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Abstract

The population of the Southern Ural region resident close enough to the munitions industry complex of
Plutonium production (Industrial Association “Mayak”) was exposed to chronic radiation impact. The irradia-
tion of 7.5 thousand people took place following radioactive wastes released into the river Techa between
1950-1956. Internal irradiation from the incorporated long-living radionuclides is still present. The dose
reconstruction was carried out in the Biophysics Laboratory of Ural Scientific-Practical Centre for Radiation
Medicine (USPCRM). The Register on irradiated persons was founded in 1969 in USPCRM and is still under
identification and addition with the irradiated persons’ descendants. The remote stochastic effects’ analysis
results led to conclusions concerning leukaemia and some forms of solid cancers increased risk presence among
the Techa cohort irradiated persons. The lower risk value in the river Techa cohort compared to atomic bomb-
ing survivors is probably the result of chronic exposure in low dose levels. Absolute risk concerning solid
cancers for the river Techa cohort members is entirely comparable to analogous values for the atomic bombing
survivors. The studies of remote cancerogenesis effects in exposed persons from the river Techa cohorts are
continued now on the extended register background with more precise dose estimations. The studies are held
within collaborative programs with USA National Institute of Cancer.

Keywords: Southern Ural, Industrial Association “Mayak”, radioactive releases, dose reconstruction, leukaemia,

solid tumours, radiation risk.

INTRODUCTION

Risk values are fundamental in decision-making
in radiation safety. The estimations of irradia-
tion consequences are based not upon the dose
levels but risk values for remote consequences
(ICRP Publication 60). The “Radiation Risk” con-
cept came to life in 1976 when the radiation ex-
posure effects were divided between the deter-
ministic (threshold-dependent) and probability-
related (stochastic — non-threshold) ones (ICRP
Publication 26). The dose value (threshold) un-
der which the deterministic effect is not ex-
pressed was used for radiation protection pur-
poses. For the non-threshold radiation impact
value designation the term “risk” was introduced.
The “risk” term is used in the majority of publi-
cations as the quantitative estimation value of ra-
diation exposure cancer and genetic effects’ ini-

BBEJJEHUE

OCHOBOY ISl TPUHATHS PEIICHUH 10 PAJAHUAIMOHHOM O€3-
OTACHOCTH SIBJISIIOTCSI BEIMYUHBI pHUCKa. OIIEHKH BO3-
MOXKHBIX IIOCJIE/ICTBUM OOIyYCHUSA OA3UPYIOTCA HE HA
YPOBHSIX JIO3, 4 HA BEJIMYMHAX PUCKA PA3BUTUSA OT/IAJICH-
ubix nocsieacTeuit (ICRP Publication 60). [ToHsiTrE “pajii-
AIMOHHBIN PUCK” TOJIyYHIIO PACIIPOCTPaHEeHUE ¢ 1976,
KOIZIa CTaJIM PA3JIMYATh AETEPMUHHUCTCKUE (TIOPOTO-
BBIC) U BEPOSITHOCTHBIE, CTOXACTHYCCKUE (6ECTTIOPOTOBBIC)
addexrsr 06myaenwst (ICRP Publication 26). st 3aaa4 pa-
JUAITMOHHON 3aIUTHI CTATH HUCIIOIb30BATh BEIUYUHY
J103bl (TIOopor, threshold), Hike KOTOPOH IETEPMUHHCT-
CKU a(PPeKT HE NPOABIETCS. [11s1 0003HAUECHUS KOJIU-
YEeCTBEHHON BEJIMYMHBI “Bpe/ia” 6ECTIOPOTrOBOIO Pajiia-
ITMOHHOTO BO3/ICHICTBHUS OBLI BBEJECH TEPMUH “PUCK”.
B 60nbmMHCTBE TYOIHUKAIINNT 3TOT TEPMUH UCIIOIB3YIOT
KaK KOJIMYECTBEHHYIO OIICHKY BEPOSTHOCTH ITPOSIBJICHUS
KAaHI[EPOT'€HHBIX U TEHETUYECKUX 3(D(PEKTOB OOITyIEHUSL.
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tiation probability. The value of cancer and ge-
netic effects is based itself only on the epidemio-
logical studies data received from the survey of
persons exposed to acute radiation impact after
A-bombing of Hiroshima and Nagasaki. The ex-
perimental studies results give basis to assume
that chronic radiation exposure leads to other
risk values different from those in acute irradia-
tion. In the ICRP Publication 60 the term of ”dose
and dose rate effectiveness factor (DDREF) was
applied to low radiation exposure levels to des-
ignate the parameter for effect value division in
case of chronic irradiation compared to the one
under acute radiation impact. Given risk values
uncertainties are related to the uncertainties (in-
accuracy) of dose estimations, approximateness
of applied models, inaccuracy of our data con-
cerning the terms of effects becoming apparent
and many other issues.

The uniqueness of situation around the Industrial
Association (IA) “Mayak” is characterised by
irradiation of the relatively wide population
groups in doses considered low and intermediate
level. The named population study could give new
data on risk values under the chronic impact of
ionising radiation. Moreover the real estimation
of radiation effects in the exposed population
based on results of the 40 year-long survey can be
useful for remote consequences’ prognostication
in Chernobyl nuclear power plant (ChNPP) acci-
dent survivors.

