âíåñåííîé ìåòêè.

Äëÿ õàðàêòåðèñòèêè èíòåíñèâíîñòè ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ îïðåäåëÿëè
ñîäåðæàíèå ãèäðîïåðåêèñåé ëèíèäîâ è ìàëîíîâîãî äèàëüäåãèäà â ïëàçìå êðîâè. Â

þþëèçàòàõ ýðèòðîöèòîâ èññëåäîâàëè ïîêàçàòåëè àíòèîêñèäàíòíîé ñèñòåìû: àêòèâíîñòü
êàòàëàçû, ãëóòàòèîíðñäóêòàçû, ãëóãàòèîííåðîêñèäàçû è ñóïñðîêñèääèñìóãàçû. Â êðîâè
îïðåäåëÿëè ñîäåðæàíèå ìîëî÷íîé è íèðîâèíîãðàäíîé êèñëîò. Ïåðåêèñïûé ãåìîëèç
ýðèãðîöèêø èçó÷àëè â èðèñóãñãâèè èðîîêñèäàíòîâ - èîíèè æåëåçà è àñêîðáèíîâîé êèñëîòû

3. Ðåçóëüòàòû
Íà îñíîâàíèè áåçâûáîðî÷íîãî ãîðìîíàëüíîãî ñêðèíèíãà (1990 ã.) äåòåé è ïîäðîñòêîâ,

ïðîæèâàþùèõ â Õîéíèêñêîì ðàéîíå Ãîìåëüñêîé îáëàñòè, áûëà èçó÷åíà âîçðàñòíàÿ äèíàìèêà
ÒÒÃ è ãîðìîíîâ òèðîèäíîãî ñòàòóñà. Âñå îáñëåäîâàííûå äåòè íàõîäèëèñü â ðàìêàõ
ýóòèðåîèäíîãî ñîñòîÿíèÿ. Äîçîâûå íàãðóçêè ó äåòåé è ïîäðîñòêîâ, ïðîæèâàþùèõ â
Õîéíèêñêîì ðàéîíå, áûëè ìàêñèìàëüíûìè ó äåòåé 4-6 ëåò, êîòîðûì íà ìîìåíò àâàðèè áûëî
íå áîëåå 2-õ ëåò, è ñîñòàâëÿëè â ñðåäíåì îêîëî 2.5 Ãð è ìèíèìàëüíûìè ó ïîäðîñòêîâ 15-17
ëåò - â ñðåäíåì 0.9 Ãð. Ñðåäíÿÿ ïîãëîùåííàÿ ÙÆ äîçà äëÿ îáùåé ãðóïïû Õîéíèêñêèõ äåòåé
è ïîäðîñòêîâ ñîñòàâëÿëà 1.57 Ãð. Ñîïîñòàâëÿëèñü äàííûå îáñëåäîâàíèÿ ëèö èç Õîéíèêñêîãî
è äâóõ êîíòðîëüíûõ ðàéîíîâ - Áðàñëàâñêîãî Âèòåáñêîé îáëàñòè è Ñòîëáöîâñêîãî Ìèíñêîé
îáëàñòè. Ìåäèàíà ñîäåðæàíèé éîäà â ìî÷å â ãðóïïå Õîéíèêñêèõ äåòåé è ïîäðîñòêîâ
ñîñòàâëÿëà 72.2 ìêã/ë, Áðàñëàâñêèõ - 93.0ìêã/ë, à ó Ñòîëáöîâñêèõ áûëà íèæå, ÷åì ó
Õîéíèêñêèõ. Óñòàíîâëåíî, ÷òî ó ëèö, ïðîæèâàþùèõ â êîíòðîëüíûõ ðàéîíàõ, ñóùåñòâóåò
ïîâûøåíèå óðîâíÿ ÒÒÃ â âîçðàñòå 7-14 ëåò ïî îòíîøåíèþ ê äðóãèì âîçðàñòíûì ãðóïïàì. Ó
Õîéíèêñêèõ äåòåé ïðåïóáåðòàòíûé ïîëüåì ÒÒÒ îòñóòñòâîâàë. Íàèáîëåå âûñîêîå ñðåäíåå
çíà÷åíèå ÒÒÃ îòìå÷àëîñü â âîçðàñòíîé ãðóïïå 4-6 ëåò, à ñ óâåëè÷åíèåì âîçðàñòà óðîâåíü I'll
ïîñòóïàòåëüíî ñíèæàëñÿ. Ñëåäóåò ïîä÷åðêíóòü, ÷òî, êàê ó Õîéíèêñêèõ, òàê è ó Áðàñëàâñêèõ
äåòåé â ïåðèîä ñ 11 äî 15 ëåò îòìå÷åíû íàèáîëåå íèçêèå, áëèçêèå ïî çíà÷åíèþ ñðåäíèå
óðîâíè ñâîáîäíîãî Ò4 â èíòåðâàëå 15.14 - 15.45 ïìîëü/ë. Ñðåäíèé óðîâåíü ñâîáîäíîãî Ò4 â â
öåëîì äëÿ Õîéíèêñêîé ãðóïïû áûë äîñòîâåðíî âûøå, ÷åì â Áðàñëàâñêîé (17.91+0.46 è
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16.49+0.43 ïìîëü/ë, ñîîòâåòñòâåííî). Îñîáåííî ðåçêîå ïîâûøåíèå ñâîáîäíîé ôðàêöèè
ãîðìîíà îòìå÷àëîñü ó äåòåé 4-6 ëåò â Õîéíèêñêîì ðàéîíå (27.96+2.59) ïî ñðàâíåíèþ ñ
ïðîæèâàâþøèìè â Áðàñëàâñêîì (19.54+0.75) è Ñòîëáöîâñêîì (14.68+1.05 ïìîëü/ë ).
Óðîâåíü ÒÑÃ â ãðóïïå Õîéíèêñêèõ äåòåé 4-6 ëåò áûë íàèáîëåå âûñîêèì (25.75+1.08 íã/ìë).
Ñðåäíèé óðîâåíü ÒÑÃ ó Õîéíèêñêèõ äåòåé ñîñòàâëÿë 24.24+0.40, ÷òî äîñòîâåðíî ïðåâûøàëî
ñðåäíåå çíà÷åíèå ýòîãî ïîêàçàòåëÿ ó Áðàñëàâñêèõ äåòåé (20.98+0.64 íã/ìë). Èçó÷åíèå
ñâÿçûâàþùåé àêòèâíîñòè òèðîèäòðàíñïîðòíüãõ ñèñòåì êðîâè ïîêàçàëî ñíèæåíèå ñâÿçûâàíèÿ
Ò4 ñ ÒÑÃ. Êàê âèäíî èç òàáëèöû II, â íîðìå îêîëî 85% Ò4 è 75% ÒÇ òðàíñïîðòèðóåòñÿ
ÒÑÃ. Ó äåòåé, ïðîæèâàþùèõ â íàèáîëåå çàãðÿçíåííûõ ðàäèîíóêëèäàìè ðàéîíàõ Ãîìåëüñêîé
îáëàñòè, íàáëþäàåòñÿ ïåðåðàñïðåäåëåíèå Ò4 íà ìåíåå àôôèííûå íîñèòåëè - àëüáóìèíû í
ïðåàëüáóìííû êðîâè. Ñðåäíèé óðîâåíü ÒÃ áûë íåñêîëüêî âûøå â Ñòîëáöîâñêîì ðàéîíå, ãäå
éîäíûé äåôèöèò áîëåå âûðàæåí, ÷åì â Áðàñëàâñêîì è Õîéíèêñêîì. Â ãðóïïå Õîéíèêñêèõ
äåòåé 4-6 ëåò ñðåäíåå ñîäåðæàíèå ÒÃ ïðåâûøàëî íîðìàëüíûå çíà÷åíèÿ è ñîñòàâëÿëî
69.09+9.87 íã/ìë. Èçó÷åíèå çàâèñèìîñòè ïîêàçàòåëåé òèðîèäíîãî ñòàòóñà îò ïîãëîùåííîé
ÙÆ äîçû ïîêàçàëî, ÷òî ïîâûøåíèå äîçû äî 1.0 Ãð âûçûâàåò äîñòîâåðíûé ðîñò óðîâíÿ ÒÃ (íà
40%). Ïðè ïîâûøåíèè äîçû äî 4.0 Ãð îòìå÷àåòñÿ òåíäåíöèÿ ê íàðàñòàíèþ óðîâíÿ ÒÃÃ è
ñíèæåíèþ Ò4, ÷òî óêàçûâàåò íà ïîâûøåííûé ðèñê ðàçâèòèÿ ãèïîòèðîçà ó äàííîé êàòåãîðèè
ëèö.

Íà îñíîâàíèè îïðåäåëåíèÿ ñîäåðæàíèÿ éîäà â ìî÷å âñå îáñëåäîâàííûå èç Âåòêîâñêîãî
ðàéîíà Ãîìåëüñêîé îáëàñòè è èç êîíòðîëüíîé ãðóïïû (1992-1993 ã.ã.) áûëè ðàçáèòû íà
ïîäãðóïïû: áîëåå 100 ìêã/ë, 50-100, 20-50 è ìåíåå 20 ìêã/ë. Àíàëèç ãèïîôèçàðíî-òèðîèäíûõ
âçàèìîîòíîøåíèé â çàâèñèìîñòè îò ñîäåðæàíèÿ éîäà â ìî÷å âûÿâèë ðÿä îñîáåííîñòåé ó ëèö,
ïðîæèâàþùèõ íà òåððèòîðèÿõ ðàäèàöèîííîãî çàãðÿçíåíèÿ (ñðåäíÿÿ ïîãëîùåííàÿ ÙÆ äîçà
1.6 Ãð, èíêîðïîðàöèÿ Cs-137 â ñðåäíåì 11.5+0.9 ïî ñðàâíåíèþ ñ 1.2+0.2 êÁê/îðãàíèçì â
êîíòðîëå). Â êîíòðîëüíîé ãðóïïå ó äåòåé ñ ìèíèìàëíûì ñîäåðæàíèåì éîäà â ìî÷å (ìåíåå 20
ìêã/ë) áûëî óñòàíîâëåíî íàèáîëåå âûñîêîå ñðåäíåå çíà÷åíèå óðîâíÿ "I'll" (3.65 ìÌÅä/ë).
ïðè÷åì ê ãðóïïàõ ñ íàðàñòàþùèìè êîíöåíòðàöèÿìè éîäà ê ìî÷å íàáëþäàëîñü
ïîñëåäîâàòåëüíîå ñíèæåíèå ñðåäíåãî óðîâíÿ ÒÒÒ äî 2,00+0.09 ìÌÅä/ë (ïðè êîíöåíòðàöèè
éîäà â ìî÷å áîëåå 100 ìêã/ë). Ó øêîëüíèêîâ èç Âåòêîâñêîãî ðàéîíà Ãîìåëüñêîé îáëàñòè
áûìà îòìå÷åíà ïðîòèâîïîëîæíàÿ êàðòèíà: ïðè ñàìîé íèçêîé éîäíîé îáåñïå÷åííîñòè áûëî
ÇèðåÃã|Ñòðã!ðî1>û!!Ñ ê ñàìîå íèçêîå çíà÷åíèå Ï\ ^ » . / \ / Ìêïöö/ë). Ñ óããñëê÷ñìíñì çêñêðåöèè
éîäà ñ ìî÷îé ñîäåðæàíèå ÒÃÃ â êðîâè ó Âåòêîâñêèõ äåòåé-øêîëüíèêîâ íåñêîëüêî
ïîâûøàëîñü (2.27+0.28 ìÌÅä/ë). Ïî-âèäèìîìó, ó äåòåé êîíòðîëüíîé ãðóïïû ïðè íåäîñòàòêå
éîäà ýóòèðåîèäíîå ñîñòîÿíèå äîñòèãàåòñÿ ïðè ïîìîùè ïîâûøåíèÿ óðîâíÿ ÒÒÒ' (â ðàìêàõ
íîðìû), à â Âåòêîâñêîé ãðóïïå ýòîò ìåõàíèçì ðåãóëÿöèè òèðîñòàòóñà íàðóøåí. Éîäíàÿ
îáåñïå÷åííîñòü Âåòêîâñêèõ äåòåé áûëà â ñðåäíåì çíà÷èòåëüíî õóæå, ÷åì Áðàñëàâñêèõ
(ìåäèàíû ñîäåðæàíèÿ éîäà â ìî÷å ñîîòâåòñòâåííî ñîñòàâëÿëè 53.0 è 93.0 ìêã/ë), òåì íå ìåíåå
ñðåäíèé óðîâåíü ÒÃÃ ó Âåòêîâñêèõ äåòåé áûë íåñêîëüêî íèæå, ÷åì ó Áðàñëàâñêèõ. Â öåëîì
ñëåäóåò îòìåòèòü, ÷òî ó äåòåé è ïîäðîñòêîâ, ïîñòîÿííî ïðîæèâàþùèõ- íà íàèáîëåå
çàãðÿçíåííûõ òåððèòîðèÿõ Ãîìåëüñêîé îáëàñòè (Õîéííêñêíé è Âåòêîâñêèé ðàéîíû)
îòìå÷àåòñÿ ñãëàæèâàíèå ðåàêöèè ÒÃÃ, êàê â âîçðàñòíîì àñïåêòå, òàê è ïðè äåôèöèòå éîäà.

Ñêðèíèíãîâûñ ãîðìîíàëüíûå èññëåäîâàíèÿ, ïðîâåäåííûå ó øêîëüíèêîâ Ñòàëèíñêîãî
ðàéîíà Áðåñòñêîé îáëàñòè (1995 ã.), ó êîòîðûõ äîçîâûå íàãðóçêè íà ÙÆ (â ñðåäíåì 0.32 Ãð)
áûëè çíà÷èòåëüíî íèæå, ÷åì ó Ãîìåëüñêèõ äåòåé (Òàáë.1), òàêæå âûÿâèëè ðÿä îòëè÷èé èî
ñðàâíåíèþ ñ ãðóïïîé øêîëüíèêîâ èç Ìèíñêîé îáëàñòè. Ïîêàçàíî, ÷òî ñðåäíèé óðîâåíü ÒÒÃ ,
îáùåãî è ñâîáîäíîãî ÒÇ äîñòîâåðíî íèæå, à ñîäåðæàíèå îáùåãî è ñâîáîäíîãî Ò4 - âûøå, ÷åì
â êîíòðîëå. Ïðè ýòîì íå çàôèêñèðîâàíî îòëè÷èé â àêòèâíîñòè òèðîèäòðàíñïîðòíüãõ áåëêîâ
êðîâè (Òàáë.È). Àíàëèç ïîêàçàòåëåé ìåòàáîëèçìà âûÿâèë ñóùåñòâåííîå ïîâûøåíèå óðîâíÿ
ìàëîíîâîãî äèàëüäåãèäà è ïèðîâèíîãðàäíîé êèñëîòû â êðîâè ó ëèö èç äàííîé ãðóïïû, à
òàêæå ðåçêîå ñíèæåíèå óñòîé÷èâîñòè ýðèòðîöèòîâ ê ïåðåêèñíîìó ãåìîëèçó, áîëåå
âûðàæåííîå, ÷åì ó îáñëåäîâàííûõ èç Ãîìåëüñêîé îáëàñòè.
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Òàáëèöà I
ÍÅÊÎÒÎÐÛÅ ÏÎÊÀÇÀÒÅËÈ ÐÀÄÈÀÖÈÎÍÍÎÃÎ ÇÀÃÐßÇÍÅÍÈß ÍÀ

ÒÅÐÐÈÒÎÐÈßÕ ÏÐÎÆÈÂÀÍÈß ÎÁÑËÅÄÎÂÀÍÍÛÕ ÄÅÒÅÉ È ÏÎÄÐÎÑÒÊÎÂ

Îáëàñòü, ðàéîíû
ÏËÎÒÍÎÑÒÜ ÇÀÃÐßÇÍÅÍÈß

Cs 137,

ÌÁê /ì2

ÒÅÐÐÈÒÎÐÈÈ

j!31

íà 10.05.86
ÌÁê /ì2

Ñðåäíÿÿ
ïîãëîùåííàÿ
äîçà ùæ
ÄÑ 1ÑÈ, 1 |1

min-max ñðåäíåå min-max

ÃÎÌÅËÜÑÊÀß

ÁÐÅÑÒÑÊÀß

Õîéíèêñêèé 0.1-1.0 0.36
Âåòêîâñêèé 0.2-1.0 0.64

Ñòîëèíñêèé 0.02-0.4 0.10

1.9-19.0
1.9-19.0

0.4-1.9

1.57
1.60

0.32

ÂÈÒÅÁÑÊÀß Áðàñëàâñêèé 0.04 0.04 äî 0.2

ÌÈÍÑÊÀß Ìèíñêèé äî 0.04 0.4 0.08

Òàáëèöà II
ÑÂßÇÛÂÀÞÙÀß ÀÊÒÈÂÍÎÑÒÜ ÒÈÐÎÈÄÒÐÀÍÑÏÎÐÒÍÛÕ ÁÅËÊÎÂ ÊÐÎÂÈ Ó

ÄÅÒÅÉ È ÏÎÄÐÎÑÒÊÎÂ, ÏÐÎÆÈÂÀÞÙÈÕ Â ÐÀÇËÈ×ÍÛÕ ÐÀÉÎÍÀÕ ÁÅËÀÐÓÑÈ

Ãðóïïû
îáñëåäîâàííûõ

I

II

III

ï
X
Sx

ï
X
Sx

ï
X
Sx

Ñâÿçûâàíèå ñ Ò4 â%

òñã
12

84.5
2.89

40
80.07

1.26

67
75.53*

1.3

Àë

12
10.49

1.53

40
11.68
0.70

67
13.66
0.65

ÏÀë

12
4.98
1.38

40
8.20*
0.62

67
10.80
0.76

Ñâÿçûâàíèå ñ ÒÇ â%

ÒÑÃ

12
75.49

2.47

39
74.41
1.02

35
74.85
1.63

Àë

12
22.7
2.11

39
24.04
0.98

35
23.89
1.54

ÏÀë

12
1.51
0.20

39
1.56
0.36

35
1.26
0.13

Ïðèìå÷àíèå: 1- Ìèíñêàÿ îáëàñòü (êîíòðîëü), II- Áðåñòñêàÿ îáëàñòü, III- Ãîìåëüñêàÿ îáëàñòü,
*-äîñòîíñðíûå îòëè÷èÿ îò êîíòðîëÿ ïðè ð<0.05.

Ñîêðàùåíèÿ: Àë- àëüáóìèí, ÏÀë- èðñàëüáóìèí
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Òàáëèöà III
ÑÂßÇÛÂÀÞÙÀß ÀÊÒÈÂÍÎÑÒÜ ÒÈÐÎÈÄÒÐÀÍÑÏÎÐÒÍÛÕ ÁÅËÊÎÂ ÊÐÎÂÈ Ó

ÄÅÒÅÉ È ÏÎÄÐÎÑÒÊÎÂ, Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÏÎÃËÎÙÅÍÍÛÕ ÙÈÒÎÂÈÄÍÎÉ
ÆÅËÅÇÎÉ ÄÎÇ ÐÀÄÈÎÉÎÄÀ

Äîçà
ñÃð

Êîíòîðëü
Áðàñëàâ

Äåòè
îòñåëåííûå
èç 30-êì
çîíû

0-100

101-200

201-500

501-1000

>1000

ï
X
Sx

ï
X
Sx

ï
X
Sx

D

X
Sx

n
X
Sx

n
X
Sx

n
X
Sx

ÒÑÃ

18
77.80
1.30

39
61.10 *

1.30

9
62.63*
1.45

6
61.58*
2.53

14
60.81*
2.09

6
59.10*
3.66

4
71.05
5.04

Ñâÿçûâàíèå ñ Ò4 âÇ

Àëüáóìèí

18
13.20
0.90

39
30.20 *

1.20

9
28.35*

1.29

6
32.05*

1.55

14
30.91*
1.88

6
34.97*
3.69

4
21.95

4.61

0

_

Ïðåàëüáóìèí

18
9.50
0.70

39
7.40*
0.60

9
9.01
1.45

6
6.37*
1.12

14
7.62
1.06

6
5.93*
1.05

4
7.00
1.57

Ïðèìå÷àíèå: *-äîñòîâåðíûå îòëè÷èÿ îò êîíòðîëÿ ïðè ð<0.05

Èñõîäÿ èç ðåçóëüòàòîâ ñêðèíèíãîâûõ èññëåäîâàíèé áûëè ñôîðìèðîâàíû ïðåäïîñûëêè äëÿ
êîíöåïöèè î ñóùåñòâàâàíèè ãðóïï ïîâûøåííîãî ðèñêà ïî ðàçâèòèþ òèðîùùîé ïàòîëîãèè ó
äåòåé è ïîäðîñòêîâ, èìåþùèõ íàèáîëåå âûñîêèå äîçîâûå íàãðóçêè íà ÙÆ è ïîâûøåííóþ
àêòèâíîñòü èíêîðïîðèðîâàííîãî Cs-137. Ñ ýòîé òî÷êè çðåíèÿ áîëüøîé èíòåðåñ ïðåäñòàâëÿëî
óãëóáëåííîå îáñëåäîâàíèå äåòåé è ïîäðîñòêîâ, ýâàêóèðîâàííûå 4-6 ìàÿ 1986 ã. èç 30-
êèëîìåòðîâîé çîíû ×åðíîáûëüñêîé ÀÝÑ â Æëîáèíñêèé è Áóäà-Êîøåëåâñêèé ðàéîíû
Ãîìåëüñêîé îáëàñòè, à òàêæå ëèö, ïîñòîÿííî ïðîæèâàþùèõ íà òåððèòîðèÿõ Ñòàëèíñêîãî
ðàéîíà Áðåñòñêîé îáëàñòè. Áûëî óñòàíîâëåíî, ÷òî ñïóñòÿ 7 ëåò ïîñëå àâàðèè, ó äåòåé è
ïîäðîñòêîâ, îòñåëåííûõ èç 30-êì çîíû ×ÀÝÑ (ñðåäíÿÿ ïîãëîùåííàÿ ÙÆ äîçà 5.1 Ãð),
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èçìåíåíèÿ â ãèïîôèçàðíî-òèðîèäíîì ñòàòóñå ïðîÿâëÿëèñü â ñòàòèñòè÷åñêè äîñòîâåðíîì
ïîâûøåíèè ñðåäíèõ çíà÷åíèé ÒÒÃ, ñíèæåíèè ñðåäíåãî óðîâíÿ ñâîáîäíîé ôðàêöèè Ò4 ïðè
îòñóòñòâèè çíà÷èìûõ ðàçëè÷èé ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé îáùèõ ôðàêöèé ÒÇ è
Ò4. Âûðàæåííîñòü óêàçàííûõ èçìåíåíèé îïðåäåëÿëàñü âåëè÷èíàìè äîçû, ïîãëîùåííîé ÙÆ.
Îòìå÷åíî ìîíîòîííîå ïîâûøåíèå óðîâíÿ ÒÒÃ ïî ìåðå íàðàñòàíèÿ ïîãëîùåííîé ÙÆ äîçû îò
1.43+0.16 (äîçû äî 2.0 Ãð) äî 2.96+0.19 ìêÅà/ìë (äîçû áîëåå 10.0 Ãð). Ñðåäíèå çíà÷åíèÿ
îáùèõ ôðàêöèé òèðîèäíûõ ãîðìîíîâ íå çàâèñåëè îò äîçîâûõ íàãðóçîê íà ÙÆ.
Ñîäåðæàíèå ñâîáîäíîé ôðàêöèè Ò4 ñ óâåëè÷åíèåì äîçû áîëåå 5.0 Ãð èìåëî òåíäåíöèþ ê
ñíèæåíèþ (0.05<ð<0.01), à ïðè äîçå áîëåå 10.0 Ãð áûëî äîñòîâåðíî ñíèæåíî ïî
ñðàâíåíèþ ñ êîíòðîëåì (8.20+0.89 ïðîòèâ 16.23+0.37 ïìîëü/ë, ð<0.05). Òàêèì îáðàçîì, ïðè
äîçîâûõ íàãðóçêàõ íà ùæ áîëåå 10.0 Ãð íàáëþäàåòñÿ ñîñòîÿíèå ñêðûòîãî ãèïîòèðîçà êîãäà íà
ôîíå ðåçêî ñíèæåííîãî, ïî ñðàâíåíèþ ñ íîðìîé óðîâíÿ ñâîáîäíîãî Ò4, ñîõðàíÿåòñÿ
îòíîñèòåëüíî íîðìàëüíûé ñðåäíèé óðîâåíü ÒÒÃ

Ó äåòåé ñ äîçîâûìè íàãðóçêàìè íà ÙÆ îò 0 äî 5.0 Ãð áûëî ïðîâåäåíî èçó÷åíèå
àêòèâíîñòè òèðîêñèíòðàíñïîðòíûõ áåëêîâ êðîâè (Òàáë.III). Ñðàâíåíèå ñðåäíèõ âåëè÷èí
âûÿâèëî ñóùåñòâåííûå îòëè÷èÿ, êîòîðûå ïðîÿâëÿëèñü, ãëàâíûì îáðàçîì, â äîñòîâåðíîì
ñíèæåíèè ñâÿçûâàíèÿ Ò4 ñ ÒÑÃ è ïåðåðàñïðåäåëåíèè ãîðìîíà íà àëüáóìèíîâóþ ôðàêöèþ
êðîâè. Àíàëèç äîçîâîé çàâèñèìîñòè ïîêàçàë ñíèæåíèå ñâÿçûâàþùåé àêòèâíîñòè ÒÑÃ â
èíòåðâàëå äîç îò 0-0.1 äî 0.5-1.0 Ãð. Ïðè áîëåå âûñîêèõ äîçîâûõ íàãðóçêàõ íàáëþäàëñÿ
ðåçêèé ñêà÷îê â ñòîðîíó óâåëè÷åíèÿ ñâÿçûâàíèÿ. Õàðàêòåð ñäâèãîâ ñâÿçûâàþùåé àêòèâíîñòè
àëüáóìèíà áûë ïðÿìî ïðîòèâîïîëîæåí ÒÑÃ.

Ñ óâåëè÷åíèåì ïîãëîùåííîé ÙÆ äîçû ðàäèîàêòèâíîãî éîäà ðåãèñòðèðîâàëîñü
ïîñëåäîâàòåëüíîå ñíèæåíèå àêòèâíîñòè ôåðìåíòîâ àíòèîêñèäàíòíîé çàùèòû. Òàê, åñëè
àêòèâíîñòü ñóïåðîêñèääèñìóòàçû ó ëèö ñ äîçîé îò 2.0 äî 5.0 Ãð ñîñòàâëÿëà â ñðåäíåì
20.68+1.12 ìêã/ìë, òî â èíòåðâàëå äîç îò 5.0 äî 10.0 - 18.48+1.32 ìêã/ìë, à ó äåòåé è
ïîäðîñòêîâ ñ äîçîé áîëåå 10.0 Ãð îíà ñíèæàëàñü äî 17.38+1.86 ìêã/ìë, ÷òî áûëî äîñòîâåðíî
ìåíüøå êîíòðîëüíûõ çíà÷åíèé (42.28+1.14 ìêã/ìë) è åå óðîâíÿ ó ëèö ñ äîçàìè äî 1.0 Ãð
(26.31+2,52 ìêã/ìë). Àíàëîãè÷íûå òåíäåíöèè îòìå÷àëèñü è â àêòèâíîñòè
ãëóòàòèîíïåðîêñèäàçû.

Õàðàêòåð èçìåíåíèé â ãèïîôèçàðíî-òèðîèäíîé ñèñòåìå è ìåòàáîëèçìå ó äåòåé è
ïîäðîñòêîâ ñ âûñîêîé èíêîðïîðàöèåé ðàäèîíóêëèäîâ öåçèÿ (715.6+52.43 Áê/êã), ïîñòîÿííî
ïðîæèâàþùèõ â óñëîâèÿõ õðîíè÷åñêîãî âîçäåéñòâèÿ ìàëûõ äîç ðàäèàöèè (ä.Îëüìàíû
Ñòîëèíñêîãî ðàéîíà) áûë èíûì. Èçìåíåíèÿ â ñîäåðæàíèè ÒÒÃ ïî ñðàâ íåíèþ ñ êîíòðîëåì
íå áûëè ñòàòèñòè÷åñêè çíà÷èìûìè. Ïðè ñíèæåíèè êàê îáùåé, òàê è ñâîáîäíîé ôðàêöèè Ò4
ñîäåðæàíèå ÒÇ ó ëèö äàííîé ãðóïïû äîñòîâåðíî ïðåâûøàëî òàêîâîå â êîíòðîëå, ÷òî,
âåðîÿòíî, áûëî îáóñëîâëåíî óñèëåííîé ïåðèôåðè÷åñêîé êîíâåðñèåé òèðîêñèíà.
Èçìåíåíèÿ ïîêàçàòåëåé, õàðàêòåðèçóþùèõ ôóíêöèîíàëüíîå ñîñòîÿíèå ÙÆ, çàâèñåëè îò
óðîâíÿ óäåëüíîé àêòèâíîñòè ðàäèîíóêëèäîâ öåçèÿ â îðãàíèçìå. Ïðè âîçðàñòàíèè óðîâíÿ
óäåëüíîé àêòèâíîñòè Cs-137 îò 500 Áê/êã äî 1500 Áê/êã è áîëåå îòìå÷àëîñü
ïîñëåäîâàòåëüíîå, äîñòîâåðíîå ïî ñðàâíåíèþ ñ êîíòðîëåì ñíèæåíèå ñîäåðæàíèÿ ñâîáîäíîãî
Ò4 è ïîâûøåíèå ÒÇ ïðè ïðàêòè÷åñêè íåèçìåíåííûõ çíà÷åíèÿõ ÒÒÃ. Ïðè óðîâíå
àêòèâíîñòè öåçèÿ â îðãàíèçìå áîëåå 1000 Áê/êã íàðàñòàëî ñîäåðæàíèå ÒÃ è åãî
íàèáîëüøèå çíà÷åíèÿ (35.55+4.15 íã/ìë) ðåãèñòðèðîâàëèñü ó îáñëåäîâàííûõ ñ àêòèâíîñòüþ
ðàäèîöåçèÿ â èíòåðâàëå îò 500 äî 1500 Áê/êã.

Ïðè ïîâûøåíè èíêîðïîðàöèè ðàäèîíóêëèäîâ öåçèÿ íàðàñòàëà èíòåíñèâíîñòü ëèïèäíîé
ïåðîêñèäàöèè, î ÷åì ñâèäåòåëüñòâîâàë äîñòîâåðíî âûñîêèé ïî ñðàâíåíèþ ñ êîíòðîëåì
óðîâåíü ìàëîíîâîãî äèàëüäåãèäà âî âñåõ äîçîâûõ ïîäãðóïïàõ, (îò 100 äî 1500 Áê/êã è áîëåå).
Ðåãèñòðèðîâàëîñü ïîñëåäîâàòåëüíîå ñíèæåíèå àêòèâíîñòè ãëóòàòèîíïåðîêñèäàçû.
Âûøåîïèñàííûå èçìåíåíèÿ ñî÷åòàëèñü ñ ïîâûøåíèåì ñîäåðæàíèÿ ìîëî÷íîé è
ïèðîâèïîãðàäïîé êèñëîò â êðîâè. Ïðè ïîâòîðíîì îáñëåäîâàíèè (÷åðåç ãîä) âûðàæåííîñòü
âûÿâëåííûõ èçìåíåíèé ìåòàáîëèçìà âîçðîñëà.
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Òàêèì îáðàçîì, ó äåòåé è ïîäðîñòêîâ, ïîäâåðãøèõñÿ ðàäèàöèîííîìó âîçäåéñòâèþ â
ðåçóëüòàòå àâàðèè íà ×ÀÝÑ, âûÿâëåíû èçìåíåíèÿ ôóíêöèîíàëüíîé àêòèâíîñòè ÙÆ,
ìåõàíèçìîâ ðåãóëÿöèè òèðîñòàòóñà, êàê íà öåíòðàëüíîì, òàê è íà ïåðèôåðè÷åñêîì óðîâíÿõ,
ñîïðÿæåííûå ñ èçìåíåíèÿìè îêèñëèòåëüíîãî ìåòàáîëèçìà. Õàðàêòåð èçìåíåíèé îïðåäåëÿëñÿ
îñîáåííîñòÿìè ñî÷åòàíèÿ ðàäèàöèîííûõ ôàêòîðîâ è èõ èíòåíñèâíîñòüþ.
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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 fun 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 eariy
(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 isctopic ratio, m [4] the correlation has been established empirically
between me cesium and iodine fall-outs:

af131 I) = 3,77[af37Cs) - a^Cs)]*847,

where a - the surface activities expressed in Ci-km'2 (1 Ci-km"2 = 37 kBq-m'2) as for May 15,1986;
a0 = 0,057 Ci-km"2 - a pre-accident level of 137Cs global fall-outs.

hi [5] the attempt has been made to build up a map of contamination across Belarus as forme 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 mis particular approach, though none of mem 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 eastern trace, and consequently it appears to be inapplicable for most
cases [4]. hi mis 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 felled to be arranged timely.

The method of me 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 mat of U1I - 12SI (60.2 days), 12*I
(12.8 days) and 129I (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 129I/131I 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 mat the potentialities of
the most sensitive modern analysis methods (built upon using enriched soil samples) will enable to
determine only the high activity fall-outs of 131I [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 pattern of the early
period.

40



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-accidenl time mere existed the network of meteorological stations equipped with the accredited
standard dosimeters #11-5 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 me 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.l. The Hydrometeorological Service station network in the territory of Belarus in 19S6.

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:

mk(9,r-l)

i=0

In2 -
Ti

In2 -
TX

 €

where D(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 radionudides and 131I during April 26 -May 5, 1986
according to [9], respectfiilly; T, and Tx - the !31I half-life and the integrated component to be calculated
of the isotopes with a half-life shorter that of ml; t - the tune passed from the very outset of the
accident, days

The values B, S, 7^ have been determined by minimizing the function, 2Lt\ ^ '
H t=l
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where D(t) - the data observed at the sites at the day t 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 131I
radiation.

In the initial phase the into-deepeaing of the radionuclide fell-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 I31L The values for the 13II surface contamination
are obtained for a singled-out iodine calculated component by using the transition coefficient 1% = 3.6
10'16 (Sv/c)/(BqAn ) [9]. Fig. 2 shows the example of calculation made for the I3II 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

Days aftertbt accident

Fig.2. An example of calculation made for 131I soil contamination in several cities in Belarus.

Table I. Direct measurements of 13II fell-out [5] and the results of calculation during the early days
after the accident

City

Pmsk
Brest

Gomel
Baranovichi

Grodnj

Date

27^8.04.86
27-28.04.86
28-29.04.86
28-29.04.86

27.04.86

Data,
kBq-m"2

740
110

2450
150
260

Calculation,
kBq-nr2

600
117

2677
141
277

Unfortunately the experimental measurement data on the 131I fell-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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Levels «f T-131

Fig3. Hie 131I contamination of soil in the territory of Belarus as for May 10,1986 (Reconstruction
made by the State Belgidrometeologkal Service).

c) d)
Fig.4. Probabilistic simulation of til 131I soil contamination across the territory of Belarus as of May

10, 1986 - the exceeds in the surface contamination for the levek of 185(a), 370(b), 1850 (c) and
5550(d) kBq-nr2, respectively.
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RESULTS

Three different techniques of spatial data interpolation have been used for mapping the iodine fell-
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, ft 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 spatial uncertainty for the values
predicted. Fig. 4 presents the results of the probabilistic simulation of the 131I 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-nr2, respectively.

Fig.5 presents the result of simulation of the map for the 13II 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 biufc by using the exponential anisotropic model

For the reconstructed iodine component of the exposure dose rate the external and internal exposure
doses to thyroid gland have been determined The per diem external doses £>ex* are calculated from the
equation:

Dext (mSv) = krkrk3-F.P,

where ki = 0,0087 - the conversion factor from an exposure dose to an absorbed dose in the air,
Gr-RT1; k2 = 0,7 - the conversion factor from the effective dose in the body of an adult individual;
Sv-Gr'1; kj = 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.

Fig.5. Simulating the map of the ml 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 myroid gland for several settlements.

City

BragJQ
Brest

Gomel
Grodno
Khoiniki
Minsk

Mogilev
Pinsk

Polotsk

External Dose,
mSv
29.500
0.012
0.611
0.012
21.901
0.012
0.011
0.012
0.013

Internal Dose,
mSv
10727.6

137.7
846.6
195.8

8136.0
163.8
121.8
303.2
29.9

Cumulative Dose,
mSv
10757.1

137.7
847.2
195.8

8157.9
163.8
121.8
303.2
29.9

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

Hie internal exposure doses to myroid gland from I3II, 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:

where a^ - 13II per diem fall-outs, Bq m'2; k' = 1.3 m2 - me conversion ratio in a human body
though milk; k"= 5. 1' 10 '7 Sv Bq'1 - the conversion ratio from the 131I activity to the dose absorbed in
myroid gland. For calculating the accumulated dose to myroid gland the consideration was made for the
biological half-life of 7.6 days.

Table n 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 Chernobyl
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 reconstruction 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 buitt 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 mis work is currently in progress we feel that the approach proposed for reconstructing the

doses of the iodine phase with using the CIS-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
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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 (Ú), triiodothyronine (Òç), thyroid stimulating
hormone (TSH) and prolactin hi blood serum of the patients was carried out by the method of
enzymeassay analysis (EIA), hi 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 Òç" among liquidators included in group 2 was detected in 39 patients
(i.e. 7.7%) and in group 1 - in 94 patients (Le. 26.1%). Increased TSH level enable us to diagnose
subclinical hypothyroidism hi 8 (i.e. 1.6%) patients involved in group 2 and hi group 1 - in 40 (i.e.
11.1%).

Functional thyroid pathology frequency growth hi 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 803.7137.6 mU/I) was revealed hi 27
(i.e. 16.4%) of 165 liquidators. The investigation of hyperprolactmemia part La 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 manifestation of thyroid pathology should include liquidators with "low Òç" and
hyperprolactinemic syndromes.

1. ÂÂÅÄÅÍÈÅ
Íåñìîòðÿ íà äîëãóþ èñòîðèþ èçó÷åíèÿ, ïðîáëåìà ðàííåé è ðàöèîíàëüíîé

äèàãíîñòèêè äèñôóíêöèé è çàáîëåâàíèé ùèòîâèäíîé æåëåçû îñòàåòñÿ àêòóàëüíîé.
Èçâåñòíî, ÷òî ïðîöåíòíûé âêëàä êîðîòêî-, ñðåäíå-, è äîëãîæèâóùèõ èçîòîïîâ â

îáùåì ñïåêòðå çàãðÿçíåíèÿ âñëåäñòâèå àâàðèè íà × ÀÝÑ ñîñòàâèë ñîîòâåòñòâåííî 23 - 30;
51 - 62.1 è 6.2-19.8%% è ïðàêòè÷åñêè íå çàâèñåë îò ðàññòîÿíèÿ îò ìåñòà àâàðèè [1].

Òàêèì îáðàçîì, âêëàä èçîòîïîâ éîäà - 132, - 133, - 135 (êîðîòêîæèâóùèõ), éîäà -
131 (ñðåäíåæèâóùåãî) îáîçíà÷èë îñîáóþ çíà÷èìîñòü èçó÷åíèÿ ôóíêöèè ùèòîâèäíîé
æåëåçû ó ïîñòðàäàâøèõ, â òîì ÷èñëå, è ó ëèêâèäàòîðîâ ïîñëåäñòâèé àâàðèè (ËÏÀ) íà
×ÀÝÑ [2].

2. ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ
Â óñëîâèÿõ êëèíèêî-ëàáîðàòîðíîãî ýíäîêðèíîëîãè÷åñêîãî ñêðèíèíãà â 1994-1995

ãò îáñëåäîâàíî 360 ìóæ÷èí - ó÷àñòíèêîâ ëèêâèäàöèè ïîñëåäñòâèé àâàðèè (ËÏÀ) (ãðóïïà
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1) íà ×ÀÝÑ, à â 1991-1993 ãã - 504 ìóæ÷èí-ëèêâèäàòîðîâ ( ãðóïïà 2) â âîçðàñòå îò 30 äî 55
ëåò. Âñå îáñëåäîâàííûå íàõîäèëèñü íà çàãðÿçíåííûõ ðàäèîíóêëèäàìè òåððèòîðèÿõ â
ïåðèîä ñ ìàÿ 1986 ã. ïî ìàé 1987 ã., ò.å. ïîñëå ËÏÀ ê ìîìåíòó îáñëåäîâàíèÿ ïðîøëî 7 -8
ëåò (ãðóïïà 1) è 5-7 ëåò (ãðóïïà 2).

Äîçà âíåøíåãî îáëó÷åíèÿ ó ýòèõ ëèö êîëåáàëàñü îò 2 äî 30 ñÃð, íî ó ÷àñòè
ïàöèåíòîâ â äîêóìåíòàõ íå çàôèêñèðîâàíà è èì íåèçâåñòíà.

Â ãðóïïå 1 êîëè÷åñòâåííîå îïðåäåëåíèå òèðîêñèíà (Ï), òðèéîäòèðîíèíà (Ãç),
òèðåîòðîïíîãî ãîðìîíà (ÒÒÃ) è ïðîëàêòèíà â ñûâîðîòêå êðîâè ïàöèåíòîâ ïðîâîäèëè
ìåòîäîì èììóíîôåðìåíòíîãî àíàëèçà, à â ãðóïïå 2 - ðàäèîèììóíîëîãè÷åñêèìè ìåòîäàìè
(â ãðóïïå 2 ïðåäåëåíèå ïðîëàêòèíà íå ïðîâîäèëè).

Îáñëåäóåìûå íå ïîëó÷àëè ôàðìàêîëîãè÷åñêèõ ïðåïàðàòîâ è íå èìåëè êëèíè÷åñêè
âûðàæåííûõ ñîñòîÿíèé, âëèÿþùèõ íà êîíöåíòðàöèè èññëåäóåìûõ ãîðìîíîâ.

Ëèêâèäàòîðû, îáñëåäîâàííûå â 1994-95 ãã (1 ãðóïïà) áûëè ïîäðàçäåëåíû íà 5
ïîäãðóïï ïî îòíîøåíèþ ê âåëè÷èíàì áàçàëüíûõ çíà÷åíèé Òç è ÒÒÃ â ñûâîðîòêå êðîâè.
Ïåðâûå òðè ïîäãðóïïû ñîñòàâèëè ëèöà ñ íîðìàëüíûì ñîäåðæàíèåì ÒÒÃ â êðîâè (ñì.
òàáë. I, II).

3. ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ
Êàê âèäíî èç òàáëèöû 1,íàèáîëåå ÷àñòî ó ËÏÀ èç ãðóïïû 1 îòìå÷åíî ñíèæåíèå

êîíöåíòðàöèè Òç â ïåðèôåðè÷åñêîé êðîâè.

Òàáëèöà I
Ñðåäíÿÿ êîíöåíòðàöèÿ (Ì±ì) Ò4, ÒÒÃ è ïðîëàêòèíà ó ýóòèðåîèäíûõ ËÏÀ íà ×ÀÝÑ â

çàâèñèìîñòè îò óðîâíÿ Òç

Ïîäãðóïïà 1 Èññëåäóåìûé ãîðìîí, åäèíèöû èçìåðåíèÿ
Òç,íã/ìë« Ò4,íã/ìë ÒÒÃ,ìÅÄ/ë Ïðîëàêòèí,ìÅÄ/ë ü*

1(52) 0.6110.03 75.8±6.2 1.49±0.13 336.1±31.6
2(42) 0.8010.00 83.816.2 1.4410.17 556.31102.1
3(226) 1.1610.04 82.112.2 1.5310.09 441.9142.0

• ðàçëè÷èÿ ìåæäó âñåìè ïîäãðóïïàìè äîñòîâåðíû ð<0.001
ú ðàçëè÷èÿ ìåæäó ïîäãðóïïàìè 1-2,1-3 äîñòîâåðíû ð< 0.05
ñ â ñêîáêàõ óêàçàíî ÷èñëî îáñëåäîâàííûõ, óðîâåíü ïðîëàêòèíåìèè â 1 ïîäãðóïïå
îïðåäåëÿëè ó 27, â ïîäãðóïïå 2 - ó 26 è â ïîäãðóïïå 3 - ó 94 ÷åëîâåê.

×àñòîòà âûÿâëåíèÿ ñèíäðîìà "íèçêîãî Òç" ñðåäè îáñëåäîâàííûõ ëèêâèäàòîðîâ
ãðóïïû 1 äîñòèãëà 26.1%.

Íåîáõîäèìî îòìåòèòü, ÷òî ñèíäðîì "íèçêîãî Òç" ó ËÏÀ ìîæåò áûòü ñëåäñòâèåì
êàê ñîìàòîãåííî- è ÿòðîãåííî- îáóñëîâëåííûõ, òàê è ýêîëîãè÷åñêè (âîçìîæíî è
ðàäèîèíäóöèðîâàííûõ) âîçäåéñòâèé.òàê êàê ïîêàçàíî ïðèñóòñòâèå ýíçèìîâ, ó÷àñòâóþùèõ
â ïåðèôåðè÷åñêîé êîíâåðñèè òèðåîèäíûõ ãîðìîíîâ âî ìíîãèõ òêàíÿõ îðãàíèçìà [3].
Âìåñòå ñ òåì ó ëèêâèäàòîðîâ, ïðåäñòàâëåííûõ ïîäãðóïïàìè 1-3, èçìåíåíèå óðîâíÿ Òç â
ïåðèôåðè÷åñêîé êðîâè íå ñîïðîâîæäàëèñü çíà÷èìûìè èçìåíåíèÿìè ñðåäíèõ
êîíöåíòðàöèé êàê ÒÒÃ, òàê è Ò4 (òàáëèöà Ã).

Ïðè êëèíè÷åñêîì íàáëþäåíèè îêàçàëîñü.÷òî ñèíäðîì "íèçêîãî Òç", âûÿâëåííûé ó
ËÏÀ ïðè ïîñòóïëåíèè, ñîïóòñòâîâàë îñëîæíåííîìó òå÷åíèþ çàáîëåâàíèé ñåðäå÷íî-
ñîñóäèñòîé è ïèùåâàðèòåëüíîé ñèñòåì. Èçâåñòíî, ÷òî ìíîãèå áîëåçíè ñîïðîâîæäàþòñÿ
îòêëîíåíèÿìè îò íîðìàëüíûõ âåëè÷èí â ñòîðîíó ïðåèìóùåñòâåííîãî ñíèæåíèÿ óðîâíÿ
òèðåîèäíûõ ãîðìîíîâ.

Êàê âèäíî èç òàáëèöû II, ó 40 (11.1%) îáñëåäîâàííûõ ËÏÀ I ãðóïïû ïî âåëè÷èíàì
ÒÒÃ áûë âûÿâëåí ñóáêëèíè÷åñêèé ãèïîòèðåîç.
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Òàáëèöà II
Ñðåäíèå êîíöåíòðàöèè Ì±ì Ò< è ïðîëàêòèíà ó ãèïîòèðåîèäíûõ ïî óðîâíþ ÒÒÃ ËÏÀ íà

×ÀÝÑ â çàâèñèìîñòè îò óðîâíÿ Òç

Ïîäãðóïïà Èññëåäóåìûé ãîðìîí, åäèíèöû èçìåðåíèÿ
Òç,íã/ìë» Ò4,íã/ìë ÒÒÃ,ìÅÄ/ë Ïðîëàêòèí ìÅÄ/ë ü

4(11) 0.67±0.05 68.0±8.1 6.06±1.32 352.3±47.3
5(29) 1.21±0.07 77.9±6.9 5.Ï±0.67 387.5±31.5

» ðàçëè÷èÿ ìåæäó ïîäãðóïïàìè 4-5 äîñòîâåðíû ð<0.05
b â ñêîáêàõ óêàçàíî ÷èñëî îáñëåäîâàííûõ ëèö, óðîâåíü ïðîëàêòèíà èññëåäîâàí ó 8 ìóæ÷èí
ïîäãðóïïû 4 è ó 10 - ïîäãðóïïû 5.

Ñèíäðîì "íèçêîãî Òç" ñðåäè ËÏÀ ãðóïïû 2 áûë âûÿâëåí ó 39 ÷åëîâåê (7.7%), à
ëàòåíòíûé ãèïîòèðåîç - ó 8 ÷åëîâåê (1.6%).

Íàðàñòàíèå ÷àñòîòû âûÿâëåíèÿ ôóíêöèîíàëüíîé ïàòîëîãèè ùèòîâèäíîé æåëåçû ó
ëèêâèäàòîðîâ ìîæåò îáúÿñíÿòüñÿ ðàçëè÷íîé âðåìåííîé ýêñïîçèöèåé ïîñëå àâàðèè,
èñ÷åðïàíèåì ëàòåíòíîãî ïåðèîäà äëÿ ïðîÿâëåíèÿ ýíäîêðèíîïàòèé.

Íåñìîòðÿ íà äîñòîâåðíûå ðàçëè÷èÿ â êîíöåíòðàöèè Òç â ïîäãðóïïàõ 4 è 5, ñðåäíèå
êîíöåíòðàöèè ÒÒÃ â ýòèõ ïîäãðóïïàõ íå ðàçëè÷àëèñü. Åñëè â ïîäãðóïïå 4 ñíèæåíèå
óðîâíÿ Òç âûçâàëî àäåêâàòíóþ îòâåòíóþ ðåàêöèþ ÒÒÃ è ó ïàöèåíòîâ íàáëþäàëñÿ
ïåðâè÷íûé ëàòåíòíûé ãèïîòèðåîç, òî â ïîäãðóïïå 5 íàáëþäàëîñü íàðóøåíèå ìåõàíèçìà
îòðèöàòåëüíîé îáðàòíîé ñâÿçè Òç - ÒÒÃ, ÷òî ìîæåò ïðèâîäèòü ê âîçíèêíîâåíèþ
àâòîíîìíûõ òåíäåíöèé â ñèñòåìå ãèïîôèç-ùèòîâèäíàÿ æåëåçà. Ïîâûøåííûé óðîâåíü ÒÒÃ
ñîçäàåò óñëîâèÿ äëÿ ïðîëèôåðàöèè êëåòîê ôîëëèêóëÿðíîãî ýïèòåëèÿ.

Ïðè àíàëèçå óðîâíÿ ïðîëàêòèíåìèè â çàâèñèìîñòè îò êîíöåíòðàöèè Òç (òàáëèöà I
è II) âûÿâëåíî, ÷òî ïðè ýóòèðåîèäíîì ñèíäðîìå "íèçêîãî Òç" êîíöåíòðàöèÿ ïðîëàêòèíà
áûëà ñóùåñòâåííî íèæå, ÷åì ïðè íîðìàëüíûõ êîíöåíòðàöèÿõ Òç â êðîâè.

Ñîãëàñíî áîëüøèíñòâó èññëåäîâàíèé, ñíèæåíèå óðîâíÿ ïåðèôåðè÷åñêèõ
òèðåîèäíûõ ãîðìîíîâ ìîæåò áûòü ïðè÷èíîé ãèïåðïðîëàêòèíåìèè ïî öðèíöèïó
îòðèöàòåëüíîé îáðàòíîé ñâÿçè, ó÷èòûâàÿ, ÷òî ñòèìóëÿòîðîì ñåêðåöèè êàê ÒÒÃ, òàê è
ïðîëàêòèíà ÿâëÿåòñÿ òèðåîòðîïèíðèëèçèíã- ãîðìîí. Èñõîäÿ èç âûøåèçëîæåííîãî, ìîæíî
ñ÷èòàòü, ÷òî âûÿâëåííàÿ òåíäåíöèÿ "áîëåå íèçêèé Òç - áîëåå íèçêèé ïðîëàêòèí" ó ÷àñòè
ËÏÀ ÿâëÿåòñÿ ïàðàäîêñàëüíîé.

Íåîáõîäèìî îòìåòèòü, ÷òî ñðåäíèå áàçàëüíûå óðîâíè ïðîëàêòèíåìèè, âûÿâëåííûå
íàìè ó ËÏÀ, äîñòîâåðíî áîëåå âûñîêèå, ÷åì ñðåäíèå êîíöåíòðàöèè ïðîëàêòèíà,
ïîëó÷åííûå ïðè ïîïóëÿöèîííîì ãîðìîíàëüíîì èññëåäîâàíèè çäîðîâûõ ìóæ÷èí
Ëåíèíãðàäà 1986-1987 ãã.

Íàìè óñòàíîâëåíî, ÷òî ñðåäè ëèêâèäàòîðîâ, ñòðàäàþùèõ ñåðäå÷íî-ñîñóäèñòûìè
çàáîëåâàíèÿìè, íàáëþäàåòñÿ äîñòîâåðíàÿ òåíäåíöèÿ ê îòíîñèòåëüíîìó ãèïîèíñóëèíèçìó
è ãèïåðïðîëàêòèíåìèè ïî ñðàâíåíèþ ñ àíàëîãè÷íûì ïî íîçîëîãèè è âîçðàñòó, à òàêæå
çäîðîâûì êîíòðîëåì [4].

Èçâåñòíî, ÷òî èíñóëèí ÿâëÿåòñÿ ñòèìóëÿòîðîì ãèïîôèçàðíîé ñåêðåöèè è,
âîçìîæíî, ðåäêàÿ ÷àñòîòà ïîâûøåíèÿ ÒÒÃ ó ìóæ÷èí-ëèêâèäàòîðîâ ìîæåò áûòü ñâÿçàíà
êàê ñ îòíîñèòåëüíûì ãèïîèíñóëèíèçìîì, òàê è ñ îñîáåííîñòÿìè ãèïîòàëàìî-
ãèïîôèçàðíîé ðåãóëÿöèè, ïðèâîäÿùåé òîëüêî ê ñòèìóëÿöèè ëàêòîòðîïíîé, à íå
òèðåîòðîïíîé ôóíêöèè ãèïîôèçà.

Èçó÷åíèå ðîëè ãèïåðïðîëàêòèíåìèè ïðè ãîðìîíàëüíîì ñêðèíèíãå ïàòîëîãèè
ùèòîâèäíîé æåëåçû âàæíî íå òîëüêî âñëåäñòâèå îáùèõ ðåãóëÿòîðíûõ ãèïîòàëàìè÷åñêèõ
ìåõàíèçìîâ äëÿ ÒÒÃ è ïðîëàêòèíà. Âûñêàçûâàåòñÿ òàêæå ìíåíèå î òîì, ÷òî ïðîëàêòèí ó
ìëåêîïèòàþùèõ ÿâëÿåòñÿ ìèòîãåíîì è îïóõîëåâûì ïðîìîòîðîì [5], à òàêæå îáëàäàåò
èììóíîñóïðåññèâíûì äåéñòâèåì [6].

4. ÇÀÊËÞ×ÅÍÈÅ
Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî ãîðìîíàëüíûé ñêðèíèíã ïîçâîëÿåò

âûÿâèòü íåêîòîðûå ïàòîëîãè÷åñêèå ñèíäðîìû äèñôóíêöèé ùèòîâèäíîé æåëåçû, êîòîðûå
ìîãóò ïðåäðàñïîëîãàòü ê ðàçâèòèþ ãèïåðïëàçèè èëè ãèïåðòðîôèè òêàíè ùèòîâèäíîé
æåëåçû, òî åñòü òåõ ñîñòîÿíèé, íà ðàííåå âûÿâëåíèå êîòîðûõ è äîëæåí áûòü íàïðàâëåí, ïî
íàøåìó ìíåíèþ, ñêðèíèíã òèðåîèäíîé ïàòîëîãèè ó ËÏÀ.
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Âûÿâëåíèå ñèíäðîìà "íèçêîãî Òç" è ãèïåðïðîëàêòèíåìèè ó ËÏÀ ÿâëÿþòñÿ, ñ
íàøåé òî÷êè çðåíèÿ, ïàòîãåíåòè÷åñêè íåáëàãîïðèÿòíûìè è ýòè ñîñòîÿíèÿ ñïîñîáñòâóþò
áûñòðîìó êëèíè÷åñêîìó ìàíèôåñòèðîâàíèþ òèðåîèäíîé ïàòîëîãèè.
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DOSIMETRIC ESTIMATION OF CHILDHOOD THYROID CANCER CASES
IN RUSSIA AFTER THE CHERNOBYL ACCIDENT

Illlllllllll
A.F.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 results 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/km2

(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
mGy, 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, A.N. 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) iodine 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 -
132I> 134^ I35j) about half of energy emission for 133I and only - 10% for 131I. 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. I.e., average dose for

parenchyma is less then average dose for organ in second period. 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. SEDLAUSKAS, 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 radtonuclldes after the Chemobyl accident were transported by moving air masses over
Lithuania Of particular importance were radioiodines Measurements of radioactive iodine on the first
day after the accident showed that Jm 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 Jm in cows' milk at that time showed that it's concentration didn't increase above
standard ranges (370 Bq/1) in Central and Northern regions in contrast to 3700±660 Bq/1 in Southern
and Western regions In result, mean adults equivalent thyroid doses estimated by determinant
method, were 1,2 mSv in Northern regions, 9,1 mSv in Western and Southern regions They were
correspondingly 10 mSv and 77 mSv for children [1]

Latvia

Poland

Fig.l Lithuanian regions affected by Jm after the Chemobyl accident
A - Jm concentration in cows' milk in normal ranges (<370 Bq/1)
B - J131 concentration 370 - 1000 Bq/1
C - Jm concentration more than 1000 Bq/1

Belarus
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There is no investigations giving objective data about the Chernobyl accident impact on thyroid
disorders in Lithuania It is of great importance when 9 years passed since the Chernobyl accident and it
is 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 into consideration different degree of radioiodme pollution after
Chernobyl accident in 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 in
Kupiskis were investigated Questionary, clinical examination, thyroid palpation, ultrasonography was
performed and thyroid volume was measured Blood was taken for radioimmunoassay of plasma
fT4,TSH and thyroid microsomal antibodies Urine was collected for measurement of iodine excretion
Fine-needle aspiration biopsy was performed when needed

Thyroid size was estimated by inspection and palpation according to WHO [3]
0 - no goiter
1A - goiter palpable but not visible
IB - visible at reclined head only
II - goiter visible
HI - very large goiter, visible from a distance
The ultrasonography was performed using real-time "Toshiba" SAL - 328 with 5MHz transducer

The thyroid volume was calculated as described by Brunn et al [4] Thyroid palpation and
ultrasonography were performed by 2 same physicians in both regions

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

Urine iodine concentration was measured by Cenc-arsemte 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%) i 2 (0,8%)

Hypothyroidism Hypeithyroidism Hypothyroidism Hyperthyroidism

Varena Kupiskis

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

- subclimcal thyroid disorder
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Results and Discussion

95(22,9%) of 415 subjects in Varena had thyroid enlargement according to palpation and
ultrasonography data Thyroid nodules were diagnosed in 17 cases (4,1%) In 10 cases of nodular
thyroid abnormalities more than 1 cm in 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
thyroid abnormalities showed to have thyroid carcinoma There is no significant difference in the
prevalence of goiter and nodules in subjects from these two regions

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

Iodine excretion in urine was measured in 40 urine samples from Varena region and in 85 samples
from Kupiskis region Mean iodine excretion in unne was 65,5±8,2 ug/1 in Varena and 69,4±12,3 ug/1
in Kupiskis In non-iodine deficiency areas normal urinary iodine concentration is >100 ug/l, 50-100
ug/1 urinary iodine concentration is modest iodine deficiency, 20-50 ug/1 - moderate and <20 ug/1 -
severe iodine deficiency [5] Thus, the results indicate the problem of iodine deficiency in Lithuania [6]
It is known that the thyroid absorbs larger doses of radioactive iodine in iodine deficiency areas during
atomic power accident Establishment of iodine deficiency in Varena enabled to correct thyroid
equivalent doses in this region after the Chernobyl accident [1] Thyroid doses estimated by stochastic
method are presented in Table I

Children

Adults

Doses
(mSv)

Distribution
(%)

Doses
(mSv)

Distribution
(%)

<100

22

<10

28

100-200

59

10-20

55

200 - 300

16

20-30

14

300 - 400

2,3

30-40

2,4

>400

0,7

>40

0,6

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

Table I 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± 1 OmSv 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
mcreasement of thyroid equivalent dose above 400 mSv In the study of Belarus children, exposed to

57



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 little or no fallout from the Chernobyl accident,
thyroid nodules were diagnosed in 1,6-2% of the examined children There were no cases of thyroid
carcinoma

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

The aim of the study was to compare prevalence of thyroid disorders in 2 Lithuanian regions with
high and low levels of radioiodine pollution after the Chernobyl accident Thus, Kupiskis ( J1M

concentration in cow's milk < 370 Bq/l ) and Varena ( JUI concentration > 1000 Bq/1 ) were chosen
The results proved that there is no significant difference in the prevalence of thyroid disorders in tins
two regions at the time
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THYROID NODULARITY AMONG CHERNOBYL CLEAN-UP WORKERS
FROM LITHUANIA
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Vilnius, Lithuania

J. KURTINAITIS
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1. Introduction

The accident at the Chernobyl NPP on 26 April 1986 was the worst in 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 iodines, 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 Chernobyl [5].

The objective of this study is to evaluate the dose effects of chronic radiation
exposure (mainly from external gamma radiation, but residual I 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 in developing
thyroid tumors withm a study population.

2. Materials and methods

2 1 Cohort construction

A study of the health effects from the Chernobyl reactor accident of 1986 on
Lithuanians sent to contaminated area for clean-up activity was conducted by Lithuanian
Chernobyl 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 Chernobyl 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 Soviet
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 commissions of former Soviet Union Ministry of Defence
They became available to LCMC starting from September 1991

3 Lists and records of Lithuanian Movement "Chernobyl" Since 1989, it has been in
the Chernobyl 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
Chernobyl clean-up workers It is important to note that to be registered as a Chernobyl

59



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 majority were
specifically drafted for the clean-up under the pretence of repetition military training activity

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

5 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 in 30 kilometres area and also certified by authorities of the Ministry

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

2 2 Physical examination

Thyroid examinations has been conducted by staff of LCMC for 3208 persons in the
period between February 1991 and June 1995 as an item of annual health check-up and
included palpation and sonografic examination Each subject underwent a physical
examination of the thyroid by at least two physicians doctor of internal diseases and
endocnnologist 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 echogemcity 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 predominantly solid or cystic, single or multiple, isoechoic, hyperechoic, or
hypoechoic Their 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 dosimetry (TLD) assessment and also

by group assessment wherein one member of the group had a dosimeter were collected by
former Soviet military authorities This information was obtained from military records Dose
levels received by individuals and recorded in the military passports are shown in table I
Recorded dose was missing for 30,9%

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

Dose, cGy All clean-up workers, % Workers with thyroid
nodulanties, %

0
5 -
10
15
20
>

- 5
• 10
- 15
-20
-25
25

21 49
38 13
12 75
8 76
15 39
3 49

21 84
2989
1494
1609
14 94
2 30

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 II shows the sonographic characteristics of nodules
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Table II Ultrasonic characteristics of thyroid nodules
Ultrasonic

characteristic
No of cases

Solid
Hypoechoic
Isoechoic
Hyperechoic

Cystic
Mixed

Total

23
6

65
14
9

117

19 66
5 13

55 56
11 97
7 69

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 ll,42cGy in 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 missmg

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

Disease (%)
**v

35.
30.
25.

20.

15.

10.

5 .

0

»

*

*
*

* *• *

* * * ^

*

8 20 2412 16
Dose, cGY

Figure 1. Development of the thyroid nodularity by dose.

28

Exposure to radiation does not initiate more frequent thyroid nodulanty in
companssion with nonexposed Lithuanian men's population where the frequency of thyroid
nodulanty is 1,6 - 16,3 %

Because of incompletness and uncertain accurancy of recorded doses, the probability
of nodulanty also was estimated in terms of time spent in Chernobyl area The prolongation
of stay in contaminated area does not effected the frequency of thyroid nodulanty (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 risk (above 15%) to develope thyroid nodulanties is 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 in the clean-up activity after
Chemobyl 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 Estonia, 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 in 1995 (nine years after
exposure) The smallest acceptable size of nodules was here 0,3 cm This might be an
explamation of more high prevalence of nodules in Estonian cohort

Exposure to radiation does not initiated more frequent thyroid nodularity in
compansson with nonexposed Lithuanian men's population where the frequency of thyroid
nodularity is 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 in the future
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IODINE PROPHYLAXIS IN CASES OF RADIATION ACCIDENTS:
PREPAREDNESS IN BULGARIA

A. BAYRAKOVA, G. KTRADJTEV XA9745456
National Center of Radiobiology and Radiation Protection,
Sofia, Bulgaria

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
Iodine -129
Iodine- 1 3 1
Iodine- 132
Iodine- 133
Iodine- 1 34
Iodine- 135

Thyroid doses (Sv/Bq)
1.6xE-6
3.0 x E-7
1.8xE-9
5.0xE-8
3.0xE-10
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

Iodine 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

Age groups

Neonates

1 month - 3 years

3-16 years

Adults, including
pregnant and
lactatine women

Potassium
iodide
(m?L

15

31 -35

65

130

Potassium
iodate
(mg)
20

40-45

85

170

5% tincture of
iodine
(drops)

10

20

40

80

Equivalent iodine
content

_Jmg)
12.5

25

50

100

3. MEDICAL CONTRAINDICATIONS FOR STABLE IODINE PROPHYLAXIS

The Iodine 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, psoriasis);
- 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 (1st, 2nd and 3rd trimester),
lactating mothers, and children.

During the 1st trimester of pregnancy the embryo has no thyroid gland and hypothalamus-
hypophysis-thyroid system of full-value, thus it cannot incorporate radioactive iodine. Iodine
prophylaxis is not needed. The rule that future mothers must avoid all medicines during the 1st
trimester should be obeyed.

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

Accident

Age groups

Pregnant
women

Neonates
under
1 month
Lactating
mothers
Children
under 16
Adults
under 45
Adults
over 45
NPP
personnel

R e g i o n s
Near NPP

Appli-
cation '

XXX

XXX

XXX

XXX

XXX

XX

XXX

Dosage b

0(2)
(except the 1st

trimester)

0(1)

0(2)

00

00

00

00

Other
measures c

PP

PP

PP

PP

PP

PP

PP

Far from NPP
Appli-
cation *

XXX

X

X

X

_

Dosage b

0(1)

0(1)

0(1)

0(1)

_

Other
measures c

P

P

P

P

P

P

_

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

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 trimester of pregnancy gives no reason for abortion
The thyroid gland is functioning during the 2nd and 3rd trimester of pregnancy as well as in

neonates Hypothyroidism could be developed as a result of immaturity of the hypothalamus-
hypophysis-thyroid system Although transitory, such a hypothyroidism can cause serious disturbances
in the mental development after birth

The differentiated approach to adults (under and over 45 years) is 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 is sought between higher radiation
nsk and higher side effects nsk Decreasing of stable iodine doses can be considered as an alternative
The decision for each case is taken by the Ministry of Health Measures for iodine deficiency removal
are important also for population protection in case of a nuclear accident

A generalization is shown on Table IV

6 INSTRUCTIONS FOR THE POPULATION

6.1. Population residing near NPP

1 The iodine prophylaxis is a contemporary, relatively safety method that ensures almost entire
protection against radioactive iodine isotopes when applied properly

2 It is carried out with tablets containing stable iodine, the tablets being delivered beforehand
to each household (1 tablet - 250 mg potassium iodide)

3 The tablets should be kept in dry and dark places not accessible for children
4 The tablets are to be taken right after the announcement of radiation accident
5 The iodine prophylaxis is carried out for the whole population - neonates, children, lactatmg

mothers, pregnant women and adults
6 Dosage adults take 1/2 tablet, and children under 16 - 1/4 tablet The tablets are taken with

water, milk, tea, etc
7 This dosage guarantees an effective 24 hours protection After this penod another dose is

taken, etc , about the duration of the tablets taking, we shall let you know later on
8 To neonates (under 1 month) the medicine is given only once, and to pregnants and lactatmg

mothers - not more than two times
9 The medicine is not given to infants on natural feeding They receive stable iodine through

the mother's lactation
10 The medical contraindications for medicine taking are sensitivity to iodine, thyroid diseases

(Basedow's disease, large goiter), some grave skin diseases In such cases you should turn to the local
health service

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

12 The tablets ensure protection only against iodine isotopes They have no effectiveness
against external exposure and the other radioactive isotopes

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 iodine

6.2. Population residing in regions far from NPP

The instruction is the same as the one for the population residing near NPP The difference is
that the prophylaxis is earned out with stable iodine solution (prepared and supplied by the bodies of
the Ministry of Health and the Civil Defence Administration) Iodine prophylaxis is 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
Chemobyl 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 risk 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 self 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 Chernobyl 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 1-131 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 /JU/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 ^IU/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 /<IU/ml. The shift to higher TSH
levels was statistically significant at p=0.023 by the y? test Boys showed a similar trend, but
their results did not reach statistical significance.

The other parameters examined - total serum T3 and T4, thyroglobulin, anti thyroid 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 original 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 year old Gomel girl. She was treated by
thyroidectomy followed by ablation of remaining thyroid tissue with 1-131 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 variable volume or densities within the thyroid that
are not discrete nodules. There was no difference in the incidence of these thyroid irregularities
between subjects coming from high or low exposure areas.

DISCUSSION

The assumption that the radioiodine thwoid dose (in 1986) can be correlated with recent
measurements of Cs-137 distribution in the soil is probably inaccurate. The short lived
radioiodines (such as 1-132, 1-133, 1-135) have been estimated to be 4 to 10 times more
destructive per rad than 1-131 (6). These isotopes may well have caused radiation exposures in
excess of that due to 1-131 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 is 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 (c) 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
arid/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 IIIHTOBHflHOfi JKEJIE36I B EEJIAPYCH
, A.E.OiceaHOB2, T . B . BopoHijOBa3 ,

Pecny6nHKaHCKHH IJeHTp onyxonen
220600 MHHCK , np . <f> . CKOPHHH , 6 BenapycB

HH$OpMaTHKH H MeHHD[HHCKOH TeXHOHO-

THH. 220600 MHHCK, n.BpoBKH, 7a. BenapycB
3 HncTHTyT pannattHOHHOH MenHutHHbi. 223032
MHHCK , AKcaKOB^HHa . BenapycB

B nccnenoBaHHe BKnroHeHbi

Pecny6nHKancKoro Kani^epperHCTpa H

onyxonefi mHTOBHflHOH xenesbi.

3a nepnoR c 1977 no 1994 rr. paK

qnTOBHflHOH xenesbi B Benapycn BbinsneH y 4379

6oriBHbix, B T .H . y 1139 ( 2 5 % ) flo H y 3240
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( 7 4 % ) nocne asapHH na 4epHo6binBCKOH A3C. 3a

18 neTHHH nepnofl B 90% Ha6nion.eHHH

neneHne npOBOHHnoc& B

Pecny6nHKancKOM LJeHTpe.

B floasapHHHOM nepHon,e pax n.aHHOH

BCTpenancH peflKO BO Bcex

Pecny6nHKH - cpeflHHH

3a6oneBaeMOCTH cocTaBnnn Bcero 1.3^-100000
HaceneHH5i. OHK nacTOTbi paxa muTOBHflHOH

xenesbi Ha6nK)nancH B BOspacTHOM HHTepBane OT

50 no 64 neT. Y neTew 3Ta onyxonB o6HapyxeHa

TOJIBKO B 7 cnyna^ix, ^ITO cocTaBnno 0 . 6 % no

KO BceH nonyn^utHH 6onBHbix sa

nepnofl.

B 6onBniHHCTBe Ha6niOfleHHH ( 8 8 . 7 % )

^epenqHpOBaHHbie nannnnnpHbie H

KapqHHOMbi. AnannacTH^iecKHH pax

Bcero 8 . 2 % , a MenynnnpHbiH - TOJTBKO

3 . 1 % . XapaKTepHOH ocoSenHOCTBio

nH^$ePeHI]tHPOBaHHBIX KapqnnoM y 6onBHbix CTapme

50 neT 6bin MenneHHHH pocT onyxonn. TaK,

ysnoBoro HHH

xenesbi no

KapitHHOMbi HepeflKo npeBbiinana 10 neT.

B MononoM sospacTe name pasBHBanncB

B pernonapHbix nHM^aTH^ecKHx ysnax
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men H nepeflnero cpenpCTenHH, a B

anannacTHHecKoro paxa OTMenancn

pocT onyxonH H paHHHe JIHMCJDO- H reMa-roreHHbie

MeTacTasbi. ripn nannnn^pHOM H

paxe nocne XHpyprnnecKoro

BblJKHBaeMOCTB

8 0 . 1 % , a cpeflHHH

CMepTHOCTH flriH BCeX SOHBHblX paKOM

xenesbi sa HeBHTuneTHnii nepnofl
11.6-100000 naceneHH^.

Elocjie aBapHH na HepHo6biJiBCKOH
3a6oneBaeMOCTB paKOM
sospacna no 6.1^-100000,

KOnHHeCTBO 6onBHHX yBeHHHHnOCB BO BCeX

BOspacTHbix rpynnax, HO oco6eHHO - y
Tax, B 1994 r. noxasaTenB
HOCTur 3.5n-100000 AeTCKoro naceneHHH, a B
qenoM fleTCKHH pax cocTaBHn 10.2% no OTHomeHHK)
KO BCBM 6ojIBHbIM C nepBHHHHMH SnOKa^eCTBeHHblMH

HOBOo6pa3OBaHH^iMH iqHTOBHHHOH xenesbi. Bcero sa
9.5 ne-r paK BHHEnen y 3S7 ̂ eTen, us HHX y 387
nepBHHHoe neneHne 6bino npoBeneno B IJeHTpe.

BaxHO noH^epKHyTB, HTO B nocneaBapHHHOM
nepnofle nacTOTa pasnHHHbix Mop^onorHnecKHx
<£opM paxa H noKasaTenB CMepTHOCTH GOJTBHHX
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He HSMeHHJiHCB. Han6onee BHCOKHH

3a6oneBaeMOCTH y HeTen oTMenen B

H loro-sananHbix panoHax roMenBCKOH H

Ha6nio#eHHH noKasann,

pax o6jiaflan 6onee

arpeCCHBHblMH CBOHCTBaMH ,

Bspocnbix .

Tax, HHH paKa IHHTOBHRHOH xenesbi y

xapaKTepno nacToe H MnoxecTBeHHoe nopaxenne

MeTacTasaMH nuM^aTHHecKHx ysjios inen. Bo

MHOTHX cnynaHX pocT MeTacTaTH^ecKHx onyxoneH

6bin 6onee 6BiCTp5iM,

EIo naniHM naHH&iM, na

cyinecTBeimo Bnnnno 3KCTpaKancyn5ipHoe

pacnpocTpaHenne onyxonn .

HTO y fleTeii 6onBH&ix paKOM

yrneTeHrie T-3Bena

OTHOCHTenBHoro H aSconioTHoro

T-nHM$oqHTOB) , noflaBneHH

aKTHBHOCTH HHM^OqHTOB

6nacTpanc$opMaE(HH na $OHe CTHMyn^LiHH B-ssena

otieHKe LJ;HTOKHHOB Ha6nioflajiac&

HHTepneHKHHa-1.
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ypOBHH ayToaHTHTen (K THpeorno6ynHHy , MHKPO-

aHTnreny, nepeKCKtnase) , pacTBo-

peijeriTOpOB K HHTepnenKHHy-2 H HHTep<|)e-

pona oTMeHanHCB flocTOBepno name y 6on&Hbix

paKOM, neM y sjjopOBbix neTeH. Bee STO

o 3HaHHTen&HOH ponn

peaKqHH B pasBHTHH KapqHHOMbi B

BospacTe.

B nepsbie 5 neT, nocne 4epHo6binBCKOH

npH BbinojmeHHH xHpyprn^ecKHx onepaqnH

MH CTpeMHJiHCB yflanHTB y fleTen BCIO onyxonB H,

ecnn BOSMOXHO, coxpaHHTB ynacTOK

H, HTo6bi Hs6exaTB

rnnoTHpeosa. HaMH nponsBOflnnacB ne

TOJTBKO TOTanBHan, HO TaKxe cy6TOTanBHan H

reMHTHpeOHfl3KTOMHH. HpH HaHHHHH perHOHapHHX

MeTacTasoB STH onepaqHH Bcerpa BbinonHHJiHCB c

OflHOBpeMeHHOH OflHO- F.HH

BbicoKyro

paKa iqHTOBHHHOH xenesbi y

B nocnenyronjHe roflbi reMHTHpeoHH3KTOMHH

TOJIBKO npn conHTapnoH onyxonn

Menee 1 CM ( T l a N O M O ) . nocne TOTan&HOH

THpeOHflSKTOMHH o6bIHHO

77



npH o6napyxeHHH MeTacTasoB B

nerKHx npOBonnnHCB Kypcbi paflHOHOflTepanHH (55

Pesyn&Ta-Tbi xnpyprH^ecKoro nenenHH

y 292 neTeii, onepHpOBannbix 2-8 neT TOMy

nasan. Bo3O&HOBneHne pocTa onyxonn OTMeneHO B

56 Ha6mofleHH5ix, B TOM nncne:

• -y 8 6onBHbix - B ocTaTKax THpeoHflHOH

• -y 48 - MeTacTasbi B pernonapHbix JiH

BceM 56 fleTHM nponsBeneHbi noBTopnbie onepaijHU

6yneT BOSMOXHO TOHBKO
nepes 5-10 neT. B nacTO^iqee BpeMH MOXHO nnmB
OTMSTHTB , HTO HOCHe TOTail&HOH THpeOHfl3KTOMHH

B 25% cnynaeB Ha6nioflanacB

KGTopa^i TpyflHO

Been xenesw, B SonBinnncTBe c
OTCTaiOT OT CBepCTHHKOB B yMCTB6HHOM H
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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,
M.M. RUBTSOVA
Moscow A. Herzen Cancer Research Institute,
Moscow, Russian Federation XA9745459

1. Purpose and methods
Growth of the malignant neoplasm incidence is one of the most probable consequences of

influence of ionizing radiation on the population of the territories suffered from the Chemobyl accident.
Thyroid is an organ of rather high risk for realization of cancerogemc effects of radiation [1]. The

Chemobyl accident was associated with a significant discharge of several kinds of iodine radionuclides
with different half-life 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) incidence in various groups of the population living on these territories m 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
Chemobyl 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 primary medical documentation on TC patients in
special-purpose oncological establishments of the federal, regional levels, in general medical
establishments that issue death certificates and certificates of inability of work as well as m
prosectonums 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 Chemobyl 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 in 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
period (1987-1995) In the KR were exposed 235 and 171 cases, respectively. As for the register of the
OR, it is on the way to form

There has been growth of TC incidence in males and females of the BR since 1986, which,
probably, is 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 in the KR as well. The data concerning the age
and sex rates of the incidence are in table II.

In the BR and in the OR, an increment of the incidence rate higher in the junior 0-29 age group
and in females of the 40-49 age group In the KR, dynamics and incidence rate are identical with those
of all Russia Incidence rates of adults in the polluted, slightly polluted, and pure regions of the BR do
not correlate with the pollution levels
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Table I.
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)

Territories

Bryansk
region
Kaluga
region

Territories

Bryansk
region
Orel
region
Kaluga
region
Russia

Sex

M
F
M
F

Sex

M
F
M
F
M
F
M
F

Years

1981 1982 1983 1984 1985 1986
1.2 1.7 0.4 0.5 0.5 1.4
3.2 2.3 2.2 2.0 1.6 2.9
0.6 0.2 0.3 0.2 0.0 0.2
0.9 1.8 1.4 1.0 1.5 0.9

Years

1988
1.4
5.5

*
*

0.8
0.6

*
*

1989
1.0
7.2
1.1
4.1
0.7
2.4
1.0
3.1

1990
0.8
6.7
1.4
4.2
0.6
1.5
1.0
3.0

1^991
2.3
5.6
2.5
5.5
0.3
1.8
1.0
3.0

1992
1.8
8.9
1.9
7.2
1.0
1.5
0.9
3.4

1993
2.1
10.0
1.5

11.0
0.6
3.0
1.0
3.6

1987
1.3
6.6
0.6
1.9

1994
2.6
11.4
2.1
10.7
1.3
2.4
1.1
4.0

1995
3.0
12.0
2.6
15.7
1.0
2.1

*
*

Average
annual
rate of

increment,%
1981-1987

-7.3
-4.5
-33.6
-2.9

Average
annual
rate of

increment,%
1989-1995

21.1
12.6
10.1
32.2
13.2
3.7

1.1**
5.9**

* no data
** 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 (45). 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 III and in Fig. 1.

Table II.
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)

Territory

Bryansk region

Age

under 29
30-39
40-49
50-59
60-69

70 & over
Total

Males
1981-
1986
0.2
0.8
1.2
2.0
3.6
2.9
1.0

1987-
1989
0.6
1.6
0.9
3.0
4.6
3.6
1.5

1990-
Lj995_
* 1.2

1.6
2.8
4.2
4.6
4.2
2.3

Females
1981-
1986
1.0
4.4
3.1
5.1
4.4
3.7
2.9

1987-
1989
2.0
11.7
14.1
13.1
10.7
8.0
7.9

1990-
1995
3.8
14.9
21.3
16.6
12.7
8.1
10.5
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Continuation of table II.

Territory

Kaluga region

Orel region

Russia

Age

under 29
30-39
40-49
50-59
60-69

70 & over
Total

under 29
30-39
40-49
50-59
60-69

70 & over
Total

under 29
30-39
40-49
50-59
60-69

70 & over
Total

Males
1981-
1986
0.0
0.2
0.0
0.5
0.7
0.0
0.1
*

*

1987-
1989
0.3
0.4
0.6
1.5
3.9
0.0
0.7

0.6**
0.0
2.2
1.8
5.7
0.0
1.2

0.2**
1.0
1.4
2.2
3.0
4.6
1.0

1990-
1995
0.2
0.7
2.1
1.1
2.1
1.9
0.9
0.7
2.2
2.9
4.9
4.8
5.1
2.4

0.2***
0.7
1.4
2.2
3.2
4.2
1.0

Females
1981-
1986
0.1
1.0
1.2
1.4
1.5
2.1
0.9
*

*

1987-
1989
0.2
2.4
2.7
3.4
3.3
3.8
2.2
1.1*
11.3
8.3
7.4
4.6
5.3
5.2
0.8
4.3
6.3
6.9
7.6
6.6
3.9

1990-
1995
0.3
2.0
5.3
4.8
3.6
6.8
2.8
4.1
13.7
17.8
19.2
11.3
10.8
10.7

0.9***
4.3
7.4
7.4
7.8
7.1
4.3

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

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

Males
Females
Both sexes

Years
1987

0.9

0.5

0.7

1988

0.0

0.5

0.2

1989

0.0

1.0

0.5

1990

0.5

2.0

1.2

1991

0.5

1.0

0.7

1992

^ 0.9

3.0

1.9

1993

1.9

3.5

2.7

1994
r 2.3

6.5

5.6

1995

2.0

6.2

4.1
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6 T

Fig.l. 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)

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 Cheraobyl 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 IV). 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

Boys

Girls

Both sexes

Years

1981-1986
0.0

0.2

0.1

1987
0.6

0.0

0.3

1988
0.0

0.6

0.3

1989
0.0

0.0

0.0

1990
0.6

0.6

0.6

1991
0.0

0.0

0.0

1992
0.0

1.4

0.6

1993
0.6

0.0

0.3

1994
2.5

2.6

2.5

1995
2.5

2.6

2.5

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

Polluted
Slightly polluted
Pure

Years
1987
0.0
2.1
0.0

1988
0.0
2.1
0.0

1989
0.0
0.0
0.0

1990
1.9
0.0
0.5

1991
0.0
0.0
0.0

1992
1.9
2.1
0.0

1993
0.0
0.0
0.0

1994
9.4
2.1
0.3

1995
13.2
0.0
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 cany 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%. 13 If 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 131l).
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 '29j 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.

ÂÂÅÄÅÍÈÅ

Ïðè ðàññìîòðåíèè ðîñòà çàáîëåâàåìîñòè ùèòîâèäíîé æåëåçû (ÙÆ) êàê
îäíîãî èç ÿâíûõ ñëåäñòâèé ×åðíîáûëüñêîé àâàðèè åñòåñòâåííî ñòàâèòü âîïðîñ îá
èõ ðàäèàöèîííîé îáóñëîâëåííîñòè,î ðîëè ðàçíûõ èñòî÷íèêîâ îáëó÷åíèÿ ÙÆ
(âíåøíåå èçëó÷åíèå âíóòðåííåå îáëó÷åíèå 1311 è äð.ðàäèîíóêëèäàìè).Òàêèå çàäà÷è
ìîæíî ðåøàòü ëèøü íà îñíîâå äîñòàòî÷íî êà÷åñòâåííûõ äîçîâûõ îöåíîê âñåõ
êîìïîíåíò îáëó÷åíèÿ ÙÆ. Îñóùåñòâëåíèå òàêèõ îöåíîê ïðèìåíèòåëüíî ê
íàñåëåíèþ çàãðÿçíåííûõ ðåãèîíîâ Áåëîðóññèè, Ðîññèè è Óêðàèíû ñòàëî
âîçìîæíûì áëàãîäàðÿ òîìó,÷òî â ìàå è íà÷àëå èþíÿ 1986 ã. áûëè ïðîâåäåíû
ìàññîâûå èçìåðåíèÿ ñîäåðæàíèÿ 1311 â ÙÆ, ïî ðåçóëüòàòàì êîòîðûõ
ðåêîíñòðóèðîâàíû èíäèâèäóàëüíûå äîçû âíóòðåííåãî îáëó÷åíèÿ ÙÆ äëÿ
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áîëüøîãî ÷èñëà äåòåé è âçðîñëûõ: îêîëî 130 òûñ.æèòåëåé Áåëîðóññèè, 30 òûñ.-
Ðîññèè (â îñíîâíîì, Êàëóæñêàÿ îáëàñòü) è 150 òûñ. —Óêðàèíû. Ýòè äàííûå,
"èçìåðåííûå èíäèâèäóàëüíûå äîçû",îòíîñÿòñÿ ê Êëàññó 1 äîñòîâåðíîñòè.Ïðè
äîñòàòî÷íî áîëüøîì ÷èñëå òàêèõ äàííûõ äëÿ æèòåëåé íåêîòîðîãî íàñåëåííîãî
ïóíêòà ìîæíî ïîëó÷èòü êîëëåêòèâíûå õàðàêòåðèñòèêè îáëó÷åíèÿ ÙÆ,
ñîõðàíÿþùèå îáúåêòèâíîñòü äàííûõ Êëàññà 1 è ïîçâîëÿþùèå âûïîëíÿòü
èíäèâèäóàëèçèðîâàííûå îöåíêè äëÿ íåîáñëåäîâàííûõ æèòåëåé ýòîãî ïóíêòà
(äàííûå Êëàññà 2 äîñòîâåðíîñòè —"ïàñïîðòíûå äîçû"). Äëÿ æèòåëåé âñåõ ïðî÷èõ
íàñåëåííûõ ïóíêòîâ îñòàåòñÿ åäèíñòâåííàÿ âîçìîæíîñòûîöåíèâàòü
èíäèâèäóàëüíûå äîçû îáëó÷åíèÿ ÙÆ ïî ðàñ÷åòíîé ìîäåëè íà îñíîâå äàííûõ î
ðàäèîàêòèâíîì çàãðÿçíåíèÿ òåððèòîðèé (Êëàññ 3 äîñòîâåðíîñòè îöåíîê).
Íåîáõîäèìî.÷òîáû ìîäåëü ñîäåðæàëà òîëüêî òàêèå ïàðàìåòðû,êîòîðûå óæå
îïðåäåëåíû èëè ïîääàþòñÿ îïðåäåëåíèþ íà îñíîâå èçìåðÿåìûõ âåëè÷èí.

Â äîêëàäå îáñóæäàþòñÿ:ñîîòíîøåíèå ìåæäó âíóòðåííèì è âíåøíèì îá-
ëó÷åíèÿìè ÙÆ, âêëàä îñíîâíûõ ðàäèîíóêëèäîâ â äîçó âíóòðåííåãî îáëó÷åíèÿ
ÙÆ , îñîáåííîñòè äîçèìåòðè÷åñêèõ îöåíîê Êëàññîâ 1 è 2 äîñòîâåðíîñòè, ïî —
ëóýìïèðè÷åñêàÿ ìîäåëü äëÿ îöåíîê Êëàññà 3 äîñòîâåðíîñòè.à òàêæå ýôôåê-
òèâíîñòü ðåàëèçîâàííûõ çàùèòíûõ ìåðîïðèÿòèé ïðèìåíèòåëüíî ê ÙÆ.

1.ÄÂÀ ÎÑÍÎÂÍÛÕ ÂÈÄÀ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ

1.1. Âíóòðåííåå îáëó÷åíèå ùèòîâèäíîé æåëåçû

Âíóòðåííåå îáëó÷åíèå ÙÆ ðåàëèçóåòñÿ ïðè ïîñòóïëåíèè ðàäèîíóêëèäîâ â
îðãàíèçì ÷åëîâåêà ÷åðåç îðãàíû äûõàíèÿ (èíãàëÿöèîííîå ïîñòóïëåíèå) è (èëè)
îðãàíû ïèùåâàðåíèÿ (ïåðîðàëüíîå ïîñòóïëåíèå). Ïðè ïîñòóïëåíèè â îðãàíèçì
ïðåäøåñòâåííèêîâ ðàäèîèçîòîïîâ éîäà äîçà âíóòðåííåãî îáëó÷åíèÿ ÙÆ
îöåíèâàåòñÿ ñ ó÷åòîì ñîîòâåòñòâóþùèõ èçîáàðè÷åñêèõ öåïî÷åê ðàäèîàêòèâíûõ
ïðåâðàùåíèé ðàäèîíóêëèäîâ âíóòðè îðãàíèçìà.Â àíàëèçå ó÷òåíû öåïî÷êè éîäà è
òåëëóðà ñ àòîìíûìè ìàññàìè îò 129 ïî 135,à òàêæå èçîòîïû 103'106Ru è 134'13?Cs.

1.1.1. Èíãàëÿöèîííîå ïîñòóïëåíèå

Ðåçóëüòàòû îöåíêè âêëàäà èçîáàðè÷åñêèõ öåïî÷åê èçîòîïîâ òåëëóðà è éîäà
âî âíóòðåííåå îáëó÷åíèå ÙÆ ïðåäñòàâëåíû â òàáëèöå I ïðèìåíèòåëüíî ê

Òàáëèöà Øòíîñèòåëüíûé âêëàä òåëëóðî — éîäíûõ èçîáàðè÷åñêèõ ñåìåéñòâ â
ñóììàðíóþ äîçó âíóòðåííåãî îáëó÷åíèÿ ÙÆ ïðè îäíîêðàòíîì èíãàëÿöèîííîì
ïîñòóïëåíèè ñìåñè ðàäèîíóêëèäîâ (Te,I,103'106Ru,134'137Cs) â "ðåàêòîðíîì"
ñîîòíîøåíèè,èñïðàâëåííîì íà ðàäèîàêòèâíûé ðàñïàä
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"ìãíîâåííîìó" èíãàëÿöèîííîìó ïîñòóïëåíèþ ñìåñè ðàäèîíóêëèäîâ.Ñîîòíîøåíèå
ìåæäó àêòèâíîñòÿìè ðàäèîíóêëèäîâ ðàññ÷èòàíû â ñîîòâåòñòâèè ñ çàêîíîì
ðàäèîàêòèâíîãî ðàñïàäà è ðåæèìîì ðàáîòû ðåàêòîðà â ïîñëåäíèå ñóòêè ïåðåä
àâàðèåé [1],íà îñíîâå äàííûõ [2,3]. Èñïîëüçîâàííûå ÷èñëåííûå çíà÷åíèÿ äîçîâûõ
êîýôôèöèåíòîâ ñîîòâåòñòâóþò Ïóáëèêàöèè 56 ÌÊÐÇ[4] äëÿ ëèö ðàçíîãî âîçðàñòà.
Â òàáë.1 ïðèâåäåíû äàííûå äëÿ ñàìîé ìëàäøåé âîçðàñòíîé ãðóïïû (3 ìåñ.) è
âçðîñëûõ. Äëÿ ëèö äðóãèõ âîçðàñòîâ ÷èñëåííûå çíà÷åíèÿ îòíîñèòåëüíîãî âêëàäà
íàõîäÿòñÿ ìåæäó óêàçàííûìè çíà÷åíèÿìè. Èñõîäíîå ðåàêòîðíîå îòíîøåíèå
àêòèâíîñòè 132Òå ê àêòèâíîñòè 1311 áûëî ïðèíÿòî ðàâíûì 1.3. Äëÿ áîëüøèíñòâà
ñëó÷àåâ èíãàëÿöèîííîãî ïîñòóïëåíèÿ ðàäèîíóêëèäîâ ìîæíî ïðèíÿòü, ÷òî
óêàçàííîå îòíîøåíèå íàõîäèëîñü â ïðåäåëàõ 0 .4—1.2 [5].Òàêèì îáðàçîì,äàííûå èç
òàáë.1 ìîæíî õàðàêòåðèçîâàòü êàê áëèçêóþ ê ìàêñèìàëüíîé îöåíêó îòíîñèòåëüíîãî
âêëàäà ðàäèîèçîòîïîâ òåëëóðà ïî ñðàâíåíèþ ñ 1311. Ñëåäóåò ïîä÷åðêíóòü, ÷òî â
ëþáîì íàñåëåííîì ïóíêòå àáñîëþòíûå çíà÷åíèÿ äîçû îáëó÷åíèÿ ÙÆ ó æèòåëåé,
ïîòðåáëÿâøèõ çàãðÿçíåííûå ïèùåâûå ïðîäóêòû, íàìíîãî (â 10 — 20 ðàç)
ïðåâûøàëè "èíãàëÿöèîííûå" äîçû.Äëÿ ñåëüñêèõ æèòåëåé âàðèàíò
ïðåèìóùåñòâåííî ïåðîðàëüíîãî ïîñòóïëåíèÿ ðàäèîíóêëèäîâ â îðãàíèçì ÿâëÿåòñÿ
îñíîâíûì è îáóñëîâëèâàåò ôàêòè÷åñêèé âêëàä êîðîòêîæèâóùèõ èçîòîïîâ.

1.1.2. Ïåðîðàëüíîå ïîñòóïëåíèå

Áûëè ðàññìîòðåíû òðè èñòî÷íèêà ïåðîðàëüíîãî ïîñòóïëåíèÿ ðàäèîíóêëèäîâ
â îðãàíèçìæîðîâüå ìîëîêî ìåñòíîãî ïðîèçâîäñòâà.ëèñòîâûå îâîùè ìåñòíîãî
ïðîèçâîäñòâà è ïîñòóïëåíèå ðàäèîíóêëèäîâ ñ çàãðÿçíåííûõ ëàäîíåé.Âîçäåéñòâèå
íà ÙÆ èçëó÷åíèÿ I32,i33,i34,i35j ìîæåò áûòü áîëåå ýôôåêòèâíî ïî ñðàâíåíèþ ñ
1311. Ðåçóëüòàòû îöåíêè îòíîñèòåëüíîãî âêëàäà êîðîòêîæèâóùèõ ðàäèîíóêëèäîâ
(ïðàêòè÷åñêè 132Òå (1321) è 1331) â îáëó÷åíèå ÙÆ çà ñ÷åò ïåðîðàëüíîãî ïîñòóïëåíèÿ
ïðåäñòàâëåíû â òàáëèöå II.

Òàáëèöà II.Âêëàä êîðîòêîæèâóùèõ ðàäèîíóêëèäî â ïîãëîùåííóþ äîçó îáëó÷åíèÿ
ÙÆ ïðè ïîñòóïëåíèè ñ ìîëîêîì.ëèñòîâûìè îâîùàìè è ñ çàãðÿçíåííûõ ðóê â
òå÷åíèå Ò ñóò.

Íà÷àëüíîå îòíîøåíèå Äîëÿ (% îò âêëàäà 1311)
àêòèâíîñòè 132Òå/ 1311 Ò—1ñóò. Ò = 8ñóò. Ò íå îãðàíè÷åíî

1.3 20-24 8-10 4.1-5.4
2.6 28-33 15-18 7.8-10.

1.2. Âíåøíåå îáëó÷åíèå ùèòîâèäíîé æåëåçû

Ïðîâåäåííûå çàùèòíûå ìåðîïðèÿòèÿ â öåëîì îáåñïå÷èëè ðåàëèçàöèþ
ðåøåíèÿ î òîì,÷òîáû äîçà âíåøíåãî îáëó÷åíèÿ ëèö èç íàñåëåíèÿ çà ïåðâûé ãîä
ïîñëå àâàðèè íå ïðåâûøàëà 5 ñÇâ [1].Â òî æå âðåìÿ ñðåäíèå "èçìåðåííûå" äîçû
âíóòðåííåãî îáëó÷åíèÿ ÙÆ ó ëèö,âíåøíåå îáëó÷åíèå êîòîðûõ ìîãëî ïðèáëè-
çèòüñÿ ê óñòàíîâëåííîìó ïðåäåëó.ñîñòàâëÿëè 1 Ãð è áîëåå.Òàêèì îáðàçîì, áåç
ñòðîãèõ âû÷èñëåíèé ÿñíî, ÷òî âêëàä âíåøíåãî ãàììà — èçëó÷åíèÿ â ñóììàðíóþ
ïîãëîùåííóþ äîçó îáëó÷åíèÿ ÙÆ â òèïîâûõ ñëó÷àÿõ ñîñòàâèë ñóùåñòâåííî
ìåíüøå 10%.Â ñëó÷àÿõ ÷èñòî èíãàëÿöèîííîãî ïîñòóïëåíèÿ ðàäèîíóêëèäîâ âåðõíþþ
ãðàíèöó äëÿ äîëè âíåøíåãî èçëó÷åíèÿ íåîáõîäèìî ïîäíÿòü ìàêñèìàëüíî äî 15%.
Ðåäêèå ñëó÷àè,êîãäà ïðàêòè÷åñêè áûëî èñêëþ÷åíî ïîñòóïëåíèå ðàäèîíóêëèäîâ â
îðãàíèçì,ñëåäóåò îöåíèâàòü ïåðñîíàëüíî.
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2.ÎÑÎÁÅÍÍÎÑÒÈ ÎÏÐÅÄÅËÅÍÈß ÈÍÄÈÂÈÄÓÀËÜÍÛÕ "ÈÇÌÅÐÅÍÍÛÕ"
ÄÎÇ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ (ÊËÀÑÑ 1 ÄÀÍÍÛÕ)

×èñëåííîå çíà÷åíèå èíäèâèäóàëüíîé "èçìåðåííîé" ïîãëîùåííîé äîçû
îáëó÷åíèÿ ÙÆ (D^.Fp) îïðåäåëÿëè íà îñíîâå ðåçóëüòàòà èçìåðåíèÿ ñîäåðæàíèÿ
1311 â ÙÆ ó èíäèâèäà i èç âîçðàñòíîé ãðóïïû k ïî ôîðìóëå:

D,k = Fk(t-to) *G, ( t ) , (1)

ãäå F|< — âîçðàñòîçàâèñèìûé êîýôôèöèåíò ïåðåñ÷åòà îò èçìåðåííîãî
ñîäåðæàíèÿ ðàäèîéîäà â ÙÆ ê ïîãëîùåííîé äîçå,Ãð*Áê~1;

t.to —âðåìÿ ïîñëå âçðûâà ðåàêòîðà äî èçìåðåíèÿ ñîäåðæàíèÿ ðàäèîéîäà â
ÙÆ è äî íà÷àëà âûïàäåíèé,ñîîòâåòñòâåííî,ñóò.;

G, —èçìåðåííîå ñîäåðæàíèå 1311 â ÙÆ.Áê.

Ïðè íàëè÷èè íåñêîëüêèõ ðåçóëüòàòîâ èçìåðåíèé èíäèâèäóàëüíóþ äîçó íàõîäèëè
êàê ñðåäíåàðèôìåòè÷åñêîå îò ðåçóëüòàòîâ ðàñ÷åòà ïî ôîðìóëå (1).

2.1. Âûáîð äîçîâûõ êîýôôèöèåíòîâ Fk

Ðàñ÷åò ïî ôîðìóëå (1) ïðèìåíèòåëüíî ê æèòåëÿì Áåëîðóññèè â ïåðâîé
èòåðàöèè áûë âûïîëíåí ñ ÷èñëåííûìè çíà÷åíèÿìè âîçðàñòîçàâèñèìûõ êîýô-
ôèöèåíòîâ Ð^.ïðèâåäåííûõ â Ðóêîâîäñòâå [6] äëÿ ñëó÷àÿ ïîñòóïëåíèÿ 1311 ñ
ìîëîêîì â ìîäåëè îäíîêðàòíîãî çàãðÿçíåíèÿ ïàñòáèùà (ïðèìåíèòåëüíî ê
áîëüøèíñòâó íàñåëåííûõ ïóíêòîâ) èëè äëÿ îäíîêðàòíîãî (èíãàëÿöèîííîãî)
ïîñòóïëåíèÿ 1311 â ÙÆ.Â ïîñëåäóþùåì çíà÷åíèÿ êîýôôèöèåíòîâ áûëè
îòêîððåêòèðîâàíû ñ ó÷åòîì Ïóáëèêàöèè 56 ÌÊÐÇ [4].Òàêîé æå ïîäõîä áûë ïðèíÿò
äëÿ æèòåëåé Óêðàèíû [7] è Êàëóæñêîé îáëàñòè Ðîññèè. Â äàëüíåéøåì, äëÿ
òåððèòîðèé ñî çíà÷èìîé ïðîëîíãàöèåé âûïàäåíèé, êîððåêöèþ êîýôôèöèåíòîâ F^
ïðåäïîëàãàåòñÿ âûïîëíèòü ïî ñõåìå,îïèñàííîé â Ðóêîâîäñòâå [6].

2.2. Èçìåðåíèÿ ñîäåðæàíèÿ 1311 â ùèòîâèäíîé æåëåçå

Îñîáåííîñòè îïðåäåëåíèÿ ñîäåðæàíèÿ 1311 â ÙÆ ïî ðåçóëüòàòàì
èçìåðåíèé,ïðîâåäåííûõ â "ìîìåíò" âðåìåíè t,ïðèìåíèòåëüíî ê óñëîâèÿì ×åðíî-
áûëüñêîé àâàðèè ó÷òåíû ðàñ÷åòíîé ôîðìóëîé [6]:

G,(t) = Ê,* (Pthyr - Pb):r(t), (2)

Òàáëèöà III.Ðàñ÷åòíûå çíà÷åíèÿ ïîïðàâêè ã äëÿ ÑÐÏ —68 —01 ñ
íåêîëëèìèðîâàííûì äàò÷èêîì äëÿ ñëó÷àÿ èíãàëÿöèè ñìåñè ðàäèîíóêëèäîâ â
"ìîìåíò" âçðûâà ðåàêòîðà è äëÿ ïîñòóïëåíèÿ 131I,134'137Cs ñ ìîëîêîì.
Îäíîêðàòíîå çàãðÿçíåíèå ïàñòáèùà 26 àïðåëÿ 1986 ã. (Rx —îòíîøåíèå àêòèâíîñòè
1311 ê àêòèâíîñòè I37Cs â âûïàäåíèÿõ íà ìîìåíò âûïàäåíèé)

Óñëîâèÿ Çíà÷åíèÿ ïîïðàâêè ã íà óêàçàííóþ äàòó.îòí.åä.
ïîñòóïëåíèÿ Ìàé Èþíü

01 05 10 20 30 05 10 15

Èíãàëÿöèÿ 2.4 1.9 1.3 1.0 1.0 1.0 1.0 1.0

Ñ ìîëîêîì
Rx = 24 10 1.0 1.0 1.0 1.1 1.2 1.3 1.4
Rx = 8 10 10 1.1 1.1 1.3 16 1.9 2.4
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ãäå Ê, — â îáùåì ñëó÷àå èíäèâèäóàëüíûé êîýôôèöèåíò ïåðåñ÷åòà ê
ñîäåðæàíèþ 1311 â ÙÆ,Áê*ñ*èìï~1,Áê*÷*ìêÐ~1 è äð.;

Pthyr ~ ïîêàçàíèå ïðèáîðà ïðè ðàçìåùåíèè äåòåêòîðà âáëèçè ÙÆ îá —
ñëåäóåìîãî,èìï*ñ~1,ìêÐ*÷~1 è äð.;

ÐÜ — ïîêàçàíèå ïðèáîðà, ïðèíÿòîå çà ôîí ìåòîäà îïðåäåëåíèÿ ñîäåðæàíèÿ
1311 â ÙÆ, èìï*ñ~1, ìêÐ*÷~' è äð.;

r(t) —ïîïðàâêà íà èçëó÷åíèå ðàäèîíóêëèäîâ, ñîäåðæàíèå êîòîðûõ â
îðãàíèçìå ïðîïîðöèîíàëüíî ñîäåðæàíèþ 1311 â ÙÆ.

Â òàáë.111 ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòíîé îöåíêè ïîïðàâêè ã íà ó —èçëó-
÷åíèå èçîòîïîâ 132'133'1351,ñîäåðæàâøèõñÿ â ÙÆ âñëåäñòâèå èíãàëÿöèè ñìåñè
ðàäèîíóêëèäîâ ñðàçó ïîñëå âçðûâà ðåàêòîðà,à òàêæå íà ó —èçëó÷åíèå èçîòîïîâ
134'137Cs,ïîñòóïàâøèõ â îðãàíèçì ñ ìîëîêîì. Îòíîñèòåëüíîå ñîäåðæàíèå 1311 è
I34,i3?cs â ÎðÃàíèçìå âû÷èñëÿëè,ñëåäóÿ ìîäåëè ECOSYS — 87 [8] è Ïóáëèêàöèè 56
ÌÊÐÇ [4],à ïîäñâåòêó äàò÷èêà ðàäèîöåçèåì îöåíèâàëè ïî ðåçóëüòàòàì èçìåðåíèé,
ïðîâåäåííûõ â ÍÈÈ ÏÌÌ íà ôàíòîìàõ äëÿ òðåõ âîçðàñòíûõ ãðóïï : 2 ã., 10 ëåò è
âåäåííûõ â òàáë.111 íå áîëåå ÷åì íà 10%.Èý òàáë.111 âèäíî,÷òî îïòèìàëüíûì âðåìå-
íåì ïðîâåäåíèÿ èçìåðåíèé áûë ïåðèîä ñ 10 ïî 30 ìàÿ,êîãäà çíà÷åíèÿ ã íå ïðåâû-
øàþò 1.3.Âàæíî ïîä÷åðêíóòü.÷òî ãëàâíîå èñêàæåíèå â ðåçóëüòàòû èçìåðåíèé â
ëþáîå âðåìÿ ìîãëî âíîñèòü íàðóæíîå ðàäèîàêòèâíîå çàãðÿçíåíèå òåëà
(îäåæäû)÷åëîâåêà.åñëè ýòîìó íå óäåëÿëîñü äîëæíîãî âíèìàíèÿ.

Ç.ÏÀÑÏÎÐÒÈÇÀÖÈß ÍÀÑÅËÅÍÍÛÕ ÏÓÍÊÒÎÂ ÏÎ ÂÍÓÒÐÅÍÍÅÌÓ
ÎÁËÓ×ÅÍÈÞ ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ ÍÀ ÎÑÍÎÂÅ ÈÌÅÞÙÈÕÑß
ÂÛÁÎÐÎÊ "ÈÇÌÅÐÅÍÍÛÕ ÈÍÄÈÂÈÄÓÀËÜÍÛÕ ÄÎÇ" (ÎÖÅÍÊÈ
ÊËÀÑÑÀ 2 ÄÎÑÒÎÂÅÐÍÎÑÒÈ)

Íàëè÷èå áîëüøîãî ÷èñëà "èçìåðåííûõ äîç" ïîçâîëèëî íàéòè ïàðàìåòðû
ýìïèðè÷åñêèõ ðàñïðåäåëåíèé èíäèâèäóàëüíûõ äîç äëÿ ðàçëè÷íûõ âîçðàñòíûõ
ãðóïï æèòåëåé ìíîãèõ ñåëüñêèõ íàñåëåííûõ ïóíêòîâ Ãîìåëüñêîé è Ìîãèëåâñêîé
îáëàñòåé Áåëîðóññèè (îêîëî 800 ïóíêòîâ),Êàëóæñêîé îáëàñòè Ðîññèè (îêîëî 140
ïóíêòîâ) è Óêðàèíû ( 238 ïóíêòîâ òîëüêî â ×åðíèãîâñêîé îáëàñòè [7]). Ýòè
äàííûå îòðàæàþò êîíêðåòíóþ ñïåöèôèêó êàæäîãî íàñåëåííîãî ïóíêòà è íà îñíîâå
äîïîëíèòåëüíîé ïåðñîíàëüíîé èíôîðìàöèè ïîçâîëÿþò äåëàòü óòî÷íåííûå îöåíêè
Êëàññà 2 äîñòîâåðíîñòè — èíäèâèäóàëèçèðîâàííûõ "ïàñïîðòíûõ" äîç.Âàæíåéøèå
õàðàêòåðèñòèêè ýìïèðè÷åñêèõ ðàñïðåäåëåíèé èíäèâèäóàëüíûõ äîç — ñðåäíèå
çíà÷åíèÿ è ñòàíäàðòíûå ãåîìåòðè÷åñêèå îòêëîíåíèÿ— ÿâëÿþòñÿ õîðîøåé îñíîâîé
äëÿ ïîñòðîåíèÿ è ïðîâåðêè ðàáîòîñïîñîáíîñòè ðàñ÷åòíîé ìîäåëè,ïîçâîëÿþùåé
ïðèïèñàòü êîíêðåòíûå ÷èñëåííûå çíà÷åíèÿ óêàçàííûõ âåëè÷èí äëÿ îñòàëüíûõ
íàñåëåííûõ ïóíêòîâ Áåëîðóññèè,Ðîññèè è Óêðàèíû.

4.ÏÎËÓÝÌÏÈÐÈ×ÅÑÊÀß ÌÎÄÅËÜ ÑÂßÇÈ ÄÎÇ ÂÍÓÒÐÅÍÍÅÃÎ
ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ Ñ ÏÀÐÀÌÅÒÐÀÌÈ
ÐÀÄÈÎÀÊÒÈÂÍÛÕ ÂÛÏÀÄÅÍÈÉ

Äëÿ êàæäîãî ïóíêòà (^.ðàñïîëîæåííîãî íà òåððèòîðèè (õ),ðàññìàòðèâàëèñü
ñðåäíèå çíà÷åíèÿ DJX äîç îáëó÷åíèÿ ÙÆ ó âçðîñëûõ æèòåëåé â çàâèñèìîñòè îò
ïëîòíîñòè âûïàäåíèé 137Cs,qJX(Cs).Òåððèòîðèÿ (õ) âûäåëÿåòñÿ èç ñîîáðàæåíèé
ïðèáëèçèòåëüíî îäèíàêîâîãî èíòåãðàëà êîíöåíòðàöèè ðàäèîíóêëèäîâ â âîçäóõå çà
âðåìÿ ôîðìèðîâàíèÿ îñíîâíîãî çàãðÿçíåíèÿ ìåñòíîñòè. Íà ðèñ.1 ïîêàçàíû
îòíîøåíèÿ (DjX:q,x) ýòèõ âåëè÷èí â çàâèñèìîñòè îò çíà÷åíèé ïëîòíîñòè âûïàäåíèé
qJX(Cs) äëÿ òåððèòîðèé,ðàñïîëîæåííûõ â Áåëîðóññèè,Ðîññèè è íà Óêðàèíå.Èç ðèñ.1
âèäíî ñèëüíîå óìåíüøåíèå îòíîøåíèÿ (D]X :q)X) ïðè óâåëè÷åíèè ïëîòíîñòè
âûïàäåíèé qJX(Cs) â ïðåäåëàõ êàæäîé òåððèòîðèè,è òàêàÿ çàêîíîìåðíîñòü
ïðîñëåæèâàåòñÿ äëÿ âñåõ ïðîàíàëèçèðîâàííûõ òåððèòîðèé.Ýòó îáùóþ
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çàêîíîìåðíîñòü ìîæíî îïèñàòü ïðîñòîé ïîëóýìïèðè÷åñêîé ôîðìóëîé
ñëåäóþùèõ ìîäèôèêàöèÿõ [9,10]:

ãäå

= [Ñî*Üõ*×õ(13×)×-Â0*Öõ*×]Õ(1311)]/ö =

LX,L]]X

(3)
*L )X*q jx( I29I)] *s*exp(-0.086*teff)/n,

C0,BQ —îñíîâíûå ïàðàìåòðû ìîäåëè.÷èñëåííûå çíà÷åíèÿ êîòîðûõ
îäèíàêîâû äëÿ âñåõ âûäåëåííûõ òåððèòîðèé,Ãð*ì2*Áê~';

— ïðîèçâåäåíèÿ ìîäèôèöèðóþùèõ ìíîæèòåëåé,ñîîòâåòñòâåííî,äëÿ
òåððèòîðèè (õ) è íàñåëííîãî ïóíêòà j íà ýòîé òåððèòîðèè,
ó÷èòûâàþùèõ îñîáåííîñòè ïàñòáèù, âêëàä òîïëèâíûõ ÷àñòèö è
äð.,îòí.åä.;

— ïëîòíîñòü âûïàäåíèé óêàçàííîãî â ñêîáêàõ ðàäèîíóêëèäà,
ñîîòâåòñòâåííî, ïî òåððèòîðèè (õ) è ïóíêòó ],Áê*ì2;

— îáùàÿ äëÿ òåððèòîðèè (õ) è ïóíêòà j ïîïðàâêà íà çàùèòíûå
ìåðîïðèÿòèÿ è îñîáåííîñòè ïàñòáèùíîãî ñåçîíà,îòí.åä.;

: —îòíîøåíèå àêòèâíîñòè 1311 ê àêòèâíîñòè 137Cs â âûïàäåíèÿõ â
ñðåäíåì äëÿ òåððèòîðèè (õ) è ïóíêòà j,ñîîòâåòñòâåííî;

— îòíîøåíèå àêòèâíîñòè 1311 ê àêòèâíîñòè 1291 â àêòèâíîé çîíå
ðåàêòîðà â ìîìåíò âçðûâà,5 = (5.0 ± 1.5) *107[10];

— ýôôåêòèâíûé ìîìåíò âðåìåíè âûïàäåíèé 1291,ó÷èòûâàþùèé ðà —
äèîàêòèâíûé ðàñïàä 1311,ñóò.

Óòî÷íåííûå çà ïîñëåäíåå âðåìÿ ÷èñëåííûå çíà÷åíèÿ îñíîâíûõ ïàðàìåòðîâ
ìîäåëè ñîñòàâëÿþò:Â0=1.3*1ÑÃ8 Ãð*ì2*Áê-1,Ñ0 = 3.3*10-8Ãð*ì2*Áê-1.
Äëÿ îöåíêè ñðåäíèõ äîç îáëó÷åíèÿ ÙÆ ó äåòåé ââîäÿòñÿ íåîáõîäèìûå
ïîïðàâêè.Â òèïîâîì âàðèàíòå ïîëíàÿ èíôîðìàöèÿ,íåîáõîäèìàÿ äëÿ ðàñ÷åòîâ ïî
ôîðìóëå (1) , îòñóòñòâóåò è ïðèõîäèòñÿ èäòè íà óïðîùåíèÿ, ïðèíèìàÿ
|i = Lx = LjX = 1 è R]X = RX. Â òàêîì ñëó÷àå íåîïðåäåëåííîñòü îöåíêè ñðåäíåé äîçû DJX

×õ.×)õ

Rx-Rj

Ø

î.

'õ^
ñã
'õ^
Q

30

10

10 20 30 40 50 60

4jx, Áê'ì-2

Ðèñ.1.Îòíîøåíèå ñðåäíåé ïîãëîùåííîé äîçû âíóòðåííåãî îáëó÷åíèÿ ÙÆ
(Djx) ó âçðîñëûõ æèòåëåé íàñåëåííîãî ïóíêòà (j), ðàñïîëîæåííîãî íà
òåððèòîðèè (õ) , ê ïëîòíîñòè âûïàäåíèé 137Cs (qjx) â ýòîì ïóíêòå â
çàâèñèìîñòè îò qjx. Â êà÷åñòâå òåððèòîðèé (õ) ïðåäñòàâëåíû : ÷àñòè
Õîéíèêñêîãî è Áðàãèíñêîãî ðàéîíîâ Ãîìåëüñêîé îáëàñòè Áåëîðóññèè âíå
30 — êèëîìåòðîâîé çîíû (•) ; ÷àñòü Íàðîäè÷ñêîãî ðàéîíà Æèòîìèðñêîé
îáëàñòè Óêðàèíû (•) è Õâàñòîâè÷ñêèé ðàéîí Êàëóæñêîé îáëàñòè Ðîññèè (Î).
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õàðàêòåðèçóåòñÿ çíà÷åíèÿìè ñòàíäàðòíîãî ãåîìåòðè÷åñêîãî îòêëîíåíèÿ â ïðåäåëàõ
1.5—1.8, ÷òî îòðàæàåò â öåëîì ñëàáóþ êîððåëÿöèþ ìåæäó ñðåäíèìè äîçàìè
îáëó÷åíèÿ ÙÆ è ïëîòíîñòüþ âûïàäåíèé ðàäèîöåçèÿ â íàñåëåííûõ ïóíêòàõ (â
ïðåäåëàõ âûäåëåííîé òåððèòîðèè).Â òàáëèöå IV ïðèâåäåíû ðåçóëüòàòû îöåíîê
ñðåäíèõ äîç âíóòðåííåãî îáëó÷åíèÿ ÙÆ ó âçðîñëûõ æèòåëåé òèïîâîãî
ñåëüñêîãî íàñåëåííîãî ïóíêòà, ïîëó÷åííûå ïî ôîðìóëå (1) ñ èçëîæåííûìè âûøå
óïðîùåíèÿìè. Ïðèíÿòî: Rx = 24. Ïðè äðóãèõ çíà÷åíèÿõ Rx äàííûå òàáë.ÃÓ ñëåäóåò
èçìåíèòü ïî ïðîïîðöèè (Rx:24).

Ñðåäíèå äîçû îáëó÷åíèÿ ÙÆ ó äåòåé ìëàäøåãî âîçðàñòà â 5—10 ðàç
áîëüøå, ÷åì ó âçðîñëûõ. Êðîìå òîãî, èíäèâèäóàëüíûå äîçû ó îòäåëüíûõ ëèö
ñóùåñòâåííî ïðåâûøàþò ñðåäíèå çíà÷åíèÿ (ñ êðàòíîñòüþ äî 6 — 8 ðàç).Òàêèì
îáðàçîì,èç òàáë.IV âèäíî,÷òî äàæå ïðè ìåíüøèõ çíà÷åíèÿõÊõ,õàðàêòåðíûõ äëÿ
íàèáîëåå çàãðÿçíåííûõ òåððèòîðèé (30 — êèëîìåòðîâàÿ çîíà),äîçû âíóòðåííåãî
îáëó÷åíèÿ ÙÆ ó íåêîòîðûõ äåòåé ìîãëè ïðåâûñèòü óðîâíè îñòðîãî ïîðàæåíèÿ
îðãàíà. Ïðàêòè÷åñêè ïîãîëîâíîå äîçèìåòðè÷åñêîå îáñëåäîâàíèå äåòåé,
ïðîæèâàâøèõ íà òàêèõ òåððèòîðèÿõ.íå îáíàðóæèëî ñëó÷àåâ, êîãäà áû
"èçìåðåííûå" èíäèâèäóàëüíûå äîçû ïðåâûñèëè 50 — 60 Ãð,è ýòî ìîæíî îòíåñòè íà
ñ÷åò ðåàëèçîâàííûõ çàùèòíûõ ìåðîïðèÿòèé.

Òàáëèöà Ã/.Ñðåäíèå äîçû âíóòðåííåãî îáëó÷åíèÿ ÙÆ ó âçðîñëûõ æèòåëåé
òèïîâîãî ñåëüñêîãî íàñåëåííîãî ïóíêòà (j) ñ ïëîòíîñòüþ âûïàäåíèé 137Cs
(qjx).ðàñïîëîæåííîãî íà òåððèòîðèè (õ) ñî ñðåäíåé ïëîòíîñòüþ âûïàäåíèé 137Cs
(qx),npH îòñóòñòâèè ëþáûõ çàùèòíûõ ìåðîïðèÿòèé

qx.
ÌÁê*ì~2

0.03
0.10
0.30
1.0
3.0

Ñðåäíÿÿ äîçà (Ãð) ïðè óêàçàííîì
0.01 0.03 0.1 0.3
0.027
0.082
0.24

*
*

0.033
0.089
0.25
0.80

*

0.055
0.11
0.27
0.82
2.4

0.12
0.17
0.33
0.89
2.5

çíà÷åíèè qjX,MBK*M 2

1.0 3.0 10
0.34
0.40
0.55
1.1
2.7

^
1.0
1.2
1.7
3.3

*
*

3.4
4.0
5.5

*Ïðè óêàçàííîì ñðåäíåì, çíà÷åíèè qx ñîîòâåòñòâóþùèå çíà÷åíèÿ qjx äëÿ
íàñåëåííûõ ïóíêòîâ íà òåððèòîðèè (õ) ïðàêòè÷åñêè íåâîçìîæíû.

6.ÏÐÀÊÒÈ×ÅÑÊÀß ÝÔÔÅÊÒÈÂÍÎÑÒÜ ÐÅÀËÈÇÎÂÀÍÍÛÕ ÇÀÙÈÒÍÛÕ
ÌÅÐÎÏÐÈßÒÈÉ

Ýôôåêòèâíîñòü ïåðâîî÷åðåäíûõ çàùèòíûõ ìåðîïðèÿòèé â ïåðèîä ïðîõî-
æäåíèÿ ðàäèîàêòèâíîãî îáëàêà ìîæíî îöåíèòü íà îñíîâå ðåçóëüòàòîâ îáñëå-
äîâàíèÿ íåáîëüøîãî ÷èñëà ëèö,íàõîäèâøèõñÿ â ìîìåíò àâàðèè â ã.Ïðèïÿòü
[11]:çàêðûòèå îêîí â ãîðîäñêèõ êâàðòèðàõ ñíèçèëî âîçìîæíóþ "èíãàëÿöèîííóþ"
äîçó îáëó÷åíèÿ ÙÆ â 3 — 5 ðàç, à ïðèåì ïðåïàðàòîâ ñòàáèëüíîãî éîäà— åùå
ïðèáëèçèòåëüíî â 10 ðàç.Ñòîëü âûñîêóþ ïðàêòè÷åñêóþ ýôôåêòèâíîñòü çàùèòíûõ
ìåðîïðèÿòèé ñëåäóåò îòíåñòè ê ðàçðÿäó ìàêñèìàëüíûõ.äîñòèãíóòûõ ëèøü âåñüìà
íåáîëüøèì ÷èñëîì ëèö èç ãîðîäñêîãî íàñåëåíèÿ.Ââèäó îòñóòñòâèÿ íåîáõîäèìûõ
óêàçàíèé,ñåëüñêîå íàñåëåíèå íå áûëî çàùèùåíî îò èíãàëÿöèîííîãî ïîñòóïëåíèÿ
ðàäèîíóêëèäîâ. Åñëè áû ïîñëå ïðîõîæäåíèÿ îñíîâíîãî ðàäèîàêòèâíîãî îáëàêà
ñåëüñêèé æèòåëü íå ïîòðåáëÿë çàãðÿçíåííûõ ïèùåâûõ ïðîäóêòîâ (ìîëîêà), äîçà
îáëó÷åíèÿ ÙÆ ó íåãî áûëà áû, â ñðåäíåì,â 10 — 20 ðàç ìåíüøå, ÷åì ó æèòåëÿ, íå
ïðåêðàùàâøåãî ïîòðåáëåíèÿ çàãðÿçíåííûõ ïðîäóêòîâ. Ðàñ÷åòíàÿ êðàòíîñòü
ñíèæåíèÿ äîçû îáëó÷åíèÿ ÙÆ çà ñ÷åò ïðåêðàùåíèÿ ïîòðåáëåíèÿ çàãðÿçíåííûõ
ïðîäóêòîâ ñïóñòÿ íåêîòîðîå âðåìÿ ïîñëå îäíîêðàòíîãî çàãðÿçíåíèÿ ìåñòíîñòè
ïðåäñòàâëåíà â òàáëèöå V (ýôôåêòèâíàÿ î÷èñòêà òðàâû îò 1311 ïðèíÿòà ðàâíîé
0.15 ñóò~'[6], äîëÿ èíãàëÿöèîííîé ñîñòàâëÿþùåé â îòñóòñòâèå ìåðîïðèÿòèé —
0.05).Î÷åâèäíî, ÷òî ïðè áîëüøåé äîëå èíãàëÿöèîííîãî ïîñòóïëåíèÿ ýôôåêò áûë
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ìåíüøå,÷åì ïîêàçàíî â òàáëÓ, à â ñëó÷àå áîëåå ìåäëåííîé î÷èñòêè ïàñòáèùíîé
òðàâû — íåñêîëüêî âûøå.Âî âñåõ ñëó÷àÿõ èç òàáë V âèäíî,÷òî äàæå ïðè àáñîëþòíî
ïîëíîé áëîêèðîâêå ÙÆ ïðåïàðàòàìè ñòàáèëüíîãî éîäà, ýòî ìåðîïðèÿòèå íå
ìîãëî äàòü çíà÷èìîãî ýôôåêòà, åñëè áûëî íà÷àòî ïîçæå,÷åì 10—12 ñóò ïîñëå
çàãðÿçíåíèÿ ìåñòíîñòè (6 — 8 ìàÿ äëÿ ìåñòíîñòè,çàãðÿçíåííîé 26 àïðåëÿ)

Òàáëèöà V Ðàñ÷åòíàÿ êðàòíîñòü (ö) óìåíüøåíèÿ âîçìîæíîé äîçû âíóòðåííåãî
îáëó÷åíèÿ ÙÆ çà ñ÷åò ïðåêðàùåíèÿ ïîñòóïëåíèÿ 1311 ñ ìîëîêîì ñïóñòÿ âðåìÿ
(to) ïîñëå îäíîêðàòíûõ ðàäèîàêòèâíûõ âûïàäåíèé

to. ñóò
ö.îòí åä

1
12

2
6

ç-
4

4*
29

5
2 4

6
20

7"
1 8

8"
1 6

10
1 4

12
1 3

15
1 2

"—ýâàêóàöèÿ èç çîíû 10êì;" — ýâàêóàöèÿ èç çîíû 30êì

7 ÇÀÄÀ×È ÍÀ ÁÓÄÓÙÅÅ

Ôèçè÷åñêîå è êîìïüþòåðíîå ìîäåëèðîâàíèå ïðîöåäóðû èçìåðåíèé ñî-
äåðæàíèÿ 1311 â ÙÆ,óòî÷íåíèå êèíåòèêè ðàäèîàêòèâíûõ âûïàäåíèé è ñî-
ïóòñòâóþùèõ èì ìåòåîóñëîâèé.óòî÷íåíèå îñáåííîñòåé ïàñòáèùíîãî ñåçîíà â
àïðåëå —ìàå 1986ã .ðåêîíñòðóêöèÿ ñõåì öåíòðàëèçîâàííîãî ñíàáæåíèÿ ìîëîêîì
æèòåëåé ãîðîäîâ è êðóïíûõ ñåë — âñå ýòè áóäóùèå ðàáîòû áåçóñëîâíî
íåîáõîäèìû êàê äëÿ âîçìîæíîé êîððåêöèè íåêîòîðûõ èç èìåþùèõñÿ ïîäìàñ —
ñèâîâ "èçìåðåííûõ" äîç è ðàçðàáîòàííîé ïîëóýìïèðè÷åñêîé ìîäåëè, òàê è äëÿ
óòî÷íåíèÿ êîëè÷åñòâåííûõ ðàñ÷åòîâ ïî ôîðìóëå (1) äëÿ ìíîãèõ òåððèòîðèé
Áåëîðóññèè,Ðîññèè è Óêðàèíû Äëÿ ìíîãèõ òàêèõ òåððèòîðèé îòñóòñòâóþò
ýìïèðè÷åñêèå äàííûå ïî ôàêòè÷åñêèì ñîîòíîøåíèÿì131! 137Ñç,è åäèíñòâåííûì
ïóòåì äëÿ îáúåêòèâíîé îöåíêè ýòèõ îòíîøåíèé ÿâëÿåòñÿ ïðîâåäåíèå èçìåðåíèé
ñîäåðæàíèÿ äîëãîæèâóùåãî 1291 â îáúåêòàõ îêðóæàþùåé ñðåäû Îáúåì
íåîáõîäèìûõ èçìåðåíèé äèêòóåòñÿ òðåáîâàíèåì îïðåäåëåíèÿ ñðåäíèõ çíà÷åíèé
Rx äëÿ êàæäîé èíòåðåñóþùåé òåððèòîðèè (õ).Ðåøåíèå ñòîëü ìàñøòàáíîé
çàäà÷è íåëüçÿ îòêëàäûâàòü íà îòäàëåííîå áóäóùåå,ïîñêîëüêó èç —çà ïðèðîäíîé
ìèãðàöèè ðàäèîíóêëèäà âîçìîæíîñòü ïîëó÷åíèÿ ýêñïåðèìåíòàëüíûõ äàííûõ â
êîíå÷íîì ñ÷åòå áóäåò áåçâîçâðàòíî ïîòåðÿíà.
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CURRENT PROBLEMS WITH RECONSTRUCTING THE RADIATION
DOSES TO THE "LIQUIDATORS" OF THE CHERNOBYL ACCIDENT

L.A. IL'IN
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
Institute of Hygiene and Public Health,
Bucharest, Romania

XA9745462

1. INTRODUCTION

Few days after the Chemobyl accident from 1986, Romania's territory was creased 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) allowed several dose and risk assessment calculations.

2. METHOD

Based on radioactive content of aerosols, drinking water and foodstuffs and using their
consumption rate (Table I 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 these values
the risk factors expressed in probability of number of deaths per man.Sv: 5-15 per 104 man.Sv
(for thyroid cancer) and 195 - 215 per 104 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 I. The average annual consumption per inhabitant in Romania (1986 - 1987).

Drinking water
(1)

Milk (1)

Diary products
(kg)

Meat (kg)

Meat derivates
(kg)

Vegetables or
equivalent (kg)

Fruits or
equivalent (kg)

Age group (years)
0-1

500

90

-

-

-

36

36

1-10

550

180

11

22

7

127

44

11-17

730

180

18

43

15

180

55

over 17

900

180

29

46

37

180

55
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3. RESULTS

In Table It 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 1TL 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 Chemobyl accident

Table E. 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)

Population
(xlO3)

Mean thyroid
equivalent dose

(mSv)
Collective

effective dose
(man.Sv)

0-1
325

22.70

712

1-10
3810

23.74

8739

11-17
2857

12.23

3369

over 17
15633

10.41

15727

Table ITL Risk estimates.

Expected total
additional number of

deaths by thyroid
cancer for the rest of

the life of the exposed
persons

Relative increase (%)

Expected annual
additional number of
deaths by cancer of all
localisations (minus

thyroid)

Relative increase (%)

Minimum

32-97

0.5-1.4

21-26

0.07 - 0.09

Maximum

270-811

5.0-11.8

125-156

0.43-0.54

Medium

116-346

1.7-5.1

71-88

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 fetal 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 epiderniological 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
epiderniological studies performed in Romania and in surrounding countries after Chernobyl
accident ( [5] ); no any specific increase of mortality by cancer was reported.

REFERENCES

1. Romanian Statistical Annuary, Bucharest, 1992, pp. 156 -157
1. Recommendations of the International Commission on Radiological Protection, ICRP

Publication 60, Annals of me ICRP, 1991.
3. Epidemiologia bolii canceroase, Bucuresti, Editura Medicals, 1989
4. National Council of Radiation Protection and Measurements, Principles and applications of

collective dose in radiation protection, NCRP Report No. 121, November 20, 1995
5. Proceedings of the 2nd UICC Workshop on the Long Term Follow-up of the Chernobyl

Disaster, Athens, 27 - 29 November 1995

98



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

XA9745463

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 Krsko and uranium mine 2irovski 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, 134Cs/137Cs 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 Chemobyl 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 [ 1,2,31

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 IJ4Cs/l37Cs and ^Sr/^Sr in milk were measured in Kobarid.
Maximal concentrations of 134Cs/l37Cs in Kobarid were in may 1986, 2.7 Bq/1 and 100 Bq/l, 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 shews a follow 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 Chemobyl accident (approximately 0.2 - 0.7 Bq/1 of *°Sr and 0.05 to 0.5 Bq/1 of 137Cs).

Table I. Specific activities of ^Sr in milk in Ljubljana (Bq/1)

Year
Sr-90

1985
0.19

1986
0.28

1987
0.40

1988
0.22

1989
0.17

1990
0.19

1991
0.16

1992
0.22

1993
0.15

1994
0.14
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Table II. Mean values of specific activities in different foodstuffs (Bq/kg)

Year

1986

1987

1988

1989

1990

1991

1992

1993

1994

milk
134Cs

22.7

10

1.2

0.58

0.33

0.31

0.18

0.06

0.07

l37Cs

49.7

36

4.47

3.22

2.7

3.3

2.6

1.8

2.03

""Sr

0.45

0.5

0.34

0.26

0.27

0.24

0.24

0.15

0.17

beef
I34Cs

26

6.2

0.77

0.27

0.13

0.1

0.14

0.07

0.05

137Cs

157

13.8

3.37

1.97

1.07

2.4

1.5

0.53

1.07

""Sr

0.1

0.1

0.12

0.1

0.12

0.06

0.1

0.1

0.44

fruits
13<Cs

17.2

1

0.29

0.11

0.05

0.1

0.13

0.09

0.09

137Cs

41.4

2.9

1.47

0.5

0.4

0.27

0.3

0.25

0.13

"Sr

0.3

0.5

0.53

0.16

0.37

0.06

0.2

0.28

0.25

vegetables
134Cs

2.47

0.68

0.2

0.03

0.02

0.05

0.09

0.02

0.04

137Cs

5.6

1.8

0.57

0.13

0.2

0.22

0.38

0.17

0.12

"Sr

0.52

0.62

0.37

0.27

0.39

0.36

0.98

0.33

0.34

cereals
134Cs

5

1.34

0.19

0.06

0.05

0.11

0.09

0.06

0.07

137Cs

12.5

4.64

0.64

0.28

0.28

0.33

0.71

0.37

0.23

"Sr

0.56

0.3

0.33

0.4

0.4

0.31

0.62

0.22

0.27
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In the scope of measurements of activity concentrations of ̂ Sr/^Sr and 134Cs/137Cs 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 134Cs/137Cs was in 1986 measured in the sample of spinach,

39 Bq/kg and 81 Bq/kg, respectively. In same sample, activity concentration of 89Sr/90Sr was 4 Bq/kg and
1.2 Bq/kg respectively. In the same period concentration of 134Cs/137Cs in fruits (apples) varied from 8 Bq/kg
to 30 Bq/kg for 134Cs and form 20 Bq/kg to 75 Bq/kg for l37Cs. 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 Bq/kg, respectively. Activity concentrations of ^Sr/^Sr in same
sample was 0.15 Bq/kg and 0.09 Bq/kg, respectively. Concentration of these nuclides decreased by end of

year to values of 2 Bq/kg for 134Cs and 4 Bq/kg for 137Cs, while ̂ Sr/^Sr was only in trace quantities. The
activity concentration of I34Cs/137Cs 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 89Sr was below detection

limit.
In Table II average values of activity concentration of 134Cs, 137Cs 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 in 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 Mow up are 3 mSv for the children 5 years old and 3.2 mSv
for adults.

Tablelll. External gamma and ingestion doses for Ljubljana

Year

1986

1987

1988

1989

1990

1991

1992

1993

1994

Sum

External dose (uSv)

External

1320

1129

1080

1131

994

966

975

904

876

9375

External
Chernobyl

590

399

360

280

220

190

190

180

146

2555

Ingestion (uSv)

Children

270

120

23

14

14

13

16

9

10

489

Adults

377

146

25

15

14

15

18

9

10

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 134Cs/137Cs and 90Sr are practically of same magnitude as before the accident.
Aproximatelly 15 - 20 % of external gamma dose is still attributed to the Chemobyl surface contamination.
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CANCER RISK DUE TO Cs-137 AND Sr-90 DIETARY INTAKE
AFTER THE CHERNOBYL ACCIDENT

M. TOADER, R.A. VASILACHE """""""XA9745464
Institute of Hygiene and Public Health,
Bucharest, Romania

1. INTRODUCTION
ftiOn the 26 of April, 1986, a major accident occurred at the fourth reactor of the

Chemobyl nuclear power plant, in Ukraine. Soon after the accident, on May 1*, the
radioactive cloud reached Romania. The meteorological conditions (rainy weather) lead to
important fallout over our country. The most important radionuclides carried by the
radioactive plume over Romania were I131, Cs134, Cs1 and Sr90. As hi many other countries,
in the first days, I1 l had the main contribution to the irradiation dose released to the
population. After its decay, and the decay of the other short-lived radionuclides, Cs137 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 Cs1 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 area, 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, hi 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 7 and Cs134) was radiochemically separated using the
hexachloroplatinic acid method [1] and Sr was separated using the fuming nitric acid
method [21. Eventually, Sr90 content was measured by his daughter product, Y90. In both
cases (Cs1 7 and Sr90), the radiometric measurements were performed with a low-level
anticoincidence beta counting system, with high efficiency.

3. RESULTS AND DISCUSSION

3.1. Csm dietary intake

3.7.7. Cs'37 dietary intake data for adults

During the nine years of our study, the quantity of Cs137 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 Cs137 intake was reached in
May 1986, when the average daily ingested quantity was 408.5 Bq. Beyond this date, the
ingested quantity of Cs1 is continuously decreasing, until October 1986, when a new peak
occurs in the intake plot (Fig. I). 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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.137quantity 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 possible to be due to Cs137

migration in soil [3]. The continuous (and fast) decrease of Cs13 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 Cs137 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 hi 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 dale, Cs dietary
intake is continuously decreasing, but the slope of the decrease is age-dependent

During the next three periods (May 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 37 intake by children was 0.046 Bq/(gK.day).

Fig. 2: O-I37 dietary intake for children of different ages,
during Sept 1986 - Dec. 1987
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3.2. Sr dietary intake

3.2.7. Sr dietary intake data for adults

The study effectuated after the Chernobyl accident lead to the conclusions that there
was a continuous Sr90 dietary intake, in different amounts. As it can be seen from Fig. 3, there
is a strong variation of Sr90 intake during April 1986 - March 1995. To begin with May 1986,
Sr dietary intake increased continuously, until it reached 1.48 Bq/(gCa.day) in October 1986
(Fig. 3). Sr90 intake remains at high values until April 1987, then it decreases continuously.
The highest value of Sr90 intake occurred in the first year after the accident, when an average
daily value of 1.07 Bq/gCa was reached. That value decreased to an average daily value of
0.36 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

1000 2000 3000
Days after the accident

4000

903.2.2. Sr dietary intake data for children

During 1986 - 1994, we have selected three time periods in which we have studied
Sr90 dietary intake for three groups of children: 4-6 years children, 7-9 years children and 10
-12 years children, fai 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
1.600

100 ^ ,.500 13Days after the accident 700 900
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Fig. 5: Sr-90 intake in children in 1991
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The first interval of study was September 1986 - September 1988. During this time,
Sr90 dietary intake was studied for a group of 4-6 years children and for the group of adult
women (Fig. 4). The maximum Sr90 intake in children was 1.198 Bq/(gCa.day), reached in
October 1986 (Fig. 4). Sr90 dietary intake in 4-6 years children remained at values higher than
1 Bq/(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 adult 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 Sr90 intake for 3 groups of children (4-6 years, 7-9 vears, and 10-12
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 Sr , hi this period, by
the children, has values between 0.182 Bq/(gCa.day) and 0.218 Bq/(gCa.day) - depending of
the age of the children - while the average Sr daily intake in women was 0.269
Bq/(gCa.day).

The last period of study - since January 1993 until December 1994 - included
measurements of Sr90 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 Sr90 dietary intake. The
average amount of ingested Sr90 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 Cs137 AND Sr90 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
ICRP67[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 Sr90

internally deposited. As it can be seen, in the first year after the accident, Cs137 dietary intake
lead to an effective dose commitment of 801.9 uSv. This value decreased quite fast, as the
amount of Cs137 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
intake
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Fig. 7: Effective doses committed by children,
due to Cs-137 intake
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Although the trend of the doses committed by children due to Cs137 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 Cs137 were 75.4 uSv at 4-6 years children, 115 uSv at 7-9 years children
and 192.4 joSv 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 7 intake are lower than the doses
committed by adults, the effective doses committed by children due to Sr90 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 committed by 4-6 years children decreased from 14.713 uSv (to red marrow,
respectively 8.719 uSv to bone surface), during September 1986 - September 1988, to 8.719
j^Sv (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
uSv (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

5. CANCER RISK DUE TO INTERNALLY DEPOSITED Cs137 AND Sr90

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, hi all cases,
the risk estimate must be taken with great caution, as the models and the risk used are not
based on a very well fundamented theory, and experimental data (especially for Sr90) 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 children and adults are comparable), but it also leads to an
over-estimate of the risk due to Cs137 (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 Cs137

.137For fatal cancers induced by radiation doses due to internally deposited Cs J', 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 population 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 a 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. A ssassraent of excedentary cancer risk due to Sr

5.2.1. Bone sarcoma

The model we used is the linear model given in NCRP 110 [7]. This leads us to an
maximum excedentaty 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 mat 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 Sr90 contribution (802 uSv due to Cs137, in the first year after
the accident, compared to 12.7 uSv - bone surface and red marrow - due to Sr90). This
situation changed in time, as the decrease of Cs intake was much faster then the decrease of
Sr90 intake. Therefore, in the seventh year after the accident, their contributions to the
effective dose committed that year were roughly equal (2.6 uSv due to Cs137 and 2.3 jiSv 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 Cs137 and Sr90. 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 50 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 cannot be
detected.
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BLOOD DISORDERS IN CHILDREN AND ADULTS IN BELARUS
AFTER THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

E.P. IVANOV, V.E. IVANOV, U. SHUVAEVA, G. TOLOCKO
Institute of Haematology and Blood Transfusion, XA9745465
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 Chernobyl 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 European Childhood
Leukaemia/Lymphoma Incidence Study (ECLIS) the data
on blood 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
IN 1979-1985 AND 1986-1992 w

)ISEASE

AL

CML

HD

NH

: PERIOD 1979-1985

NUMBER OF INCIDENCE
CASES

655 4.2

22 0.14

161 1.03

189 1.21

PERIOD 1986-1992

E NUMBER OF
CASES

708

15

173

204

INCIDENCE P

4.33 >0.

0.09 >0.

1 .06 >0.

1.25 >0.



In
ci

de
nc

e 
ra

te
 p

er
 m

illi
on

o

O
 o

IT
 

O
CD

 
Q_

O a> o _.
 Q

=5 
a

CD

CD
V

B Zl

Z
 o

0)
 

O



S
tl

C
ou

nt
ry

o N O 6"
O

CD
CD

 
CD

 
CD

<P_
 

Q 
9L

Q
 

-5
 

Q
C

 
C

O
 

C
CO

 
CO

§

<t>

o Q
'

|<
3 

a
O

-a

O

PL
,

CD D
-

(D CD

,. 
cn

cr> O
'

i

O O 
tr^

CD
 C

D

•-$
 C

D
^ 

p
CO

 '
 '

co
o ie



03
CD

CD
Q_
O
O
O
o"
O

CD
Q-
CD•4—*
CO

Childhood leukemia - girls
_ i i i i i <

6-

3-

i i

9

6

3-J

0

all Belarus except Mogiljev and Gomel

J____L

Mogiljev and Gomel
82 83 84 85 86 87 88 89 90 91 92 93 94

calendar year

116



CD
CO
03o

CD
JD
E
Z3

V

Absolute Annual Numbers of Leukaemia for
Children of Age < 15

Childhood leukemia - boys

60-

40 -_

20 :

0

I I i i

.••- ' -- ••'''••iV.-'^r.~/.;
- '-'-'•/- ::^^;j~

Pglllill Belarus exiGept-Mogjij6\|arid Gbmeli

30-

0

I \

J____I

[ T \ I T n^

I____!

T^ I

j___r

10
8
6
4
2
0

• -v>-o£^ -\-:: VAsS->.-^7J;
• -- -•-̂ .•Hr.̂ -jv " * • - *• •*«^W5i? .̂.1 -• .r? ••*•

82 ' 83 ' 84 85 ' 86 ' 87 ' 88 ' 89 ' 90 '-91 ' 92 ' 93 ' 94
calendar year

ooo
o"o

o
H—

O
v_
CD

E12c

117



Age Specific Cumulative Childhood Leukaemia Rates
for the Period of 1982-1987 and 1988-1994
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INCIDENCE RATES OF HAEMOBLASTOSES AMONG ADULT POPULATION OF
BELARUS IN 1979-85 and 1986-92

(per 100.000 inhabitants)

NOSOLOGIES

Acute Leukaemia (AL)

Chronic Myelogenous Leukaemia (CML)

Chronic Lymphoid Leukaemia (CLL)

Polycythaemia vera (PV)

Multiple Myeloma (MM)

Hodgkin Disease (HD)

Non Hodgkin Lymphoma (Lym)

1979-1985
M ± sem

3.22 ± 0.07

1.21 ±0.03

2.98 ±0.12

0.48 ± 0.04

1.15 ±0.05

2.81 ±0.09

2.55 ± 0.05

1986-1992
M ± sem

3.58 ±0.11

1.53 ±0.01

3.97 ±0.19

0.62 ± 0.04

1.48 ±0.06

3.11+0.11

3.51 ±0.11

Significance

(P)
<0.02

<0.01

<0.001

<0.05

<0.01

>0.05

<0.001
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Conclusion

The chronic exposure to low doses of ionizing radiation of
the hematopoietic 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

A.E. OKEANOV, G.V. YAKIMOVICH
Belarus Centre for Medical Technology, Data Processing, Management and
the Economics of Public Health,
Belarus Ministry of Health,
Minsk, Belarus XA9745466

ÝÏÈÄÅÌÈÎËÎÃÈ×ÅÑÊÀß ÎÖÅÍÊÀ ÈÍÄÓÖÈÐÎÂÀÍÍÛÕ
ÇËÎÊÀ×ÅÑÒÂÅÍÍÛÕ ÍÎÂÎÎÁÐÀÇÎÂÀÍÈÉ Â ÁÅËÀÐÓÑÈ ÏÎÑËÅ

ÊÀÒÀÑÒÐÎÔÛ ÍÀ ×ÀÝÑ
ÎêåàíîÅ À Å . ßêèìîâè÷ Ã.Â.

(Áåëîðóññêèé öåíòð ìåäèöèíñêèõ -åõíîëîãèé, èíôîðìàòèêè, óïðàâëåíèÿ è
ýêîíîìèêè çäðàâîîõðàíåíèÿ ÌÇ ÐÁ)

×åðíîáûëüñêàÿ êàòàñòðîôà ïî ìàñøòàáàì è ïîñëåäñòâèÿì çàãðÿçíåíèÿ

îêðóæàþùåé ñðåäû ÿâëÿåòñÿ ñàìîé .<ðóïíîË â èñòîðèè ÿäåðíîé ýíåðãåòèêè. Â ñâÿçè ñ
÷åì èçó÷åíèå åå ïîñëåäñòâèé íà çäîðîâüå -.åëîâåêà ÿâëÿåòñÿ ÷ðåçâû÷àéíî âàæíûì.

Â ðåçóëüòàòå àâàðèè íà ×åðíîáûëüñêîé àòîìíîé ñòàíöèè èç ðåàêòîðà,
ñîäåðæàùåãî 190.2 ò. ÿäåðíîãî ãîðþ÷åãî, â îêðóæàþùóþ ñðåäó áûëî âûáðîøåíî
îêîëî 4 ò. òîïëèâà (áîëåå 10'~ 5ê ðàäèîíóêëèäîâ éîäà, öåçèÿ, öåðèÿ, áàðèÿ,

ñòðîíöèÿ, ïëóòîíèÿ è äð.).
Ïî äàííûì . îïóáëèêîâàííûì Ãîñóäàðñòâåííûì êîìèòåòîì Ðåñïóáëèêè

Áåëàðóñü ïî ïðîáëåìàì ïîñëåäñòâèé êàòàñòðîôû íà ×åðíîáûëüñêîé ÀÝÑ, 23 % äåòåé

èç ðàéîíîâ æåñòêîãî êîíòðîëÿ Ãîìåëüñêîé îáëàñòè ïîëó÷èëè äîçû, ïðåâûøàþùèå
100 ñÃð. Èç íèõ ó 8% îíè ñîñòàâèëè 200-500 ñÃð. ó 2% - 500-1000 ñÃð, ó 1% - 1000

ñÃð. Â Ìîãèë âåñêîé îáëàñòè 5% .ñåòåé èìåëè äîçó ñâûøå 100 ñÃð.

Îêîëî 70% ðàäèîàêòèâíûõ âåùåñòâ, ïîñòóïèâøèõ â àòìîñôåðó åâðîïåéñêîé
÷àñòè ÑÑÑÐ â ðåçóëüòàòå êàòàñòðîôû, âûïàëî íà òåððèòîðèþ Áåëàðóñè, ïðè ýòîì

23% åå òåððèòîðèè (46.5 òûñ.êâ.êì) îêàçàëèñü çàãðÿçíåíû öåçèåì-137.
Îñîáåííîñòüþ ôñðìèðî=à.-̂ .= äîã îáëó÷åíèÿ íàñåëåíèÿ, ïðîæèâàþùåãî íà

çàãðÿçíåííûõ ðàäèîíóêëèäàìè òåðî.ããîðè÷õ. ÿâëÿåòñÿ ïðîëîíãèðîâàííîå âíåøíåå è

âíóòðåííåå îáëó÷åíèå çà ñ÷å~ äñëãîæèâóùèõ ðàäèîíóêëèäîâ öåçèÿ.ñòðîíöèÿ,
ïëóòîíèÿ è äðóãèõ çëåìå-—îâ å zc-ñëíåíèå ê ñôîðìèðîâàííûì äîçàì ðàííåãî ýòàïà,
âêëþ÷àþùåãî îáëó÷åíèå —ÿòîâ.'̂ -ãé õå.-åçû.

Ó æèòåëåé, ïðîõ>'==îø>«:« -à òåðñèòîðèÿõ ñ ïëîòíîñòüþ çàãðÿçíåíèÿ 555-1480

êÁê/ì2. ñ ìîìåíòà êàòàñ-ñîîû ñññðìèññçàíû äîçû îáùåãî îáëó÷åíèÿ â ñðåäíåì 50-
60 ìÇâ. ñ ïëîòíîñòüþ sa.-r-̂ 3b-e-v= ve-'ee 555 êÁê/ì2 - 20-40 ìÇâ.
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Â íàñòîÿùåå =ñå^.'= â ñ-åî-\5ë,'<å íà çàãðÿçíåííûõ òåððèòîðèÿõ 1.8 ìíë.

÷åëîâåê, èç êîòîðûõ —S3 ñ ~=>ñ ñîñòàâëÿþò äåòè, ïîäâåðãàþòñÿ ïîñòîÿííîìó

âîçäåéñòâèþ ìàëûõ ëåç ^ñ-èç/'ñ-. c-i.sC* ñàäèàöèè

Èñõîäíûì ìàòåðèàëîì äëÿ ïðîâîäèìîãî èññëåäîâàíèÿ ñëóæèëè

ñòàòèñòè÷åñêèå äàííûå î çàáîëåâàåìîñòè çëîêà÷åñòâåííûìè íîâîîáðàçîâàíèÿìè

íàñåëåíèÿ Ãîìåëüñêîé, Ìîãèëåâñêîé îáëàñòåé è â öåëîì ðåñïóáëèêè íà îñíîâå

äàííûõ Áåëîðóññêîãî êàíöåð-ðåãèñòðà.

Â Áåëàðóñè, êàê è â äðóãèõ ñòðàíàõ ìèðà, îòìå÷àåòñÿ íåóêëîííûé ðîñò

çàáîëåâàåìîñòè çëîêà÷åñòâåííûìè îïóõîëÿìè. Çà ïîñëåäíèå 15 ëåò èíòåíñèâíûå

ïîêàçàòåëè óâåëè÷èëèñü íà 53.8%, ñòàíäàðòèçîâàííûå - íà 42.1%, â òîì ÷èñëå â

Ãîìåëüñêîé îáëàñòè - íà 63.0% è 52.0%, â Ìîãèëåâñêîé - íà 31.5% è 24.5%

ñîîòâåòñòâåííî.

Äî àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ â ðåñïóáëèêå ïðîñëåæèâàëàñü ÷åòêàÿ

ãåîãðàôè÷åñêàÿ çàêîíîìåðíîñòü : íàèáîëåå âûñîêàÿ çàáîëåâàåìîñòü

çëîêà÷åñòâåííûìè íîâîîáðàçîâàíèÿìè íàáëþäàëàñü íà ñåâåðî-âîñòîêå è âîñòîêå

ðåñïóáëèêè (â Âèòåáñêîé è Ìîãèëåâñêîé îáëàñòÿõ), à áîëåå íèçêàÿ - íà çàïàäå è þãî-

âîñòîêå (â Ãðîäíåíñêîé è Ãîìåëüñêîé îáëàñòÿõ). Â ïîñëåäíèå ãîäû çàáîëåâàåìîñòü â

Ãðîäíåíñêîé (â 1988-1989 ãîäàõ ) è Ãîìåëüñêîé îáëàñòè (â 1992 ãîäó) äîñòèãëà

óðîâíÿ Âèòåáñêîé îáëàñòè.

Àíàëèç çàáîëåâàåìîñòè îòäåëüíûìè ëîêàëèçàöèÿìè çëîêà÷åñòâåííûõ

íîâîîáðàçîâàíèé ïîêàçàë, ÷òî ëèøü ïî íåêîòîðûì èç íèõ íàáëþäàåòñÿ äîñòîâåðíîå

óâåëè÷åíèå êîýôôèöèåíòîâ ëèíåéíîé ðåãðåññèè, ò.å. â Ãîìåëüñêîé îáëàñòè - ýòî

óâåëè÷åíèå òåìïîâ ïðèðîñòà çàáîëåâàíèé ðàêîì ùèòîâèäíîé æåëåçû, ëåãêèõ,

ìî÷åâîãî ïóçûðÿ, ïî÷êè, ìîëî÷íîé æåëåçû, îïóõîëÿìè êîñòåé , â Ìîãèëåâñêîé

îáëàñòè - ðàêîì ùèòîâèäíîé æåëåçû è ìî÷åâîãî ïóçûðÿ, â Ìèíñêîé îáëàñòè -

îïóõîëÿìè ùèòîâèäíîé æåëåçû, ïî÷êè, ïîäæåëóäî÷íîé è ìîëî÷íîé æåëåçû .

Ðîñò çàáîëåâàåìîñòè çëîêà÷åñòâåííûìè îïóõîëÿìè â Ãîìåëüñêîé è

Ìîãèëåâñêîé îáëàñòÿõ ïðîèçîøåë â îñíîâíîì çà ñ÷åò óâåëè÷åíèÿ ÷àñòîòû

çàáîëåâàíèÿ ñðåäè ëèö ñðåäíåãî è ïðåêëîííîãî âîçðàñòà. Âìåñòå ñ òåì îáðàùàåò íà

ñåáÿ âíèìàíèå ôàêò äîñòàòî÷íî âûñîêîãî ðîñòà çàáîëåâàåìîñòè â ãðóïïàõ ëèö 40-50

ëåò

Çàìåòíûå ðàçëè÷èÿ â ñîîòíîøåíèè çàáîëåâàåìîñòè ãîðîäñêîãî è ñåëüñêîãî

íàñåëåíèÿ â 1991-1994 ãã. ïî ñðàâíåíèþ ñ äîàâàðèéíûì ïÿòèëåòèåì â Ãîìåëüñêîé

îáëàñòè õàðàêòåðíû äëÿ îïóõîëåé ëåãêèõ, ìîëî÷íîé æåëåçû (÷àùå ñòàëè çàáîëåâàòü

æèòåëè ñåëüñêîé ìåñòíîñòè). Â Ìîãèëåâñêîé îáëàñòè, êðîìå òîãî, èçìåíèëîñü

ñîîòíîøåíèå çàáîëåâàåìîñòè îïóõîëÿìè ìî÷åâîãî ïóçûðÿ è ïî÷êè çà ñ÷åò áîëåå
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èíòåíñèâíîãî óâåëè÷åíèÿ åå â ñåëüñêîé ìåñòíîñòè. Ó÷èòûâàÿ, ÷òî äîçîâàÿ íàãðóçêà, â

ò.÷. çà ñ÷åò èíêîðïîðàöèè ðàäèîíóêëèäîâ, áîëåå âûðàæåíà ñðåäè ñåëüñêèõ æèòåëåé,

ìîæíî ïðåäïîëàãàòü, ÷òî â îïðåäåëåííîé ìåðå ýòà òåíäåíöèÿ îáóñëîâëåíà

ðàäèàöèîííîé êîìïîíåíòîé .

Â Ãîìåëüñêîé îáëàñòè ñðåäè äåòåé îòìå÷åí äîñòîâåðíûé ðîñò

çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû è ïî÷êè, â Ìîãèëåâñêîé îáëàñòè - òîëüêî

îïóõîëÿìè ùèòîâèäíîé æåëåçû.

Â îòíîøåíèè ðàêà ùèòîâèäíîé æåëåçû èìååòñÿ äîñòàòî÷íî ìíîãî ïóáëèêàöèé,

ïîêàçûâàþùèõ ðîñò çàáîëåâàåìîñòè ñðåäè äåòåé. Âìåñòå ñ òåì ïðàêòè÷åñêè íå

îòðàæåíî, ÷òî ðîñò çàáîëåâàåìîñòè èìååòñÿ è ñðåäè âçðîñëîãî íàñåëåíèÿ

ðåñïóáëèêè .

Ñ öåëüþ îöåíêè äîïîëíèòåëüíîãî ðèñêà âîçíèêíîâåíèÿ çëîêà÷åñòâåííûõ

íîâîîáðàçîâàíèé, âåðîÿòíî ñâÿçàííîãî ñ âîçäåéñòâèåì ðàäèàöèîííîé êîìïîíåíòû,

áûëè ñîïîñòàâëåíû ïðîãíîçèðóåìûå (íà îñíîâå òðåíäîâ çàáîëåâàåìîñòè

äîàâàðèéíîãî ïåðèîäà) è ôàêòè÷åñêèå êîýôôèöèåíòû çàáîëåâàåìîñòè. Äàííûé

àíàëèç ïîçâîëèë âûÿâèòü óâåëè÷åíèå îòíîñèòåëüíîãî ðèñêà âîçíèêíîâåíèÿ îïóõîëåé

ëåãêèõ, ìî÷åâîãî ïóçûðÿ, ïî÷êè, ùèòîâèäíîé è ìîëî÷íîé æåëåçû â Ãîìåëüñêîé

îáëàñòè.

Â Ìîãèëåâñêîé îáëàñòè çíà÷èìîå ïðåâûøåíèå íàáëþäàåìûõ ïîêàçàòåëåé íàä

îæèäàåìûìè îòìå÷åíî äëÿ îïóõîëåé ïî÷êè è ùèòîâèäíîé æåëåçû, à òàêæå îïóõîëåé

ëåãêèõ ñðåäè æåíùèí. Äîïîëíèòåëüíûé ðèñê çàáîëåâàíèÿ óêàçàííûìè îïóõîëÿìè

ïðîèçîøåë íà ôîíå îáùåãî (ñóììàðíî äëÿ âñåõ îïóõîëåé) ñíèæåíèÿ òåìïîâ

ïðèðîñòà ïîêàçàòåëåé çàáîëåâàåìîñòè â 1986-1994 ãã.

Ñðàâíèòåëüíûé àíàëèç ïî ðàéîíàì Ãîìåëüñêîé îáëàñòè ïî îòäåëüíûì ôîðìàì

çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé ïîêàçàë äîñòîâåðíî âûðàæåííóþ òåíäåíöèþ

óâåëè÷åíèÿ ñêîðîñòè ðîñòà çàáîëåâàåìîñòè è åå ñðåäíåé âåëè÷èíû â ðàéîíàõ

æåñòêîãî êîíòðîëÿ - áîëåå 15 Ku/êì2 ( 555 êÁê/ì2 ) ïî ñðàâíåíèþ ñ òåððèòîðèÿìè

çàãðÿçíåíèÿ ðàäèîíóêëèäàìè ìåíåå 5 Ku/êì2 (185 êÁê/ì2), îñîáåííî âûðàæåíà ýòà

òåíäåíöèÿ äëÿ îïóõîëåé ìî÷åâîãî ïóçûðÿ, ãäå â 5 èç 11 ðàéîíîâ æåñòêîãî êîíòðîëÿ

ïðîèçîøëî äîñòîâåðíîå óâåëè÷åíèå ñêîðîñòè ðîñòà (êîýôôèöèåíòà ëèíåéíîé

ðåãðåññèè ).

Òàêæå ñëåäóåò îòìåòèòü óñêîðåíèå òåìïîâ ðîñòà çàáîëåâàåìîñòè ðàêîì ïî÷êè

â 6 ðàéîíàõ ñ çàãðÿçíåíèåì âûøå 15 Ku/êì2 ( 555 êÁê/ì2 ) .

Çàáîëåâàåìîñòü ðàêîì ëåãêîãî â ðàéîíàõ ñ ðàäèîàêòèâíûì çàãðÿçíåíèåì

áîëüøå 15 Ku/êì2 ( 555 êÁê/ì2) óâåëè÷èëàñü áîëåå áûñòðûìè òåìïàìè, ÷åì â çîíàõ ñ

çàãðÿçíåíèåì ìåíåå 5 Êè/êì2 (185 êÁê/ì2).
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Äî àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ ñðåäíèå ïîêàçàòåëè â ãðóïïå ðàéîíîâ

æåñòêîãî êîíòðîëÿ (555 êÁê/ì2) è ìåíåå 185 êÁê/ì2 íå îòëè÷àëèñü, â ïîñëåàâàðèéíîì

ïåðèîäå äîñòîâåðíî áîëåå âûñîêèå ïîêàçàòåëè â çîíå æåñòêîãî êîíòðîëÿ ïî

ñðàâíåíèþ ñ òåððèòîðèÿìè ñ çàãðÿçíåíèåì ìåíåå 185 êÁê/ì2 ñîñòàâëÿëè

ñîîòâåòñòâåííî 42.7 è 34.7.

Àíàëèç îíêîëîãè÷åñêîé çàáîëåâàåìîñòè â Ãîìåëüñêîé è Ìîãèëåâñêîé îáëàñòÿõ

â çàâèñèìîñòè îò ñòåïåíè çàãðÿçíåíèÿ ðàäèîíóêëèäàìè ïîêàçàë, ÷òî â Ãîìåëüñêîé

îáëàñòè íàáëþäàåòñÿ âûðàæåííàÿ çàêîíîìåðíîñòü ê óâåëè÷åíèþ îíêîëîãè÷åñêîé

çàáîëåâàåìîñòè â ðàéîíàõ ñ áîëüøåé ñòåïåíüþ çàãðÿçíåíèÿ ðàäèîíóêëèäàìè. Â

Ìîãèëåâñêîé îáëàñòè òàêîé çàêîíîìåðíîñòè íå îòìå÷åíî, è ðîñò çàáîëåâàåìîñòè íà

òåððèòîðèÿõ ñ çàãðÿçíåíèåì ìåíüøå 5 Êè/êì2 (185 êÁê/ì2) è áîëüøå 15 Êè/êì2 (555

êÁê/ì2 ) äîñòîâåðíî íå îòëè÷àåòñÿ.

Ñëåäóåò îòìåòèòü, ÷òî, ñóäÿ ïî êàòàëîãó äîç îáëó÷åíèÿ æèòåëåé îòäåëüíûõ

íàñåëåííûõ ïóíêòîâ Áåëàðóñè, ñòåïåíü èíêîðïîðàöèè ðàäèîíóêëèäîâ ÷àñòî âûøå â

çîíå 5-15 Êè/êì2 (185-555 êÁê/ì2), ÷åì â çîíå 15-40 Êè/êì2 (555-1480 êÁê/ì2). Ýòî

îáüÿñíÿåòñÿ òåì îáñòîÿòåëüñòâîì, ÷òî â çîíàõ âûøå 40 Êè/êì2 (1480 êÁê/ì2)

îñóùåñòâëÿåòñÿ áîëåå æåñòêèé êîíòðîëü ïðîäóêòîâ ïèòàíèÿ è ëó÷øå îðãàíèçîâàíà

äîñòàâêà ÷èñòûõ ïðîäóêòîâ.
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RISK OF ONCOLOGICAL DISEASE AMONG THE LIQUIDATORS

A.E. OKEANOV
Belarus Centre for Medical Technology, Data Processing, Management and
the Economics of Public Health,
Belarus Ministry of Health,
Minsk, Belarus XA9745467

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

ÐÈÑÊ ÎÍÊÎËÎÃÈ×ÅÑÊÈÕ ÇÀÁÎËÅÂÀÍÈÉ ÑÐÅÄÈ

ËÈÊÂÈÄÀÒÎÐÎÂ

Îêåàíîâ À.Å. , Ïîëÿêîâ Ñ.Ì.

(Áåëîðóññêèé öåíòð ìåäèöèíñêèõ òåõíîëîãèé, èíôîðìàòèêè, óïðàâëåíèÿ

è ýêîíîìèêè çäðàâîîõðàíåíèÿ ÌÇ ÐÁ)

Èìåþùèåñÿ â ëèòåðàòóðå äàííûå îá óðîâíÿõ îáëó÷åíèÿ ó÷àñòíèêîâ

ëèêâèäàöèè ïîñëåäñòâèé ×åðíîáûëüñêîé êàòàñòðîôû ñâèäåòåëüñòâóþò î òîì,

÷òî äîçû èõ îáëó÷åíèÿ äîñòàòî÷íî âûñîêè. Ñîîòâåòñòâåíî ðèñê âîçíèêíîâåíèÿ

îïóõîëåé â ýòîé êîãîðòå âûøå, ÷åì ñðåäè äðóãèõ êîíòèíãåíòîâ

ñîîòâåòñòâóþùèõ âîçðàñòíûõ ãðóïï, â òîì ÷èñëå íàñåëåíèÿ, ïðîæèâàþùåãî íà

çàãðÿçíåííûõ òåððèòîðèÿõ è â ðàéîíàõ, íå ïîäâåðãøèõñÿ çàãðÿçíåíèþ

ðàäèîíóêëèäàìè. Òàê, ïî äàííûì [1] äîçû îáëó÷åíèÿ âñåãî òåëà, ïîëó÷åííûå

ëèêâèäàòîðàìè, ñîñòàâèëè îò 250 äî 500 ìÇâ äëÿ 7 % èç íèõ, 100-250 ìÇâ -

48% è îò 50-100 ìÇâ - 30%.

Ê ñîæàëåíèþ, äî íàñòîÿùåãî âðåìåíè èíäèâèäóàëüíûå äîçû îáëó÷åíèÿ

îêîí÷àòåëüíî íå óòî÷íåíû. Â Áåëîðóññêîì ×åðíîáûëüñêîì ðåãèñòðå

çàðåãèñòðèðîâàííî 68 òûñ. ëèêâèäàòîðîâ. Èç íèõ ñ óòî÷íåííûìè ìåñòîì è

ïðîäîëæèòåëüíîñòüþ ïðåáûâàíèÿ â çîíå âîçäåéñòâèÿ ðàäèàöèè - 45674, â òîì

÷èñëå 31201 ÷åëîâåê, ðàáîòàâøèõ íåïîñðåäñòâåííî â çîíå ýâàêóàöèè (30-

êèëîìåòðîâîé çîíå), 14473 ÷åëîâåêà ðàáîòàâøèõ â ýòî âðåìÿ â çîíå

ïåðâîî÷åðåäíîãî è ïîñëåäóþùåãî îòñåëåíèÿ (>15 Ku/km2 èëè >550 êÁê/ì2).

Ñðåäè ëèêâèäàòîðîâ - 10284 æåíùèíû (15% îò îáùåãî êîëè÷åñòâà

ëèêâèäàòîðîâ).

Áëàãîïðèÿòíûì ôàêòîðîì äëÿ èçó÷åíèÿ çàáîëåâàåìîñòè

çëîêà÷åñòâåííûìè îïóõîëÿìè ñðåäè ëèêâèäàòîðîâ ÿâëÿåòñÿ íàëè÷èå â
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Áåëàðóñè êàíöåð-ðåãèñòðà. Ýòî îáñòîÿòåëüñòâî ïîçâîëèëî ïîëó÷èòü è

ïðîàíàëèçèðîâàòü îíêîëîãè÷åñêóþ çàáîëåâàåìîñòü â êîãîðòå ëèêâèäàòîðîâ è

ñðåäè âñåãî íàñåëåíèÿ àíàëîãè÷íûõ âîçðàñòíûõ ãðóïï, à òàêæå ðàññ÷èòàòü

ñòàíäàðòèçîâàííûå êîýôôèöèåíòû çà 1993-1994 ãîäû.

Èçó÷àåìàÿ êîãîðòà ëèêâèäàòîðîâ óñëîâíî ðàçäåëåíà íà äâå ïîäãðóïïû:

ðàáîòàâøèå â 30-êèëîìåòðîâîé çîíå è ðàáîòàâøèå â çîíå ïåðâîî÷åðåäíîãî è

ïîñëåäóþùåãî îòñåëåíèÿ (>15 Êè/êì2 èëè áîëåå 555 êÁê/ì2 ), êàæäàÿ èç

êîòîðûõ ðàçäåëåíà íà ñóáêîãîðòû â çàâèñèìîñòè îò âðåìåíè ïðåáûâàíèÿ â çîíå

ðàäèîàêòèâíîãî çàãðÿçíåíèÿ.

×èñëåííîñòü êîãîðò ëèêâèäàòîðîâ âêëþ÷åííûõ â èññëåäîâàíèÿ

Ãðóïïà íàáëþäåíèÿ

01 . Ðàáîòà â 30-êì
çîíå

03. Ðàáîòà â çîíàõ >
555 êÁê/êâ.ì

Äëèòåëüíîñòü ïðåáûâàíèÿ
â çîíå (äíåé)

äî 30

áîëåå 30

Âñåãî:

äî 30

áîëåå 30

Âñåãî:

Ìóæ÷èíû

15541

12424

27965

3953

8110

12063

Æåíùèíû

2117

1119

3236

1182

1228

2410

Âîçðàñòíàÿ ãðàäàöèÿ ëèêâèäàòîðîâ, âêëþ÷åííûõ â èññëåäîâàíèå. - îò

20 äî 69 ëåò. Èçó÷àëàñü çàáîëåâàåìîñòü â öåëîì â êîãîðòå ëèêâèäàòîðîâ ïî

ñðàâíåíèþ ñ çàáîëåâàåìîñòüþ íàñåëåíèÿ îò 20 äî 69 ëåò.

Ó÷èòûâàÿ, ÷òî âîçðàñòíîå ðàñïðåäåëåíèå â îòäåëüíûõ âîçðàñòíûõ ãðóïïàõ

ðàçëè÷àåòñÿ (ñðåäè ëèêâèäàòîðîâ áîëüøå ëèö ìîëîäîãî âîçðàñòà), -

ðàññ÷èòûâàëèñü ñòàíäàðòèçîâàííûå ïîêàçàòåëè. Ñòàíäàðòèçàöèÿ ïîêàçàòåëåé

çàáîëåâàåìîñòè ñðåäè ëèêâèäàòîðîâ è âñåãî íàñåëåíèÿ Áåëàðóñè âûïîëíÿëàñü

ïî âîçðàñòíîé ñòðóêòóðå íàñåëåíèÿ ñîãëàñíî ïåðåïèñè 1989 ãîäà. Âìåñòå ñ òåì

÷èñëî çàáîëåâøèõ íåêîòîðûìè ôîðìàìè ðàêà áûëî íåçíà÷èòåëüíûì, ÷òî íå

âñåãäà ïîçâîëÿëî ðàññ÷èòàòü ñòàíäàðòèçîâàííûé ïîêàçàòåëü.

Ñîïîñòàâëåíèå äàííûõ ïî ñòðóêòóðå çàáîëåâàåìîñòè â 1993-1994 ãîäàõ

ïîêàçàëî, ÷òî ñóùåñòâåííûì îòëè÷èåì êîãîðòû ëèêâèäàòîðîâ ÿâëÿåòñÿ áîëåå

âûñîêèé ïðîöåíò çàáîëåâàíèÿ ìóæ÷èí ðàêîì îáîäî÷íîé êèøêè, ìî÷åâîãî

ïóçûðÿ, ïî÷êè, ùèòîâèäíîé æåëåçû è ëåéêîçîâ.
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Ó æåíùèí íåñêîëüêî ÷àùå â ñòðóêòóðå çàáîëåâàåìîñòè ìîæíî âèäåòü ðàê
ìîëî÷íîé æåëåçû, ðàê ïî÷êè, ðàê ùèòîâèäíîé æåëåçû.

Ñîïîñòàâëåíèå ñòàíäàðòèçîâàííûõ ïîêàçàòåëåé çàáîëåâàåìîñòè âñåìè

ôîðìàìè ðàêà ïîêàçàëî ïàðàäîêñàëüíóþ êàðòèíó ïðåâûøåíèÿ çàáîëåâàåìîñòè

íàñåëåíèÿ Áåëàðóñè íàä êîãîðòîé ëèêâèäàòîðîâ. Âìåñòå ñ òåì ðàññìîòðåíèå

ïîêàçàòåëåé çàáîëåâàåìîñòè ïî îòäåëüíûì ãðóïïàì íîâîîáðàçîâàíèé
ïîêàçûâàåò ïðåâûøåíèå ïîêàçàòåëåé çàáîëåâàåìîñòè ëèêâèäàòîðîâ ðàêîì
îáîäî÷íîé êèøêè - 18.7 è 12.0 íà 100 000 æèòåëåé, ðàêîì ìî÷åâîãî ïóçûðÿ -

31.1 è 13.6, ðàêîì ùèòîâèäíîé æåëåçû - 6.8 è 2.0, à òàêæå âñåìè ôîðìàìè

ëåéêîçîâ - 23.3 è 10.7.
Æåíùèíû-ëèêâèäàòîðû òàêæå íåñêîëüêî ðåæå çàáîëåâàþò âñåìè

ôîðìàìè ðàêà ñóììàðíî. Íî âìåñòå ñ òåì ðàê êîæè (47.6 è 23.2), îïóõîëè ïî÷êè
(11.6 è 8.2), à òàêæå íîâîîáðàçîâàíèÿ ùèòîâèäíîé æåëåçû (42.9 è 10.4)

îòìå÷åíû ó íèõ ÷àùå, ÷åì ñðåäè âñåãî íàñåëåíèÿ.
Çàáîëåâàåìîñòü ðàêîì ñðåäè ëèêâèäàòîðîâ â ñðàâíåíèè ñ

íàñåëåíèåì Áåëàðóñè â 1993-1994 ãã.

Ìóæ÷èíû Æåíùèíû
Ëèêâèäàòîðû Áåëàðóñü Ëèêâèäàòîðû Áåëàðóñü

ÌÊÁ9 Ëîêàëèçà- Ñòàíäàðòèç.ïî- Ñòàíäàðòíà, ïî- Ñòàíäàðòèç.ïî- Ñòàíäàðòèç.ïî-
öèÿ êàç. íà 100000 êàç. íà 100000 êàç. íà 100000 êàç. íà 100000

151
153
162
173
174
188

189
193

204-
208
ÌÎ-
208

Æåëóäîê
Îáîä, êèøêà
Ëåãêîå
Êîæà
Ìîë. æåë.
Ìî÷åâîé
ïóçûðü
Ïî÷êà
Ùèòîâèä.
æåëåçà
Ëåéêîçû

Âñå ëîêàëè-
çàöè

29.5
18.7
69.3
8.5

31.1

10.5
6.8

23.3

281.2

49.4
12.0
96.0
18.3

13.6

12.7
2.0

10.7

347.8

5.7
5.7
0.0

47.6
56.3
0.0

11.6
42.9

7.0

260.4

26.3
12.4
7.7

23.2
57.9
2.0

8.2
10.4

7.7

271.0

Àíàëèç ñòàíäàðòèçîâàííûõ ïîêàçàòåëåé â ãðóïïàõ ëèêâèäàòîðîâ (ìóæ÷èí),
ðàáîòàâøèõ â çîíå ýâàêóàöèè ìåíåå 30 äíåé è áîëåå 1 ìåñÿöà (1-6 ìåñÿöåâ),

ïîêàçàë çíà÷èòåëüíûå ðàçëè÷èÿ â óðîâíÿõ çàáîëåâàåìîñòè ïî íåêîòîðûì
ôîðìàì îïóõîëåé è â öåëîì äëÿ âñåõ íîâîîáðàçîâàíèé. Â ÷àñòíîñòè, ñðåäè

ëèêâèäàòîðîâ, ïðîðàáîòàâøèõ â 30-êèëîìåòðîâîé çîíå áîëåå 1 ìåñÿöà, ÷àùå

îòìå÷àåòñÿ çàáîëåâàåìîñòü ðàêîì ìî÷åâîãî ïóçûðÿ, ïî÷êè, ùèòîâèäíîé æåëåçû

è ëåéêåìèåé.
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Ñóììàðíàÿ çàáîëåâàåìîñòü ëèêâèäàòîðîâ âñåìè ôîðìàìè

çëîêà÷åñòâåííûõ îïóõîëåé â ãðóïïå ðàáîòàâøèõ â 30-êèëîìåòðîâîé çîíå ìåíåå

1 ìåñÿöà ñîñòàâèëà 258.1, à â ãðóïïå ðàáîòàâøèõ áîëåå 1 ìåñÿöà - 304.4 íà

100000.

Çàáîëåâàåìîñòü ðàêîì â 1993-1994 ãã. ñðåäè ëèêâèäàòîðîâ
(ìóæ÷èí), â ñðàâíåíèè ñ ðàáîòàâøèìè â 30-êì çîíå

ÌÊÁ9 Ëîêàëèçàöèÿ

Áåëàðóñü

Ñòàíäàðòèçîâàí-
íûé ïîêàçàòåëü
íà 100000

Âñå ëèêâè
äàòîðû
Ñòàíäàðòèçîâàí-
íûé ïîêàçàòåëü íà
100000

Ðàáîòàâøèå â 30-êì-çîíå
Ñðîê äî 30 äíåé Ñðîê áîëåå 30 äíåé

Ñòàíäàðòèçîâàí-
íûé ïîêàçàòåëü
íà 100000

Ñòàíäàðòèçîâàí-
íûé ïîêàçàòåëü íà
100000

151
153
162
173
188

189
193

204-
208
140-
208

Æåëóäîê
Îáîä, êèøêà
Ëåãêîå
Êîæà
Ìî÷åâîé
ïóçûðü
Ïî÷êà
Ùèòîâèä.
æåëåçà
Ëåéêîçû

Âñå ëîêàëè-
çàöè

49.4
12.0
96.0
18.3
13.6

12.7
2.0

10.7

347.8

29.5
18.7
69.3
8.5

31.1

10.5
6.8

23.3

281.2

30.6
29.0
67.5
5.3

27.3

9.8
3.6

15.8

258.1

16.4
3.8

87.6
0.0

43.6

20.1
24.2

43.2

304.4

Ëèòåðàòóðà.

1. ×åðíîáûëüñêàÿ êàòàñòðîôà: ìåäèöèíñêèå àñïåêòû. (Ñáîðíèê íàó÷íûõ ðàáîò).

Ìèíèñòåðñòâî çäðàâîîõðàíåíèÿ Ðåñïóáëèêè Áåëàðóñü. Ìí., 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
ÀÍ-Russian Centre of Ecological Medicine,
St. Petersburg, Russian Federation

ÏÎÂÛØÅÍÍÛÉ ÓÐÎÂÅÍÜ ÌÓÒÀÖÈÎÍÍÎÃÎ ÎÒÂÅÒÀ ÍÀ ÄÅÉÑÒÂÈÅ
ÔÀÊÒÎÐÎÂ ÎÊÐÓÆÀÞÙÅÉ ÑÐÅÄÛ Ó ËÈÊÂÈÄÀÒÎÐÎÂ ÀÂÀÐÈÈ ÍÀ ×ÀÝÑ

Ñëîçèíà Í.Ì., Íèêèôîðîâ À.Ì., Õàð÷åíêî Ò.Â., Íåðîíîâà Å.Ã.
Âñåðîññèéñêèé öåíòð ýêîëîãè÷åñêîé ìåäèöèíû, Ñàíêò- Ïåòåðáóðã, Ðîññèÿ

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 (LI group). The second one consisted of 51
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 (Cl group) any
contacts with hazard factors.

Between the LI and Cl groups (without the action of environmental hazard factors) the
only difference was revealed: the frequency of dicentrics and rings have been higher hi liquidators
than in control persons (0.13±0.05% and 0.02±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.

ÂÂÅÄÅÍÈÅ
Àíàëèç õðîìîñîìíûõ àáåððàöèé â ëèìôîöèòàõ ïåðèôåðè÷åñêîé êðîâè ÿâëÿåòñÿ

îáùåïðèçíàííûì ìåòîäîì âûÿâëåíèÿ ìóòàãåííûõ âîçäåéñòâèè íà îðãàíèçì ÷åëîâåêà. Ïðè
ýòîì, íà ÷óâñòâèòåëüíîñòü îðãàíèçìà ê äåéñòâèþ ìóòàãåíîâ âëèÿåò öåëûé êîìïëåêñ
ôàêòîðîâ ðàçëè÷íîé ïðèðîäû - ãåíåòè÷åñêè äåòåðìèíèðîâàíûõ, ñâÿçàííûõ ñ äåéñòâèåì
àíòèìóòàãåíîâ è äð. Â íàøèõ ïðåäûäóùèõ èññëåäîâàíèÿõ áûëî ïîêàçàíî, ÷òî â
îòäàëåííîì ïåðèîäå ïîñëå àâàðèè ó ëèêâèäàòîðîâ ïîâûøåíà ÷àñòîòà äèöåíòðè÷åñêèõ,
êîëüöåâûõ õðîìîñîì, ìåæõðîìîñîìíûõ õðîìàòèäî-õðîìàòèäíûõ îáìåíîâ è àòèïè÷íûõ
õðîìîñîì [1,2].
Íàñòîÿùàÿ ðàáîòà áûëà ïðîâåäåíà ñ òåì, ÷òîáû âûÿâèòü âîçìîæíîå âëèÿíèå íà ãåíîì
ëèêâèäàòîðîâ äîïîëíèòåëüíûõ ìóòàãåííûõ âîçäåéñòâèé ôàêòîðîâ îêðóæàþùåé ñðåäû, ñ
êîòîðûìè ëèêâèäàòîðû êîíòàêòèðîâàëè ïîñëå âûõîäà èç çîíû àâàðèè.

ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈß
Îáñëåäîâàëè ëèêâèäàòîðîâ, íàõîäèâøèõñÿ íà ëå÷åíèè âî Âñåðîññèéñêîì öåíòðå

ýêîëîãè÷åñêîé ìåäèöèíû. Öèòîãåíåòè÷åñêèé àíàëèç ïðîâîäèëè îáùåïðèíÿòûìè
ìåòîäàìè. Âñå îáñëåäóåìûå ïîäâåðãàëèñü àíêåòèðîâàíèþ. Ïðè ñîñòàâëåíèè àíêåòû çà
îñíîâó âçÿò îáðàçåö, ïðåäëîæåííûé Èíòåðíàöèîíàëüíîé êîìèññèåé ïî çàùèòå îò
ìóòàãåíîâ è êàíöåðîãåíîâ îêðóæàþùåé ñðåäû [3]. Îïðîñíûé ëèñò ñîäåðæàë áîëåå 60
ïîçèöèé. Îñîáîå âíèìàíèå óäåëÿëè ðåãèñòðàöèè êîíòàêòîâ ñ âðåäíûì ôàêòîðàìè ïîñëå
âûõîäà èç çîíû àâàðèè.
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Èç 202 öèòîãåíåòè÷åñêè îáñëåäîâàííûõ ëèêâèäàòîðîâ íà îñíîâàíèè àíàëèçà
äàííûõ îïðîñíûõ ëèñòîâ îòîáðàíî äâå ãðóïïû, ðàçëè÷àþùèåñÿ ïî ñòåïåíè êîíòàêòà ñ
âðåäíûìè ôàêòîðàìè. Â ïåðâóþ ãðóïïó èç 31 ÷åëîâåêà (Ë1) âîøëè ëèêâèäàòîðû,
îòðèöàâøèå êàêîé-ëèáî êîíòàêò ñ âðåäíîñòÿìè â áûòó è/èëè íà ïðîèçâîäñòâå. Âòîðàÿ
ãðóïïà (Ë2) áûëà ñîñòàâëåíà èç 53 ëèö, óêàçûâàâøèõ íà êîíòàêòû ñ âðåäíîñòÿìè. Ñëåäóåò
ïîä÷åðêíóòü, ÷òî â ïîñëåäíþþ ãðóïïó íå âêëþ÷àëè ëèêâèäàòîðîâ, çàíÿòûõ â óñëîâèÿõ
îôèöèàëüíî ïðèçíàííîãî âðåäíîãî ïðîèçâîäñòâà. Ëèêâèäàòîðû, îòíîñèòåëüíî êîòîðûõ
íå áûëî ñîñòàâëåíî òî÷íîãî ïðåäñòàâëåíèÿ î âîçìîæíîñòè êîíòàêòà ñ âðåäíûìè
ôàêòîðàìè, íå âêëþ÷åíû â äàííîå èññëåäîâàíèå.

Ñôîðìèðîâàíû äâå ãðóïïû ñðàâíåíèÿ èç ëèö ñõîäíîãî âîçðàñòà, íèêîãäà íå
ïîäâåðãàâøèõñÿ äåéñòâèþ ðàäèàöèè (çà èñêëþ÷åíèåì äèàãíîñòè÷åñêèõ îáñëåäîâàíèé).
Îäíà ãðóïïà ñîñòàâëåíà èç 31 ÷åëîâåêà, îòðèöàâøåãî êàêèå-ëèáî êîíòàêòû ñ âðåäíûìè
ôàêòîðàìè (Ñ1), äðóãàÿ - èç 20 ÷åëîâåê (Ñ2), ïîäâåðãàâøèõñÿ âðåäíûì âîçäåéñòâèÿì.
Ñïåêòð âðåäíûõ âåùåñòâ è âîçäåéñòâèé, íà êîòîðûå óêàçûâàëè îáñëåäóåìûå èç ãðóïï Ë2 è
Ñ2, âåñüìà øèðîê è îõâàòûâàåò ïî÷òè âñå ðàçäåëû, ïðåäñòàâëåííûå â àíêåòå-îïðîñíèêå.

Ñòàòèñòè÷åñêàÿ îáðàáîòêà äàííûõ ïðîâîäèëàñü â Ìàòåìàòè÷åñêîé ëàáîðàòîðèè
Âñåðîññèéñêîãî öåíòðà ýêîëîãè÷åñêîé ìåäèöèíû. Ïðè ñòàòèñòè÷åñêîé îáðàáîòêå äàííûõ
ïðèìåíÿëè äèñïåðñèîííûé àíàëèç è äðóãèå ìàòåìàòè÷åñêèå ìåòîäû.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ
Ïðîâåäåí àíàëèç ÷àñòîò è òèïîâ õðîìîñîìíûõ àíîìàëèé ó ëèêâèäàòîðîâ â

ñðàâíåíèè ñ êîíòðîëüíîé ãðóïïîé ñ ó÷åòîì íàëè÷èÿ èëè îòñóòñòâèÿ äîïîëíèòåëüíûõ
ìóòàãåííûõ âîçäåéñòâèè ôàêòîðîâ îêðóæàþùåé ñðåäû.

Â òàáëèöå I ïðåäñòàâëåíû äàííûå, ïîëó÷åííûå ïðè îáñëåäîâàíèè ëèêâèäàòîðîâ è
ãðóïïû ñðàâíåíèÿ ïðè îòñóòñòâèè âðåäíûõ âîçäåéñòâèé íà ïðîèçâîäñòâå è/èëè â áûòó.

Òàáëèöà I

×àñòîòû è òèïû õðîìîñîìíûõ àáåððàöèé ó ëèêâèäàòîðîâ è â ãðóïïå ñðàâíåíèÿ ïðè
îòñóòñòâèè âîçäåéñòâèÿ âðåäíûõ ôàêòîðîâ îêðóæàþùåé ñðåäû

ëèêâèäàòîðû (Ë 1) ãðóïïà ñðàâíåíèÿ (Ñ 1)
×èñëî îáñëåäîâàííûõ 31 31
×àñòîòà àáåððàíòíûõ ìåòàôàç 2.1310.37 1.15±0.30
Îäèíî÷íûå ôðàãìåíòû 1.5810.27 1.1510.30
Îáìåííûå õðîìàòèäíûå àáåððàöèè 0.0610.04 0.0010.03
Ïàðíûå ôðàãìåíòû 0.3210.11 0.2010.10
Äèöåíòðèêè, êîëüöà 0.1310.05 0.0210.02ÿ

Àòèïè÷íûå õðîìîñîìû 0.0310.03 0.0210.02

» ð<0.05

Êàê ñëåäóåò èç äàííûõ, ïðåäñòàâëåííûõ â Òàáëèöå I, ëèêâèäàòîðû, íå èìåâøèå
ïîñëå àâàðèè êîíòàêòîâ ñ äîïîëíèòåëüíûìè âðåäíûìè ôàêòîðàìè, îòëè÷àþòñÿ îò
ñîîòâåòñòâóþùåé ãðóïïû ñðàâíåíèÿ òîëüêî ïî ÷àñòîòå ìàðêåðîâ ðàäèàöèîííîãî
âîçäåéñòâèÿ -äèöåíòðè÷åñêèõ è êîëüöåâûõ õðîìîñîì.

Âûÿâëåíèå ðàäèàöèîííûõ ìàðêåðîâ â ãðóïïå Ë1 åùå ðàç ðàç ïîäòâåðæäàåò
èìåþùèåñÿ äàííûå î òîì, ÷òî â îòäàëåííîì ïåðèîäå ïîñëå àâàðèè ó ëèêâèäàòîðîâ
íàáëþäàåòñÿ ïîâûøåííàÿ ÷àñòîòà âñòðå÷àåìîñòè íåñòàáèëüíûõ õðîìîñîìíûõ àáåððàöèè
[1,2,4,5].

Â Òàáëèöå II ïðåäñòàâëåíû äàííûå, ïîëó÷åííûå ïðè îáñëåäîâàíèè ëèêâèäàòîðîâ è
ãðóïïû ñðàâíåíèÿ â óñëîâèÿõ âðåäíûõ âîçäåéñòâèé íà ïðîèçâîäñòâå è/èëè â áûòó.
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Òàáëèöà II

×àñòîòû è òèïû õðîìîñîìíûõ àáåððàöèé ó ëèêâèäàòîðîâ è â ãðóïïå ñðàâíåíèÿ ïðè
âîçäåéñòâèè âðåäíûõ ôàêòîðîâ îêðóæàþùåé ñðåäû

ëèêâèäàòîðû (Ë 1) ãðóïïà ñðàâíåíèÿ (Ñ 1)
×èñëî îáñëåäîâàííûõ 53 20
×àñòîòà àáåððàíòíûõ ìåòàôàç 3.08±0.30 2.2310.46
Îäèíî÷íûå ôðàãìåíòû 1.60±0.23 1.59±0.36
Îáìåííûå õðîìàòèäíûå àáåððàöèè 0.21 ±0.09 0.00±0.04à

Ïàðíûå ôðàãìåíòû 0.83±0.15 0.6410.23
Äèöåíòðèêè, êîëüöà 0.2510.09 0.0410.04»
Àòèïè÷íûå õðîìîñîìû 0.1910.07 0.0010.04»

à ð<0.05

Â ãðóïïå ëèêâèäàòîðîâ, èìåâøèõ äîïîëíèòåëüíûå êîíòàêòû ñ âðåäíûìè
ôàêòîðàìè (Ë2), íàðÿäó ñ ïîâûøåííîé ÷àñòîòîé äèöåíòðè÷åñêèõ è êîëüöåâûõ õðîìîñîì
(0.2510.09 â Ë2 è 0.0410.04 â Ñ2, ð<0.05), íàáëþäàþòñÿ îáìåííûå àáåððàöèè
õðîìàòèäíîãî òèïà (0.2110.09 â Ë2 è 0.0010.04 â Ñ2, ð<0.05), à òàêæå àòèïè÷íûå
õðîìîñîìû (0.1910.07 â Ë2 è 0.0010.04 â Ñ2, ð<0.05).

Ïîëó÷åííûå íàìè äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî êîíòàêò ñî ñõîäíûìè
âíåøíèìè ôàêòîðàìè ïî-ðàçíîìó âîñïðèíèìàåòñÿ ëèêâèäàòîðàìè è ëèöàìè, íå
ïðèíèìàâøèìè ó÷àñòèÿ â ëèêâèäàöèè ïîñëåäñòâèè àâàðèè íà ×ÀÝÑ. Ñóùåñòâóþùàÿ
ñïåöèôèêà ðåàêöèè îðãàíèçìà ëèêâèäàòîðîâ íà îêðóæàþùóþ ñðåäó ìîæåò ÿâëÿòüñÿ
ñëåäñòâèåì äåéñòâèÿ êîìïëåêñà ôàêòîðîâ àâàðèè, â òîì ÷èñëå äëèòåëüíîãî ñîñòîÿíèÿ
ñòðåññà ó ëèêâèäàòîðîâ.

Äëÿ îêîí÷àòåëüíîãî ðåøåíèÿ âîïðîñà î ïðè÷èíàõ è ìåõàíèçìàõ ïîâûøåííîãî
óðîâíÿ ìóòàöèîííîãî îòâåòà ó ëèêâèäàòîðîâ, à òàêæå äëÿ èçó÷åíèÿ ïîñëåäñòâèè äëÿ
ñîñòîÿíèÿ çäîðîâüÿ òðåáóåòñÿ äàëüíåéøåå íàáëþäåíèå çà ëèêâèäàòîðàìè àâàðèè íà
×ÀÝÑ.
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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 radiation 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. I.

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

Dose,Gy
0 - 0.05

0.051-0.1
0.101-.0.15
0.151-0.2
0.201-0.25

>0.25

1986
34.3
16.6
12.1
10.7
18.7
7.6

1987
29.5
49.0
9.8
5.7
5.6
0.4

1988
87.0
11.8
0.5
0.4
0.2
0.1

1989
97.5
0.8
0.8
0.4
0.3
0.2

1990
96.1
2.4
0.7
0.3
0.1
0.4

• "Day * 10

0 20 so 100 120 140 160 180

Fig. 1. Radiation dose distribution for liquidators depending on the date of work beginning after
the moment of accident.

Gy

0-15 16-350 351-700 > 700 Day

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
Decontamination
Bidding
Cordoning
Administration
Others

1-15 days
26.8
5.4
2.0

17.6
48.2

16-350 days
47.7
7.3
1.7

13.0
30.3

351 -700 days
69.9
7.4
1.0
7.2

14.5

> 700 days
51.6
5.1
2.3

14.2
26.8

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

Outside
With machineri
Inside
others

1-1 5 days
41.8
36.7
13.3
8.2

16-350 days
50.5
13.1

25.0
11.5

351-700 days
56.6
6.8

27.9
8.7

> 700 days
57.4
9.7

19.7
12.9

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

Individual protective
Not used
Respirator
Gloves+ changeable

1-1 5 days
1.1

18.6
29.4

16-350 days
2.1

16.7
27.0

35 1-700 days
2.4

21.2
22.5

> 700 days
6.4

39.8
12.1

clothes
Respirator* changeable 4.8
clothes
Special clothes 40.7
Others 5.4

14.8

29.7
9.7

23.6

26.5
3.8

25.1

10.1
6.5

Tab. V. Distribution of liquidators on maximum radiation power
in places where the work was performed in four time intervals, %

Radiation power,
R/h

< 1
1.1- 10
> 10

1-15 days

40.9
18.0

41.1

16-350 days

48.2
30.2
21.6

351-700 days

68.3
18.0
13.7

> 700 days

-
82.4
9.8
7.8
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cGy
Others

Administration
Cordoning

Bulding

Decontamination

Fig.3. Average radiation exposure doses depending on the type of work

Others
With

Outside machinery
ot-
A

Inside

Fig. 4. Average radiation exposure doses depending on the site of work.
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cGy

Others
Special clothes

Changeable clothes
Respirator

Not used

Fig. 5. Average radiation exposure doses depending on individual protective means used.

700 >70°
days

Fig. 6. Average radiation exposure doses depending on maximal intensity of radiation at work
site.
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It is established that such factor as "the date of work beginning in the recovery operations zone"
is the most significant Fig. I ). 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,l72). However the value of this relationship
differs in the abovementioned tune intervals and is found to be small.

Conclusion
Officially 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 determining 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:
RADIATION RISKS ANALYSIS

XA9745470

V.K.IVANOV, A.F.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 during all these years of its existence the data base of the Federal level
of the RNMDR kept accumulating medical dosimetnc information and as of 1 09 95 comprises data on
435276 people from throughout the Russian Federation

435276

37O120
324146 '")/''

174262 190O50 2O6797
226928

251758

111391

52708

•s^Stf.--'.*

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Fig I DjTiamics of RNMDR registrant number growth in 1986-1995

All the RNMDR registrants are divided into five primary registration groups (PRO)
PRO 1 - emergency workers - 152325 (35,0 %);
PRO 2 - evacuated and resettlers - 12889 (3,0 %),
PRO 3 - residents (persons living or lived in monitoring territories) - 251246 (57,7 %),
PRO 4 - children bom 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 contaminated oblasts -
Bryansk, Kaluga, Orel and Tula as each of them has its 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 I the prognostication of additional mortality of EWs from
malignant neoplasms 20 years after the exposure is given. In particular, the excess radiation-induced
mortality' (attributive risk) 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 Distributions f(D) of external exposure doses D for emergency workers registered
in the RNMDR

Distributions f(D) for different dates of arrival in the contaminated territories (1986,
1987, 1988, 1989, 1990) are demonstrated separately Inside the oval the number of
EWs (sample size) is 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-

ment
in the
zone
1986
1987
1988

1989

1986-
1989

Number
of emer-

gency
workers

46575

48077

18208

5475

118335

Mean
absorbed

dose
(cGy)

15,9
8,95

3,3

3,2

10,5

Collec-
tive dose
(men'Gy)

7405,4

4302,9

600,9
175,2

12483,1

Excess cancer death
due to the exposure

leukemia
22
11
2

-

35

all types
84

47
7

2

140

Natural cancer death

leukemia
45

45
17

6

113

all types
1945

1952
768
234

4899

Attributive nsk (%)

~ leukemia
32,8

19,6
10,5
7,4

23,6

all types
4,1
2,4

<0,1
<0,1
2,8
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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 EWs received the doses higher than 25 cGy 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
uith prognostication estimates.

10O -r 95.4 98.8

1990 1991 1992 1993 1994

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

It is 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 Ail-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 by 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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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-Siberia region, 12 - Far East region; * p < 0,05; ** p < 0,01.

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

Classes of diseases

Neoplasms
Malignant neoplasms a

Diseases of the endocrine system
Diseases of the blood and blood-forming organs
Mental disorders
Diseases of the circulatory system
Diseases of the digestive system
All classes of diseases

Population of
Russia

788
140
327
94

599
1472
2635
50785

Emergency
workers

747
233
6036
339
5743
6306
9739
75606

Relationship
among the

indices
0,9
1,6

18,4
3,6
9,6
4,3
3,7
1,5

a - For malignant neoplasms the standardized index on age distribution of emergency workers as of
1993 is 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 increasing 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)
Region
(oblast)

Bryansk

Kaluga

Age
groups

adults
children
adults
children

10 20 lifetime 10 20 lifetime
Morbidity

20
20
1
2

Excessive
42
53
2
5

87
185
4
18

160
20
20
4

Expected
250
68
37
8

470
350
70
56

Attributive
risk %

(lifetime)

18
53
6

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) is 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
(Japanese cohort)
Kaluga cohort

0,3
(0,16; 0,47)

0,2
(0,06; 0,34)

16,4
(9,1; 24,2)

12,1
(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 western districts of Bryansk oblast was demonstrated to be equal to 7,15 (1,52; 33,8) at
the dose of 1 Gy.

131

Fig. 6. Reconstruction (20 May, 1986) of 131I ground contamination and cases of thyroid cancer in
children and adolescents living in Bryansk oblast after the accident.

RR ,
8t-

38.9
T

I

Dose
5-60 60-140 >140 (cGy)

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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IMMUNE SYSTEM OF CHERNOBYL CHILDREN: XA9745471
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,
A.N. VASYUK, I.I. SLUKVIN
Institute of Pediatrics, Obstetrics and Gynecology, Kiev

1. INTRODUCTION
It is generally accepted that undlsposable nuclear waste isreal hazardous for future generations [1]. 1.5 million person,including about 160,000 children were exposed to significantamounts of radio iodine fallout from Chernobyl in April 1986 [2,3].At present time increased amount of Cs-137(134) and Sr-90 in thesoil and food attributed to radiation exposure of people who areliving on radionuclides contaminated territories [4]. It has beenshown that approximately 1/3 children with different doses ofradiation exposure from radionuclide contaminated territories hadstrong functional disorders of respiratory system [5] and onerecent study has found that Ukrainian children population livingaround Chernobyl had sick rate higher than before Chernobylnuclear accident, and the respiratory tract diseases were

prevailed among them [6]. Therefore, we studied children who wereexposed long time to small doses of radionuclides.Now, it is generally recognized that explosive increase
thyroid malignancy rate among individuals who were children at thetime of Chernobyl accident .can be directly linked to the releasedradiation, especially to iodine isotopes [7,8]. Radioactive iodinecomprise a major component of total body radiation receivedfollowing exposure to fallout from nuclear plant accident. Inaddition to thyroid cancer, ionizing radiation and radioactiveisotopes of iodine is known to cause thyroid dysfunction. It wasdemonstrated that exposure to radioactive isotopes of iodinefollowing treatment of hyperthyroidism or after exposure tofallout from hydrogen bomb explosion can induce hypothyroidism inhuman [9,10,11]. Therefore, to investigate potential thyroidabnormalities and involvement of autoimmune reactions in theirdevelopment, we also studied children who were exposed toradioactive 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 tract diseases children (RRDC) and non RRDC.RRDC from radionuclide contaminated territories had 6-12 and morecases of respiratory tract diseases (laryngo-tracheitis,bronchitis, pneumonia) in a year. Non RRDC had no history ofchronic 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 ofradiation to immune system of Chernobyl children, we measured themain lymphocyte subsets (HLS) in peripheral blood (PB) of 120recurrent respiratory diseases children (RRDC) and non RRDC 6-12years old from fifteen radionuclide contaminated settlement usingImmune Monitoring Kit (Becton Dickinson) and two color flowcytometric analysis by FACScan (Becton Dickinson). During1991-1993 the average summary (internal and external) doses (ASD)of Cs-137(134) and Sr;-90 in populations from these settlementswere estimated by Ukrainian Ministry of Health to range from 0.57to 3.09 mSv. The number, ASD of Cs-137(134) and Sr-90 in childrenfrom settlements around Chernobyl power plant and dosesCs-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-137 034) Dose of Cs-137
Cs-137 (134) and Sr-90 of soil
Sr-90 Group No patients Mean±SD MeaniSD

< 1.0
(0.57-0.72)

> 1.0
(1.02-3.22)

non RRDC
RRDC

non RRDCRRDC

17
34
32
37

0.7±0.03tf0.7±0.03
2.0+0.8
2.1±0.7

26±7.4f#22±3-7
52±25.755122.2

^Expressed as mSv.
Expressed as kBq/m.

## - P < 0.005 compared with non RRDC which had 1SD > 1.0 mSv.
* - P < 0.01 compared with RRDC which had ASD > 1.0 mSv.

** - P < 0.005 compared with RRDC which had ASD > 1.0 mSv.

2.1.2. Patients with PAD of 1-131 to thyroid

To investigate effect of radioiodine to immune system andthyroid function, we obtained PB of 65 KRDC and non REDO 6-14years old from fifteen radionuclide contaminated settlements whohad personal absorption dose (PAD) of 1-131 to thyroid as a resultof Chernobyl fallout in May 1986. These children had identical ASDof Cs-137 (134) and Sr-90. We measured the MIS in PB and serumthyroid hormone, TSH and serum antibodies to thyroglobulin (AbIG)by ELISA. In order to determine a AbTG positive sera for the localchildren population the serum of twenty healthy children 6-12years old living on non-radionuclide contaminated territories wereused. These children had normal serum T3, T4, TSH concentrations,size and echogenicity of thyroid gland and had no history ofthyroid diseases. Sera were defined as AbTG positive if the levelsof AbTG were greater than mean + two standard deviations (1.6 mg/Land more) from levels of AbTG in these normal children. Allcontrols sera and sera of children with PAD of .1-131 to thyroidwere positive by this criterium. The number, PAD of '1-131 tothyroid, ASD of Cs-137 (134) and Sr-90 of children living aroundChernobyl are summarized in Table II.
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Table II. CHILDREN POPULATIONS PROM CHERNOBYL REGION

PAD of 1-131to thyroid

< 0.6

1.0-2.0

> 2.0

Group

Non RRDC
RRDC

Non RRDC
RRDC

Non RRDC
RRDC

No. patients

17
7

17
9

6
9

PAD of 1-131to thyroidMean±SDa
0.2±14*
0.3+13

1.3±l9e.
1.3±22!

2.9±33
2.9±30

ASD of Cs-137 andSi-90Mean±SDa
1 .2±0.7
1 -1±0.4

1.6±0.9
1.2±0.0

1.5±0.9
1.4±0.9

aExpressed as Gy.
# - P < 0.005 compared with non RRDC which had PAD of 1-131within 1.0-2.0 Gy and more 2.0 Gy.* - P < 0.005 compared with RRDC which had PAD of 1-131 within1.0-2.0 Gy and more 2.0 Gy.O - p < 0.005 compared with non RRDC which had PAD of 1-131 more2.0 Gy.
1 - P < 0.005 compared with RRDC which had PAD of 1-131 more 2.0
Gy.

2 . 1 . 3 . Controls

The results obtained from blood samples analysis fromChernobyl children were compared with corresponded values obtainedfrom children living on territory non-contaminated byradionuclides.
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 fromthe reactor. The control settlements were chosen to be rural, ofsimilar population size to contaminated villages. Duringinvestigations all RRDC had no fever and cough. The protocol wasapproved by the medical ethical committees of the medical centersand conducted according to the declaration of Helsinki. .
2.1.5. Statistic analysts

All patients data were entered into a computer database andanalyzed using Stat View 512+ program. The nonparametricMann-Whitney 17 test and Student's paired t test were performed foreach set of variables. P values less than to 0.05 were consideredsignificant. Regression analysis and correlations were alsoperformed using the same program.
3. RESULTS
3.1. Analysis of main lymphocyte subsets In Chernobyl childrenwith ASD ol Cs-137 (134) and Sr-90

We observed that levels of main lymphocyte subsets did notdiffer in non RRDC with ASD of Cs-137 (134) and Sr-90 living around
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Table III. PERCENTAGE OP LYMPHOCYTE SUBSETS IN CHILDREN LIVING
AROUND CHERNOBYL AND CONTROL CHILDREN LIVING ON RADIONUCLIDE
NON-CONTAMINATED TERRITORIES

Control
Chernobyl regionASD of Cs-I37(134) and Sr-90< 1.0 mSv >1.0 mSvLymphocyte non RRDC RRDC non RRDC RRDC

subsets Mean±SDa Mean±SDa

CD3+ T cells 67±5.4 67±5.7 68±5.4CD4+ helper/inducer T cells 36±4.8 36±6.1 37±6.5
CD8+ suppressor
cytotozic T cells 25±5-7 25+4.8 24±4-7CD3+CD4+/CD3+CD8+
cell ratio 1 -4+0.3 1.5+0.5 1.6+0.6
CD19+ B cells 16±4.9 16±4.9 15±4.2CD3-CD16+.CD56+
NK cells 11±4.7 11±4.8 10±4.7

63±7-0*
33±4-8*

24±4-9
1.4±0.317±3-3
13±6.9

aExpressed as a percentage of total lymphocytes.
# - P < 0.05 compared with control RRDC.### - P < O.O05 compared with control RRDC.* - p < 0.05 compared with non RRDC which had ASD < 1 .0O - P < 0.05 compared with non RRDC which had ASD > 1.0

QQ& - P < 0.005 compared with non RRDC which had ASD > 1

non RRDC RRDC
Mean±SDa

66±7-5
36±7-3
24+5-4
1.6+0.6
14±5-1
13±6.0

mSv.
mSv.

63±5-5*
31 ±5-5*
27 '±5-7
1-3±0.4e16±4.6
14±6.0

Chernobyl and control RRDC. However, RRDC living on contaminatedterritory had significantly lower percentages of CD3+ and CD3+CD4+lymphocytes as compared with control RRDC. Moreover, thepercentage of CD3+CD4+ cells and CD3+CD4+/CD3+CD8-}- cell ratio inRRDC living around Chernobyl decrease in parallel with increase of
ASD of Cs-137(134) and Sr-90 (Table III).
3.2. Analysis of quantity ol children with ASD of Cs-137(134) andSr-90 who had higti and low levels ol CD3+ and CD3+CD4+ cells

To evaluate the quantity of children with low or high levels
of lymphocyte subsets living around Chernobyl, we studied samplesfrom 45 control non RRDC. The normal range of percentage of CD3+ Tcells and CD3+CD4+ cells calculated from these samples (9556interval) were found to be 57J5-77J5 for the CD3+ cells and 27/6-45J5for the CD3+CD4+ cells. We observed that 11/71 (16#) RRDC livingaround Chernobyl had the levels of CD3+ T cells lower than 57#. Incontrast, in all control RRDC the levels of CD3+ T cells werehigher than 57%. We also observed that there was significantdifference in the sum of children with percentage levels ofCD3+CD4+ cells lower 2756 or higher 45/6 between non RRDC livingaround Chernobyl and control non RRDC (Data not shown).
3.3. Analysis ol serum thyroid hormones and TSH in children withPAD of 1-131 to thyroid

As shown in Table IV and V, children with PAD of 1-131 hadsix to ten fold increase in the TSH levels compared with controls.However, we did not find that increase in the TSH levels wasdependent on PAD of 1-131. The T3 levels in non RRDC with PAD of1-131 more 1.0 Gy were significantly lower than did control nonRRDC. In contrast, the T3 levels had normal distributions in all
RRDC with PAD of 1-131 (Table V).
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Table IV. SERUM THYROID HORMONE IN NON RRDC WITH PAD OF 1-131 TO
THYROID PROM CHERNOBYL REGION AND CONTROL CHILDREN
Thyroidhormones

T3T4T3/T4 ratio(xl O'3)
TSH

Controlsa
Mean±SDc

2.6±0.2
104+28
27±9
1-6±1.3

. PAD
< 0.6b
Mean±SDc

2.5±0.2
100.6±3526+7
6.7±6.7**

of 1-131 to, thyroid ,1.0— 2. Ob > 2.0bMean+SDc Mean±SDc
2.1+0.8*113.2±3220±10
7.9±11.6**

2.2+0.4146.1+66
17±10

15-3±7-2*
=̂20. Number of children with PAD of 1-131: non RRDC withPAD of 1-131 < 0.6 Gy n=10, with PAD of 1-131 within 1.0-2.0 Gyn=17,,with PAD of 1-131 > 2.0 Gy n=2.Expressed as Gy.
°Serum T3 and T4 levels are expressed as nMol/L, serum TSHlevels expressed as mlU/L.

# - P < O.O5 compared with controls.## - P < 0.01 compared with controls.

Table V. SERUM THYROID HORMONE IN RRDC WITH PAD OF 1-131 TO
THYROID FROM CHERNOBYL REGION AND CONTROL CHILDREN
Thyroid
hormones

T3

T4

T3/T4 ratio(no-3)
TSH

Controls3

Mean±SDc

2.5±0.3

1 29±41

21 ±4

1.4±1 -1

.PAD
< 0.6b

Mean±SDc

2.6±0.4

94.6+22

28+6

8.9±7.1*

of 1-131 to. thyroid .
1.0—2.0° > 2.0°
Mean±SDc Mean±SD

3-O±1 .8

131-6±3

23±4

5.6±3.8**

2.5±0-5

99-3±6

29±5

4.3±0.9**
an=18. Number of children with PAD of 1-131: with PAD of1-131 < 0.6 Gy n=3, with PAD of 1-131 within 1.0-2.0 Gy n=8, with

PAD of 1-131 > 2.O Gy n=5-Expressed as Gy.°Serum T3 and T4 levels are expressed as nMol/L, serum TSH
levels expressed as mlU/L.# - p < 0.05 compared with controls.
## - p < O.O1 compared with controls.

3.4. Analysis of serum AbTG in children with PAD of 1-131 tothyroid
As shown in Table VI, the AbTG were found in approximately

BO% of children with PAD of 1-131. The percentage of positive serafor AbTG from controls was significantly lower.

3.5. 1-131 dose-dependent changes of AbTG levels and. lymphocytesubsets in children with PAD of 1-131 to thyroid
As shown in Table VII, the 1-131 dose-dependent increase ofAbTG levels, percentage of CD3+CD4+ cells, CD3+CD4+/CD3+CD8+ cellratio and 1-131 dose-dependent decrease of percentage of CD3+CD8+cells in non REDO, but not RRDC were found. However, we observed

the 1-131 dependent decrease of CD19+ B cells in RRDC.
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Table VI. FREQUENCY OP SERUM ABTG IN CHILDREN WITH PAD OF 1-131
FROM CHERNOBYL REGION AND CONTROL CHILDREN

Group Number positive /total tested % Positive
RRDC with PAD of 1-131
non RRDC with PAD of 1-131Control RRDCControl non RRDC

17/21
24/293/317/42

81 18310
17

Analysis were perfomed on all sera. Those sera showinglevels of AbTG more than 1.6 mg/L or greater were scored aspositive. See Patients and Methods for details of assay.* - P < O.OO01 compared with control RRDC.# - P < 0.0001 compared with control non RRDC.

Table VII. RELATIONSHIPS BETWEEN ABTG, LYMPHOCYTE SUBSETS AND PAD
OF 1-131 TO THYROID

Group
PAD 1-131 to thyroid

AbTG
CD3+CD4+ cellsCD3+CD9+ cells
CD3+CD4+/CD3+CD8+
cell ratio
CD19+ cells

non RRDCnon RRDCnon RRDC
non RRDC

RRDC

0-58
0.49-0.44
0.49-0.56

O.0030.018
0.035
0.0170.016

Correlation coefficient.

3.6. Relationships between serum T3 levels and lymphocyte subsetsin children with PAD 1-131 to thyroid
The percentage of CD3+CD4+ cells and CD3+CD4+/CD3-J-CD8+ cellratio correlated strongly negative with T3 levels in non RRDC, but

not RRDC with PAD of 1-131 (r = -0.63, P = 0.0002; r = -0.48, P =0.004) respectively.
4. DISCUSSION

Previous studies have shown that liquidators of Chernobylaccident who received a high level of radioactivity after breakdown of nuclear reactor had decreased levels of CD3+ lymphocytes[123. The most little is known, however, about effects of longtime of low doses of radiation on the immune systems in childrenconstantly living on radionuclide contaminated territories. Themost significant and important finding here is that a markeddecrease of levels of CD3+CD4+ T-helper/indueer cells andCD3+CD4+/CD3+CD8+ cell ratio in RRDC living on radionuclidecontaminated territories around Chernobyl was in parallel to theincrease of ASD Cs-137(134) and Sr-90 (Table III). Although theseresults for CD3+CD4+/CD3+CD8+ cell ratio are not statisticallysignificant compared, with control RRDC, this is true for RRDC fromradionuclide contaminated territories. This finding is a strongevidence that observed differences in lymphocyte subsets in RRDCare due to effect of radiation but not other factors such asdifferent etiology or rate of infection.It has been shown, that frequency of hypothyroidism wasconsiderably higher in population that received direct atomic bombradiation in 1945 with doses within 0.01-0.49 Gy [133. The results
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clearly demonstrated that in non RRDC with. PAD 1-131 to thyroid1.0-2.0 or > 2.0 Gy increase in TSE was accompanied by decrease ofthe T3 levels and slight increase of T4 levels. This observationis consistent with clinical diagnosis of modest thyroiddysfunction. Elevated levels of TSH without substantial changes ofT4 concentration were noted also in some Marshall Islands exposedto isotopes of iodine from fallout [103. Thyroid dysfunctionobserved in non RRDC with PAD of 1-131 was accompanied byautoimmune disorders. Significant increase positive AbTG sera werefound in total Children with PAD of 1-131 to thyroid living aroundChernobyl. It seems likely that radiation induced damage ofthyroid cells and release of thyroid antigenic material thatinitiate autoimmune response. Indeed, a strong correlation betweenlevels of AbTG, percentage CD3+CD4+, CD3+CD8+, CD3+CD4+/CD3+CD8+cell ratio and PAD of 1-131 to thyroid were found in non RRDC.This data suggest that 1-131 dose-dependent autoimmune disordersare present in non RRDC living around Chernobyl. However, thesignificantly higher levels of AbTG without correlation with PADof 1-131 to thyroid in RRDC were found. It was likely due to asignificant decrease of levels CD19+ B cells in these childrenwith PAD more 2.0 Gy compared to controls (data not shown) andsignificant negative correlation between percentage of CD19-1- cellsand PAD of 1-131 in them. It is generally accepted that increasein thyroid cancer in childhood reported in Belorus, Ukrainian andRussia is a direct consequence of the accident at Chernobyl[7,8,141- Observed changes in thyroid hormones and immunedisorders in non RRDC with PAD of 1-131 might have significance inthe development of thyroid cancer. Constant high serum TSH levelsinduce long activity of thyroid gland parenchyma and can promotedevelopment of neoplasia in children with high PAD of 1-131 tothyroid [153. In general, it seems likely that children with PADof 1-131 to thyroid living around Chernobyl had two versions ofimmune response and function of thyroid gland. These differencesin immune responses might have importance in the development ofthyroid disorders in children living on contaminated territories.In conclusion, our data clearly demonstrated:1. Long time exposure to small doses of radiation could affectimmune system. However, this effect of small doses of radiationmight be developed only in presence of another factors that affectimmune system, including recurrent infections;
2. Autoimmune reactions appear to be involved in development ofthyroid dysfunction in non RRDC;3- Children with PAD of 1-131 had two versions of immune responseand function of thyroid;4. Children who are capable to maintain strong immune responsemore susceptible to radiation-induced thyroid disorders thanchildren with weak immune system.Because link between autoimmune thyroiditis and- thyroidcarcinoma have been suggested, careful investigation of autoimmunereactions against thyroid gland will be required for the possibledevelopment 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 - 131I, 137Cs, 90Sr and 134Cs,
particularly in the human food chain. Its 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 131I, 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 90Sr 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 Chemobyl 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 137Cs 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 to come. Various countermeasures are still used to decrease the concentration of 137Cs 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 U7Cs.

In the long lime perspective, the two dominating exposure pathways in Sweden are external
irradiation from the radioactive elements, mainly caesium, deposited 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 (SCAB), the
Geological Survey of Sweden (SGU) and the Swedish Defence Research Establishment (FOA) [4,5,6
and references therein]. SCAB 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 134Cs and I37Cs (Fig. 1) assuming a surface distribution (the surface equivalent deposition
density). The FOA measurements consisted of high resolution in situ gamma spectrometry and gamma
spectrometric analysis of soil samples taken in connection with the in situ measurements.

It was found from the in s/m-measurements that the Chernobyl debris contained detectable
amounts of more than twenty gamma-emitting nuclides. Some of the short-lived nuclides such as 131I,
132Te and 140Ba were the main contributors to the gamma dose rate during the first months after the
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Fig. 1. Corrected 137Cs deposition in 1986 based on aerial measurements, in situ gamma spectrometry
and other measurements. G1S techniques have been used in the compilation of the map. The high
deposition area around the town of Ga'vle is shown in more detail.
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event. However, the nuclide composition varied considerably between different parts of Sweden. Later
mCs and 137Cs 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 !34Cs and 137Cs. 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 134Cs. 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 u.Sv per kBq/nr in the wet-
deposition area where the caesium isotopes dominate the one-year dose. High values of 200 to 300 u,Sv
per kBq/nr 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 134Cs deposition density, / 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 (he 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 to 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 IJ4Cs 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 li ving 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 future behaviour of 137Cs. The assumption used is thai
the depth distribution will not change after the first three years. This should give an over-estimate of the
fifty-year dose. The results from the aerial measurements indicate that the movement of the 137Cs 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 (his 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 affected by a significant
falloul alter the Chernobyl accident. The system [8] consists of a small mobile gammaspecirometer 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 L'7Cs 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 134Cs and 137Cs. During
the first weeks after the release, internal contamination of 131I 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 u.Sv including the dose from "hot" particles as well as from 13II.
The few measurements made on 131I 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].

163



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 Ga'vle 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 performed by
the Radiation Physics Department at the University of Umel

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 stratified 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 time, in 1994, a foodbasket study was performed to
assess the average intake of 137Cs 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 [ 14J.

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 UmeS in 1994 [15]. During the
years 1988 to 1993 the concentration of 137Cs 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 137Cs expressed as Bq/(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 Bq/year. From this intake and metabolic data for different population groups [13] the
calculated bodyburden would be 1.3 Bq/kg for the average citizen. The measured average bodyburden
of the random sample at same time was found to be 2.0 Bq/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 Bq/kg and 99% of the population less than 10 Bq/kg body weight. Only a
limited number of persons are expected to have a body burden exceeding 100 Bq/kg. The average
bodyburden of the random sample, 2 Bq/kg, corresponds to a dose rate of 5 u.Sv/year. The dose from
the measured body burden of I34Cs and !37Cs is calculated using a model described by Legget [19],
which takes into account the body size.

164



Laplander -A- Gavle, non farmers-*- SSI, Stockholm
Mean value Sweden^- Gavle farmers

Cs-137 ( Bq/kg)

1000
500

100
50

10
5

1
0.5

1950 1960 1970 1980 1990
Year

2000

Fig. 2. Measured body burden of 137Cs (Bq/kg body weight) in a number of groups in Sweden between
1959 and 1995 During the period 1965 to 1975, the yearly intake of 137Cs decreased with a half time of
3 - 5 years. The squares show the measured average body burden of the whole population.
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Fig 3. The committed collective 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 intake 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 years (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 137Cs 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 to 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 to earlier 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 to 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
Chernobyl 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 Vasternorrland 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 Chernobvl 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 people in these regions (5 counties) still state
that they have some, mostly 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 Bq/kg of 137Cs, 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 qualily of life.
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ASSESSMENT OF RADIATION-INDUCED CANCER RISKS
FROM THE CHERNOBYL FALLOUT IN FINLAND

A. SERVOMAA, T. KOMPPA, M. SUOMELA
Finnish Centre for Radiation and Nuclear Safety,
Helsinki, Finland

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-
Muller tube [1-3]. The estimation of external doses in 1991 and 1994 was based on these
measurements and on a survey performed using thcrmoluminescence dosemeters [4]. The doses for
the intermittent years were estimated by interpolation. The estimation of internal doses from 1MCs and
137Cs 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-Jife 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 Yd(a)f(d)g(P), where y0(a) is the age-specific
baseline risk for unexposed population [11]. Function g(P) 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 137Cs 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 Chemobyl 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 bom in 1986 or
earlier, and about 60 cases are expected for males and 70 cases for females born after 1986.
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Table I Expected consequences of the Chemobyl 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
Males Females

Mean LLE/EID (years)
Males Females

Leukaemia
Respiratory cancer
Digestive cancer
Breast cancer
Other cancers
Total (rounded)

41
58
55

81
240

29
19
96
11
61

220

19
11
10

10
12

19
13
10
24
12
13

Fig. 5.
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Estimated number of deaths from cancer induced by the Chernobyl 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 bom 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 leukaemia 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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Fig. 11. Effects of effective half-life variations on the total REID among Finnish males. The
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calculation. The median curve (5, 22) is the same as shown in Fig. 3.
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As an arbitrary example of uncertainties, Fig 11 shows some effects that variations in 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 in the other curves. The measured or interpolated dose values from 1986-1994 were not
changed in 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 Sv1, the total number of radiation-induced fatal
cancers caused by the Chemobyl 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
131I [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
roundmg of the numbers of males and females. Thus, for the Finnish population, the ICRP risk factor
applied 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 risk is 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
annual 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 in the risk estimates should extend down to zero risk at low doses in the
millisievert range because the possibility cannot be ruled out that there may be no risks from
exposures to such low doses

The mean annual number of all cancer deaths in Finland is about 10000, with a standard
deviation of about 100 and a rising long-term trend of about 100 per year Because the exposure-
induced cases will be distributed over tens of years, it 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 is not significantly different from zero, and has
an upper 95% confidence limit 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 leukaemia deaths are evenly distributed over
a period of about 15 years Thus the expected average is about 0 6 cases per year which is well within
the confidence limits of the epidemiological estimate
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DOSES TO DIFFERENT GROUPS OF THE POPULATION IN TURKEY
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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 1-131 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 NaI(Tl) and HpGe detectors. Calibrations were performed by the
Cekrnece 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"xl6" 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 I.
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TABLE-I. Annual Consumption Rates and Average Concentration of Foods in 1986

Food

Milk and Dairy Products
Fruits and Vegetables
Meat and Fish
Food made of floor
Tea

Consumption
(Kg/Year)

Infants
200
15
3
5
-

Adults
125
250
40
200
2

Average Concentration
(Bq/Kg) -

Cs-134
11
5
9
2

3700

Cs-137
21
9.5
17
4

7500

TABLE-II. Average Individual Effective Dose Equivalents
Committed from the First Year (May 86-April 87) after Chernobyl Nuclear Accident

(mSv)

Pathways

EXTERNAL

INTERNAL

Cloud Radiation
Ground Radiation
Inhalation
Ingestion
Milk & Dairy products

Fruit & Vegetables
Meat & Fish

Food made of flour
Tea

Total Dose

Critical Group
Infants

0.0026
0.0180
0.0508
0.0949

0.0903
0.0031
0.0011
0.0004

-
0.17

Adults
0.0026
0.0180
0.0523
0.3173

0.0538
0.0487
0.0139
0.0164
0.1845

0.39

Members of Public
Infants

0.0004
0.0027
0.0072
0.0949

0.0903
0.0031
0.0011
0.0004

0.10

Adults
0.0004
0.0027
0.0075
0.3173

0.0535
0.0487
0.0139
0.0164

____JMM5_
0.33

TABLE-HI. Average Individual Effective Doses to the Members of Public
From Ingestion of Contaminated Foods 1-7 Years after Chernobyl Nuclear Accident

Tune Dose(mjSy)____,_..__......_._._.

(May 86-April 87) "*
->na .,!„..

0.02012 yearrear
(May 87-April 88)

>ar3rayea7
88-April 89)

4m year
(May <
;ar
(May 89-April 90)—— ————

5 year
(May 90-April 91)

6TE year
(May 91-ApriI 92)

~;,Ui7 year
(Mav 92-April 93)

0.0136

0.0041

0.0021

0.0018

0.0017
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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-H.
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, OP 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-m 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 into the environment large quantities of radioactive
materials and consequently human exposure raised in surrounding territories

Romania, by his geographical position was amongst the most unfortunate countries and his East-
em territory was the most exposed [1]

We wanted to find out if some childhood malignant disorders as leukaemia, 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) in chil-

dren aged between 0-14 years, from 8 districts (Suceava - SV. Botosam - BT, Neamt - NT, lasi - IS,
Vaslui - VS, Bacau - BC, Galan - GL, Vrancea - VN) in Eastern Romania (1 320 153 people) was
followed between 1980-1994

.Annual data on childhood population in each district, b> age, sex and residence area (urban, ru-
ral) was obtained from Distnctual 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 paediatnc clinics and from University Hospital of lasi were nearly all oncopaediatnc cases
were treated For the children treated only in Bucuresti hospitals the data were obtained from Institute
of Hygiene, Public Health, Health Services and Management Bucuresti

Overall. 847 new cases were diagnosed in this penod 60 1% (509) of the cases in 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, l\mph nodes or
tumours, haematology (the total white blood cell count and blood smeais) 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 ha\ e included these cases confirmed in Teaching Centre of lasi only in the
final analyses and not in that on age group
2.2. Dose assessment

The radiation exposure of children during the first 3 years following the Chernobyl accident
(May 1986 - April 1989) was expressed in terms of effective dose, the dosemetnc quantity recom-
mended by I C R P in Publication 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
gammaspectrometnc techniques and 90 - Sr by a sensitive radiochemical methods) The average annual
food consumption [3] and the corresponding IC R P dose factors [4, 5]

The effective doses from gamma external radiation due to radiocaesium deposit in soil of Cher-
nobyl origin were calculated from the population weighted mean activity concentrations of 134 - Cs
and 137 - Cs in soil, determinated by gammaspectrometncal measurements The methods of food
sampling measurement and dose calculations have been described previously [6]

According to our dose estimated, summarised in table I the district where classified in four ex-
posure levels illustrated in fig 1
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TABLE I - The radiatiori doses in the first three years after the nuclear accident for the 0 - 14 years-old children

Exposure levels

1
2
^
J

4
Whole territory*

Mean effective dose (mSv
Internal

0.30
0.56
0.93
1.26
0.67

Externa
0.26
0.49
0.80
1.08
0.57

Total
0.56
1.05
1.73
2.34
1.24

Level 1 0.56 mSv

Level 2 1.05 mSv

Level3 1.73mSv

Level 4 2.34 mSv

I - Geographical distribution of exposure (mean 3 years e/fecnve do^e per capita) in Eastern Romania

271 406 children (20.57 %) were exposed at the minimum exposure dose; the most people
(573 803 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 1980-85 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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TABLE II - Childhood leukaemia by district and period

District

SV

BT

NT

IS

VS

BC

GL

VN

TOTAL

Period

1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
\980-S5
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85

1986-88
1989-94

No. of cases
0

31
18
23
18
11
14
25
17
19
32
19 ^
30
17
17
20
38
16
32
24
12

->->

6
10
17

191
202
120
187

E
A

27.05
25.85
24.53
19.18
17.36
15.66
22.79
21.37
19.50
33.19
32.36
29.53
19.85
19.43
17.20
29.43
2787
25.36

1 24.86
2333
21 50
1465
1396
12.56
191

181 52
16583

B
28.57
27.19
25.98
20.31
18.28
16.63
24.10
22.46
20.71
35.01
33.89
31.31
21.04
20.30
18.18
31.27
2927
26.93
26.21
2459
22.88
15.51
1443
13.30
202

19079
17592

SIR
95 % CI

A
115(74-155)
70(37-102)
94(55-132)
94(50-137)
63(26-101)
153(92-215)
110(67-153)
80(42-117)
97(54-141)
96(63-130)
59(32-85)

102(65-138)
86(45-126)
87(46-129)
116(65-167)
129(88-170)
50(24-77)

126(82-170)
97(58-135)
51(22-81}

102(60-145)
41(8-74)

72(27-116)
135(71-200)

100

65(53-77)
113(97-129)

B
109 (70-147)
66(36-97)
89(52-125)
89(48-130)
60(25-96)

144(87-202)
104(63-144)
76(40-112)
92(50-133)
91(60-123)
56(31-81)

96(62-130)
81(42-119)
84(44-124)
110(62-158)
122(83-160)
55(28-81)

119(78-160)
92(55-128)
49(21-76)
96(56-136)

39(8-70)
69(26-112)
128(67-189)

100

63(52-74)
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 III.

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 III - Observed (O) and expected (E) number of cases of childhood leukaemia by age groups

District

SV

BT

NT

IS

vs

BC

GL

VN

SIR
95%CI

Period

1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94

Age 0 - 4 y.
No. of cases
O 1 E
11 8.39
6
10
6
1

15
6
5
7
8
8
11
5
6
8
14
4
14
6
4
12
3
^
O

7

7.81
7.58

L 5.93
5.26

4.63"
7.01
6.24
5.79
10.65
9.65
8.85
6.07
5.91
5.15
9.05
8.55
7.69
7.48
6.68
6.31
4.43
4.08
3.84

100
68(46-90)

169(133-205)

Age 5 - 9 y.
No. of cases
O
9
9
8
4
3
6
11
5
8
12
8
10
9
7
8
19
6
9
15
7
4
1
5
5

E
11.39
11.18
10.21
7.99
7.46

^6.52
9.56
9.38
8.11
13.90
14.37
12.34
8.26
8.65
7.28
12.09
12.08
10.49
10.67
10.17
8.90
6.15
5.88
5.23

100
63(46-81)
84(62-106)

A^e 10 - 14 y.
No. of cases
0 | E
11 I 7.26
3
5
8

' 7
3
8
7
4
12
3
9

1 3
4
4
5
4
9
3
1
6
2
2
5

6.86
6.74
5.27
4.64
4.51
6.22
5.75
5.60
8.65
8.34
8.34
5.52
4.87
4.77
8.30
7.24
7.19
6.72
6.47
6.30
4.07
4.01
3.49

100
64(42-87)
96(68-124)

p<0.01

3.2. NHL and HD

The NHL was also significantly increased (table IV) in the whole territory investigated
(SIR=160; 95 % CI=127 - 192) especially in Neamt district (16 observed v. 6.84 expected cases) and
lasi (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) as well as in 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

District

SV

BT

NT

IS

VS

BC

GL

VN

SIR
95%CI

Period

1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94

NHL No. of cases
0

4
4
11
3
5
10
2
4
16

15
8
18
12
->
10
14
6
12
12
5
11
5
4
5

E
A

9.50
9.04
8.61
6.73
6.08
5.49
7.99
7.46

6.84
1165
11.30
10.35
6.96
6.79
6.02
10.34
9.75
8.90
8.70
8.15
7.54
5.14
4.89
4.41
100

58(40-77)
160(127-192^

B
9.76
9.29
8.87
6.94
6.25
5.68
8.23
7.67

7.07
11.96
11.57
10.69
7.19
6.94
6.21
10.68
10.00
9.20
8.95
8.40
7.82
5.30
4.93
4.54
100

58(40-77)
155^123-186)

HD No. of cases
0

6
2
7H
6
1
3
4
7
7
10
4
11
2
5
8
11
5
9
12
3
4
2
1
2

E
A

7.24
7.19
6.81
5.32
4.83
4.37
6.33
5.97
5.43
9.17
9.02
8.22
5.51
5.40
4.79*
8.17
7.74
7.05
6.92
6.53
6.00
4.08
3.90
3.49
100

55(35-76)
110^80-141)

B
8.34
7.94
7.59

_ 5.93
5.34
4.86
7.04
6.56
6.05
10.22
9.90
9.14
6.14
5.93
5.31
9.13
8.55
7.87
7.65
7.18
6.68
4.53
4.21
3.89
100

50(32-69)
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<0.05, "p<0.01

TABLE V - Age group distribution of observed (O) and expected (E) number of cases of NHL

District

SV

BT

NT

IS

VS

Period

1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94

Age 0 - 4 y.
No. of cases

0
0
0
4
1
0
5
0
4
6
6
5
7
5
1

->

E
3.27
3.05
2.96
2.31
205
1.80
2.73
2.43
2.26
4.15
3 76
3.45
2.37
230
2.01

Age5-9y.
No. of cases

O
4
2
3
0
3
->
•>
0
5
3
•>
8
5
I
5

E
3.56
3.49
3.19
2.50
2.33
2.04
2.99
293
2.53
4.34
4.49
3.86
2.58
270
2.28

A§e 10 - 14 y.
No. of cases

O
0
2
4
i
2
3
0
0
5
6
1
•̂j
->
0
3

E
2.67
2.50
2.46
1.92
1.70
1.65
2.27
2 10
2.05
3.16
305
3.05
2.02
1.78
1 74
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TABLE V - Age group distribution of observed (O) and expected (E) number of cases ofNHLfcontimied)

District

BC

GL

VN

SIR
95%CI

Period

1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94
1980-85
1986-88
1989-94

Ape 0 - 4 ̂ .
No. of cases

0
5
2
2
3
3
4
3
1
2

E
3.53
3.33
3.00
2.91
2.60
2.46
1.73
1.59
1.50

100
76(39-113)

165(108-222)

Ape 5 - 9 y.
No. of cases

0
5
0
7
5
2
3
1
1
1

E
3.78
3.78
3.28
3.33
3.18
2.78
1.92
1.84
1.63

100
44(18-71)

158(105-210)

Age 10 - 14 .̂
No. of cases

0
4
3
3
4
0
4
1
2
2

E
3.03
2.64
2.63

_2.45
2.37
2.30
1.49
1.46
1.27

100
57(21-92)

157(98-217)

TABLE VI - Indicators of data quality for leukaemia
Dis-
trict

SV
BT
NT
IS
VS
BC
GL
VN

WHOLE
AREA

% Unspecified
(a)

80-85
0.0
5.6
0.0
3.1
0.0
0.0
4.2
0.0

1.6

86-88 J 89-94
11.1 ! 0.0
0.0
0.0
0.0
0.0
6.3
8.3
0.0

3.3

4.2
0.0
0.0
0.0
0.0
5.0
0.0

0.9

% Histology
(b)

80-85
83.9
83.3
100.
93.8
94.1
81.6
87.5
50.0

87.4

86-88
83.3
100 J

88.2
89.5
64.7
81.3
50.0
70.0

80.0

89-94
73.9
79.2
73.7
90.0
80.0
84.4
90.9
82.4

82.9

% DCO
(c)

80-85
0.0
16.7
0.0
0.0
5.9
2.6
0.0
0.0

3.1

86-88 1 89-94
0.0 j 0.0
0.0
0.0
0.0
5.9
6.3

25.0
10.0

0.0
0.0
0.0
0.0
0.0
4.5
0.0

5.0 j 0.5

%Teaching Centre
(d)

80-85 1 86-88 | 89-94
100 I 100 \ 95.7

83.3
100
100

94.1
92.1
79.2
100

93.7

100
94.1
100

76.5
93.8
100
100

95.0

87.5
94.7
100
100

93.8
86.3
94.1

94.1
(a) - Leukaemia cases of "unspecified" type, (b) - Cases with histology exam, (c) - Cases diagnosed at death (in
hospital only), (d) - Cases diagnosed in Teaching Centre

TABLE VII - Indicators of data qualify for NHL
District

SV
BT
NT
IS
VS
BC
GL
VN

WHOLE
AREA

% Histology (b)
80-85
75.0
1 00.0
100.0
93.7
91.7
78.6
75.0
60.0

83.6

86-88
50.0
80.0
75.0
100.0
50.0
50.0
80.0
50.0

71.1

89-94
100.0
80.0
73.7
66.7
90.0
75.0
72.7
80.0

77.4

% DCO (c)
80-85
25.0
0.0
0.0
0.0
8.3
0.0
0.0
0.0

3.0

86-88
25.0
0.0
0.0
0.0
0.0
8.3
0.0
0.0

2.6

89-94
0.0
0.0
0.0
0.0
0.0

[ 0.0
0.0
0.0

0.0

% Teaching Centre (d)
80-85
100.0
100.0
100.0
100.0
91.7
100.0
100.0
100.0

98.5

86-88
100.0
100.0
100.0
TOO.O
100.0
100.0
100.0
100.0

100.0

89-94
0.0
0.0

93.8
0.0
0.0
75.0
0.0
0.0

95.7

(b) - Cases with histology exam, (c) - Cases diagnosed at death (m hospital only), (d) - Cases diagnosed m
Teaching Centre
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TABLE Vffl - Indicators of data quality for BH
District

SV
BT
NT
IS
vs
BC
GL
VN

WHOLE
AREA

% Histology (b)
80-85
100.0
100.0
50.0
80.0
100.0
54.5
83.3
50.0

77.3

86-88
50.0
100.0
100.0
100.0
100.0
80.0
66.7
0.0

85.7

89-94
71.4
66.7
42.9
72.7
87.5
88.9
50.0
50.0

70.6

% DCO (c
80-85
0.0
0.0
0.0
0.0
0.0 j
0.0
8.3
0.0

1.9

86-88
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

89-94
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

% Teaching Centre (d)
80-85
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

100.0

86-88
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

100.0

89-94
0.0
0.0
0.0
0.0
0.0
77.8
50.0
0.0

92.2

(b) - Cases with histology exam, (c) - Cases diagnosed at death (in hospital only), (d) - Cases diagnosed in
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 contaminated areas (-28.68; -0.27) for leukaemia.

4. CONCLUSIONS
1. Overall, this findings provide a significant increase of leukaemia and NHL only after 1989
2 The most affected age groups were 0-4 y. for leukaemia and 0-4 y , 5-9 \, for NHL.
3. These excesses were not correlated with dose levels.

5. DISCUSSION
The haematopoetic system is highly vulnerable to radiation carcinogenesis. Leukaemia is one of

earliest (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 Iodine 131 average specific activity in vegetables, in Northern Italy, in the first month after Chemoby 1 accident.
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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-K3. Ground deposition data
for caesium 137 (the major term for external dose) were about 13 kBq/m2 in Northern Italy, 4.5
kBq/m2 in Central Italy and 3 kBq/m2 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-I3I, Ru-103, Ru-I06, Cs-I34
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 (1-131, 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, 1-131 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 Chemobyl accident
according to age-groups, geographical areas, and exposure pathways.

North

0.5

Centre

Children
0.3 0.2

I Inhalation
External

! 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
critical 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.

Table I. Food restrictions imposed in termeasures period in the different areas

Ban on sale of
leafy vegetables

Consumption of milk by
children and pregnant women

North

3/5 - 17/5

3/5 - 24/5

Centre

3/5 - 12/5

3/5 - 24/5

South

3/5 - 12/5

3/5 - 24/5
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2.2 The effect of counter-measures

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

Infants: 8%

Children: 21%

Adults: 71%

First Year Collective Thyroid Dose:
90000 person-Sv

Infants: 3%

Children: 13%

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
jaSv 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.

0.1

0.01

0.001

North

Emilia

D Our Regression

a

1987 1988 1989 1990 1991 1992 1993 1994 1995Years

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"a 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 |iSv.

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 [p.Sv] 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 TmSvl in Itajxjbr different age groups in the three
geographical areas.

North
Centre
South

Infant

1.8
0.9
0.6

Children

1.4
0.7
0.5

Adults

1.6
0.8
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%

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 adults 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
u,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 u,Sv
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 MeanCs-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 Chernobyl 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], turns 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 137Cs 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 (137Cs) 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 I37Cs activity was detected in the body. Specific activity
fluctuated from 1.5 to 565 Bq/kg. Of the children measured, 90% showed a specific activity under
20Bq/kg.

For the study year estimated doses were: external, 0.04-31 mSv (90% of children with
values under 2 mSv), internal (137Cs), 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 variations 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. Surface 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 III 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:

• The measurement of I37Cs body burden.
• The doses estimation trough different pathway.
• The biomedical evaluation.

A computerized system was developed, which allows automated processing and analyses of
the studies results.

2 - MEASUREMENTS OF I37CS BODY BURDEN.

Of the gamma emitters radionuclides released during the Chemobyl accident, l37Cs has the
longest half-life and for that reason it contributes significantly to the doses for a long period of
time, hi people living in areas affected by the accident it is possible to detect the presence of mis
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.

Republic

Belorrus

Ukraine

Russia

Total

Number

of towns

82

421

156

659

Amount of

children

367

3121

1018

4506

Age

(years)

7-16

1-17

3-16

1-17

Sex (%)

M

49

54

56

53

F

51

46

44

47

Two whole-body counters with partial shadow shield (5 cm led) and stretcher geometry,
were installed. A 150*100 mm NaI(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: 85Sr, ^Mn, 137Cs 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 I37Cs, 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

Radionuclide

B7Cs

<OK

Counter- 1

e (cps/Bq)*

3,09 E-3

1,63 E-3

MDA (Bq)**

105

1036

Counter-2

e (cps/Bq)

2,66 E-3

1,69 E-3

MDA(Bq)

126

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 III shows the general results of the measurements made in the three republics.

In 69% of the children, contents of 137Cs activity was detected in the body with values that
were higher than minimum detectable amount. Specific activity fluctuated from 1.5 to 565 Bq/kg.
Of the children measured, 90% showed a specific activity under 20 Bq/kg. Activity distribution had
a log-normal character in each region studied. Adjustment bond test was accepted.

Table III. - General Results of I37Cs Measurement in the Body of the children for the
Three Republics Studied.

Republic

Belorrus

Ukraine

Russia

Totals

Number of
children

measured

367

3121

1018

4506

Measurement with

total activity higher

than MDA

Amount

324

2239

548

3111

%

88,3

71,7

54,1

69,1

Total
activity
interval

(kBq)

0,1-8,5

0,1-31,8

0,1-11,5

0,1-31,8

Specific activity
interval

(Bq/kg)

1,5-363

1,5-565

1,5-195

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 is 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.

100 SPECIFIC ACTIVITY (Bq/Kg)
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6 8 10 12 14 16
AGE (year)

Fig. 1 Values of Mean Activity for Different Age Groups in the Region of Kiev.
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Fig. 2 Relation Between Mean Values of Specific Activity and Levels of Surface
Contamination
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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; 131I doses in thyroid; ^Sr contamination doses and integrated effective
doses in 70 years due to 137Cs incorporation to the body of the children, assuming a chronic
incorporation model. Of these estimations, only 137Cs 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 I03Ru, 131I, 134Cs and l37Cs 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 13II were hypothetically estimated, knowing the
ratio of this radionuclide with 137Cs on the ground. Transfer factors [6] were applied to the areas, in
line with 137Cs 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 137Cs 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 l31I/137Cs 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 13II 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
component

External Doses
Internal

Doses

Doses intervals (mSv)

IJ7Cs*

^Sr
131j **

Total doses

For 4 years

<l -31

«1- 5

< 1- 4

2-84

<1 -84

For 70 years

4-87

<1 -7

< l - 4

2-61

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

1

2

3

4

5

Contamination

[kBq/m2]

<37

(37-185)

>185

evacuated

unknown

Number

of towns

33

63

19

13

293

Number of

children (%)

831 (27.4)

512(16.9)

192(6.3)

719 (23.7)

779 (25.7)

Age (years)

Average

10.8

11.1

11.4

11.2

11.4

Interval

2-17

1-16

4-17

5-20

1-17

Sex (%)

M

54

59

42

57

59

F

46

41

58

43

41

The main dosimetric characteristics of these groups are observed in Table VI.
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Table VI- Main Dosimetric Characteristics of the Groups Studied. Mean Values.

Group

1

2

3

4

5

Cases
>MDA

%

65

85

97

70

74

Sp. Act.
(Bq/kg)

6

14

21

6

10

External Doses(mSv)

study
year

<1

1

7

<1

—

70
years

1

5

29

I

__

l37-Cs Int. Doses (uSv)

study years

40

90

140

40

70

70
years

60

140

210

60

110

Thyroid
Doses

(mGy)

43

148

890

__

—

Total Doses (mSv)

study years

2

6

35

<1

«1

70
years

3

11

57

1

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 haemoglobin, haematocrites
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 parasftary 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 diagnosis.

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 IB (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 0.031 0.03 and 0.87± 0.09 in Ovruch. All
individuals rate were normal.

5.- CONCLUSIONS

• The I37Cs 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 Bq/kg, 90% showing activities under 20 Bq/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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MEDICO-DEMOGRAPHIC CRITERIA IN ESTIMATING
THE CONSEQUENCES OF THE CHERNOBYL ACCIDENT

I.I. LINGE, I.A. MELIKHOVA, O. PAVLOVSKI
Nuclear Safety Institute, Academy of Sciences,
Moscow, Russian Federation

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 specialists0"2' 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 contami-
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(3) 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
bank on mortality from different reasons
being a constituent of MDBD shown in
Fig. 1.

Data of MDBD are also valu-
able as a broad-based reference in study
of emergency workers (EW) health sta-
tistics. For the majority of EW regis-
tered in Russia participation in decon-
tamination work was a short-term episode
(2-3 months)w which superimposed on
their different base health levels de-
pending on their native regions. So, it is
particularly important to take into ac-
count territorial features as well as dis-

Fig 1 Structure of data bank on mortality from different reasons advantageous trends in people health all
over Russia.
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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
contaminated territories. 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 social and economic status zone which is of 85% of the affected territories
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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, Oriovskaya and Tulskaya oblasts). Residents of bom

zones are a considerable part of the oblast
Table I. Characteristics of population in the most con- populations (except Kaluzhskaya oblast),
laminated oblasts in Russia. countrypeople in particular (Table I). In com-

______ra_mmTOm<_!ra_-____^^ parative analysis of oblast statistics we can
use standardised indexes since detailed infor-
mation on population size and age-sex struc-
ture is available from MDBD, for the zones
only crude indexes are used.

As a reference we take national aver-
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 in various regions of Russia as it is known that approximately 90% of EW are males mostly from
towns(4).

Oblast
Population Percentage ofzone residents
size, 1994 in population. %

Bryanskaya
Kaluzhskaya
Oriovskaya
Tulskaya

xlO3

1470.9
1092.0
914.3
1820.1

Oblast
33
10
31
51

Villages
26
7
14
46

Towns
8
19
61
74

Table n. Change of population size and its components

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 DL, and recent social, and economic difficulties, including decrease in life standard and crisis of

national medical surveillance.
Since early 90s changes of
population size in Russia
were determined by two op-
posite processes - natural de-
crease and positive migration
balance. For the whole Russia
population it resulted in de-
population. In CER this
process evolved even more
rapidly. In contrast to that in
the most contaminated areas
number of inhabitants was
about the same owing to
newcomers (Table II)- In ZR
immigration in the past few
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.

Peculation size".
Territory

ZR
ZVR (BO)"
BO
ZVR""
CER
Russia

1992
89.9

152.0
1463.8
314.6
30383
148295

1993
90.6
151.7

1465.4
325.5""
30277
148146

xlO3

1994
89.9

151.7
1470.9
325.2
29872
147968

Natural
decrease,

1994
per 1000

-8.7
-5.7
-7.1
-10.0
-10.4
-6.1

Migration
coefficient,

1994
per 1000

14.1
9.0

12.5
10.8
7.2
5.5

* permanent residents
** ZVR assigned to Bryanskaya oblast
***ZVR located in 4 oblasts
**** In 1993 several new settlements came into ZVR.
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Fig. 2. Age-sex piramid for rural population in BO and
Russia, 1994

Age structure of CER population is de-
mograpbically 'old' one0'*0 . 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 m.

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.

3.2. 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).

I9U 1917

Fig. 3. Birth-rate dynamics in Bryanskaya and Tul-
skaya oblasts, CER and Russia (crude index).

1812 1984 1986 1988 1*90 1992 1994

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

ZR
ZVR
Bryanskaya
Kaluzhskaya
Orlovskaya
Tulskaya
CER
RUSSIA

Percentage of
countryfolk in

population.
1994 {%)

53
51
32
26
37
19
17
27

Birth-rate,
index, per 1000

1992
13.1
10.2
11.2
9.2
9.7
8.2
8.4
10.7

1993
12.3
9.4
10.2
8.0
9.2
7.7
7.6
9.4

1994
11.2
9.5
9.8
8.2
9.5
7.6
7.8
9.6

Total mortality,
index, per 1000

1992
15.1
15.1
13.7
13.2
14.0
15.8
14.3
12.2

1993
18.4

•17.9
15.9
15.8
16.0
18.4
16.6
14.5

1994
19.8
19.5
16.9
17.4
16.8
20.5
18.2
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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Territory

ZR
ZVR(BO)*
BO
ZVR**
CER

1992
12.7
11.6

10.0

Rural
1993 1994
12.0 11.7
11.0 10.7
10.9 10.3
9.3 9.4
8.4 8.3

1992
13.5
12.4

10.3

Uiban
1993 1994
12.9
11.5
9.9
9.5
7.4

10.7
10.5
9.6
9.5
7.8

* Territories in BO assigned to ZVR
** All territories with ZVR status

Table V. Mortality of rural and urban subpopulations in
BO (index per 1000)

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 DO).

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 TV). So, disadvantageous processes
occurring in contaminated zones, are not as intense 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 feet total mortality

started to increase in the oblasts of interest well in advance of die accident The tendency was broken off in
1985 only and resumed after 1987 (Fig. 4).

Table TV. 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 *« anti-alcohol campaign conducted in

those years(5-6). The early 90s were marked by
accelerating growth of mortality rates.

In the past decade in Russia growth of
rural mortality (in standardised indexes) over-
takes the urban one a8). Higher percentage of
countryfolk in ZR and ZVR populations is one
of the reasons for crude mortality indexes in
ZR and ZVR being higher than the broad-
based values (Table III). But if we take rural
and urban people separately the excess over
entire oblast values both for ZR and ZVR is
less (Table V) is much less.

In BO difference in rate of true
growth of mortality (standardised index) in
post-accident period and prior to the accident
was not significant: average annual increase
of standardised index was 0.33 (± 0.09) de-
ceased persons per 1000 a year in 1982-1985
and 0.41 (± 0.13) in 1987-1993 (8). 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 reference 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
us compare the mortality situation in BO with that in other
oblasts in CER Fig. 5 presents standardised total mortality
indexes in 13 administrative units of CER according to
their ranks in 1982 and 1993. In other words, the oblast that
holds the first place has the lowest mortality level, the high-
est mortality level corresponds to the thirteenth place. One
can see that mortality levels have risen everywhere since
1982 and BO changed from tenth position to third while in
many others the situation became worth, for instance in Tul-
skaya oblast.

For the past decade reduction of lifetime expec-
tancy of rural males in BO was more substantial than that
for the population at large but not for females (Table VI).

Territory

ZR
ZVR (BO)
BO

Rural population
1992 1993 1994
18.3
15.8
18.5

22.4
18.1
21.5

24.7
18.8
22.7

Urban population
1992 1993 1994
11.6
12.0
11.4

13.9
13.2
13.3

14.3
13.9
14.2

' - territories in BO assigned to ZVR

index per 1000

rank

Fig. 5. Standardised mortality indexes (see
explanation in text).

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 ISO 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: Ortovskaya, 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(9).

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

mortality (accidents, injuries, poisoning etc.) causes
more alarm than does cancer mortality. Since 1987
standardised accidental mortality indexes have in-
creased 5-6 times everywhere as cancer mortality in-
crease was well beyond that (less than 30% for the
same time). As a result approximately equal number
(in some oblasts even more) of people die in accidents
and from cancer nowadays although ten years ago the
proportion was 2:3.

The most frequent cause of accidental death is
acute alcoholism (24% in BO, 16% in CER, 15% in
Russia, 1994), suicides rank next in frequency (10-
15%). Although data are not available it is reasonable

to think that the situation is even worse as people there have extra money as a compensation from govern-
ment 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 reflect the real situation.

Table VI. Average expected lifetime in rural
and urban areas in tested and reference territo-
ries (years) __________________
Territory 1982/83

Rural Urban
1992/93

Rural Urban
Bryanskaya oblast

Males
Females

Males
Females

61.7
72.4

59.8
73.0

64.8
72.8

Russia
63.1
73.7

58.6
72.0

59.4
70.6

62.3
71.8

61.0
71.4

Table VIL Provision of doctors and beds Number of doctors in contaminated areas
(per 10, 000) js about half as many as in BO as a whole so

there is no much benefits for the affected people in
excess of beds in hospital. According to some in-
direct indexes the health care in rural areas was
adversely affected everywhere in CER(8). For in-
stance, in rural areas in Ryazanskaya oblast in-
dex reflecting the accessibility and quality 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.

Territory

ZR
BO
CER

1985

33.1
58.2

doctors
1989

35.6
59.7

1993

20
36.7
50.7

198
5

128
136

beds
198

9

140
141

1993

136
127
130
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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 difficulties the demographic
situation will very much depend on dynamics of such economic factors as national income and national prod-
uct. If optimistic scenario realises °0) 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 die population will be about the present 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 (ll). 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% in
Russia in 2010. Population will rejuvenate at the sacrifice of old people dying out. And it will be more inten-
sive 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'4' 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

Fig 6. Accidental (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.

64

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.(4). Russia features strongly pronounced distinc-
tions in character of demographic development of different regions, that is determined Sy social and economic
variations, ecological factors, national traditions and habits, and different 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 even more in 1993.
Lowest mortality rates were fixed in Northern 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. Obvi-
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.

Social factors. Many other factors like
living in town or country, belonging to certain so-
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-
perisation of pensioners was many times the working
people. According to results of selective questioning
of among EW conducted in 1994 pensioners were
50% of them but only 20% were of pensionable
age(12). Amongst able-bodied people those who
work in State institutions become poorer while
business men improve their welfare.

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-
gions in 1991 and 1993. EW values were well be-
low the Russia reference group values. The scatter in
the indexes through regions was considerable and
even very high value of EW of 1986 was substan-
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.

Fig. 7. Urban male total mortality rate distribution
through all provinces of Russia.

Table WI. Total mortality rates for EW cohort and
reference groups in different regions, per 1000.

1991
1993

Min
5.3
7.7

EW<5'
5.1

9.5 (12.2*)

Russia
7.6
11.8

Max
11.1
17.7

EW exposed in 1986.

Disease
All site neoplasms
Malignant neoplasms
Endocrine system
Hemogenetic system

Min
2.4
1.3
1.6
0.7

Russia
5.9
2.7
4.2
1.9

EW
7.3
2

4.7
3.8

Max
10.4
3.4
9.6
7.9
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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 being 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 situation jn 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 psychological 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

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 clinical and
epidemiological evaluation of health would be supplemented with
results of unprejudiced methods of investigation. As such
immunology provides unique possibilities. Although individual
immune 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
thyroid doses over 75 cGy (Table I).

Table 1. Antibodies against thyroid antigens induced by
radioiodine in children 3 months after the Chernobyl accident

Antigens

Up to 15

Thyroid dose (cGy)

15-75 75-200

Thyroglobulin 10 ± 2
Thyroid microsomes 4.5 ± 2

8.5 ± 0.5
6.5 ± 2.5

18.5 ± 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 years 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 TitersPlace of HTG Passive hemagglutination Enzyme immunoassay
examination Thyroglobulin Microsomes Thyroglobulin Microsomes

YesNovozybkov

No

*** *
14.511.5 11+1.5 13.5±9

3.5+1.5 1.5+1.5 0

3.511

1+1

Surazh No 7±1.5 5+2 7+6.5 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.

217



Reaction of inhibition 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 soil 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 radiocotltamination 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 68.318.7 30 ±7.5
Acute intestinal
infections 83.9±3.6 87.2 ± 5.5
Measles 6.211.7 17.3114.6
Whooping cough 3.511.8 2.210.9

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 in morbidity of acute
respiratory diseases (ARD) was recorded. These diseases are known
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.

Our experimental studies described in the monograph of 1987 showed
that such combined action can result either in independent
operation of the factors and even in 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 in the former
case were recorded at 10-fold lower radiation dose than in the
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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 Chernobyl accident result from the combined effect of radiative
and nonradiative factors. Only the thyroid disorders are due
mostly to radiation influence, but here also may operate factors
favoring development of endemic goiter.

220



XA9745481
STATE OF HEALTH OF THE CHERNOBYL ACCIDENT
CLEAN-UP PERSONNEL, THE POPULATION OF CONTAMINATED AREAS
AND PERSONS INVOLVED IN NUCLEAR WEAPONS TESTING

Eh.V. MOKROUSOVA, Eh.G. KUTERGINA, K.O. PROKOFEVA
Institute of Radiation Hygiene,
St. Petersburg, Russian Federation

V.B. KARPOV, KG. YAKOVLEVA, L.V. ZAMANOVA
St. Petersburg Scientific Research Institute for Radiation Hygiene,
State Committee of the Russian Federation for Epidemiological Monitoring,
St. Petersburg, Russian Federation

HEBDTOPHE OOOEEHH3CTM OOCTGHHMH SJpPOBLfl JMKBWTOPOB ABAPMM HA
1A3C, HACEJffiHHH 3ATPfl3HEHHEK TEPPMTOPKfl H MS,, flPHHMMABUMX TO-
ONE B MOlHTAHKfflC ATOMH3IX) OPOTfl
CaHKT-IIeTepoyprcKHH PMM paflnaqnoHHOM rHrweHH PKC3H P$
KapnoB B.B. , flKOBJiesa H.F. , MoKpoycoBa 3..B. , SaManoBa JLB. ,
KyTeprnna 3. P., IIpoKO$beBa K.O.

C 1986 rojja coTpyflHHKaMM QK.JjHM pajjHaynoHHOH rurHemi coBMecTHO c
spaqawM AicnaiHcepa pannaunoHHoii npo^na-rojtoraif H OCaacTHoR 6ojtbm-
qw npOBo«MTCfl na6jBOfleH«e aa. cocTOflKHeu sfloposbH JIHKBMA^TOPOB aea-
PKH Ha HA3C, npoKHsajoairoc B CaHBre-IIeTep<Sypre K oCjiacTH (OKOJTO 5
THC-tje^oseK). CneiwajitHoe ue.unnnHCKoe HafiaofleHMe BKjnwajio B cefis
aHajuis AOS BHannero o6jyveHHK, onpeflejiemie coaepataHHfl
B opraKMSMe (BKaotias HawepeHMB CHH), OCMOT? BpaMaM
ncHxojiorwecKoe TecTupoBaHMe, 3KT IA 33r MCCJieflOBaraiH,

MOpJoUKTOXMMlWeCKHe H flp.

BHeciHero raMma-o6j?ytreHHfl jmKBvmaropoB cocTaBJi«jm
B 1966 r. - K,4+0,46 cfp, IS87 r. - I2,3±C,56 cFp, 1968 -
- 2,1+0,71 ci" ;̂. CVi*!apHafl aKTHBHOCTb uesMfl B opraHH3Me y
CTBa oficjieflOBaHHtK ne npeBHmajia 0,5 mtKn, MaKCHMajftHue
cocTaBJiww B 1986 - 3,3 tmKu, 1967 - 2,1 MitKit, 1988 - 1,7
B 1990-94 rr. y 80S oCcJieaoBaMHHX coflepstaHMe UCSHH B oprarasMe ne
npeBamajro 20 HKn.

B nepeue 3 ro^a nocjie asapim Hawfiojiee «acTHwn OHJIM ^/HKUHO-
3ajSoJieeaHuu HepBHOfl H cepflewHO-cocy^HCTOii CHCTC-M - acreHO-

cnHflpOM, B coieTannH c BereTaTHBHoR Anc$yHKuneM, M
AMCTOHMH (y 22,456 jiHKBHflaTOpos I9S6 p . ) , sa-

opraHOB niimeBapeHun (y 17,2%), aaOojeBafcof cepfle^HO-co-
M CHCTeMH (y 15,3^) H jnp. y JiHKsnnaTopoB 1986 r. no cpas-

c 19<x> oTMe<ja/iocb 6o^wnee KOJDMCCTBO JIHU, MMesmroc re HJW
Mtwe safiojieBaHHH (82, E£), 6oju>mee KOJiiwecTBO cjiynaes rnnepTOHiwe-
CKOii CojiesHM M $yHKUKOHajn>HiK safiojieBaHMfi nepBHofi CMCTCMH. B no-

OTMewajiocb yBejmveHMC HHCJB 3a6cjieBannfi
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-KHineiHoro Tpatcra, cepflewHO-cocyjjHcrofl CHCTCMH, opranoe
KOCTHO-MHUeiHOfi CMCTejCJ H flp.

Ho peay/tbTaTaw aHxeTHba HCcxneflOBaHnfl diuio onpefleJieHO, «JTO
cpejwee SHaieKne ypoBHH JIHVHOCTHOR TPCBOXHOCTH y
1966 r. (43,3 6&Mta. no aiKaJie CnnjiCeprepa) (Sium CJDOKK K
wy SHaqeHHt) AJIH BUCOKOPO ypoBHfl rpefloitHOCTH, rasKHfi HHHKBH#yajib-
mfi ypoBeHt TpeeoKhoCTH oTweqajicji y 3,K otScjieflOBaHHta. Han(5ojiee
uacTUMx CbuiH majioCu Ha rojioemje <5ojm, paa^peuraTeJUjHOCT
H/D yrouAneuocTb, HapyoeHHH cna. OKOAD 80% .onpomeHHiJx
yxyfltnemie csoero s^opoBbn c asapnefl na HA3C.

AHEJDO HSneHeHHil 3KT noKaaaTCJieft CBiweTejH.CTByeT, «iro y
1986 r., no cpaaHCHHD c 1988 OTMewaeTcn doAbosji

cepflevHoro puTwa B jtopue CHHi'COBbtx apuTMMR H
fiKfi (y jwu wojio^e 40 JieT), HapymeHHB ngoBOflMMOCTH M HajiKtiHe CAM-
HHtlHbDC 3KCTpaCHC70^ (t 007166 CTapffleM BO3paCTe). B flKHaMMKe OTMeia-

eTC» yBejmvieKxe uncjia HapyiueHHfl DPOBOHHMOCTM.
ilpM aHajnoe renaTOJiornwecKHX noKaaarejiefi y jWKBmaTOpoB 6ano

KeKcropoe cnioteHHe KOJiMvecTBa Tpon(5ouMTOB, jieflnoiiHTOE
Jioe, a Tarate yBeJnweHMe KojuraecTBa XJICTOK c KanecreeHHO

HeHHSMH (flByJwepHHx jDM$oqHTOB H rHnepcerMeHTMpo-
HefiTpoinjioB). Y jiMKBHflaTopoB 1985 r. omevajiocb 2-4-x KpaTKO

vucna 3Ttcc mreTOK no cpaBHeHwo c floaBapHfimjM ypoBHew.
oflanacb HOpMajwaauwH noKaaaTeneA.

CorjiacHo pesyJibTaraM nccj:eflOBaHMfl 1992-93 rr., cpeflwis uacTOTa
xpOMOcouHHx afieppauMd y JWKBuaaTOpoB 1986 r- npn floaax 11-25 cfp
cociaBJiHJia 4,0+0,6, AmieHrpmiecKHX XPOMOCOM - 0,IIjsp,04 Ha 100
KJieroK, UMCJIO MKKpojwep 49,2^2,0 Ha lOCDKjieTOK, trro csnneTejibCT-

o nocTeneHHOn cwKetam uHToreHeTmrecKHX H3Me«eHHt).
Kajma KHHSHOIKK 3a6ojieBaenoCTn OKOJIO 10 TUC. pa6o-

r.HoBoaufiKOBa BpnHCKofl o6^acTM (IIJIOTHOCTI> aarpHSHe-
O

no Cs > 15 KH/KM ) B 1983-92 rr., noKaa&n yBemweHHe o(5mero
aaCofceBaraiR B 1985-88 rr. no cpaBHemm c 1983-85 rr.

B nocjieaBapHttmifl nepwofl Gtino onpe^ftfleHO ^ocTOBepKoe yBejnroeHHe
vxcjra. safio^eBaHHii HepBHoR H KocTHo-MHaevHofl CKCTBM, WHcaa flnefi He-
TpyAOcnoco<SnocTK npH OCJICXHCHIUIX 6epei4eHHOCTH M aaXSoaeBaHwcc
a raxxe crotKemiH qxc.na cjiyvaeB nHeBMOHsra.

CorjiacHo peayjibTaraw uHroreHeTiwecKoro oConeAOBawm 75
BCK, noflsepraiitxcH pajiMauHOHHOMy soaiieBCTBHD npM HCnuraHMHx «flep-
Koro opyatus K paflMauvioHHioc asapitfix 20-45 JIBT HasaA, vacTb M3 KO-
-opux nepeHec^a 3 npomjiow jiyyeayo 6ojie3HZ>, cpeAHHfl lactOTa xpowo-
COMHUX afieppauMii cocraamia 6,86tO,26, KOjnweCTBO wnetrrpmoB
0,70+0,10, U6HTPMH6CKMX KO«>UeBbK XpOMOCOM - 0,04+0,03 Ha 100 KJIC-

TOK, KOJnmecTeo MHKpowep 52,37+2,62 na 1000 wieTOK, VTO cyoeCT-
geHHC npeBwnajio noKasaTejn) KOHrpOJifi. y 4I,3/S o<5c.ne,noBaKHHX HXA
cocraB^fljia 8 H 6cnee, npn KOjmueCTBe fluncHTpuKOB 1,36+0,17 Ha 100
K.ieTOK.

lioaj'veHHije ^aHHtie cavmeTejibCTByDT o KOMnaeKCHOM BJIKHHHH ({aK-
ropOB asapuvi Ha HA3C (pamiiauHOHHoro, ncnxo-3MOi(noHsujbHoro H
Ha COCTOHHM6 SflOpOBbfl
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PREVENTATIVE ANTICARCINOGENIC TREATMENT
USING ANTIOXIDANTIMMUNOPROTECTIVE PREPARATIONS

L.P. VARTANYAN
Central Research Institute of Roentgenology and Radiology, XA9745482
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, hematological 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. la and Ib). 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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1. Control
2. 157 Cs administration
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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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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 mechanisms 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, immunocorrectors (ic) ( cortizol, thymaiin, 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 refers to a
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 earned 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 (Y? ), effector T-cells
(YE), cells with antigen determinants (YCAD) — characterize the impact of polluting factors in
the food-chain on the vital functions of organism, T-suppressors (Ys), heparin (Ynp), histamine
(YHS ), calcium in cytoplasm (YCi), calcium in intracellular compartments (YC2), degree of

phosphorylation of membranous proteins (YF), ic — the level of immunocorrectors, oci and 1)02 are

speeds of binding of Ca ions by intracellular and membranous proteins respectively; parameters dj
(j = 0,4 ), characterize nonlinear effects of interconnection of Ca ions at dephosphorylation of

proteins; Ik (k = 1,2) are currents ofCa2 through cell membrane from places of safe inside cell;

«F - quantity of Ca ions, binding by systems of phosphorylation in one molecule of phosphorylating
protein; a, (1 = 1,5 ), pn , yn , Tn ( n = 1,2 ), ^m (m = 1,4 ), 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

——— = (k, + diic) YcAnYpYHs - k 2YP + (k3 + d3ic)YPYE - (k + d4c) YC1YPYS;
dt

dYE

— = (k3 + d3ic) YPYE - k5YE -
dt

+d2Y,,) -

- Ys); - Ys) - k13YHS;
dt

dt

dYs

dt

= I, + I2 - oci - uC2 + CXFUF;

dY,C2

= (k* + cUc) Yc,YPYs - k9Ys (i)

dYHP

dt

where

= k10YEYCAD(N - Ys) - kn

dt

dYF

dt
- <XFUF.

I, = a, [ 1 - exP(s,t)]exP[-q2(t - T,)2], I2 = a2 YEYCAD(N - Ys )YC2[ 1 - exp(-c;3t)]exP[-^(t - T2)2],

oci = (PiYCi - Y,YC,2), oC2 = (p2YCI

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.

S = (2)

Here TMAX — time of maximum concentration of effector cells; Py4 and PY7 — respectively the
general amount of effector cells and cells with antigen determinants, which participate in an immune
response on interval [tQ, T]; s0 — model parameter.
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3. THE INVESTIGATION OF THE DIRECTIONAL EFFECT OF IMUNOCORRJECTORS
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 where immunocorrectors exert
opposite influence on effector and suppressor cell populations. Results of investigation under different
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:

J yCADdt
5t = —————5——-——————— (3)
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at following limitations:

Yp € [Ypnun jYpmax ], YE 6 [YEnun , YE^IX ], YCAD 6 [YCADmin .YcADmax ], YS € [YSmin ,Ysmax ],

YHP € [YnPrnin ,YHFmax ], YHS € [YHSmin .YnSmax ], YCI e [Ycimin -Ycimax 3, Yc2 £ [Yc2min ,Yc2max ],

YF e [YFmm ,YFmax], ic e [0,

Results of numerical 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

dt

dF

dt

dAr

dt

dL

dt

dPr

dt

dTr

dt

dH

dt

= ki(k2 - E)(k3 - E)E - l^v, - k5v2 - k<;v3 - k7v4

Lp

(4)

= ai(l-F)C(l-a2A)-a3F

- F) -

= a7F(a8 - F) -

= aioAr(au - AT) - a]2Pr

= ai3Ar(a]4 - AT) - ai5Tr

= a]6Ar- aI7H

dt

dC

dt

dG

dt

dA

dt

- H) - aMLp

= a21[l -e^e"13'- vt

- a26G(a27 + C)

= v3 - a3iA(a32 + C)(a33 + G)

dEn

dt

dM

dt
= v4 - b5M(b6 + b7En)

(a24 + C)3

= a22(C - a23)
c, + (a24 + C)4 a +E

v2 =
v3 = a28(c3E

+ c7),
a29)(a30- L)(c4Pr c5),

= (b, + G)(b2 - A)(b3 + Lp)

where E - energy substrates, F - phospholipase, Ar - arachidonic acid, L - leikotrienes, Pr -
prostaglandines, Tr - thromboxanes, H - 5HETE and 15HETE, Lp - lisophosphatidylcholine, C -
Ca"1"1", 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
(a2l), speed of the removing Calcium ions from cell (a^), intensity of energy syntesis in cell
( ki), intensity energy consumption at proliferation (b). In the order to distinguish control
influences from constants of the model (4) we denote them as follows: a21= Ui, a^ = U2 ,
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k! = U3, b = U4. Besides we denote variables E = Y,, F = Y2, L = Y3, Tr =Y4, Lp =Y5,
G =Y6, En = Y7, Ar =Y8, Pr = Y9, H =YIO, C =YU, A = YI2, 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 Yk ( k = 1,13) and the control parameters U; ( i = 1,4) respectively Y^^ , Y ,̂̂  and
Uimin , 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:
Yfc 6 [ Yfcnun ^fcnaj, U; € [ Uimin .

where F =F ( U,, U2, U3, U4 ) = { Yl3dt.
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. 3-4 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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TABLE I.

Days
after

antigen
injection
0.0-0.9

0.9-2.3

2.3-4.4

4.4-6.1

6.1-10.7

10.7-11.9

11.9-13.4

13.4-14.3

14.3-17.3

17.3-17.8

17.8-18.5

18.5-19.7

19.7-20.0

The Effect of Drags which are needed to use
intensity of

energy
synthesis in

cell (kl)
decreasing

decreasing

increasing

increasing

increasing

insignificant
increasing
decreasing

decreasing

decreasing

decreasing

increasing

increasing

increasing

intensity of the
transmembran

calcium fluxes in
cell (a21)

increasing

decreasing

decreasing

increasing

increasing

increasing

insignificant
increasing
insignificant
decreasing
decreasing

decreasing

decreasing

decreasing

insignificant
increasing

speed of the
removing Ca
ions from cell

(a22)
decreasing

increasing

increasing

increasing

decreasing

decreasing

increasing

increasing

increasing

increasing

increasing

decreasing

decreasing

intensity energy
consumption at
prolifiration (b)

decreasing

decreasing

decreasing

increasing

increasing

increasing

increasing

increasing

insignificant
increasing
insignificant
increasing
insignificant
increasing
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
Risk

1986 1991 1996 Trvear

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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ÝÏÂÄØÎËÎÃÈ×ÂÑÊÈÉ ÀÍÀËÈÇ ÇÄÎÐÎÂÜß ÍÀÑÅËÅÍÈÈ, ÏÎÑÒÐÀÄÀÂØÅÃÎ ÎÒ
×ÅÐÍÎÁÛËÜÑÊÎÉ ÀÂÀÐÈÈ, ÏÎ ÄÀÍÍÛÌ ÍÀÖÈÎÍÀËÜÍÎÃÎ ÐÅÃÈÑÒÐÀ ÓÊÐÀÈÍÛ

À.Ì. Íàãîðíàÿ, â.Ì.Ïîíîìàðåíêî

Îáúåêòèâíîå ñóæäåíèå î ìåäèöèíñêèõ ïîñëåäñòâèÿõ àâàðèè íà
×ÀÝÑ ìîæåò áûòü ñîñòàâëåíî íà îñíîâå äîëãîñðî÷íîãî äèíàìè÷åñêîãî
íàáëþäåíèÿ çà ñîñòîÿíèåì çäîðîâüÿ ïîñòðàäàâøåãî íàñåëåíèÿ.

Êàê èçâåñòíî, îäíîé èç îñíîâíûõ çàäà÷ Íàöèîíàëüíîãî ðåãèñòðà
è ÿâëÿåòñÿ êîíòðîëü çà ñîñòîÿíèåì çäîðîâüÿ è èçó÷åíèå áëèæàéøèõ è
îòäàëåííûõ ìåäèöèíñêèõ ïîñëåäñòâèé ïîñòðàäàâøåãî íàñåëåíèÿ. Ðåøåíèå
ýòîé çàäà÷è îñóùåñòâëÿåòñÿ ïåðñîíàëüíûì íàáëþäåíèåì çà ñîñòîÿíèåì
çäîðîâüÿ ëèö, âíåñåííûõ â ðåãèñòð, îáåñïå÷åíèåì àâòîìàòèçèðîâàííî-
ãî ñáîðà è äîëãîâðåìåííîãî õðàíåíèÿ èíôîðìàöèè î ñîñòîÿíèè èõ çäî-
ðîâüÿ, ñîáðàííîé âî âðåìÿ ïðîâåäåíèÿ öåëåâîé äèñïàíñåðèçàöèè.

Àíàëèç ïîêàçàòåëåé çäîðîâüÿ íàñåëåíèÿ, âêëþ÷åííîãî â Ðåãèñòð,
ÿâëÿåòñÿ ÷ðåçâû÷àéíî ñëîæíîé ïðîáëåìîé. Âî-ïåðâûõ, äèñïàíñåðèçàöèÿ
íàñåëåíèÿ â îáúåìå, ïðåäóñìîòðåííîì ÿ ëÿ ïîñòðàäàâøèõ â Óêðàèíå â
öåëîì è â êîíòðîëèðóåìûõ ðàéîíàõ, äî àâàðèè íå ïðîâîäèëàñü. Âî-âòî-
ðûõ, èçìåíåíèå ìåäèêî-ýêîíîìè÷åñêîé ñèòóàöèè â ñòðàíå â ïîñëåäíèå
ãîäû íå ìîæåò íå îòðàçèòüñÿ íà ôîðìèðîâàíèè ïîêàçàòåëåé çäîðîâüÿ
íàñåëåíèÿ. Ñëåäóåò çàìåòèòü òàêæå, ÷òî ïîëîæåíèå î òîì, ÷òî â ñðàâ-
íèâàåìûõ ïîïóëÿöèîííûõ ãðóïïàõ óðîâåíü çäîðîâüÿ .ïî ðàäèàöèîííîãî
âîçäåéñòâèÿ áûë îäèíàêîâ íå âûäåðæèâàåòñÿ. Ïîýòîìó îñíîâîïîëàãàþùè-
ìè êðèòåðèÿìè äîñòîâåðíîñòè èçìåíåíèé ïîõàçïò^ëåé çäîðîâüÿ ïîñòðà-
äàâøèõ ÿâëÿåòñÿ èõ îöåíêà â äèíàìèêå ïîñëåàâàðèéíûõ ëåò ñ ó÷åòîì
óðîâíÿ ðàäèàöèîííîãî îáëó÷åíèÿ.

Íàìè äëÿ ýïèäåìèîëîãè÷åñêîãî àíàëèçà èñïîëüçîâàëèñü äàííûå î
çàáîëåâàåìîñòè, èíâàëèäíîñòè è ñìåðòíîñòè <5îë?å ÷^ì íà 400 òûñ.
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ïîñòðàäàâøèõ îò çâàðèè à äèíàìèêå 1980-1994 ãîäîâ ñðåäè ìóæ÷èí è
æåíùèí â ñîçðçñòíûõ ãðóïïàõ C-I4, 10-17, Itf- 9, 30-î9, 40-49, 6Ñ-
ÜÝ, ÑÎ ëåò è ñòàðøå.

Àíàëèçèðóÿ äàííûå î çäîðîâüå íàñåëåíèÿ, çêë-ã÷åííîãî â Ðåãèñòð,
ìû âûÿâëåííûå çàêîíîìåðíîñòè â ôîðìèðîâàíèè îòäåëüíûõ åî ïîêàçàòå-
ëåé ðàññìàòðèâàåì êàê ñòàòèñòè÷åñêèå è ïîíèìàåì, ÷òî íàøè ðåçóëüòà-
òû ìîãóò ñëóæèòü îñíîâîé äëÿ èçó÷åíèÿ áîëåå ãëóáîêèõ ïðè÷èííî-ñëåä-
ñòâåííûõ çàâèñèìîñòåé ñïåöèàëèçèðîâàííûìè ìåäèöèíñêèìè ó÷ðåæäåíèÿìè.

Íî ðåçóëüòàòàì èññëåäîâàíèÿ óñòàíîâëåíî, ÷òî ïîêàçàòåëè çäî-
ðîâüÿ çà ïîñëåàâàðèéíûé ïåðèîä óõóäøèëèñü ñðåäè íàñåëåíèÿ âñåõ ãðóïï
ïåðâè÷íîãî ó÷åòà êàê ó âçðîñëûõ, òàê è ó äåòåé. Ñëåäóåò îòìåòèòü,
÷òî çäîðîâüå íàñåëåíèÿ ïî ñðåäíåñòàòèñòè÷åñêèì ïîêàçàòåëÿì â Óêðàè-
íå â öåëîì â ýòè æå ãîäû òàêæå óõóäøèëîñü è òîìó ìíîãî ïðè÷èí, íî
òåìïû ðîñòà çàáîëåâàåìîñòè, èíâàëèäíîñòè, ñìåðòíîñòè ó ïîñòðàäàâøèõ
äîñòîâåðíî âûøå.

Ñðàâíèò ëüíûé àíàëèç ïîçâîëèë âûÿâèòü, ñ îäíîé ñòîðîíû, çíà÷è-
òåëüíûé ðîñò ïàòîëîãè÷åñêèõ ñîñòîÿíèé, êîòîðûå íå òèïè÷íû äëÿ ðàäèà-
öèîííûõ ïîðàæåíèé, \ îòðàæàþùèõ ìîðôîôóíêöèîíãëüíû÷ ïåññòðîéñòâñ

Ë.
ïñëèýòíè1ã>ãè"îã-î . ï^èðîïû ç çàï^èòíüî^ð^^ëëòîïíûõ ñèñòåìàõ îðãàíèç-
ìà, ñ ïðóãîü ñòîðîíû - ðîñò ÷èñëà îòäåëüíûõ çýáîë^âýíèé, êîòîðûå
ìîæíî ðàññìàòðèâàòü êà* ðàäèàöèîííî îáóñëîâëåííûå ÷ ñâîåì âîçíèêíî-
âåíèè.

Íåîáõîäèìî ó÷èòûâàòü òàêæå, ÷òî åñëè â ïåðçüí ãîëû ïîñëå àâà-
ðèè ñóùåñòâåíòò, ðîëü èãðàëà ëó÷øàÿ âûÿâëÿåìîñòü çàáîëåâàíèé â ðå-
çóëüòàòå öåëåíàïðàâëåííûõ ìåäèöèíñêèõ îáñëåäîâàíèé, òî Ð ïîñëåïóþ-
*òè.̂  ãîäû ïîëó÷-'ííû'? îàííûå ñâèäåòåëüñòâóåò î í^ñî'-Ôíííîê ôàõòè÷çñ-

íè'-é?íèè ïîê*>àëò°ëî^ ç^îðîãüÿ ïîñòðàï?ïø^ã'4 íã^^÷îíèÿ.
.ã*ê, cp«nK ^viTHM^on ëèêâèëýöèè ïîåëâïñ*âè -<.ÐÈÈ

î^"'-. àå'»î÷'.Àë ìîñòè '.úúëì÷òñÿ -ÜîÀ,1 ú ÀÓ<Õ. ^v»
ãî«*/ í: i v» *nno ÷). VTMO^X'H ðîñò » :<>• è ò ë* »«^î

ÏÎ V •*• " 1" 1 ×«Ë~×Í - : , ÍÎ ? ^ Î Ë Û ß × « Ñã Ã'ÍÈ Ï" "«• Ñã

çí •••» "ò«ííî' cxcT^wb, ïî «•WK* •«•»(» ÷èì paccTiv)'.«÷»"..'!:. íë
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áîëåçíÿì ÷ð^^.è ê «'ðîï óããëðíûõ îðãàíå?, \>ò-ïè "ëè»: '/."ã-òîðîè" ÏÐÈÇÍÀ-

ÍÎ ÇÏÎÃÓÍÛÓÌ 'Àõ,».'* Ã, i9od ÃÎ×Ó, 2JA. - :• iX^o ÃÎÒó. "ð^ïÈ ÝÒÎÃÎ

êîíòèíãåíòà îòìå÷àåòñÿ óâîëè÷åíèå ÷èñëà èíâàëèäîâ â äèíàìèêå 1988-
1994 ãã.

Òåìïû ïðèðîñòà ñìåðòíîñòè ñðåäè ó÷àñòíèêîâ ëèêâèäàöèè ïîñëåä-
ñòâèé àâàðèè âûøå, ÷åì ñð-ýäè íàñåëåíèÿ. Âûÿâëåííûå çàêîíîìåðíîñòè â
çàáîëåâàåìîñòè è ñìåðòíîñòè ëèêâèäàòîðîâ èìåþò ìåñòî è â ñòàíäàðòè-
çîâàííûõ ïîêàçàòåëÿõ. ×òî êàñàåòñÿ ïîêàçàòåëåé çäîðîâüÿ ýâàêóèðî-
âàííîãî íàñåëåíèÿ,òî ÷èñëî ïðèçíàííûõ çäîðîâûìè â 1987 ãîäó ñîñòàâëÿâ
56,8$ è â 1993 - 24,Ü$. Îòìå÷àåòñÿ óâåëè÷åíèå òåìïîâ ïðèðîñòà çàáî-
ëåâàýìîñòè ïî÷òè ïî âñåì êëàññàì áîëåçíåé ñðåäè ýòîãî êîíòèíãåíòà
ïî ñðàâíåíèþ ñî âñåì íàñåëåíèåì Óêðàèíû. Â ñòðóêòóðå îáùåé çàáîëå-
âàåìîñòè âçðîñëîãî íàñåëåíèÿ óâåëè÷èëñÿ óäåëüíûé âåñ áîëåçíåé ýíäî-
êðèííîé ñèñòåìû, ðàññòðîéñòâà ïèòàíèÿ, íàðóøåíèÿ îáìåíà ýåøåñòâ è
èììóíèòåòà, êðîâè è êðîâåòâîðíûõ îðãàíîâ, íåðâíîé ñèñòåìû è îðãàíîâ
÷óâñòâ, íîâîîáðàçîâàíèé .

Ñðåäè ïîñòîÿííî ïðîæèâàþùèõ íà ðààèàöèîííî êîíòðîëèðóåìûõ
òåððèòîðèÿõ ñòðóêòóðà îáùåé çàáîëåâàåìîñòè â ïîñëåàâàðèéíûé ïåðèîä
ñîõðàíèëà òåíäåíöèè ôîðìèðîâàíèÿ, õàðàêòåðíûå äëÿ äîàâàðèéíîãî
ïåðèîäà. Ïîêàçàòåëü ñìåðòíîñòè ñðåäè çòîãî êîíòèíãåíòà âûøå, ÷åì
ñðåäè íàñåëåíèÿ äðóãèõ òåððèòîðèé.

Ñëåäóåò îòìåòèòü, èãî çàáîëåâàåìîñòü ñðåäè æåíãäèí âûøå âî
âñåõ âîçðàñòíûõ ãðóïïñõ. Ïî îòäåëüíûì íîçîëîãè÷åñêèì ôîðìàì èìå:îò-
ã,ÿ ïîñòîâåðíûå âîýðýñòíî-ïîëîâûå ðàçëè÷èÿ.

Ñðýäè äåòñêîãî íàñåëåíèÿ ïðèçíàíî çäîðîâûìè â i^8o ãîçó ñðåäè
ççàêóèðîðàííûõ 43 ,':#», ñðåäè ïîñòîÿííî ïðîæèâàþùèõ íà êîíòðîëèðóåìûõ
òåððèòîðèÿõ - 5<!,9ó&, ñðåäè ðîäèâøèõñÿ îò ðîäèòåëåé õ-3 ãðóïï ïåð-
âè÷íîãî ó÷åòà - W*, >ç i99o ãîîó - <.î,9; <J'?,4; «0,9ä> ñîîòâåòñòâåííî.

Â ñòðóêòóðå çàáîëåâàåìîñòè ýâàêóèðîâàííûõ äåòåé ëèäèðóîòåå
».ïñòî ïðèíàäëåæèò áîëåëè/ ì îðãàíîâ ïûõÿíèë (ob,Gi'?y), íë Z-o». - áî-
ÏËÎÍ!1 ÎðÃÇÍÎÏ ÏÈÙâÐÇðÎÍÈ" U-0/51VJ), ÎÝÒ^Ì - áÎËÃ'ÏÍÈ ÎÍ10ÊËÈÍÍÎÉ

ñèñòåìû (j.l,9JL ) è íåðâíîé ñèñòåìû è îðãàíîâ ÷^-âñòý (Þ,îÇ^). Ó
äîò^é, ïðîæèâàþùèõ íà êîíòðîëèðóåìûõ òåððèòîðèÿõ, ï^ðâüòå ìåñòà
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çàíèìàþò ýíäîêðèííûå áîëåçíè (31,2$), îðãàíîâ äûõàíèÿ (28,69$),
ïèùåâàðåíèÿ (1î,09$). Â äèíàìèêå îáùåé çàáîëåâàåìîñòè (673,4$0- â
1988 ãîäó. 149 Ü,0#î - â 1994 ãîäó) íàèáîëüøèé ðîñò îòìå÷àåòñÿ ïî
áîëåçíÿì ýíäîêðèííîé ñèñòåìû (176,9 - 467,8 %Q ñîîòâåòñòâåííî).

Íàèáîëåå âûñîêèå ïîêàçàòåëè çàáîëåâàåìîñòè îòìå÷àþòñÿ ó äåòåé,
êîòîðûå ýâàêóèðîâàíû èç 30 êì. çîíû ×ÀÕ â êîíòðîëèðóåìûå ðàéîíû.

Ïðåäñòàâëÿþò èíòåðåñ äàííûå î çàáîëåâàåìîñòè äåòåé, ðîäèâøèõ-
ñÿ ïîñëå àâàðèè íà ×ÀÝÑ îò ðîäèòåëåé 1-3 ãðóïï ïåðâè÷íîãî ó÷åòà. Â
ñòðóêòóðå çàáîëåâàåìîñòè ó íèõ áîëåå ïîëîâèíû çàíèìàþò áîëåçíè îð-
ãàíîâ äûõàíèÿ (55,5$), íà âòîðîì ìåñòå - ïèùåâàðåíèÿ (8,0$), íà
òðåòüåì - ýíäîêðèííîé ñèñòåìû (7,95$), íà ÷åòâåðòîì - áîëåçíè íåðâ-
íîé ñèñòåìû è îðãàíîâ ÷óâñòâ (5,9$). Äèíàìèêà îáùåé çàáîëåâàåìîñòè
íå èìååò ÷åòêèõ òåíäåíöèé. Óðîâåíü åå ñòàáèëüíî âûñîêèé çà âñå ãîäû
íàáëþäåíèÿ.

Òàêèì îáðàçîì, îñíîâíûå òåíäåíöèè â ñîñòîÿíèè çäîðîâüÿ ïîñòðà-
äàâøåãî íàñåëåíèÿ íàïðàâëåíû â ñòîðîíó åãî óõóäøåíèÿ. Âûÿâèòü äîëþ
âëèÿíèÿ ðàäèàöèîííîãî îáëó÷åíèÿ, íåðâíî-ïñèõè÷åñêîãî íàïðÿæçíèÿ,
äåìîãðàôè÷åñêèõ è ñîöèàëüíî-ýêîíîìè÷åñêèõ ïðîöåññîâ äåëî ìíîãèõ è
ìíîãèõ ó÷åíûõ, êîòîðûå óæå íàêîïèëè íåìàëî ðåçóëüòàòîâ.

Íà îñíîâàíèè ýïèäåìèîëîãè÷åñêîãî àíàëèçà ïîêàçàòåëåé çäîðîâüÿ
ëèö, âêëþ÷åííûõ ç Ðåãèñòð, îòâåòèòü íà âåñ âîïðîñû, êàñàþùèåñÿ ðàç-
âèòèÿ 1îë-'çí^è :« -îçû îáëó÷åíèÿ, îòäåëüíûõ âèäîâ ïàòîëîãèè è èõ
îäíîçíà÷íî?1-/ ïðîãíîç- ,..'îëåçíåé è âîçðàñò: ,ç êîòîðîì ïîëó÷åíî îáëó-
÷åíè°.è äðóãèõ ëåòàëüíûõ àñïåêòîâ íà ñåãýäíÿãÿíèé äëíü íå ïðåäñòàâ-
ëÿëñÿ üîçêîæíûã.'., è÷ê ýòîãî òðåáóþòñÿ <*"!å ïîëãè-ç ãîëû íàáëþäåíèè.
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ENVIRONMENTAL EFFECTS ON CHILD HEALTH IN UKRAINE
(TEN YEARS AFTER THE CHERNOBYL ACCIDENT)

T.I. BOGDANOVA, N.D. TRONKO
Institute of Endocrinology and Metabolism, XA9745485
Kiev, Ukraine

O.A. BOBILJOVA, L.O. 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 polluted
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.

Other 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 1990
this rate jumped to 2.3; in 1991 to 1,9; 1992 to 4,3 and in 1993
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 Chernobyl 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, classify 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 ir,
health problems.
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The population of large, heavily industrialized regions is
being- exposed to chronic excessive levels of sir pollution, Z3 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, in the city of Chernovtsy a mysterious epidemik occurred.
Over a 4 month period above 200 children developed an illness
manifested by hair loss, upper and lower respiratory and central
nervous system involvement. The initial cases started in August
with the meuciinum 665£ being in October. EXept fuF twu G3SSS, Only
one sibling1 per family was involved and above 85% of these 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 is 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 turning1 an environmental crises into a health crisis. This is
no better portrayed than in an increase in paediatric morbidity
and mortality statistics.

241



i inn IIIIIM mi inn inn IIHI inn IIHI HID mi mi
XA9745486

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. OSSESfSKAYA
Institute of Pediatrics, Obstetrics and Gynecology,
Kiev, Ukraine

Introduction. These investigations are devoted to the problem of medical consequences of Chemobyl
catastrophy to the children's population of Ukraine.
Concerning different reports, Chemobyl accident negatively influenced to the children health indexes
(1,2). Astonishing fact is 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 Chemobyl 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 characteristics 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

Digestive organs diseases
Breathing organs diseases

Vascular dystonia

Thyroid hyperplasia

Fig. 1
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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

T-lymphocytes B-lymphocytes T-helpers T-suppressors Natural killers

0 Healthy children of conditionally "clean" territories
1 Children with recurent respiratory diseasesof conditionally "clean" territories
DO-1 Gy
0>i Gy

Fig. 2



Indices of bowels microbiocenosis in children from radiation contaminated and
conditionally "clean" territories

Coccal flora >5%
E.coll < 200000

Bifido flora < 100000

Klebsiella > 100000
Ent. cloacae > 100000

Ent. aerogenes > 100000
Proteus vulgaris > 100000

Proteus Morgan! > 100000
Moraxella > 100000

Aclnetobacter >100000

Citrobacter > 100000
Candida MOOO

E.coU haemolltic > 100000

E.coll low-ferment > 100000

0

M radiation contaminated territories m conditionally "clean" territories

Fig. 3
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to

Total phospholypides and cholesterine concentration in erythrocytes membranes in children with vascular
dystony living within radiation contaminated territories
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Table J

Indices of peroxid oxidation and antioxidant system in erythrocytes and plasma of blood of children

with vascular dystonia

Region

Conditionally "clean"

Radiation

contaminated

Hydroperoxides

suspension of

erythrocytes,

mmol Fe/1

1,4±0,1

2,6±0,3

Malon dialdehyde,

mmoi/1

41,7±3,1

67,3±1,8

Reduced glutation,

mmol/1

2,5±0,7

2,8±0,5

Glutation peroxidase,

mmol GSH/1

4,0±1,2

5,0±1,2



latexmicrobeads (d=l,l mkm) Immunological studies were earned out in cooperation with Japanese
(Institute of Nuclear Medicine and Biology, Hiroshima University) and German (Institute of Infectional
and non-infectional diseases - Robert Koch Institute) specialists Bacteriological investigations used
standard bacteriological medium for determination of dysbactenosis degree Biochemical studies
include the determination of calcium in serum and erytrocytes by biotest (Lachema, Czes republic) and
non-organic phosphorus by Dyce method [7] Osmotic resistance of erytrocytes determined in a
condition of 50% heamolise in 0,4% NaCl solution [8] Total hpid level in serum earned out by test
(Lachema, Czech Republic) Hydroperoxide of hpid- 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 Ohnesan [12], reduced glutadion -
after Sedlak [13], catalase - after Beers [14], antioxidante activity - after Sevaman [15]
Results. Total morbidity in children, suffered from the radiation action is increased in comparison with
the children morbidity in conditionally "clean" regions There is an increase of cases of thyroid
hyperplasia, some breathing and digestive organs diseases, vascular dystoma in the structure of
morbidity The number of healthy children is decreased among the children's population, permanently
living within contaminated by radionuchdes territories (fig 1)
It was determined, that the children with recurent respiratory diseases have the disorder of mucous
membrane resistance, the concentration of secretory Ig A in saliva is decreased The level of T-
lymphocytes and true helpers (CD3+/CD4+) in patients with recurent respiratory diseases (RRD) and
absorbed dose of radioactive iodine in thyroid not exceeded 1 Gr, is lower than in patients from
conditionally "clean" regions The content of B-lymphocytes in peripheral blood was in physiological
level, but it was much decreased in patients with the absorbed dose of iodine in thyroid more than 2 Gr
(fig 2) It was also found out the changes of intestinal microflora in children from basic group - the
increasing of conditionally pathogenic microorganisms content, changes of their enzymatic peculiarities
(fig 3)
The hypokmetic type of cardiac phase prevails in children with recurent respiratory diseases, living
within contaminated by radionuclides territories, and the oxygene consumption is decreased (fig 4) The
hyperkinetic type of blood circulation prevails in patients from control group The oxygene
consumption by tissues is increased It was determined that vascular dystoma in children from basic
group is caractenzed by astheno-neurotic symptoms with a headache, vertigo, emotional lability, undue
fatiguabihty Patients from basic group have dystoma crisis (abdominal, cerebral and oth) The cases
of vascular dystoma in children from basic group were determined in earlier age (prepubertal) And
the cases of vascular dystoma in children from control group were determined more late (in pubertal)
period of development
Metabolic disorder prevails in patients with vascular dystoma from contaminated by radionuclides
regions The content of calcium in plasma and erytrocytes in venous blood is decreased The content of
cholestenn is increased The content of total phosphohpides in erytrocytes membranes is decreased
(fig 5) It was also determined the increasing level of erytrocytes dien conjugate, malon dialdehyde and
free radicals in plasma (tab 1) The changes of osmotic and acidic resistance of erytrocytes in
peripheral blood in patients was found out
Conclusions The health state of children's population of Ukraine suffered from radiation action is
caractenzed by higher total morbidity, the increasing of cases of thyroid hyperplasia and vascular
dystoma Children with recurent respiratory diseases have symptoms of immune deregulations 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 in children suffered from
the Chernobyl catastrophy show the possible risk of development of cardio-vascular pathology,
including early aterosclerotic changes These results testify about the necessity of following scientific
investigations, including clinical observation and laboratonal examination of above mentioned group of
children in dynamics, and also control investigations in children living within conditionally "clean"
temtones It is also necessary to estimate the significance of radiation factor in genesis of health ,
immune and metabolic disorders in children's population suffered from radiation Children who are
living within contaminated by radionuclides temtones need a permanent medical observation Healthy
life, giving bad habits up, timely social and medical rehabilitation 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

B.I. GERASHCHENKO, V.A. MALYZHEV
Scientific Centre for Radiation Medicine, Ukraine Academy of Medical Science,
Kiev, Ukraine

ÎÖÅÍÊÀ ×ÀÑÒÎÒÛ ÌÓÒÀÖÈÉ ÃÅÍÀ ËÈÌÔÎÖÈÒÀÐÍÎÃÎ
Ò-ÊËÅÒÎ×ÍÎÃÎ ÐÅÖÅÏÒÎÐÀ Ó ËÞÄÅÉ, ÏÎÑÒÐÀÄÀÂØÈÕ Â

ÐÅÇÓËÜÒÀÒÅ ÀÂÀÐÈÈ ÍÀ ×ÀÝÑ

Ãåðàùåíêî Á.È., Ìàëûæñâ ÂÀ.

Íàó÷íûé Öåíòð ðàäèàöèîííîé ìåäèöèíû ÀÌÍ Óêðàèíû, Êèåâ

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 CD3~4+ 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.ÂÂÅÄÅÍÈÅ

Èçâåñòíî, ÷òî èîíèçèðóþùàÿ ðàäèàöèÿ ÿâëÿåòñÿ ôàêòîðîì ðèñêà
âîçíèêíîâåíèÿ ðàêà. Òàê êàê îíà ìîæåò èíäóöèðîâàòü ñîìàòè÷åñêèå ìóòàöèè, òî
ñóùåñòâóåò íåîáõîäèìîñòü îïðåäåëåíèÿ èõ ÷àñòîò äëÿ îöåíêè ýòîãî ðèñêà.
Ñîâðåìåííîå ðàçâèòèå òåõíîëîãèè ïðîèçâîäñòâà ìîíîêëîíàëüíüãõ àíòèòåë, à òàêæå
ëàçåðíîé ïðîòî÷íîé öèòîôëóîðèìåòðèè, îòêðûëî íîâóþ ýïîõó â ïëàíå áûñòðîãî
àíàëèçà è âûäåëåíèÿ ðåäêèõ òèïîâ ìóòàíòíûõ êëåòîê êðîâè. Äàííûé ïîäõîä,
îñíîâàííûé íà èäåíòèôèêàöèè áèîëîãè÷åñêèõ ìàðêåðîâ, èìååò õîðîøèå ïåðñïåê-
òèâû äëÿ îöåíêè ðèñêà çäîðîâüþ íàñåëåíèÿ. Â íàñòîÿùåå âðåìÿ äëÿ èçó÷åíèÿ
÷àñòîò ñîìàòè÷åñêèõ ìóòàöèé in vivo íàèáîëåå øèðîêî ïðîâîäÿòñÿ èññëåäîâàíèÿ
ìóòàöèé ýðèòðîöèòàðíîãî ãëèêîôîðèíà A (GPA) (1-4J è ëèìôîöèòàðíîãî Ò-
êëåòî÷íîãî àíòèãåííîãî ðåöåïòîðà (TCR) [5,61. Èññëåäîâàíèÿ ëþäåé, ïîñòðàäàâøèõ
â ðåçóëüòàòå àòîìíîé áîìáàðäèðîâêè â ßïîíèè è àâàðèè íà ×ÀÝÑ, îáíàðóæèëè
ïîâûøåíèå ÷àñòîòû ìóòàöèé GPA, à òàêæå åå çàâèñèìîñòü îò äîçû îáëó÷åíèÿ [2-4].
Õîòÿ ýôôåêò ðàäèàöèè àòîìíîé áîìáàðäèðîâêè íà TCR íå áûë îáíàðóæåí,
ïîëíîñòüþ èñêëþ÷àòü òî, ÷òî òàêîé ýôôåêò íå áóäåò îáíàðóæåí â ñëó÷àå
÷ ñðíîáûëüñêîé ðàäèàöèè íå ñòîèò ââèäó âîçìîæíûõ ðàçëè÷èé â ôàêòîðàõ åå
âëèÿíèÿ íà îðãàíèçì, à òàêæå âðåìåíè, ïðîøåäøåãî ñ ìîìåíòà ïîñëå îáëó÷åíèÿ.
Ñóùåñòâóåò ïðåäïîëîæåíèå, ÷òî TCR-ìóòàíòû ïîñòåïåííî ýëèìèíèðóþòñÿ in vivo â
òå÷åíèå âðåìåíè ïîñëå îáëó÷åíèÿ [6]. Èñõîäÿ èç âûøåèçëîæåííîãî, íàìè áûëî
ïðîâåäåíî ïðåäâàðèòåëüíîå èññëåäîâàíèå ÷àñòîòû ìóòàöèé TCR ó ëèêâèäàòîðîâ
àâàðèè íà ×ÀÝÑ.
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Èçâåñòíî, ÷òî TCR ó çíà÷èòåëüíîãî áîëüøèíñòâà çðåëûõ Ò-ëèìôîöèòîâ
îáðàçîâàí ãåòåðîäèìåðîì, ñîñòîÿùèì èç à- è ð-öåïåé. Îí â ñâîþ î÷åðåäü
àññîöèèðîâàí ñ ÑÎÇ-ìîëåêóëîé, îáðàçóÿ êîìïëåêñíóþ ñòðóêòóðó [7]. TCR/CD3-
êîìøãåêñ èãðàåò öåíòðàëüíóþ ðîëü â ðàñïîçíàâàíèè àíòèãåíà è àêòèâàöèè çðåëûõ
Ò-êëåòîê. Èíàêòèâàöèÿ ãåíîâ, êîäèðóþùèõ áåëêîâûå ñòðóêòóðû TCR/CD3-
êîìïëåêñà, âåäåò ê ïîòåðå ýêñïðåññèè ýòîãî êîìïëåêñà íà êëåòî÷íîé ïîâåðõíîñòè
è ïîñëåäóþùåìó îòñóòñòâèþ îòâåòà Ò-êëåòîê ê àíòèãåííîìó ñòèìóëó. Ïðè
âîçäåéñòâèè ðàäèàöèè èëè õèìè÷åñêèõ ìóãàãåíîâ Ò-ëèìôîöèòû ìîãóò òåðÿòü íà
ñâîåé ïîâåðõíîñòè ÒÑÊ/ÑÂÇ-êîìïëåêñû è ïðè äâîéíîì ôëóîðåñöåíòíîì àíàëèçå
îíè ðàñïîçíàþòñÿ êàê ÑÂÇ~4*-êëåòêè. Ê íàñòîÿùåìó âðåìåíè ñóùåñòâóþò
äîêàçàòåëüñòâà â ïîëüçó òîãî, ÷òî TCR-ãåíû áîëüøå ïîäâåðæåíû ìóòàãåíåçó, ÷åì
CDS-ãåíû. Ëþáîé äåôåêò â îäíîé èç äâóõ ìîëåêóë, îáðàçóþùèõ TCR-ãåòåðîäèìåð,
âåäåò ê ïîòåðå ýêñïðåññèè CDS-ìîëåêóë íà ïîâåðõíîñòè Ò-ëèìôîöèòîâ, õîòÿ îíè
è íàêàïëèâàþòñÿ âíóòðè êëåòêè. Òàêèì îáðàçîì, ýêñïðåññèÿ ÑÂÇ-àíòèãåíà íà
êëåòî÷íîé ïîâåðõíîñòè ìîæåò ñëóæèòü â êà÷åñòâå ìàðêåðà äëÿ âûÿâëåíèÿ ôàêòà
ìóòàöèè TCR.

2. ÌÀÒÅÐÈÀË È ÌÅÒÎÄÈÊÀ

Èññëåäîâàíèÿ ïðîâîäèëèñü ñ àïðåëÿ ïî äåêàáðü 1995 ã. Èññëåäîâàëèñü
ìóæ÷èíû â âîçðàñòå îò 30 äî 50 ëåò (ï=31), óñòàíîâëåííûå äîçû îáëó÷åíèÿ êîòîðûõ
íàõîäèëèñü â ïðåäåëàõ îò 0,01 äî 1,0 Ãð. Êîíòðîëüíàÿ ãðóïïà ñîñòîÿëà èç ìóæ÷èí
òîãî æå âîçðàñòà (ï=12). Ëèìôîöèòû ïåðèôåðè÷åñêîé êðîâè âûäåëÿëèñü èç
ãåïàðèíèçèðîâàííîé âåíîçíîé êðîâè íà ãðàäèåíòå ôèêîëë/âåðîãðàôèí è
îêðàøèâàëèñü ìîíîêëîíàëüíûìè àíòèòåëàìè: anti-Leu-3a (CD4), ìå÷åííûé
ôëóîðåñöåèíîì è anti-Leu-4 (CD3), ìå÷åííûé ôèêîýðèòðèíîì (Becton Dickinson).
Äî öèòîìåòðèè â êëåòî÷íóþ ñóñïåíçèþ áûë äîáàâëåí éîäèñòûé ïðîïèäèóì â
ôèíàëüíîé êîíöåíòðàöèè 10 ìêã/ìë ñ öåëüþ èñêëþ÷åíèÿ èç àíàëèçà ìåðòâûõ
êëåòîê. Ýêñïðåññèÿ ñîîòâåòñòâóþùèõ àíòèãåíîâ àíàëèçèðîâàëàñü ñ ïîìîùüþ
ïðîòî÷íîãî öèòîôëóîðèìåòðà FACStar Plus òîé æå ôèðìû. Âñåãî àíàëèçèðîâàëîñü
1 õ 105 êëåòîê ñ êàæäîãî îáðàçöà. ×àñòîòà ìóòàöèé îïðåäåëÿëàñü êàê îòíîøåíèå
êîëè÷åñòâà ÑÂÇ~4+-êëåòîê ê îáùåìó êîëè÷åñòâó ÑÎ4+-êëåòîê.

3. ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñðåäíÿÿ ÷àñòîòà ìóòàöèé TCR â ãðóïïå
îáëó÷åííûõ ëèö ñîñòàâëÿåò 2,8 ± 1,1 õ 10~4, à â êîíòðîëüíîé ãðóïïå -
3,0 ± 1,2 õ 10~4. Ó îäíîãî ÷åëîâåêà ñ äîçîé îáëó÷åíèÿ 0,3 Ãð íàáëþäàëàñü
ïîâûøåííàÿ ÷àñòîòà ìóòàíòíûõ Ò-õåëïåðîâ - 28,0 õ 10""4. Äëÿ ñðàâíåíèÿ ñëåäóåò
çàìåòèòü, ÷òî ó ÷åëîâåêà ñ äîçîé îáëó÷åíèÿ 1,0 Ãð ÷àñòîòà ìóòàöèé ñîñòàâëÿåò
4,5 õ 10~4. Óðîâåíü, ïðè êîòîðîì âûõîä ìóòàíòíûõ êëåòîê ñîñòàâëÿë áîëåå ïÿòè íà
10 000 ÑÎ4+-êëåòîê, ïðèíèìàëñÿ çà ïîâûøåííûé.

Òàêèì îáðàçîì, ñîãëàñíî íàøèì ïðåäâàðèòåëüíûì íàáëþäåíèÿì, âûñîêàÿ
÷àñòîòà ìóòàíòíûõ Ò-õåëïåðîâ âñòðå÷àåòñÿ òîëüêî ó îäíîãî ÷åëîâåêà èç òðèäöàòè
îäíîãî ïîñòðàäàâøåãî, õîòÿ â öåëîì çíà÷èìûõ ðàçëè÷èé â ÷àñòîòàõ ìóòàöèé TCR
ìåæäó ðàññìàòðèâàåìûìè ãðóïïàìè ëþäåé íå îáíàðóæåíî. Êàêîé-ëèáî êîððåëÿöèè
÷àñòîòû ìóòàöèé ñ äîçîé îáëó÷åíèÿ òàêæå íå îáíàðóæåíî. Âåðîÿòíî, ýòî ìîæåò
áûòü ñâÿçàíî ñ òàêèìè ôàêòîðàìè, êàê âðåìÿ, ïðîøåäøåå ñ ìîìåíòà îáëó÷åíèÿ,
íåðàâíîìåðíîñòü äåéñòâèÿ ðàäèàöèè è äð. Íå èñêëþ÷åíî, ÷òî ó îùóòèìîãî
êîëè÷åñòâà îáëó÷åííûõ ëèö ìîãóò ðåãèñòðèðîâàòüñÿ ìóòàíòíûå êëåòêè ïî
ôåíîòèïó CD3~4+ ñ ïîâûøåííîé ÷àñòîòîé è ýòî îïðåäåëåííûì îáðàçîì ìîæåò
ñîñòàâèòü ðèñê âîçíèêíîâåíèÿ ðàêà. Ðåøåíèå ýòîãî âîïðîñà òðåáóåò áîëåå ãëóáîêèõ
èññëåäîâàíèé.
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HEALTH CONDITION OF CHILDREN IRRADIATED IN UTERO
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INTRODUCTION

Among children exposed to ionizing radiation, the irradiated in utero
ones are the ̂ entftgeftt 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.
1st 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.

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 1st 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 1st 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

Body weight, g
Body length, cm

Head Circumference
Diwension (HCD), cm
Chest Circumference

Diwension (CCD), cm

Study
I

3524,0 + 70,00
52,62 + 0,31
35,83 ± 0,55

35,00 + 0,61

groups
II

3272,30 + 74,70
52,10 + 0,37
33,90+ 1,05

33,50 ±0,51

III
3304,00 + 59,10

51,04 + 0,28
35,76+1,01

34,50 + 0,51

Average monthly augmentation of mass and body length at the 1st year
of the life in children of the 1st 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 already formed at the 1st year of life.

No significant differences from the age norma in mean quatity of
indices for physical development of children from the 1st 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
degrd

1st group

1989 1991 1993 1995

2nd group

1989 1991 1993 1995

Control

1989 1991 1993 1995
0

I
II
III

72,3 60,7 11,4 10,2 87,0 57,7 16,1 15,1 92,6 87,0 83,6 54,5
26,8 37,9 80,4 75,2 12,5 39,7 72,1 70,2 7,4 13,0 13,2 34,0
0,9 1,4 8,2 14,6 0,5 2,6 11,8 14,7 0,0 0,0 3,2 11,5
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

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).

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.

>10,0
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 in 1987-1989
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).

• LOG
ENADH2
BMLDG
DSDG
BMDG
ENADPH2
Ha-GPDG
HBDG
BGDG
®a-GPDGNAD
BIDG

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).

300

peroxydase
es

Slglycogen
Qacidal phosphatase

alcalme p h o s p h a t a s e

1987
1987-1988 rr.

1989-1990
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 IQ and the increase in a numder of children with decreased
IQ in the 1st and 2nd groups comparing with decreased IQ in the 1st 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

H TEOPETHHECKAfl OLJEHKA
AAHTEAbHblX KAHHHHECKHX 3OOEKTOB,
HABAIOAAEMblX Y nOCTPAAABUIHX
BCAEACTBHE HEPHOEblAbCKOM KATACTPOObI
POMAHEHKO A.E.

qenmp pagruaquoHHoii Megumwbi AMH YKpaunu, Kuee

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.

HCCACAOBaHHH AHHaMHKH SAOKaHeCTBeHHblX HOBO-
o6pa3OBaHHH cpeAH HaceAeHHH paAHoaKTHBHO-sarpHSHeHHbix TeppHTOpHH YK-
paHHbi, noKaaaAH, HTO aa npoiueAiiiHH nocAe HepHo6biAbCKOH asapHH nepHOA
cymecTBeHHoro npHpocra OHKosa6oAeBaeMocTH He npotisoiiiAo, coxpaHHioTCH

TeHAenuHH, KaK H B npeAiuecTByiomHe FOAM. BonpeKH cymecTBO-
panee MH6HHHM B nocAeaBapHHHOM nepHOAe He Ha6AK>AaeTCH H3Mene-

HHH TpeHAa AMHaMHKH 3a6OA6BaeMOCTH reMo6AaCTO3aMH. B TO 5K6 BpeMH BMHB-
A6H 3HaHHT6ABHbIH npHpOCT HaCTOTfcl paKa mHTOBHAHOH ^KeA63bI, OCo6eHHO y
A6T6H [ 1 J . HaCKOAbKO COXpaHHTCS TaKH6 COOTHOIIieHHH AHHaMHKH OHKOAOriWe-
CKHX 3a6oA6BaHHH B ASAfcHeHUieM, noKajKer BpeMH, OAHaKO yjKe ceroAHH MO»HO
CASAaxb BBIBOA o Heo6xoAHMOCTH A°noAHeHHJI cymecTBOBaBBiUHX panee BSFAH-
AOB Ha pa3BHTH6 OHKOAOrHHeCKHX CTOXaCTHHeCKHX nOCAeACTBHH o6AyHeHHH H
npoAOAXceHHH HCCACAOBaHHH B ACUHHOM HanpaBAeHHH.

B TO >Ke BpeMH ycTaHOBACHO, HTO sa 10 ACT nocAe HepHo6biABCKOH KaTa-
CTpOCpH B COCTOHHHH SAOpOBbH nOCTpaAaBUIHX KOHTHHreHTOB H nonyAHITHH B
i;eAOM npoHsoiiiAO cymecreeHHoe yxyAiueHHe. 3?o noATBep^AaeTCH OAHHM HS
caMbix o6-beKTHBHbrx noKasaTeAen - CMepTHOcrbio nocrpaAaBiiiero HaceAeHHH,
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KOTopaa H3 roAa B TOA Bospacxaex. HaHSoAbiiiHH ypoBCHb cMepxHOCTH Ha6AK>-
AaexcH B rpynne HaceAeHHH, npojKHBaiomero Ha KOHTpoAHpyeMbix xeppirro-
PHHX. FIoKasaxeAH CMepxnocxH ynacxHHKOB AHKBHAaugHH aBapHH xaiOKe pacryx,
HO OHH xapaKxepHsyioxcH 6oAee HHSKHM ypOBHeM, HXO o6TbHCHHexcH oco6eHHO-
CXHMH BospacxHOH CTpyKxypbi 3XOH rpynnbl H 6oAee BMCOKHM HCXOAHMM ypoB-
HCM sAopoBbH, B saxponyxbix aBapHefi paiioHax oxMenaexcn pocx SoAbiiiHHcxBa
o6mtix coMaxHnecKHx H ncHXocoMaxHHecKHX saSoAeBaHHH. OHH ceifaac HBAH-
lOXCH OCHOBHOH npHHHHOH HHBaAHAH3ain«I H CMepXHOCXH, OAHaKO HeXKOH 3aBH-
CHMOCXH OX BeAHHHHbl AO3M o6AyH6HHH, KQK npaBHAO, H6 Ha6AK>AaeXCH. B AH-
xepaxype npaKXHHecKH oxcyxcxByiox AaHHbie o pHCKe o6mnx coMax»raecKHX
3a6oAeBaHHH, o6ycAOBA6HHbix AencxBHeM MaAbix AO3 HOHH3Hpyiomero
HHH, xapaKxepHbix AAH noAaBAsnomero 6oAbuiHHCXBa nocxpaAaBiiiHX ox
Ha HepHo6biAbCKOH A3C. FIosxoMy oco6oe sHaneHHe npHo6pexaiox
HHH B A&HHOM HanpaBA6HHH, H3VH6HHe npHMHHHO-CA6ACXBeHHbIX CBH36H
XHH naxoAoraH H POAH paAHauHOHHoro doaKXopa. OepeocMbicAeHHe pesyAbxaxoB
KAHHHH6CKHX HCCA6AOBaHHH nO3BOAH6X HHaHe OEjeHHXb SHaHHMOCXb pHAa (paK-
xopOB paAHOSKOAorHHecKOH Kaxacxpo^bi H HX conexaHHoro BosAeiicxBiM Ha

[2].

CHHeprHSM oxpHii;axeAbHbix 4>aKxopoB HepHoSbiAbCKOH Kaxacxpodobi,
BKAIOHaH AHCXpeCC, HBAH6XCH XapaKXepHOH HepXOH COBpeMeHHOH KAHHHKeCKOH
npaKXHKH. y MHOFHX nocxpaAaBiiiHX He AocxnraexcH pea6HAHxaipm nocAe
ycxpaHeHHH paAHanHOHHHX Ae^enxoB, peryAHXopHbie CBHSH He Moryx BepHyxb-
CH Ha npesKHHH yposeHb opraHH3au?aH, A^speryAaxopHbie H AesHHxerpaxHBHbie
Ae<peKXH pasHoii cxeneHH Bbipa«eHHOcxH npOAQA^caiox coxpaHHXbcn. OHH MO-
ryx 6bixb 6AaroAaxHOH HOHBOH AAH cpyHKUHOHaAbHoro npeA6oA63HeHHoro co-
CXOHHHH HAH paSAHMHOH COMaXHHeCKOH naXOAOrHH, npOAOHrHpOBaHHH H yXH5K6-
A6HHH XeHeHHH a3AH«IHbIX 3a6oA6BaHHH.

LJ[HXoreHexHHecKHe HHAHKaxopu paAHainiOHHoro BO3AeHCXBHH, nacxoxa
Koxopbix noAo«:HxeAbHo KoppeAHpyex c HHxeHCHBHOcxbK) nepBOHanaAbHoro
ocxporo o6AyMeHHH, BWHBAHIOXCH y ynacxHHKOB AHKBHAaipiH asapHH H B Ha-
cxoamee BpeMH. OSnapy^eHO, HXO xpoHHHecKoe paAHain^oHHoe BOSAencxBHe

K HaKonAeHHio iprroreHexHMecKoro 3(|){peKxa co BpeMeneM ns-sa
npoii;eccoB aKKyMyAHcgnH HHAyu.HpOBaHHbix noBpejKAeHHH xpo-

MOCOM H3A HX 3AHMHHaUH6H. nOAyHeHHbie A^HKbie, HBAHIOmHeCH HOKasaXCAJIMH
o6meii MyxareHHOH narpysKH Ha HeAOBeKa, CBHAexeAbcxByiox o Aecxa6HAHsainiH
renoMa coMaxHnecKHx KACXOK y pnAa nocxpaAaBiiiHX (npe^Ae Bcero y ynacxHH-
KOB AHKBHAailHH aBapHH H npO»HBaK>mHX Ha 3arpH3H6HHbIX
xeppHxopHHx), HXO no6y^KAaex oxnecxw HX K rpynne noBbiiueHHoro

B AHxepaxype cseAeHHH yxasbiBaiox Ha CHH^ceHHe HMMyHHO-
ro oxsexa H Hecnen.HcjDHHecKOH pesHcxenxnocxH noA BAHHHH6M HOHH3Hpyiomero
H3AyH6HHH, a XaK»C6 O SaBHCHMOCXH 3XHX H3MeH6HHH OX A°3tl o6AyH6HHH [3].
Cneu;HaAbHbie HccAeAOBaHHH, nposeAeHHbie B HaynnoM u;eHxpe
MeAHuiiHfai, nosBOAHAH cyiii,ecxBeHHo pacuiHpHXb npeAcxaBAeHHH no
Bonpocy. B nacxnocxH, 6biAa o6napy»ceHa rexepoxponnocxb H3MeHeHHH KAexoK
B saBHCHMOcxH ox noBepXHocxHoro HMMyHHoro {penoxHna [4]. K
speMeHH ycxaHOBAeno, HXO acpcpeKXH BOSAencxBHH paAHaujHH Ha
CHCxewy onpeAeAHioxcK He xoAbKO norAomeHHOH AQ3°H o6AyHeHHH, HO H ypoB-
H6M 3AHMHHaUIIH CXa6HAbHbIX nOBpeJKACHHH HMMyHOKOMnexeHXHblX KA6XOK,
HapyuieHHeM BsaHMHbix CBHsen HMMyHHOH H HeiiposHAOKpHHHOH peryAHiniH,

npeAiuecxByiomeH HAH conyxcxByiomeH coMaxHHecKOH naxoAonm.
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BoccraHOBAeHHe HMMyHHOii cHcreMbi nocAe oSAy^eHHH MOJKer
CHHJKeHHeM (pyHKIJHOHaAbHblX pe3epBOB H CTa6HAbHbIMH H3M6HeHHHMH TOMeO-
craxHHecKHX CHCTBM.

AH3AH3 noAyneHHbix AaHHbix noATBepJKAaeT cymecTBOBaHHe 6aAanca pe-
ryAHTOpHbix npoi^eccos Me^KAy nospeJKAeHHeM H KOMneHcai^neH, HMeiomero
sa^Hoe o6me6HOAonraecKoe SHaneHHe. MoAeKyAHpnaH H KAeTOHHan penapaipiH
B TKaHHX C BblCOKHM ypOBHeM o6M6Ha (KpOBeTBOpHaH, HMMyHHaH) BblXOAHT H3-
HOA KOHTpOAH HOBpejKAeHHblX BblCOKOAHdOCpepeHIJHpOBaHHblX nOCTMHTOTHHe-
CKHX HepBHBIX H 3HAOKpHHHHX KA6TOK, y KOTOptlX CKOpOCTB penapaEfHH H
KOMneHcauHH na KAeroHHOM ypoBHe 3Ha^oHTeAbHo GAa6ee H Mo^cex onpeAeAjm>-
CH TOABKO na CHcreMHOM ypoBHe. B cAyHae, KorAa noBpe«Aaioiij[HH s^cpeKT He
npeo6AaAaer HaA penaparHBHOH aKTHBHOcrtio, nponcxoAHT ToxaAbHoe BOCHOA-
neHHe paAHoreHHoro 3(pcpeKTa. OpoAOAJKaiomeecH o6AyneHHe B HHSKHX ^osax.
MOHcer CTHMyAHpoBarb penapaTHBHyio aKTHBHOCTb H npHBOAHTb K rnnepKOM-
neHcaiiHH HAH raK HasbiBaeMOMy "paAHaipiOHHOMy repMesncy". OAHaxo BO
MHOFHX CAynaax Ha6AK>AaeTCH npeo6AaAaHHe nospe^Aaiomero adodpeKTa HaA
penapaTHBHOH aKTHBHOCTbio H "paAHauHOHHbiH repMesHc" He npoHBASieTCH. Ho
Hauiewy MHCHHIO, B KAHmrtecKOM nAane OTHOiiieHHe K "paAHauiioHHOMy repne-
3Hcy" AOA^HO 6biTb oneHb octopo^CHbiM. B noAbsy TaKoii CAep?KaHHOCTH CBHAe-
TeAbCTByeT H orcyrcTBHe o6teKTHBHO noATBep^KAeHHbix noAO^HTeAbHbix 3(p-
4)6KTOB B OTHOIU6HHH SAOpOBbK npH AAHT6AbHOM Ha6AK>AeHHH 6OAblIIHX
THHreHTOB HaceA6HHH, nOABepniIHXCH paAHaUHOHHOMy BO3A6HCTBHK).

nocAeHepHo6biAbCKaH 3a6oA6BaeMOCTb nocrpaAaBmero HaceAeHHa HHTe-
rpaAbHbiH peayAbTaT KaK noAHCpaKTOpHoro BOSAeiicTBHH, TaK H ycroHraHBbix AO-
HepHo6biAbCKHX TeHAenujiH. B noABepruiHXCH paAHoaKTHBHOMy
panoHax nponcxoAHT npoijecc cpopMHpoBaHHH HOBOH
3KOHOMHH6CKOH CpeAbI, XapaKTCpHSyiOmHHCH HapyUieHHHMH npOItCCCOB JKH3H6-
AeHT6AbHOCTH 6oAbIIIHX KOHTHHreHTOB HaceA6HHH, AOnOAHHTeA
6M AIOAeH, BblCOKHM ypOBH6M CHTyaiJHOHHOH TpeBOHCHOCTH (HMeK)UJ[eH
TeAbHbrii H MaccoBHH xapaKTep), coipiaAbHO-ncHxoAorHHecKHM
HeyAOBAeTBOpeHHocTbio AioAeii cocTOHHHeM CBoero 3AopoBbH. ripn 3TOM pas-
pyUiaiOTCH CTapbie H (pOpMHpyiOTCH HOBbie Me^KAHHHOCTHbie OTHOUieHHH, BO3-
HHKaCT H6o6xOAHMOCTb B HenpHBblHHblX COUHaAbHblX pOAHX H o6H3aHHOCTHX,
HTO Tpe6yeT HanpHJKeHHH aAanTau^oHHbix MexaHH3MOB H OTpHii;aTeAbHO BAHH6T
Ha 4)OpMHpOBaHH6 HHAHBHAyaAbHoro H o6meCTB6HHOrO 3AOpOBbH.

(paKTOpoB, BAHHK>mHX Ha SAOpOBbe HaceAeHHH B TeneHHe scero
nocAeaBapHHHoro nepHOAa, coipiaAbHo-ncHXOAorHHecKHe HBAHIOTCH OAHHMH H3

AOM, AeTepMHHHpyKHIJHM KaK HCHXOnaTOAOrHHeCKHe COCTOHHHH B OCTpOM
, TaK H npoAOHrapoBaHHbie nncxocoMaTHHecKHe HOCACACTBHH. STO KOM-

(paKTOpoB, o6ycAOBA6HHbix B nepByio onepeAb npoii;eccaMH co^HaAbHOH
Ae3opraHH3an;HH B CBHSH c asapHeH, 3arpH3HeHHeM 6oAbi0HX TeppHTOpnii AC>A-

paAHOHyKAHAaMH. OH XapaKTepHSyeTCH BO3HHKHOBeHH6M H HH-
CA6AyiOmHX HBA6HHH: 3BaKyaii;HH H nepeceABHHe 6OAbIUHX

Mace HaceAeHHH B HOBbie ycAOBHH, 3HaMHT6AbHbie HapymeHHH npoEteccoB JKHS-
HeAeHTeAbHOCTH, paSpbIB CO)0[HaAbHbIX CBH36H H HSMCHeHHe TpaAHH^IOHHOrO 06-
pasa »CH3HH, pa6oTa B sKCTpeMaAbHofi CHTyain^H, BAHHHHe cpeAcra MaccoBoii
HHCpOpMaipIH Ha (pOpMHpOBaHHe o6meCTB6HHOrO MH6HHH. PaAHaigHOHHblH (paK-
Top npHo6peTaeT coipiaAbHyio H ncHxoAorHHecKyio 3HaHHMocrb (napHAy c APY'
FHMH) H TaiOKe craHOBHTCH crpeccoreHHbiM (paKTOpOM cpeAbi o6HraHHH.
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TaKHM o6pa30M, H3 Bcex naToreHHbix dpaKTOpoB HepHoSbiAbCKOH
crpotpbi M03KHO BblAeAHTb ABa HaH6oAee 3HaHHMbix: paAHairHOHHbiH H conHaAb-
HO-nCHXOAOrHHeCKHH. ECAH Ha nepBOM CKOHI^eHTpHpOBaHO BHHMaHHe IIOAaB-
AHiomero 6oAbiuHHCTBa HCCAeAOBaTeAefi, TO BTOpofi AO nocAeAHero BpeMenn B
CHAy pHAa o6cTOHTeAbCTB HeAooueHHBaACH, XOTH 6es ero yneTa He Moryr 6biTb
peineHti saAann opramisaipiH Hay^no o6ocHOBaHHBix npocpHAaKTHHecKHX Me-

Ha OCHOBaHHH HalUHX Ha6AK>A6HHH MO^CHO yTBep^AaTB, HTO HH3KH6
osti HOHHSHpyiomero HSAyneHHH coBMecTHO c ApyrnMH doaKTOpaMH
oTpHu;aTeAbHbiM ASHCTBHeM Ha HeAOBeKa. H BMecTe c TBM npn ou;eH-

K6 HOCAeACTBHH tiepHo6HAbCKOH KaTaCTpOC|)bI H6Ab3H OrpaHHHHBaTbCH TOAbKO
BAHHHH6M HOHH3HpyK)II],erO H3AyH6HHH. Heo6xOAHMbI HCCACAOBaHHH, B KOTOpblX
BHHMaHHe 6biAo 6bi o6pameno na rAo6aAbHyio npo6A6My -
H MeAOBeK, ero 3KOHOMHnecKoe H cou;HaAbHoe noA05K.eHHe.

TaKHM o6pa30M, K peiuaiomHM npHHHHaM yxyAmeHHH 3AopoBbH naceAe-
HHH cAeAyeT oTHQCHTb TaKace couHaAbHbie dpaKTOpbi: HH3KHH A°XOA Ha Ayiuy
HaceAeHHH, riAoxoe JKHAbe, HeyAOBAeTsopHTeAbHoe nHTanne H T.TI. ToAbKo KorAa
B YKpanne 6yA6T AOCTHrayr onTHMaAbHbiH yposeHb XCHSHH, Hay^Hbie H3bicKa-
HHH O BAHHHHH MaAblX AO3 HOHHSHpyiOmerO H3AyH6HHH Ha AK>AeH B nOCTHepHO-
6biAbCKHH nepnoA cMoryr AaTb HCHepnbiBaK>mHH OTB6T, B KaKOH creneHH TdKoe
paAHaipioHHoe BosAeHCTBHe BAHHCT Ha sAopoBbe, HHCAO Bpo^gxeHHbix ypOACTB H
MepTBopoxcAeHHii, Ha npoAOASCHTeAbHOCTB ^CHSHH H npejKAespeMeHHoe CTape-
HH6, Ha pOCT 3a6OA6BaHHH KpOBH H SAOKaMeCTBeHHblX HOBOoSpaSOBaHHH.
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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 alienation 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.

Lymphocytes 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 Tris- HC1 (pH

7.4), 10 mM MgCl2 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 ug/ml was added after 44 h to the PHA stimulated
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lymphocyte cultures In the following 24 h the micronucleus slide preparations were made following
the method of [ 5] fixing in 3 1 ethanol acetic acid with cold hypotomc treatment and dropping of
the cell suspension onto clean cold slides, which were then stained with Giemsa Cells with two
macronuclei with cytoplasm surrounded by cell membrane were scored in order to find micronuclei 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 in cold phosphate-buffered saline (PBS) pH 7 4 containing 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 Chicken erythrocytes were used as internnal
standard to determine zero point on hystograms [6] DNA of the cells (3 x 105 cells/ml) have been
stained with ethidium bromide (15 5 jog/ml final concentration) (Serva) for 5 mm after the 30 mm
KNAse-A (37 ug/ml final concentration) (Sigma) treatment The measurement was earned 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 radionuchde contamination of the territories [8] In calculation the doses of external irradiation
shielding by buildings and snow and the depth of penetration of radionuchdes into the soil were taken
into account For the calculation of the internal irradiation doses it was considered that the self-
settlers used all the food products (except bread and sugar ) grown at their own farmsteads

3 RESULTS
Three groups of individuals were examined CNPP professioinals, who had participated in 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 individuals), the Kywans, who
have never worked at atomic or chemical enterprises, have not undergone radiotherapy, and for the
period 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 within the range of 22-60 years

3.1. The study of the instability of the DNA structure
The level of instability of the DNA structure of peripheral blood lymphocytes of the

professionals was defined by the incorporation of [3H] dTTP into the permeabihzed cells in the
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Figure 1 Incorporation of [3H] dTTP into the lymphocyte DNA of the professionals (Y axis),
% to the group of Kyivans (X axis) Dash lines show the top and low error limits of the
average meaning for the Kyivans group
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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 experiments Simultaneously two Kyivans were examined during each experiment As the [3H]
dTTP incorporation depended upon the degree of the cell permeability obtained, m each separate
experiment the index of its incorporation into the lymphocytes of the professionals was compared to
that of the Kyivans and was expressed in relative units The degree of incorporation of [3H] dTTP into
the cells of the Kyivans was taken as 100% The half examined professionals showed the increase of
the level of 3'-OH DNA single-strand breaks of lymphocytes as compared to the Kyivans 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 is
analagous for both chromosomal abberations and MN in irradiation of the donors blood m vitro
within the dose range up to 2 Gy According to [9] at small doses of irradiation ( up to 0 5 Gy), the
MN assayis more sensitive than the analysis of the unstable chromosomal abberations Moreover the
MN analysis is easier and quicker As is seen from Table I the spontaneous frequency level of
lymphocytes with MN in 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 in a number of pubhcations[10,11]

On the average the number of cells with MN is 1% and the majority 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 significant increase of MN content as compared
to that of the Kyivans This 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 examined cells
with two MN and in 36% - with three MN were found

The analysis of MN in 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 variation from those of the
majority group of professionals examined (Table I) However if in the professionals as compared to
the Kyivans, the increase of the number of MN is due to the appearance of cells with several MN in
the self-settlers it 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 Kyivans The group of self-setllers was comprised of the residents of five villages 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 in the lymphocytes of their blood with the level of

TABLE I Content of micronuclei in the peripheral blood lymphocytes of the
professional and self-settlers of the Chernobyl NPP zone, %o

The
group

examined

Kyivans

Profes-
sionals

Self-
settlers

Range
of the
total

number
of MN

4-19

4-25

7-24

Mean
total
number
ofMN

10 8±0 8

156±18"

14 6±0 8

Distribution of cells
according to the number of MN

1

10 6±0 8

12 0±1 2

13 8±0 1

2

0 1±01

1 2±0 3'

0 4±0 2"

3

05±02

Mean
number
of cells

withMN

10 7±0 8

136±14

14 2±0 7'

Range
of the number

of cells

withMN

4- 18

4-20

7-24

p< 0 01 m compared with Kyivans p < 0 05 in 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

of the

village

Gorodi-
sche
n=5

ITyincy
n=6

Koupov
atoye
n=4

Louby-
anka
n=7

Opachi-
chi
n=4

Dens

contain

Ci/k

137Cs

2.0

2.2

2.9

11.0

8.0

ty of

ination

V

*>Sr

0..9

1.1

2.5

3.9

5.5

Mean total dose

of irradiation (1986-95)
mSv

External

17.5

19.3

25.3

96.7

76.0

Internal
on the
whole
body
20.9

24.7

34.5

95.9

76.0

on the
red bone
marrow

24.1

26.3

58.8

88.9

125.7

Range
of

the total
number

of MN

10-14

7-19

10-18

12-24

16-22

Mean

total
number

of MN

12.2
±0.8"

12.2
±1.7"
13.5
±1.9"

16.3
±1.3

19.2
±1.2

Distribution
of cells

according to the

number of MN

1

12.2
±0.8

12.2
±1.7
13.5
±1.9

14.9
±1.8

16.3
±1.3

2

0.7±
0.5

1,5±
0.8

p>0.05 in compared with Opachichi.

I

B
o
0
"• M

Density of contamination '" Cs (Ci/km

2
2 u

Density of contamination *°Sr (Ci/km1)

Figure 2. Dependence of the mean total number of MN on the density of radionuclides
contamination of the territory. (For I37Cs r=0.51; for ̂ Sr r=0.62; P=0..99).
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radionuclide contamination of the territory of habitation and the mean dose of radiation they are being
exposed to As is seen from Table II the largest content of MN in lymphocytes is found in the
residents of Opachichi village This index is significant higher than that of the residents of
Gorodische, H'ymcy, Koupovatoye and shows no significant difference from that for the Loubyanka
residents In the blood of Gorodische, IFyincy , Koupovatoye residents we found lymphocytes with
only one MN per cell Two MN cells were found only in the blood of the residents of Loubyanka ( in
2 out of 7 examined) and Opach (in 3 out of 4 examined) Correlation analysis of mean content of
MN in the lymphocytes of the residents of the abovementioned villages and the density of
contamination with radionuchdes of these territories 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 variation of
the GI peak about 3% No deviation from the DNA diploid content was found in 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 instability in the contingent of the zone In the professionals examined
it was mamfasted by the increase of instability of DNA (by the yield of the DNA single-strand
breaks ) and of chromosomes ( by the MN frequency in CB cells) The increased level of the
genuine DNA SSB may be due to the DNA functional activity tension and to the shift to a
different regime of transcription and reparation in the conditions of chronic exposure following the
exposure to a greater dose

Greater yield of cells with several MN in 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 is still show in the increased instability
of lymphocyte chromosomes It is likely that cells with several MN found are either long-life
mytoticly inactive 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 instability of the lymphocyte chromosomes of the self-settlers is mainly due to
the presence of cells with one MN ( mean frequency of cells with MN in the professionals and the
self-settlers being equal) This testifies to the fact that dose loading in these two groups was
significant different The found correlation between the density of radionuchdes contamination of
the territory and the content of MN in lymphocytes of the self-settlers shows that the rrucronucleus
assay is quite sensitive and adequate method to bioindicate the constant influence of small doses of
irradiation on a human being In all investigated groups DNA diploid contant was retained
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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 I3 II 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 131I and from l37Cs and
l34Cs) 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 I
First-year (May 1986 - May 1987) and Lifelong Exposure of the Bulgarian Population

Exposure

1. External exposure
2. Internal exposure

from 137Cs and mCs
3. Internal exposure from

131,

4. Other sources
T O T A L

Effective doses (mSv)
First year

Children
0.35

0.13

0.50
0.05
1.03

Adults
0.29

0.17

0.17
0.03
0.67

Weighted mean
0.31

0.16

0.28
0.04
0.79

For 50 years

0.31

0.30

0.28
0.06
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 I.

271



Table II
Exposure of Thyroid Glands from Iodine-131

Dose (mSv)
Equivalent
Effective

Children
10.0
0.50

Adults
3.3

0.17

Weighted mean
5.5

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 HI. 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 III
Estimation of Mean Doses by Regions

Group Region Total effective dose (mSv)
I: highest

II: high
III: medium

IV: low

V: lowest

Kurdzhali, Stara-Zagora, settlements at above 0.8 km
altitude
lambol
Sofia city and county, Pernik, Russe, Silistra, Shumen,
Khaskovo, Razgrad, Pazardzhik, Vidin, Turgovishte,
Gabrovo, Sliven
Burgas, Blagoevgrad, Varna, Veliko-Turnovo, Pleven,
Tolbukhin, Kyustendil, Lovech, Mikhailovgrad, Plovdiv
Vratsa

1.7
1.3

1.0

0.8
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
Nonfatal cancer
T O T A L

363 cases overall
107 cases
470 cases

Severe hereditary effects

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"2 Sv"1. 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"2 Sv"1. Accepting that the Bulgarian population numbers 8.8 x 106, estimates for
stochastic effects are as shown in Table IV.

Table V
Carcinogenic Effects

Organ or tissue
Bladder
Bone marrow
Bone surface
Breast
Colon
Liver
Lung
Oesophagus
Ovaria
Skin
Stomach
Thyroid gland
Other
From prenatal exposure
T O T A L

Fatal cancer cases
18
31
3
12
52
9

52
18
6

1(2)
63
44
30
20

363 cases

Period of appearance
Beyond year 2000
Around year 1991
Around year 2000
Around year 2000
Beyond year 2000
Beyond year 2000
Around year 2000
Beyond year 2000
Beyond year 2000
Around year 2000
Beyond year 2000
Around year 1995

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 10'2, that is, five times above total; and
the number of exposed population was taken to be 10s. 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.e., 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 103 Bq/kg 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
External
Internal (Cs)
Thyroid gland (I31I)

mSv
3.0

5.0(103Bq/kg)
200

Regions^
Peaks higher than 2.0 km
Mountainous
Mountainous, iodine-deficiency

Number of population
Up to 1 00 persons
Several thousands
Several thousands

Effects of prenatal exposure
Congenital malformations
Mental retardation
Cancer

Threshold, 100 mSv
Threshold, 100 mSv (?)
Coefficient of risk, 25 x 10'2 Sv'1; cases, 20

Nonstochastic somatic effects
Dose limit for the population - 50 mSv/a
(eye lens - 15 mSv/a)

Table VII
Distribution of Overall Exposure

Source of exposure

1. Background exposure
1 . 1 . External
1.2. Internal

2. Excess over
background exposure

2. 1. Occupational exposure
2.2. X-ray diagnosis
2.3. Radioisotope diagnosis
2.4. Uranium mining
2.5. NPP
2.6. TPP
2.7. Global fallout
2.8. Other sources

T O T A L 1

Mean effective
doses

(MSv/a)
2283
735
1548

1054
116
802
81
41
3
3
2
6

3337

Collective
doses

(man-Sv/a)
19600
6300
13300

9130
1000
6900
700
350
32
80
15
51

28700

Background
exposure

(%)

32.1
67.9

46.4

Excess over
background exposure

(%)
215.4

11.0
75.70
7.67
3.83
0.35
0.88
0.16
0.56

Experimentally determined by in vivo measurements, such a figure has not been found in Bulgaria.
Iodine is not considered to be a genetically significant radionuclide.

For the Bulgarian population, the estimated collective dose due to the Chemobyl accident is 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 Chemobyl 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 Chemobyl accident, the situation and its actual dangers are gradually
being clarified A number of programs for epidemiologic surveys are being implemented, and it is a
major objective to bnng their results to a possibly wider audience As always, the best strategy to wbch
both scientists and politicians should adhere is to give the truth, only the truth, and the whole truth
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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

AIM

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 all 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.

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 accident 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).

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 Chernobyl 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.

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 effort to
increase compliance among the controls is
under way.

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
wel! 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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Pregnancy Outcome Among Immigrants to Israel
from Chernobyt-Radiation-Affected Areas
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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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Hospitalization of New Immigrants from the FSU
in Kupat Holim Hospitals, Israel, 1990-1994
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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.I. 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. It is 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 Chernobyl
area.

The current database, though based on a large number of
hospitalizations, has come-up with only a small 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. RAMZAEV, I.E. SHUVALOV, A.A. DOUDAREV,
M.N. TROITSKAYA
Institute of Radiation Hygiene,
St. Petersburg, Russian Federation XA9745494

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 1012 Bq/km2).

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

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 Chernobyl 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 summer 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 mSv 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 ,
1987

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 MBq/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 developed 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

285



1QO

o
Q 40

B Internal dose
D External dose

B H

A School children
B Office workers
C Field workers
D Drivers

E Pensioners
F Labourers
G Cattle breeders
H Tractor drivers

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

A.R. MARTIROSOV, B.V. ZINGERMAN, V.Y. POPOV, D.Y. SHORIN,
M.G. SEVASTIANOVA, D.M. MESfflARIKOVA, G.I. SIDOROVICH,
I.V. OSECHINSKI
Haematological Scientific Centre 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 KBq/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 KBq/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 in
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 Chemobyl 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 Chemobyl 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 AnLL, 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 KBq/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, 5 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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DYNAMICS OF THE STATE OF HEALTH OF PREGNANT WOMEN
AND NEWBORN BABIES FOLLOWING THE
CHERNOBYL NUCLEAR POWER PLANT ACCIDENT XA9745497
V.E. DASHKEVICH, L.B. GUTMAN, A.G. COLOMYITSEVA, N.N. BELIKOVA,
A.A. YAKOVLEV, L.I. TUTCHENKO, V.I. MEDVED
Institute of Pediatrics, Obstetrics and Gynecology, Academy of Medical Sciences of Ukraine,
Kiev, Ukraine

Introduction. From the first da\s after the Chernobyl catastrophy constant observation of health state
in pregnant women , who are permanently living within contaminated regions of Ukraine was earned
out Pregnant were examined either in hospital or by ambulant teams The examination consists of
radiometry of incorporated radionuchds in organism, radioimmunologtc, endocnnologic, biochemical,
morphologic and parachmcal methods
The analysis of pregnancy and delivery tendency, state of fetus and newborn takes place providing
registration of the same indexes in the period from 1983 till 1986 and in conditionally "clean" Poltava
regions also it s taken in consideration habitable zones with level of contamination bv cesium, doses of
radiation and period of pregnanc\
Results.The results of investigations of more than 20 000 uomen show that low doses of ionizing
radiation have unfavourable influence to reproductive function of woman organism We note the
decrease of birth rate, the increase of pregnancy and delivery complications of perinatal mortality,
morbidity of pregnant and newborns
It s interesting to mention that the screening investigations of pregnant and their newboms during first
period after catastrophy hasn't showed any alterations in their health state
The examination of health state in dvnamics of pregnant and newborns showed significant alterations in
functional systems and in neurohumoral mechanisms of their regulation in mother and fetus There are
the alterations of cardiovascular system, central and penpheric hemodyTiamics, pulmorespiratory
apparatus, hormonal and immunologic status, system of hemostasis and processes of adaptation
There are the dvsorders of psy choemotional state in 74,8 % of pregnant, \\hich manifest b\ low level of
fnnctional abilities of psvchic adaption, sharp weakening of physical endurance
These alterations have a great influence to the development of obstetric and perinatal complications, the
frequency of which exceed the average indexes all over the country Significantly increased frequency
of EPH-hestosis, 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 anemia,
neurocirculatonc dystoma, pyelonephritis, 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 in 46,9% of
pregnant From 1993 we have observed hyperthyroxinemia On the background of high level of
thyroglobulin, die level of thyroxine binding globulin was reduced The alterations in state of
hypothalamo-hypophysial-thyroid system in newboms from mothers who are living within
contaminated 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 is 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 insufficiency, dysorder of blood circulation,
which deteriorate the effect of radiation influence to fetal state On the basis of study of immunity
system in newboms the groups of high risk development of autounmunologic pathology in children
were created
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FIG. 1. Incidence of pregnancy toxaemia in pregnant women who live in some controlled areas.
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FIG. 2. Incidence of haemorrhage in some controlled areas.
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FIG. 3. Dynamic of morbidity of pregnant women from controlled areas.

Besides the radiation factors the great influence to the health state of women and newborn have
social, medical and biological ones
The registry of pregnant and newborns was created with the aim of longterm observation under the
pregnants women, the children and future generation, estimation of their health state and disorders in it
On the basis of these data the scientific programmes are fulfilled
Based on registrated alterations were earned out algorhytmes of prediction of obstetric and perinatal
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
Department of Pathology, Uppsala University Hospital, XA9745498
Uppsala, Finland

V.S. KARPENKO, G.G. NDCULINA, S.P. PASECHNIKOV, A.M. ROMANENKO,
A.F. 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 i.e. 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-
imrnunoreactivity 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 activity 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. Tins date indicated the higher activity of FRO caused more significant unbalance
of l ipid structure of sellular membranes in comparison wi th the group I. At the same
time inhibi t ion of superoxtdedismutase activity was noticed in 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.
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IRRADIATION OF POPULATION IN THE REPUBLIC OF SERBIA
AFTER THE CHERNOBYL ACCIDENT

III!
R. MAKSIC XA9745499
Federal Ministry of Economy,
Belgrade, Yugoslavia

V. RADMILOVIC
Federal Ministry of Labour, Health and Social Policy,
Belgrade, Yugoslavia

G. PANTELIC, R. BRNOVIC, I. 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 various
samples from environment was
established in the Institute of Occupational
and Radiological Health "Dr Dragomir
Karajovic". The contents of radionuclides
were determined in: aerosol, soil, fallout

(wet and dry deposition), rivers, lakes,
drinking 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 Monitor RSS-112 (Reuter-
Stokes) was established for continues
recording of a dose rate in Belgrade and
Kladovo. These systems are connected 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 nSr 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, Nis, Zajecar,
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 60Co). The cali-
bration was made by Amersham standard
in Marinelli beaker.

9°Sr activity was determined after
radiochemistry separations, using a(3
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 n for

activity (average annual values).

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 HI).

Figure 1: The sampling locations in the
Republic of Serbia
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Table I: 137Cs activity in food in the Republic of Serbia (average values) (Bq/kg)

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994

Vegetables

75.90
37.65
0.47
0.43
0.64
0.23
0.33
0.20
0.21

Fruits

53.80
9.43
1.89
1.87
0.69
1.19
0.49
0.54
0.08

Meat

92.23
92.45
6.63
_

2.27
0.09
0.81
0.23
0.12

Crops

244.30
37.96
2.05
1.20
0.52
0.03
0.07
0.13
0.04

Dairy
products

36.36
7.58
8.30
8.44
3.43
0.34
0.16

—

0.28

Milk

16.65
16.67
2.35
6.05
1.47
0.45
0.40
0.13
0.12

Table II: Sr activity in food in the Republic of Serbia (average values) (Bq/kg)

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994

Vegetables

3.24
0.63
0.39
0.40

0.38
0.33
0.34
0.34
0.06

Fruits

0.92
0.31
0.15
0.18
0.34
0.37
0.20
0.09
0.04

Meat

1.16
0.26
0.20
—
_

0.20
0.04
0.04
0.05

Crops

0.47
0.77
0.31
0.58
0.27
0.12
0.36
0.15
0.11

Dairy
products

6.44
0.65
0.27
1.09
2.32
0.20
0.17
0.10
0.09

Milk

1.72
0.16
0.09
0.13
0.07
0.13
0.11
0.06
0.01

3. CONCLUSION

The main pathways of
radionuclides in the human body are
inhalation and ingestion through food and
drinking water. This paper provides the
data of activity for two important
radionuclides Cs and Sr and effective doses

due to food consumption. The relevant
dose coefficients were used in the estimate.

The effective dose due to 137Cs and
'''Sr activity were decreased during 1986 to
1994 for the population in Serbia.

301



Table HI: Average annual and daily intake of 137Cs i
and effective doses for population in the Republic of Serbia

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994

137Cs

Bq/year

47310
11782

827
940
358
123

11
74
39

Bq/day

129.53
32.26

2.26
2.57
0.98
0.34
0.30
0.20
0.11

Doses
(mSv/year)

0.662
0.164
0.011
0.013
0.005
0.0017
0.0015
0.0010
0.0005

*>Sr
Bq/year

580

191
91

138
101
74
96
54
24

Bq/day

1.59
0.52
0.25
0.38
0.28
0.20
0.26
0.15
0.07

Doses
(mSv/year)

0.02
0.0027
0.0013
0.0019
0.0014
0.0010
0.0013
0.0008
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

Poputations-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

• the effective dose to the foetus is equivalent to that of a free-living
individual

• 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.

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 (t,a) representing subjects
aged 2 at any time in 1989. The method of estimating the effective dose at
(t,a ) consists- of integrating the dose rate curve 5
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(Conception)
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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

o

heterogeneity between the dose categories (x =0.98, 3<#), or of a trend in
o

incidence with dose when fitted as a continuous variable (% =0.85, Idf).

Table I: Observed and expected cases of childhood leukaemia and
observed/expected ratios by dose category

15004.0
3862.2
2151.7
2037.7
2764.5

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

6796 6796.0
2054 2048.8
1063 1084.3
977 952.7
982 990.2

4364.0
772.2
608.5
655.0

1070.3

3069.0
534.8
405.2
422.4
696.7

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

O E
12083 12083.1
852 872,7
691 <55U
617 647.1
937 926.2

0.02

2921 2921.0
1381 1340,4
925 938.5

1006 997.5
1426 146L7

0.36

0
319
225
269
290

0,0
327.7
237.1
260.8
277,4

0
1318
331
130
99

0.0
1321.4
325.0
132.4
99.3

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

T

not statistically significant (% =0.72, Idf).
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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 often years following the
accident, so that the further potential of the excess radiation exposure can be
studied.
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A COMPARATIVE EVALUATION OF THE CONSEQUENCES OF THE
CHERNOBYL ACCIDENT BASED ON THE INTERNAL DOSE OF 137Cs
TO JAPANESE MALE ADULTS

M. UCHTYAMA, T. ISHIKAWA, M. MATSUMOTO, S. KOBAYASHI
National Institute of Radiological Sciences,

minimi
XA974550l'

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 is
important to establish methodology for the evaluation of measurements obtained
with diverse methods when we estimate radiation effect in different countries.
Even with limiting the assessment of internal exposure to the whole-body counting
of 137Cs, there stall remain many unsolved factors related to dose accumulation.
These include the calibration of measurements, the timing of measurements, and so
on. It will take long time to develop a reliable and generally agreed upon method for
the reasonable evaluation of measurements in different countries. As a substitute
for such a method, the measurements of subjects from different countries at a given
institution can serve for the comparative evaluation of their internal doses when one
apparatus is used consistently for the measurements.

We have measured radiocesium body burdens of both Japanese and foreigners
since the Chernobyl accident using a whole-body counter. In the occasion of 10th
anniversary of the accident, we evaluated the body burdens in 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 radiocesium body burdens of the human subjects under
evaluation. The counter is equipped with two identical Nal(Tl) detectors 8" in
diameter and 4" in thickness [1]. It was operated in a scanning mode of 5 cm/mm in
a shielded iron room with walls 20 cm in 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 in 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 individuals
who visited the NIRS from various locations within Japan during 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 internal dose of 137Cs to the whole-body was estimated using the Medical
Internal Radiation Dose (MIRD) method The difference in the specific absorbed
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fraction to penetrating radiation in 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 indicated as a function of time as
shown in Fig 1 The body burden began to increase in May 1986 and it attained a
maximum of 59 Bqm May 1987. This was the estimated maximum consequence of
the accident on the radiocesium body burden for the first group The temporal
change in their average body burden can be explained by a single-compartment
model. The average individual dose was 1.5 n Sv for the first year. Using the
above mentioned single compartment model for 137Cs body burden, together with
the daily 137Cs intake data for each district in Japan, consequences of the Chernobyl
nuclear power plant accident on the Japanese people were assessed The doses
were an average of 1.24 IJL Sv and 148 man Sv for the population of 120 million 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 radiocesium was below 2 n Sv/year even in the most contaminated
period. The cumulative dose for 5 years was estimated to be 5.6 VL Sv After May
1991, the body burden fluctuated erratically, reaching a small peak of 16Bq in 1993.

When comparing the human radioecological 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 is 0.3 years longer in the first group. The
variance in the half-times between the first and the fifth groups can perhaps be
explained by the difference in the contribution of imported food to the total food
consumption in Japan. The consumption of domestic products decreased rapidly
from 91% m 1964 to just 65% in 1991. The cumulative dose is much smaller than the
committed dose of 82 it Sv to the year 2000 that includes the dose from the
atmospheric nuclear explosion tests carried out over approximately 20 years from
1963.

The trends and the levels of 137Cs body burden in the second group were
similar to the first group This suggests that the dose caused by 137Cs intake in
Chiba was insignificantly different from that in other areas within Japan, although
a larger distribution was observed among individual 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 line for the biological half-time on the body weight was obtained

for 16 individuals in the third group, the Japanese returnees. The half-time (Tb in
days) was expressed as 1.14 times W (body weight in 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 body burden on the day of return was estimated
using the formula explained 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 137Cs in the body are
explained graphically for the subgroup 1 in Fig 2a and for subgroup 2 m Fig 2b. The
number of individuals 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 visited the NIRS

occasionally. It was divided into 5 subgroups according to origin 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 measured before the year 1988, a subject from Hungary m July 1986.
Figure 3 represents annual changes m the 137Cs concentration in mBq/kg. The
highest concentration of 137Cs including 134Cs was 67,400mBq/kg. It was observed
in a male Ukrainian. The subjects from the most affected countries, Ukraine,
Belarus and Russia were principally at similar levels to one another by 1992. A
slight increasing 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 in 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 in 1988 [5].

La Kiev, the concentration had decreased considerably by 1991. The trend
was complicated from then on. The circumstances in Belarus and Russia were
similar to Ukraine as described above. It must be emphasized that m all the former
USSR regions under study, there were individuals who showed 137Cs 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,
Minsk m Belarus and Moscow in 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 increasing trend in the
137Cs concentration was observed from 1992 The ratio to the first group was
approximately at the same level as Kiev A fairly large distribution in the
concentration existed in individuals from these cities. hi Moscow, the
concentration decreased to one-seventh in 1990. Thereafter it seems to show an
increasing 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 in the first group. The risk can be estimated 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
individuals m the third and fourth groups except for some extreme cases.

3.4 Estimate of I37Cs ingestion by citizens in Kiev and Moscow
A model was used to describe the temporal change m radiocesium body burden

following the continuous ingestion of radiocesium The daily amount of
radiocesium intake 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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daily intake of 137Cs against the elapsed time after the Chernobyl accident varied
according to the period of the analysis For the people that returned from Kiev, an
apparent half-time of 460 days was estimated for adults for the period from 1986 to
1992. It varied from 391 to 920 days when changing the period or the number of
individuals 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 in 137Cs body burden that can not be explained by the
current methods of estimation. However, a decreasing trend in the body burden
was observed in 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 to be 5.6 ft Sv for 5 years for the body burden of Japanese male adult group.
The highest average recorded level was 59 Bq in May 1987. No detectable health
risk was expected for the Japanese population. In Kiev, the concentration had
decreased considerably by 1991. The trend was complicated from then on. The
circumstances in Belarus and Russia were similar to that in Ukraine. The ratio of
137Cs concentration in the whole-body to the first group ranged from about one-
twentieth for Kiev to one-seventh in 1990 for Moscow. A fairly large distribution m
the concentration existed in individuals. It must be emphasized that in all the
former USSR regions under study, there were individuals who had 137Cs
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.

Acknowledgment
The authors would like to extend their grateful acknowledgment to Mr. Damien
Andrews for his help in correcting the English in this manuscript. They are also
thankful to Ms. Noriko Kuroda for her excellent help in the preparation of this
manuscript.

References
[1] ETO, H., et al., The whole-body counter at the Japanese national Institute

of Radiological Sciences, Whole-body Counting, IAEA, (1962) 211-18.
[2] BRONELL, G.L.,et al, Absorbed fractions for photon dosimetry, J of Nucl.

Med.,suppl.no l.pamphlet no. 3 (1968) 27-39
[3] UCHIYAMA, M and KOBAYASHI, S., Consequences of the Chernobyl

Reactor Accident on the l37Cs internal dose to the Japanese population,
J.Environ.Radioactivity 8 (1988)119-127.

[4] UCHIYAMA, M., et al., Body burdens of 137Cs in a selected group of male
adult residents in Chiba, Japan from 1967 to 1976, Health Phys., 42
(1982)145-150.

[5] SOURCES, EFFECTS AND RISKS OF IONIZING RADIATION, United
Nations, New York(l988)

316



HEALTH CONSEQUENCES OF THE CHERNOBYL ACCIDENT IN EUROPE
OUTSIDE THE FORMER USSR: A REVIEW

E. CARDIS, D. SALI XA9745502
International Agency for Research on Cancer,
Lyon, France

The accident which occurred in the night of 25 to 26 April 1986 in reactor 4 of the Chcrnobyl
nuclear power plant in the l/krainc released considerable amounts of radioactive substances in the
environment Outside of the former USSR, the highest levels of contamination were recorded in
Austria, Greece and Romania, followed by other countries of Central and Southeast Europe.

Studies ol" the health consequences of the accident have been carried out in these countries as
well as in other countries in Europe. This paper presents the results ol' a systematic and critical
review ol" studies ol" the general population in Europe, carried out on the occasion of the tenth
anniversary ofthe Chemobyl accident. 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 outlined. Overall, there is lillle evidence ol' a major public health impact of the
accident in countries ol'Europe outside the IbnmerUSSR.
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LEUCOCYTE MARKERS IN THE CHILDREN OF UKRAINE
AFFECTED BY THE ACCIDENT AT CHERNOBYL

G. LOPEZ PUMAR
Institute de Medicina de Trabajo,
La Habana, Cuba

J. CARDENAS HERRERA
Centre de Proteccion e Higiene de las Radiaciones,
La Habana, Cuba

Los leucocitos son las celulas sanguineas que m£s
rapidamente reflejan los efectos inducidos por las
radiaciones ionizantes. En la medida que son mayores las
dosis los cambios inespecificos se traducen en alteraciones
funcionales y orgdnicas que afectan la vida media de las
c61ulas, el deserapeno de sus funciones y de los drganos de
la hematopoyesis. Con el propdsito de estudiar el
comportamiento de los indices leucocitarios y su relacidn
con el estado somatico general, se estudio un grupo de 100
riifios ucranianos atendidos en Cuba en el periodo 90/94. Los
resultados preliminares arrojan que las cifras relatives de
1'eucocitos neutrdfilos segmentados es muy similar al de
linfocitos, encontrdndose los numeros absolutes de ambos,
asi como del total de leucocitos por debajo de la media por
edades en un rango que oscila entre el 2 0 - 3 5 % de los
casos. El conteo de eosindfilos se mantuvo en un gran numero
de casos por encima de 2,5% asociado a patologias no
radiogenicas. Es de senalar que se encontraron alteraciones
del sistema hemolinfopoyetico, entre las mas frecuentes
adenopatias e hiperplasia de tejio linfoide en orofaringe.
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PSYCHOLOGICAL CONSEQUENCES OF THE CHERNOBYL ACCIDENT
IN BELARUS

A.P. GELDA, F.M. GAJDUK, I.M. SHELDAK, AJEh. KACHALKO, V.D. KOROLEV
Minsk Institute of Medicine,
Minsk, Belarus

ÏÑÈÕÈ×ÅÑÊÈÅ ÏÎÑÇÄÑÒÂÈß Á ÁÅËÀÐÓÑÈ ×ÅÐÍÎÁÛËÜÑÊÎÉ ÊÀÒÀÑÒÐÎÔ!.
Ô.Ì.Ã'àéäóê, Ü.Ä.Êîðîëåâ, À.Ï.Ãåëäà, È.Ì.Æåëäàê,À.Ç.Êà÷àëêî.

Áåëàðóñü, Ìèíñêèé ìåäèïèíñêèé èíñòèòóò.

Â ÷åòûðåõ ðàéîíàõ ñ îáùèì çàðàæåíèåì ñâûøå I Êþðè íà
êèëîìåòð è â äâóõ ÷èñòûõ ðàéîíàõ èçó÷àëîñü âëèÿíèå ×åðíîáû-
ëüñêîé êàòàñòðîôû íà ÷àñòîòó âîçíèêíîâåíèÿ øèçîôðåíèè,
âðîæäåííîé óìñòâåííîé îòñòàëîñòè è íåâðàñòåíèè. Ñðàâíèâà-
ëèñü ïåðèîäà âðåìåíè çà 5 ëåò äî êàòàñòðîôû è 5 ëåò ïîñëå
êàòàñòðîôû. Á ïîñëåàâàðèéíîì ïåðèîäå ÷àñòîòà çàáîëåâàíèÿ
øèçîôðåíèåé è âðîæäåííîé óìñòâåííîé îòñòàëîñòüþ íå èçìåíè-
ëàñü, íåâðàñòåíèÿ ñòàëà âñòðå÷àòüñÿ ÷àùå è èçìåíèëàñü êëè-
íè÷åñêàÿ åå ñòðóêòóðà çà ñ÷åò óâåëè÷åíèÿ àñòåíè÷åñêîãî ðà-
äèêàëà.

Ó äåòåé, ïîäðîñòêîâ è âçðîñëûõ ïðè êëèíèêî-ïñèõîëîãè-
÷åñêîì îáñëåäîâàíèè â çàðàæåííûõ ðàéîíàõ áûëî îòìå÷åíî
óâåëè÷åíèå ïðèìåðíî â 2 ðàçà óðîâíÿ òðåâîæíîñòè è ýìîïèî-
íà ëüíî è ëàáèëüíîñòè, à òàêæå ïîâñåìåñòíîå ñíèæåíèå óäîâ-
ëåòâîðåííîñòè êà÷åñòâîì æèçíè ïî ñðàâíåíèþ ñ ÷èñòûìè ðàéî-
íàìè.

Áûëî îáñëåäîâàíî 1868 äåòåé, ïîëó÷èâøèõ ðàäèîàêòèâíîå
ïîðàæåíèå øóòðèóòðîáíî, à òàêæå èõ ìàòåðåé è âîñïèòàòåëåé
ïî ïðîãðàìì» ÂÎÇ "Àéôèêý". Áûëà âûÿâëåíà â ïîðàæåííûõ ðàé-
îíàõ áîëåå ÷àñòàÿ âñòðå÷àåìîñòü IQ. íèæå 70 ñîãëàñíî ïâåò-
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íûó. ìàòðèöàì "Ðàâåíà" è Áðèòàíñêîå ðèñóíî÷íîìó òåñòó
ìóæ÷èíû.

Äèíàìè÷åñêîå íàáëîäåíèå çà âçðîñëûìè ïîêàçûâàþò, ÷òî
is ñòðóêòóðå ïñèõè÷åñêîé ïàòîëîãèè íà I ýòàïå ïîñëå êàòàñò-
ðîôû ïðåîáëàäàëè íåâðîòè÷åñêèå è ñîìàòîôîðìíûå ðàññòðîéñò-
âà. Â íàñòîÿùåå âðåìÿ ïðîèñõîäèò èõ òðàíñôîðìàöèÿ â ïîñò-
òðàâìàòè÷åñêîå ñòðåññîâîå ðàññòðîéñòâî, íàðóøåíèå ïñèõîëî-
ãè÷åñêîãî ðàçâèòèÿ ëè÷íîñòè è îðãàíè÷åñêîå ïîðàæåíèå ãî-
ëîâíîãî ìîçãà ñîñóäèñòîãî ãåíåçà.
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SOCIO-PSYCHOLOGICAL EFFECTS OF THE CHERNOBYL ACCIDENT
ON THE POPULATION OF BELARUS AND MITIGATION OF THOSE EFFECTS

L.A. AGEEVA
Institute of Sociology, Belarus Academy of Sciences, XA9745505
Minsk, Belarus

Ð Å Ô Å Ð À Ò

íàó÷íîãî äîêëàäà íà Ìåæäóíàðîäíóþ êîíôåðåíöèþ
"Äåñÿòèëåòèå ïîñëå ×åðíîáûëÿ:îöåíêà ïîñëåäñòâèé àâàðèè"

ÀÃÅÅÂÀ Ë.À.
ÑÎÖÈÀËÜÍÎ-ÏÑÈÕÎËÎÃÈ×ÅÑÊÈÅ ÏÎÑËÅÄÑÒÂÈß ×ÅÐÍÎÁÛËÜÑÊÎÉ
ÊÀÒÀÑÒÐÎÔÛ ÄËß ÍÀÑÅËÅÍÈß ÁÅËÀÐÓÑÈ È ÈÕ ÑÌßÃ×ÅÍÈÅ

Ïîñëå âòîðîé ìèðîâîé âîéíû,â êîòîðîé â Áåëàðóñè ïîãèá êàæäûé
÷åòâåðòûé åå æèòåëü, ×åðíîáûëüñêàÿ êàòàñòðîôà ÿâëÿåòñÿ íàöèîíàëü-
íîé òðàãåäèåé íè÷óòü íå ìåíüøåãî ìàñøòàáà. Íà çàãðÿçíåííûõ òåððè-
òîðèÿõ, íà êîòîðûå âûïàëî îêîëî 70 ïðîöåíòîâ ðàäèîàêòèâíûõ âûáðà-
ñîâ,îêàçàëèñü äâà ìèëëèîíà ñòî òûñÿ÷ ÷åëîâåê. Î ðàäèàöèè æèòåëè
ðåñïóáëèêè çíàëè ìàëî. Ñâîèõ àòîìíûõ ñòàíöèé ó Áåëàðóñè íåò. Î ÷ó-
æèõ àâàðèÿõ ñðåäñòâà ìàññîâîé èíôîðìàöèè ñîîáùàëè î÷åíü ñêóïî.
Ñ÷èòàëîñü,÷òî íè÷åãî ïîäîáíîãî â íàøåé ñòðàíå ïðîèçîéòè íå ìîæåò.
Âñå äðóæíî ïðîñëàâëÿëè "ìèðíûé àòîì" è ïðîêëèíàëè àòîìíóþ áîìáó.

Ïðîèñøåäøàÿ íà ×åðíîáûëüñêîé ÀÝÑ àâàðèÿ çàñòàëà âñåõ âðàñï-
ëîõ. Îíà êàñíóëàñü íå òîëüêî òåõ, êòî ïðîæèâàë âáëèçè ×åðíîáûëü-
ñêîé ñòàíöèè è ïîïàë, â òàê íàçûâàåìóþ òðèäöàòèêèëîìåòðîâóþ çî-
íó, íî è òåõ, êòî íàõîäèëñÿ îò íåå íà çíà÷èòåëüíîì ðàññòîÿíèè.
Ñòðàõ ðàäèàöèè ïðî÷íî îáîñíîâàëñÿ â ðåñïóáëèêå è âûçâàë ñóùåñòâåí-
íûå èçìåíåíèÿ â ñîçíàíèè íàñåëåíèÿ â îòíîøåíèè ê "ìèðíîìó àòîìó" è
âñåìó, ÷òî ñ íèì ñâÿçàíî.
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Ïî äàííûì ñîöèîëîãè÷åñêèõ èññëåäîâàíèé, âûïîëíåííûõ â ðàéêàõ
Ìåæäóíàðîäíîãî ïðîåêòà JSP-2 â 1993-1995 ãã.ã(áûëî îïðîøåíî 1015
÷åëîâåê â ðàçëè÷íûõ ðåãèîíàõ ðåñïóáëèêè) ×åðíîáûëüñêóþ àâàðèþ êàê
"äîâîëüíî çíà÷èòåëüíóþ " è "î÷åíü áîëüøóþ" ïðè÷èíó ñâîåãî ïñèõîëî-
ãè÷åññêîãî ñòðåññà íàçâàëè 55,2 % ðåñïîíäåíòîâ. Ïðè÷åì òàê âûñîêî
ñâîé ñòðåññ îöåíèëè íå òîëüêî æèòåëè òåððòîðèé ñ âûñîêèì óðîâíåì
çàãðÿçíåíèé ( 15-40 Êè/êì ),íî è ÷èñòûõ òåððèòîðèé. Òàê, íà áëèç
ðàñïîëîæåííûõ ê çàãðÿçíåííûì çîíàì (ïîãðàíè÷íûõ) òåððèòîðÿõ ñòðåññ
îöåíèâàëñÿ ïî ìàêñèìóìó 51,8 % íàñåëåíèÿ, à íà ÷èñòûõ, óäàëåííûõ
çíà÷èòåëüíî îò çîí çàãðÿçíåíèÿ - 46,9 %. Ñâÿçàíà òàêàÿ ðåàêöèÿ íà
ïðîèñøåäøóþ àâàðèþ,íà íàø âçãëÿä, ñ òåì, ÷òî áîëüøèíñòâî æèòåëåé
ðåñïóáëèêè äî ñèõ ïîð íå âåðÿò, ÷òî ïðîæèâàþò íà ÷èñòûõ òåððèòîðè-
ÿõ. Ýòî ïðîèçîøëî ïîòîìó, ÷òî â ïåðâîå âàðåìÿ ïîñëå àâàðèè ðåñïóá-
ëèêà íå îáëàäàëà äîñòàòî÷íûì ÷èñëîì ñïåöèàëèñòîâ-äîçèìèòðèñòîâ è
íàëè÷èåì äîëæíîãî êîëè÷åñòâà ïðèáîðîâ äëÿ èçìåðåíèÿ óðîâíÿ ðàäèà-
öèè^ ÷åì íàñåëåíèþ áûëî èçâåñòíî, è, âìåñòå ñ òåì,îòñóòñòâîâàëà
ïðàâäèâàÿ èíôîðìàöèÿ î ìàñøòàáàõ êàòàñòðîôû , êîòîðàÿ áûëà áû äîñ-
òóïíà íàñåëåíèþ. Ïî ïîëó÷åííûì íàìè äàííûì, ïðîöåíò,ñ÷èòàþùèõ ñâîè
òåððèòîðèè ðàäèîàêòèâíî ñèëüíî çàãðÿçíåííûìè,äîâîëüíî âûñîê è ñîñ-
òàâëÿåò 22,4 % â ÷èñòîé çîíå,64,0 % â ÷èñòûõ ïðèãðàíè÷íûõ çîíàõ è
88,2 % â äåéñòâèòåëüíî çàãðÿçíåííûõ. Îäíàêî 17,3 % ïåðåñåëåííûõ â
÷èñòûå çîíû óâåðåíû, ÷òî âñå ðàâíî ïðîæèâàþò íà çàãðÿçíåííûõ ðàäè-
îíóêëèäàìè òåððèòîðèÿõ. Ïðîâîäèìûå æå ïðàâèòåëüñòâîì ìåðîïðèÿòèìÿ
â çîíàõ ñ ïîâûøåííûì óðîâíåì çàãðÿçíåíèÿ ( ýâàêóàöèÿ,ïåðåñåëåíèå,
èçûìàíèå ñêîòà, äåçàêòèâàöèÿ,îáÿçàòåëüíàÿ äèñïàíñåðèçàöèÿ è äðó-
ãèå ), ïðèâîäèëè ê âîçíèêíîâåíèþ ïîâûøåííîé òðåâîæíîñòè ó íàñåëåíèÿ
çà ñâî¸ çäîðîâüå è çäîðîâüå ñâîèõ áëèçêèõ. Ýòà òðåâîæíîñòü îñòà-
ëàñü íà äîñòàòî÷íî âûñîêîì óðîâíå è ñïóñòÿ ðÿä ëåò ïîñëå àâàðèè.
Òàê,, â íàøèõ èññëåäîâàíèÿõ 7,1 % ðåñïîíäåíòîâ ñîîáùèëè, ÷òî ó íèõ è
18,6 % ó ÷ëåíîâ èõ ñåìåé ïîÿâèëèñü ñåðü¸çíûå çàáîëåâàíèÿ âñëåäñ-
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òâèå ×åðíîáûëüñêîé àâàðèè,ïðè ýòîì îíè ñîîáùèëè, ÷òî äîêóìåíòà îá
ýòîì ó íèõ íåò. 50,4 % óòâåðæäàëè", ÷òî ëè÷íî çíàåò ñåðü¸çíî çàáî-
ëåâøèõ âñëåäñòâèå àâàðèè.

Íàëèöî òåíäåíöèÿ ñî ñòîðîíû íàñåëåíèÿ âñå çàáîëåâàíèÿ, êîòî-
ðûå îêàçûâàëèñü ó ðåñïîíäåíòîâ, ñâÿçûâàòü ñ àâàðèåé íà ×ÀÝÑ Íà íàø
âçãëÿä, ýòî ïðîèñõîäèëî ïîòîìó, ÷òî ïîñòðàäàâøèì îò àâàðèè ïîëàãà-
ëàñü îïðåäåëåííàÿ ñîöèàëüíàÿ çàùèòà,÷òî â óñëîâèÿõ óõóäøàþùåãîñÿ
ýêîíîìè÷åñêîãî ïîëîæåíèÿ Ðåñïóáëèêè, áûëî íåìàëîâàæíî, à îòñþäà è
ñòðåìëåíèå ïîëó÷èòü ïîëàãàþùèåñÿ ïîñòðàäàâøåìó íàñåëåíèþ ëüãîòû.
Ïîñêîëüêó óñòàíîâëåíèå ñâÿçè çàáîëåâàíèé ñ àâàðèåé íà ×ÀÝÑ ïðîáëå-
ìàòè÷íî, òî ïîÿâèëàñü òåíäåíöèÿ íå âåðèòü ñâîèì ñïåöèàëèñòàì. Ýòî
ïîäòåðæäàþò äàííûå ñîöèîëîãè÷åñêîãî èññëåäîâàíèÿ.Òàê, â çàãðÿçíåí-
íîé çîíå íå âåðÿò êîìïåòåíöèè ëþäåé, èçó÷àþùèõ âëèÿíèå ×åðíîáûëü-
ñêîé êàòàñòðîôû íà çäîðîâüå 22,8 % ðåñïîíäåíòîâ,â ïîãðàíè÷íîé çîíå
12,5 %, â ÷èñòîé çîíå 13,8 %, à" î÷åíü íåìíîãî" äîâåðÿþò ñîîòâåòñ-
òâåííî 29,5 %, 27^4 % è 27,1 %. Â òî æå âðåìÿ îáåñïîêîåííîñòü çà
ïîñëåäñòâèÿ îò àâàðèè íà ×ÀÝÑ ó íàñåëåíèÿ Ðåñïóáëèêè áûëà î÷åíü
âûñîêîé è ñîñòàâëÿëà â çàãðÿçíåííûõ ðàéîíàõ 62,5 %, â ïîãðàíè÷íûõ
68,0%, ó ïåðåñåëåííûõ 74,4%, ó æèòåëåé ÷èñòûõ çîí 67,8 %. Â òî æå
âðåìÿ ïîâåäåíèå ìåñòíûõ âëàñòåé, êîòîðûå ïðèçâàíû áûëè çàáîòèòüñÿ
î ëþäÿõ, ïîïàâøèõ â áåäó îöåíèâàåòñÿ íàñåëåíèåì î÷åíü íèçêî. Òîëü-
êî 4,8% ðåñïîíäåíòîâ îöåíèëè ýòó çàáîòó êàê "äîâîëüíî äîñòàòî÷-
íóþ" , 59,6 % ïîñ÷èòàëè, ÷òî îíà áûëà" â êàêîé-òî ñòåïåíè" è 34 %
ïîëíîñòüþ å¸ îòðèöàëè.

Îùóùåíèå áåçûñõîäíîñòè, ïîêèíóòîñòè â áåäå, ïîÿâèëèñü ó ïîñò-
ðàäàâøåãî íàñåëåíèÿ ñïóñòÿ íåñêîëüêî ëåò ïîñëå àâàðèè, êîãäà ðåçêî
ñòàëî ìåíÿòüñÿ ñîöèàëüíî-ïîëèòè÷åñêîå ïîëîæåíèå Ðåñïóáëèêè â ñâÿçè
ñ ðàñïàäîì Ñîþçà,èçìåíåíèåì å¸ ñòàòóñà è íåâîçìîæíîñòüþ â ïîëíîé
ìåðå òåïåðü îêàçûâàòü ïîìîùü ïîñòðàäàâøèì. Óâåðåííîñòü, ÷òî èìåííî
ãîñóäàðñòâî, îôèöèàëüíûå ñòðóêòóðû ïðåæäå âñåãî äîëæíû çàáîòèòüñÿ
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î ëþäÿõ, îêàçàûâø-èõñÿ â òðóäíûõ óñëîâèÿõ, ïðîñëåæèâàåòñÿ â îòâåòàõ
ðåñïîíäåíòîâ. Òàê, íà çàáîòó îò öåíòðàëüíûõ âëàñòåé ðàñ÷èòûâàëè
81,3 %,îò âðà÷åé - 51,3 %,îò ìåñòíûõ âëàñòåé - 47,9%, îò ñëóæá ðà-
äèàöèîííîãî êîíòðîëÿ - 32,7 %. Âìåñòå ñ òåì íà ñåáÿ ,ñâîè ñåìüè,
äðóçåé ðàñ÷èòûâàåò ñðàâíèòåëüíî íåáîëüøîé ïðîöåíò îïðîøåííûõ (12,1%
- ñåìüÿ, äðóçüÿ è 26,3 %- ñàì íà ñåáÿ). Çäåñü ìû èìååì ñèòóàöèþ,
ñâîéñòâåííóþ áîëüøèíñòâó íàñåëåíèÿ áûâøåãî Ñîþçà - èæäèâåí÷åñòâî,
íåñïîñîáíîñòü è ÷àñòî íåæåëàíèå ïîìîãàòü ñàìèì ñåáå.Íàñåëåíèþ âû-
ãîäíåå çàíÿòü ïîçèöèþ "æåðòâû" è òðåáîâàòü ê ñåáå âíèìàíèÿ, çàáîòû
ñî ñòîðîíû, ÷åì ñàìîìó àêòèâíî ïðåîäîëåâàòü âîçíèêøèå ñëîæíîñòè â
ñâîåé æèçíå. Ïîçèöèÿ îæèäàíèÿ, íåóìåíèå áîðîòüñÿ èíäèâèäóàëüíî ñî
ñâîèìè áåäàìè - íàñëåäèå áîëåå ÷åì ñåìèäåñÿòèëåòíåãî êîììóíèñòè-
÷åñêîãî ïðîøëîãî, êîãäà âñå äåéñòâèÿ íàñåëåíèÿ ïðè ëþáûõ îñëàæíå-
íèÿõ ñòðîãî ðåãëàìåíòèðîâàëèñü ̂ Â äàííîé ñèòóàöèè ïîäîáíîå âûæèäà-
íèå äëÿ ìíîãèõ îáîðà÷èâàåòñÿ ñåðü¸çíûìè òðóäíîñòÿìè. Òàê,íåñïîñîá-
íîñòü ïåðåñòðîèòü ñâîé óêëàä æèçíè, çàíÿòüñÿ íîâûì äåëîì,ñìåíèòü
ìåñòî æèòåëüñòâà, ïåðåîðèåíòèðîâàòü ñåáÿ è ñâîèõ áëèçêèõ íà íîâûå
æèçíåííûå öåííîñòè,íåóìåíèå îáùàòüñÿ, çàùèùàòü ñâîè ïðàâà,äîáè-
âàòüñÿ íàìå÷åííûõ öåëåé ïðèâåëè è ïðîäîëæàþò ïðèâîäèòü ìíîãèõ æè-
òåëåé èç ïîñòðàäàâøèõ, è íå òîëüêî, ðàéîíîâ â îò÷àÿííîå ïîëîæåíèå,
ïîðîæäàÿ ïåññèìèçì, îùóùåíèå áåçûñõîäíîñòè. Òàê, ñâîèì áóäóùèì
"î÷åíü ñèëüíî" è "äîâîëüíî ñèëüíî" îáåñïîêîåíû 70,7 % ðåñïîíäåíòîâ
â çàãðÿçíåííûõ ðàéîíàõ, 77,5 % - â ïðèãðàíè÷íûõ,76,7 % â ÷èñòûõ è
84,7 % ïåðåñåëåííûõ. Ïðè ýòîì 46,2 % îïðîøåííûõ æäóò óõóäøåíèÿ ñè-
òóàöèè â ñòðàíå â áëèæàéøåì áóäóùåì,ñîõðàíÿÿ óâåðåííîñòü, ÷òî ëè÷-
íî îíè , à ïðîöåíò òàêèõ 39,7 ,íèêàê íå ñïîñîáíû ïîâëèÿòü íà ñâîþ
æèçíü. "Íåìíîãî" è "î÷åíü íåçíà÷èòåëüíî" ñ÷èòàþò , ÷òî ìîãóò âëè-
ÿòü íà ñâîþ ñåãîäíÿøíþþ æèçíü 47,7 %. Ïîäîáíîå âîñïðèÿòèå ñâîåãî
ñîñòîÿíèÿ ñâÿçàíî íå òîëüêî ñ àâàðèåé íà ×åðíîáûëüñêîé ÀÝÑ, íî è
äåéñòâèòåëüíûì óõóäøåíèåì ïîëîæåíèÿ íàñåëåíèÿ â ïîñòêîììóíèñòè÷åñ-
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êîì îáùåñòâå â ñâÿçè ñ êðèçèñîì ýêîíîìèêè è ðåçêèì ïàäåíèåì æèç-
íåííîãî óðîâíÿ íàñåëåíèÿ â ïðîøëîì áëàãîïîëó÷íîé ðåñïóáëèêè. Ïîý-
òîìó ñåãîäíÿøíèå ñòðåññîâûå ñîñòîÿíèÿ íàñåëåíèÿ äîëæíû ðàññìàòðè-
âàòüñÿ â êîìïëåêñå âñåõ ôàêòîðîâ èõ âûçûâàþùèõ è òàêæå êîìïëåêñíî
íåîáõîäèìî ïðîâîäèòü ïðîôèëàêòèêó ýòèõ ñîñòîÿíèé.

Ê ìåðîïðèÿòèÿì, ïðèçâàííûì ñíèçèòü òðåâîæíîñòü íàñåëåíèÿ, ïî-
ìî÷ü ïðåîäîëåòü äåïðåññèþ,ñòðàõ ðàäèàöèè,ñìÿã÷èòü ïîñëåäñòâèÿ îò
àâàðèè íà ×ÀÝÑ, íà íàø âçãëÿä , ñëåäóåò îòíåñòè íå òîëüêî ÷èñòî
ìåäèöèíñêèå, íàïðàâëåííûå íà ñîõðàíåíèå çäîðîâüÿ ïîñòðàäàâøèõ, íî
è ïðîäóìàííóþ ïîëèòèêó ãîñóäàðñòâà, äîïóñòèâøåãî â ïåðâûé ïåðèîä
ïîñòàâàðèéíîé ñèòóàöèè ìíîãî îøèáîê (íåïðîäóìàííîå ïîñïåøíîå ïåðå-
ñåëåíèå, ñïåøêà ñî ñòðîèòåëüñòâîì òèïîâîãî æèëüÿ, íåäîáðîâîëüíîñòü
ïåðåñåëåíèÿ,íåïîäãîòîâëåííîñòü ðàáî÷èõ ìåñò â ìåñòàõ îòñåëå-
íèÿ,íåñïîñîáíîñòü îáåñïå÷èòü ÷èñòûìè ïðîäóêòàìè, êâàëèôèöèðîâàííîé
ìåäèöèíñêîé ïîìîùüþ, è äðóãèå), êîòîðàÿ äîëæíà âêëþ÷àòü,íà íàø
âçãëÿä, áîëüøóþ ðàáîòó ñ íàñåëåíèåì âñåé ðåñïóáëèêè, à íå òîëüêî ñ
ïîñòðàäàâøèì íàñåëåíèåì ïî ïîâûøåíèþ óðîâíÿ ðàäèàöèîííûõ çíàíèé;
ïîëíóþ îòêðûòîñòü èíôîðìàöèè îá àâàðèè è åå ïîñëåäñòâèÿõ; ñîçäàíèå
ïî âñåé ðåñïóáëèêå ðåàáèëèòàöèîííûõ öåíòðîâ ñîöèàëüíî-ïñèõîëîãè-
÷åñêîãî ïðîôèëÿ ñ îäíîâðåìåííûì ïîâûøåíèåì ïñèõîëîãè÷åñêîé êóëüòó-
ðû íàñåëåíèÿ; îòìåíà ëüãîò ïîñòàäàâøåìó íàñåëåíèþ ïðè îäíîâðåìåí-
íîì óëó÷øåíèè ìåäèöèíñêîãî àäðåññíîãî îáñëóæèâàíèÿ ýòîé êàòåãîðèè
íàñåëåíèÿ â ïîëèêëèíèêàõ è ñòàöèîíàðàõ è íåñîçäàâàíèÿ ïðîòèâîïîñ-
òàâëåíèÿ ìåæäó ïîòåðïåâøèì è íåïîòåðïåâøèì íàñåëåíèåì Ðåñïóáëè-
êè,-ïðèíÿòèå ïðàâèòåëüñòâîì çàêîíîâ,êîòîðûå äîëæíû áûòü èñïîëíèìû-
ìè^ íå äåêëàðèðóåìûìè,íà îñíîâå ìèðîâîãî îïûòà áîðüáû ñ àòîìíûìè
àâàðèÿìè.
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ROLE OF RADIOECOLOGICAL EDUCATION IN THE SOCIO-
PSYCHOLOGICAL REHABILITATION OF THE POPULATION OF BELARUS
AFFECTED BY THE CHERNOBYL ACCIDENT llllllllllllllllllllllllllllllllllt

A.I.STAVROV X*9745506

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.
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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 hi 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-psychologicai 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.

2. 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 hi 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.

3. 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 hi 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 hi 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 hi turn allowed largely to
decrease socio-psychological stress among the population, first of all that
part, which lives on contaminated territories.

331



STUDY OF THE ART AS A NEW WAY TO MEASURE XA9745507
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 Brazfl,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 understand 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 Chernobyl accidents anew
phenomenon described as RADIOPHOBIA have become apparent and widely spread..

After Chemobyl , 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
born from a miserable life in the future(l).

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 its use and
radiophobia of people. Thus radiological accident will contribute again to 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 systems contributed an enormous
share towards the radiation quality in life. So any accident is not a machine's mistake.
It was a human mistake(5)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 Chernobyl 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.

S.l.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 December 1986,
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 then-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).

Fig.(2) Expression of Radiohobia After Chernobyl Accident.
(a) Reproduced from 'ALAkhbar Journal at 5/5/1986.by Mostafa

Hussien.
(b) Reproduced from ALAnram 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, b and c 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 Some 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).
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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 Kama! 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 clearly 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 Brazil 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 black 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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Fig.(6) Expression of Fear and Pessemism Were Illustrated by The Atom
Orbits Inside The Brain in Human Head. Nalked Human Body And
Radiation Symbol Awamess (Reproduced from a Wall Painting
Goinea by Unknown Spontaneous Artist).

Ftg.(7) Expression of Sadness After The Radioactive Accident Illustrated by
Eyes With Tears. Radiation Symbol and Frog Throwing its Tongue on.
(Reproduced from a Wall Painting Goinea by Unknown Spontaneous
Artist).
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Ique

Fig .(9) Expression of Negative Effect on Human Body. (Reproduced from
Journal of Brasil by the Artist Ique at 19/10/1987).

Fig.(10) Expression of Sickness of a Man Due to the

Effect of Radiation by the Artist Siron.
Fig.(11) Expression of Terror of a Man With a Gun Frieghting

a Poor One by the Artist Siron.
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Fig (12) Exotession of Painful! Effecl of Headache
due to Radiation by Jhe Arlisl Luis Triman.

Fig.( »3) Expression of Mesrableness of Human Due to
Radiation by Artist Luis Trwnan.
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Table (1): Number of Symbols Found in the Artwork Used
to Express Feelings in Both Spontaneous and Professional Artwork.

Symbol
No.

I
II
III
IV
V
VI
VII
VIII
IX

Symbol Subject

Radiation Symbol
Atomic Orbits
Sexual Fear
Children Awareness
Tears
Wounds (Cracks)
Headache (Sickness)
Terror
Pessimism

Spontaneous Artwork

F«8A6Li
i
i

i

KM?)
1

1
1

R*WI
I
1
I

Professional Artwork

Kfr(9)

1

I
1
1
1

Fig-(IO)
1

1
1
1
1

Rtfll)

1
1

RtfI2)

I
I

1
1

Fig.(I3)

1
I
I
1

Total No
•f

Symbol

4
3
2
2
2
4
5
5
5

Table (2) Percentage o(" Number of symbols (S) to llic Total Number of
ml \voik (N)

Symbol No.
I

I I
I I I
IV
V
VI

V I I
V I I I
IX

Symbol Subject
indialion Symbol
Atomic Dibits
Sccxnal fear
Cbildicn awareness
'('cars
Wounds (Clacks)
1 Icadacli (Sickness)
Ten 01
Pcssiniisin

% o f S / N
50%

37.5%
25%
25%
25%
50%
62%

62.5%
62.5%

Table (3) Percent age of Number of symbols (S)lu the Total Number of
ail woik (N)

Symbol No.
I
II
IK
IV
V

VII

Symbol Subject
Kadiation Symbol
Atomic Ot bits
Sexual Fear
Chiklicn nwaicucss
Tcais
1 Icadach (Sickness)

%-S/N
100%
66.6%
66.6%
66.6%
33.3%
33.3%

Table (<\) Percentage of Ntnnbct of symbols (S) to the Total Number of
artwoik(N)

Symbol No.
1
II
V
VI
VII
VIII
IX

Symbol Subject
Radiation Symlx>l
Atomic Oibits
Tcais
Wouiuls (Cracks)
1 Icadach
Tenor
Pcssi-mism

%S/N
20%
2WA
20%
80%
80%
100%
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
[(VI) to (IX)].

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 (IT) which is a scientific symbol were used to show the nucleus and electrons in
their orbits, sexual fears (HI) as a naked female or arrows. Children awareness (TV)
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) (VET), 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 pessimism 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 Chernobyl 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.
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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 hi 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, written 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:It 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

A.N. LffiERMAN, N.K. STRELNIKOVA, V.N. MURALOV, M.V. KISLOV,
E.V. KHRAMTSOV, M.A. BAZJUK1NA, M.V. KISLOV
Institute of Radiation Hygiene,
St. Petersburg, Russian Federation XA9745508

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:
- permanent 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,
Mymy).
Total number under observation - 525 persons. The level of anxiety has been studied by Spielberg and
Hanin method and by interview on factors affecting die 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 anxiety 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 HI).The effect of anxiety persisted for a long time and did not
decrease 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 Intended group
relocation

Level of anxiety
in units (1)

Zukovcky Relocated persons
Residents of conta-
minated territorirs
Permanent residents
(Clean area)

50,47+00,76*
48,0 7+ 0 0,62

49,8 7+ 0 0,78

Pochepsky Relocated persons
Residents of conta-
minated territorirs
Permanent residents
(Clean area)

49,9 7+ 0 1.57
50,9 7+ 0 1,83

49,6 7+ 0 2,02
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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

Age 2
Hard work 20
Poor nutritions 7
Radiation effects 35
Environmental
and food pollution 8
Neurotic
environment 20
Family problems 7
Alcohol, smoking 2

Residents of
contaminated
areas

6
14
11
27

12

P
14
4

Permanent
residents

(clean area)

7
25
0
2

13

25
17
10

Table III
Public opinion on measures to improve health (proportion in % of

respondents mentioned 2-3 basic factors; Bryansk district)

Factors

Improvement of work
conditions
Increase of pensions
and salaries
Improvement of health
care
Quality improvement
of water, air and food
Cessation of alcohol
drinking, smoking
Provision of compensa-
tions and privileges
Relocation to clear
areas
Radioactivity-free food
supply

Relocated

38

23

13

5

0

0

3

13

Residents of
contaminated
areas

18

18

1

11

40

Permanent
residents
(clean area)

35

35

6

3

2

0

0

5

5

5

7

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 mSv) 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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Table IV
Level of personal anxiety (in unite) depending on age (Chelabinsk area)

All cohorts.
age

20-29
30-39
40-49
50-59
60<
All ages

Affected
group

(> 50 mSv)

47,37+0 1,1
50,17+00,7
50,1 7+00,8
53,2 7+ 0 0,9
53,8 7+ 0 0.9
51,3 7+00.4

Control
group

(<50 mSv)

46,9 7+ 0 0,7
48,0 7+ 0 0.9
49,0 7+ 0 1,0
48,6 7+ 0 1.6
50,97+0 1.2
48,2 7+ 0 0.4

Table V
Opinion on factors affecting their health
(proportion in % of respondents mentioned
2-3 basic factors; Chelabinsk district)

Factors

Age
Hard \vork
Poor nutritions
Radiation effects
Environmental and
food pollution
Neurotic environment
Family problems
Alcohol, smoking

Affected
group
(>50 mSv)

24
48
13
69

28
28
11
6

Control
group
(<50 mSv)

16
30
7

39

28
37
17
5

Table VI
Public opinion on measures to improve health (proportion in % of
respondents mentioned 2-3 basic factors; Chelabinsk district)

Factors Affected
group
(>50 mSv)

Control
group
(<50 mSv)

Improvement of work
conditions 23
Increase of pensions and
salaries 60
Improvement of health care 52
Quality improvement
of water, air and food 16
Cessation of alcohol
drinking, smoking 4
Provision of compensa-
tions and privileges 72
Relocation to clear areas 8

23

57
50

30

7

26
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 considered in all groups as the increase of salaries and
pensions and provision of better health care

Comparative studies of psychological status of population in Bryansk and Chelyabinsk districts
definitely indicate to long-term anxiety effects that practically do not depend on time after accident
These phenomena could be explained b% 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 morbidm and mortality from cardiovascular diseases in
Bryansk distnct with high incidence of hypertension and myocardial infarction, with 2-3 times
increase during first years after accidents

Similar increase of chronic morbidity from the so-called stress-dependent diseases (neurologic and
mental disorders hypertonic disease ischemic heart disease stomach and duodenal ulcer some
endocrine and other diseases) has been observed in the Chehabmsk case (Table VII) Some elation
between stress-dependent diseases frequenc\ and self-estimation of health status has been established

Table VII
Chronic diseases depending on age

(Number of persons with chronic diseases %)

All cohorts,
age

20-29
30-39
40-49
50-59
60<

Affected
group
(>50 mSv)

0* 1 2

61 11 28
50 17 33
24 36 40
11 56 33
11 62 27

Control
group
(<50 mSv)

0 1

72 16
43 23 34
29 26 45
31 46 23

3 59 38

2

12

0* - no chronic diseases
1 - chronic diseases related to stress-factor
2 - chronic diseases not related to stress-factor

CONCLUSION

No significant correlation between radiation dose and psychological tension level was found It is
suggested that the spread of psychological tension depends not on radiation factor itself, but on the
perception by population of the situation in contaminated areas after the accident The results of the
study show that mam reasons of psychological tension in residents of the contaminated areas are
relocation of population, prohibition of local food and water consumption, and other limitations,
resulting in the disturbance of usual mode of life, diet and social activity Less than 10% of all persons
examined in the Bryansk and Chelyabinsk regions agreed to move to noncontaminated 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 lived before) in contaminated areas It is
recommended to provide a timely, complete and objective information on radiation situation and
degree of nsk, and measures taken by authorities for the improvement of socio-economical conditions
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THE PSYCHOLOGICAL EFFECTS OF CHERNOBYL ON THE VICTIMS

Yu. SAENKO
Institute of Sociology, XA9745509
Kiev, Ukraine

Introduction. Social and psychological post-effects of Chernobyl disaster have
turned out one 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 one
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 carried 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
researchers 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 experience and system results.

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 contaminated 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 suffered 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 radioactively contaminated zones.

The Chemobyl disaster is the global catastrophe of XX century. The deep
bases of mankind -- spiritual, social, material -- have shuddered. Chemobyl 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 military — was that experiment at the 4th block?!

Moscow has said no word, it has taken no step to remedy post-Cheniobyl
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. Likely, 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).

350



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: 'Everything is okay, there is nothing terrible
in the Chemobyl disaster" and great mass resettlement actually and the other large-
scale acts of the Chemobyl 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 Chemobyl
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 foodstuffs, 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 Chemobyl disaster post-effects:
whatever happens with them they put down to "the Chemobyl factor".

Carrying 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 Chemobyl Atomic power Station Disaster.
The Chemobyl has marked the beginning of searching for the new post-Chemobyl
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 radioactively
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 Chemobyl 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 radioactive
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 organizations and do not trust the
authorities' structures. It is the Ministry of Affairs on Protection of the Population
from Chemobyl 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 I^aw On Status and Social Protection of
Citizens Suffered from the Chemobyl Disaster, or could say nothing of it. And only
\% 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 paternalistic 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 immaturity 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 state and orientations
(in % to the interviewed people) of

residents of the n and HI radioactively contaminated zones, resettlers and- residents of
comparatively clean zone.

June 1992. The Institute 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
22

38
10
6
2

Resettlers Clean
Zones

85
65
45
40
30
3

9

20

28
26
15

45
13
4
1

20
35
32
6
6
1

17

28

18
21
6

57
5
10
4

Self-appraisals of socio-psychological state and orientations
(in % to the interviewed people) of

residents of the I, II and £Q radioactively contaminated zones, resettlers and residents
of comparatively clean zone.

December 1995. The Institute of Sociology of
the National Academy of Sciences of Ukraine.

The number of interviewed persons is 700.

Clean
Areas

The Chernobyl disaster is
perceived as follows:

- Irreparable fatal thing came
about, we have no future

- We live, as if nothing came
about

Residing in radioactively
contaminated environment
(air, earth, water, plants)
Wishing to resettle to the other
territory of Ukraine

37

52

Resettlers II and
HI Zones
Residents

37

0.5

54

48

90

36

30km
Zone
Residents

70

98
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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 i n 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 Institute of Sociology of
the National Academy of Sciences of Ukraine.

Hie number of interviewed persons is 100.

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 radioactively 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 authorities 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 ffiARRURI,
M. VASILEVA ANGUELOVA, L. BECQUER GORDON
Hospital Pediatrico Tarara,
La Habana, Cuba XA9745510
G. AMARGOS GONZALEZ
Hospital Psiquiatrico de La Habana,
La Habana, Cuba

ESTUDIO PSICOLOGICO EN NIROS DAMNIFICADOS

DE CHERNOBIL DURANTE SU ESTANCIA EN CUBA

INTRODUCCION

El accidents de la Central Electroniclear (CEN) de Chernobil,
constituye una catastrofe por su magnitud, perdidas eco!6gicas, que
muy directamente afectaron los intereses vitales de algo mas de 4
millones de personas.

En funcion de sobreponerse a sus consecuencias- muchas veces se ha
prestado mayor atenci6n a los aspectos economicos y materiales,
olvidando su innegable naturaleza tambien psicosocial. Desde los
estudios comenzados durante los bombardeos atomicos a Hiroshima y
Nagasaki en Japon, han sido deinostradas las reacciones humanas durante
este tipo de desastres, su esencia y contradicciones (1).

El accidente de Chernobil. como cualquier desastre, pasa una serie de
estadios. Partiendo de los criterios establecidos por Cohen et. al.
(2), actualmente estamos ante la fase post-traumatica, la mas compleja
en sus aspectos psicosociales, inclusive en el caso de lograrse unas
exitosa solucion de inuchas interrogantes tecnicas y econ6micas, dado
que no todos los individuos no perciben por igual estas situaciones.

En Psicologia sa reconoce que la psiquis en todas sus manifestaciones
actua como un producto active de la interacci6n del individuo con su
medio circundante. Sin embargo, se mantiene abierta la interrogante en
relacion al rol del sujeto mismo en dicha interaccion. En tanto, de
gran interes resulta abordar la problematica de la actividad del nino,
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en particular sus posibilidades de readaptacion en condiciones
desagradables o dificiles de interacci6n con la naturaieza y el medio
social. Ejemplo vivo de ello lo constituye el accidente de la CEN de
Chernobil.

A partir de la primavera de 1990 en Cuba se ha organizado un programa
medico-sanatorial especializado, el cual ya abarca cerca de los 15000
nifios y adultos acompaflantes, todos procedentes de areas afectadas por
el accidente de Chernobil. El programa se caracteriza tanto por la
organizaci6n de una precisa atenci6n medico-especializada con el
sistema cubano del Medico de la Familia, como por la calidad en la
organizaci6n de actividades culturales-recreativas, todas basadas en
las caracteristicas psicosociales de esta poblacion damnificada.

En esta direccion fue organizado especialmente un servicio de atenci6n
psicologica, interrelacionado con todas las estructuras medicas y de
los servicios. El mismo lo integran especialistas de Psicologia
rusoparlantes y conocedores de la cultura ex-sovietica, lo cual les
permite disenar y ejecutar diferentes programas de acciones
psicosociales.

Para la eoecucion de este programa fue seleccionado el Campamento
Nacional de los Pioneros, ubicado en Tarara a orillas de las playae
del este de la Habana, centro sanatorial donde los damnificados
descansan 45 dias como promedio.

OBJETIVOS

OBJETIVO GENERAL:

Evaluar el sistema de acciones psico!6gicas a que se someten los
damnificados de Chernobil, que reciben tratamiento en Tarara, teniendo
en cuenta, tanto las variables referidas al desastre en si, como las
que dimanan de caracteristicas personales que influyen en la
adaptacion psicosocial de esta poblacidn.

OBJETIVOS ESPECIFICOS:

1.- Estimar la meooria en Salud Mental en el transcurso de la estancia
en Cuba, asi como la satisfaccion con los diversos servicios
recibidos.
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2.- Determinar algunas caracteristicas del Cuadro Interne de la
Enfermedades (CIE) en damnificados con padecimientos cronicos.

3.- Identificar y cuantificar los principales factores influyentes en
la adaptacion psicosocial de esta poblaci6n damnificada, tanto
referidas a las caracteristicas del desastre tal y como han sido
percibidas por los damnificados, como los dependientes de
caracteristicas de personalidad.

4.- Disenar y eoecutar un sistema de acciones psico!6gicas, basado en
las investigaciones realizadas al efecto, para facilitar la adaptacion
psicosocial.

En este trabajo pretendemos integrar los diferentes estudios
realizados por nuestro e<auipo de trabajo.

MATERIAL Y METODOLOGIA

Se seleccion6 una muestra de 404 nifios damnificados de Chernobil, en
edades comprendidas entre 11 y 17 anos de ambos sexos, de los cuales
140 (34.65 %) corresponden a pacientes con enfermedades cronicas
(Vitiligo, Alopecia, Psoriasis). Donde los ninos sanos se consideraran
el grupo control en relacion a los enfermos cronicos.

La investigacion se realise teniendo en cuenta las caracteristicas
biomedicas generales y especializadas agrupadas en la base de datos
computarizada Quest Tree de nuestro centro, la observaci6n clinica y
los siguientes test y cuestionarios:

1.- Cuestionarios de satisfaccion con los servicios recibidos. Se
aplican al final de la estancia en Cuba. (Variable - Satisfaccion de
los servicios).

2.- Inventario de Autoevaluacion Ansiedad Rasgo / Estado Infantil
IDAREN (STAIC) de Ch. D. Spielberger. Se aplica al principio y al
final de la estancia en Cuba. (Variable - Ansiedad).

3.- Cuestionario de Depresi6n, confeccionado sobre la base del Test de
Depi-esi6n IDERE de J. Grau y M. Martin, elaborado a los efectos de
esta investigaci6n. Se aplica al principio y al final de la estancia
en Cuba. (Variable - Depresion).

4.- Escalas de Autovaloracion de Dembo-Rubinstein. modificaci6n de T.
M. Gabriyal. (Variable - Autovaloracion).
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5.- Inventario de Personalidad de Eyzenck, modificacion del Institute
de Psicodiagnostico de Kiev, Ucrania. (Variable - Personalidad).

6.- Test de Thomas, el cual evalua las formas de reacci6n ante
situaciones de conflicto. (Variable - Afrontamiento).

7.- Cuestionarios de magnitud de las perdidas; incluye las siguientes
variables:
a) perdidas materiales,
b) perdidas en el sistema de relaciones,
c) perdidas del bienestar subjetivo.

8.- Escala de credibilidad del individuo de la magnitud de las
perdidas. (Variable - Credibilidad).

S.- Cuestionario Valoracion del individuo de la informaci6n recibida
acerca del desastre. (Variable - Grado de Informacion).

10.- Cuestionario de eventos vitales previos al desastre. (Variable -
Eventos Vitales).

11.- Cuestionario Control del destine. (Variable - Control del
Destine).

Para el analisis estadistico, toda la informaci6n fue almacenada en
una base de datos computarizada. Las correlaciones y comparaciones
fueron hechas con ayuda del software Stadgraf, tomandose un
coeficiente = 0.05, asi como su coeficiente K para comparaci6n de
parametros identicos entre dos muestras de una poblaci6n. Ee decir, a
continuacion las significaciones estadisticas las abordaremos siempre
tomando en cuenta los dos grupos de sujetos, los sanos y los enfermos
cronicos.

ANALISIS DE LOS RESULTADOS

La valoracion 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 mas marcada en los ninos con enfermedades
cronicas. Es decir, todo ello independientemente de lo novedoso de una
cultura y condiciones de vida diferentes, observandose una buena
adaptacion al medio.

359



Ello esta en igual direcci6n <aue los resultados de la evaluaci6n de
Ansiedad y Depresion

La Personalidad en formacion de estos infantes refiere en el 45.79 %
de los casos aumento de los elementos neuroticos y manifestaciones de
labilidad emocional. un 32.18 % refleoa introversi6n y el 22.03 %
extraversion

La Autovaloracion por su parte no tiene un caracter diferenciado (por
todas las escalas), ni patrones medios, lo cual indica hacia sus
inadecuaciones, donde tanto los rasgos neurotizantes, como las
inadecuaciones de la Autovaloraci6n se nianifiestan como tendencia
predommante en los enfermos cr6nicos. Ello posiblemente manifiesta la
subjetividad de la personalidad como mediador para contrarrestar las
situaciones estz^esantes y como una especie de defensa psicosocial

En esta direccion, es unportante senalar como al finalicar de la
estancia en Cuba los estilos de afrontamiento a situaciones de
conflicto y/o generadoras de estres tienden a formas mas adecuadas y
estructuradas de reaccion y manejo. Resaltando una vez mas los mayores
aprendizaoes en los enfermos cronicos.

En su conjunto todas las variables reactivas en relacifin al accidente
de Chernobil consideramos pueden ser agrupadas dentro del -conocido
sindrome de estr6s post-traumatico (5,6), pues resulta llamativo la
pobreza de la uni6n 16gica entre los objetivos y los medios para
lograr su alcance, considerandose la falta de posibilidades reales y
experiencias para la solucion de situaciones de esta Indole de
compleoidad y novedad

Por eoemplo, la preparaci6n psicosocial previa al desastre en esta
poblacion se manifiesta de forma insuficiente. En tanto, las
informaciones de caracter cientlfico acerca del accidente en la CEN de
Chernobil para estos infantes resulta poco convincente y crelble.

Igualmente encontramos como la mayoria de los ninos se consj.deran
afectados en el piano material, muy insatisfechos con los cambios
ocurridos en los sistemas de apoyo psicosocial (familia, escuela,
amigos , etc) Inclusive negativamente valoraron las repetidas
evacuaciones y sus mecanismos, la continuidad de la vida en zonas
contaminadas por radioactividad sin olvidar ni un instante sus
posibles repercuciones sobre la vida humana.
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Pudiera abordarse como con frecuencia los nifios refieren un variado
grupo de situaciones estresantes tales como: enfermedades y muerte de
seres queridos, conflictos individuales-grupales-f amilares, las
posibilidades de situaciones similares al accidente de Chernobil, etc,
donde todo ello deja sus huellas en la insuficiente preparacion para
su autoreafirmacion y analisis de la vida futura.

El caracter amplio de estas informaciones nos lleva a meditar en
relacion a todos estos parametros psicosociales, sin dejar de
considerar las emociones como reacciones organlsmicas que Juegan un
papel importante en la determinacion de la salud, ... , una exitaci6n
emocional puede producir cambios pato!6gicos en el organismo (3). En
tanto las reacciones emocionales cr6nicas pueden conducir a patologlas
cr6nicas, 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 cr6nicos, donde estas reacciones emocionales negativas
(incluyendo las consecuencias psicosociales del desastre en si)
guardan cierta interrelacion con la etiopatogenia, curso, evoluci6n y
tratamientos especializados de sus enfermedades de base, segun los
propios pacientes refieren. De ahi las alteraciones detectadas en el
cuadro interne (subjetivo) de la enfermedad. No obstante, sus mejorias
en salud mental con la estancia en Cuba, son muy superiores a ios
nifios sanos. Resultados que explicamos como posibles factores
asociados a la efectividad y satisfacci6n con los tratamientos medicos
especializados recibidos, particularmente la Histoterapia Placentaria
que reciben estos enfermos cr6nicos, segun la metodologia del
cientifico cubano Dr. Carlos Miyares Cao (11), en el Centre de
Histoterapia Placentaria de Tarara.

Las experiencias acumuladas en la atencion integral a Ics damnificadcs
de Chernobil fue aplicada con igual efectividad en la rehabilitaci6n
psicosocial de un grupo de familias radioaccidentadas brasilefias (12),
en ambos casos poblaciones damnificadas por desastres asociados a la
radioactividad.

CONCLUSIONES

1.- Presencia de valores llamativos de Ansiedad y Depresi6n, con
tendencia a disminuir al finalizar la estancia en Cuba.

2.- Alteraciones en la personalidad en formacion con predominio de
rasgos neurotizantes, inadecuada autovaloracion u insuficiencias de
afrontamiento.
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3.- Vivencias de perdidas significativas, destacandose las propias del
sistema de relaciones sociales.

4.- Percepcion en grado significative de etiquetamiento y
estigmatizacion por el desastre.

5.- Tendencia a sobrevaloracion de los efectos reales de la
contaminacion radioactiva sobre la salud, hasta considerarla causa
generadora de enfermedades.

6.- Impresionan insuficientes la preparacion psicologica previa de la
poblacion y la informaci6n recibida en relaci6n al desastre.

7.- El cuadro interne (subjetivo) de la enfermedad manifiesta
inadecuaciones en relacion a las realidades de cada patologia, dado
las notables Lnfluencias que tienen las valoraciones cognitivas y
psicosomatizaciones detectadas.

8.- Superiores en los enfermos cronicos los matices negatives
relatives al desastre y las meoorlas de salud alcanzadas durante la
estancia en Cuba.

9.- La situacion social de esta poblaci6n actua sobre el desarrollo de
la Personalidad Infantil en formacion como un conjunto de situaciones
estresantes.

10.- Tendencia hacia la deformaci6n del Cuadro Vital del adolescente
actual y future.

11.- El desastre de Chernobil en general se considera una situaci&n
extrema, novedosa y compleoa por sus repercusiones.

12.- Valoraci6n positiva de la estancia en Cuba, resaltando la
satisfaccion con los servicios m6dico-especializados recibidos.

13.- Finalmente, la constatacion de mejoras en la salud (de la mental
en lo particular) durante la estancia en Cuba, nos inclina a evaluar
el sistema de acciones psico!6gicas-medico-especializadas como propias
de una favorable readaptacion psicosocial para una poblacion
dainnificada por desastre.
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