IRRADIATION LEVELS
AND DOSE VALUES

The release of radioactive materials from the IA “May-
ak” was the source of population radiation exposure
in Southern Ural. The IA “Mayak” is the first and most
important munitions radiochemistry complex in Rus-
sialocated 100 km from Chelyabinsk. The first nuclear
reactor was put into operation there in June and the
radiochemistry factory for Plutonium separation — in
December 1948 (Akleyev AV, Lyubchansky ER., 1994;
CochranTB.etal, 1994).During the first years after the
nuclear plant launch liquid radioactive wastes were re-
leased directly into the river Techa. From mid 1949 till
1956 nearly 76 mln m?of radioactive water with total
activity of 107 Bq (2.75 MCi) were released (Degte-
va M.O. etal, 1994). Approximately 95% of total activ-
ity entered the river Techa between March 1950 and
November 1951.Radioinuclide content of the released
waterwas the following:Sr — 8.8%,”Sr — 11.6%,137Cs —
12.2%, rare-earth metals — 26.8%,% Zr and”Nb — 13.6%,
ruthenium isotopes — 25.9%. No evidence for pluto-
nium and iodine presence in releases was revealed.

The 26 thousand residents from 39 villages located
along the river Techa banks received the highest ex-
posure levels. The river water was used for drink-
ing, cooking and other household needs. During the

CaMma BeJINYMHA KAHIIEPOI'€HHBIX U TEHETHYECKUX (PP EK-
TOB OCHOBAH4 HA JJAHHBIX JIMIIb OJJHOT'O SITUIEMHUOJIOTU-
YECKOI'O UCCIIEA0OBAHMSA, A UMEHHO, HAOIIOIEHSA 3 JINIIA-
MM, TIOJIBEPTIINMUCS OCTPOMY OOIYIEHHIO BCIIE/ICTBUE
ATOMHOH 60MOapAUPOBKH XHUPOCUMBI U Haracaku. Pe-
3YJIBTAThI SKCIIEPUMEHTAIBHBIX UCCIICJOBAHUI JAIOT OC-
HOBAHUE MIPE/IIONIAraTh, YTO IIPU XPOHUUECKOM U OCT-
POM OOIIYYEHNU BEJIMYHUHBI PUCKA HE OJUHAKOBLL B ICRP
Publication 60 UCIONB30BAH TEPMUH “KOIDDUITUCHT
BJIMSTHUSI MOIITHOCTH 7103b1” (dose and dose rate effectiv-
ness factor, DDREF) B OTHOIIIEHWMN HU3KUX YPOBHEN 00-
JIy9€HUA JIJI1 OOO3HAYEHHSA BEJIMYMHBI, HA KOTOPYIO MO-
SKET OBITh YMEHBIIICH 3(P(EKT IIPH XPOHUUECKOM OOJTyde-
HUU IO CPABHEHHIO C 3(PPEKTOM OCTPOro OOIydEeHUs.
HeonpezneneHHOCTb TPUBOAMMBIX BEJIMYUH PUCKA CBA34-
Ha C HEOTIPEJEIIEHHOCTBIO (HETOYHOCTDIO) OLICHOK /103,
NPUOIU3UTEIBHOCTBIO HCIIOIB3YEMBIX MOJICIICH IS J10-
30BBIX 3aBUCHMOCTEN, HETOYHOCTBIO HAIINX 3HAHUI O
CpOKax NposBIeHU 3(P(MEKTOB U JIP.

YHUKAJIBbHOCTb CUTYALIUH, CJIO>KUBIIEHCS BOIM3U [ Tpons-
BOJ/ICTBEHHOI'O 06beuHeHuA (I10) “Mask”, B TOM, 4TO
ObLIN OOJIy4EHBI CPABHUTEJIBHO OOJIBIINE I'PYIIIIbI HACE-
JICHUSI B 034X, OTHECEHHBIX K MAJIBIM U CPEJIHUM YPOB-
HaM. MgyueHure nocyieiCTBUNA TAKOI'O BO3ACHCTBUA CIIO-
COOCTBOBAIO OBl PACIIMPEHUIO 3HAHUH O BEJIMYUHAX PUC-
Ka IIPU XPOHUYECKOM OOIydeHUH. KpoMe Toro, peanbHas
OLICHKA PAIUALIMOHHBIX 3(PPEKTOB HA OCHOBAHUU 40-J1€T-
HHUX HAOIIOICHUN 32 OOIy4EHHBIM HACEJICHUEM MOXKET
OBITB ITOJIE3HOI IS IPOIHO3UPOBAHUSA OTAAICHHBIX I10-
CJICACTBUI Y ITIOCTPAJABIINX BCJICACTBHE YepPHOOBUILCKON
aBaApUH.

YCOIOBHA OBJIYIEHHA
HNYPOBHH 103

HcTouyHUKOM O6syuyeHus HaceneHus KOxuoro Ypana
SIBUJIMCBH BBIOPOCH! PAAUOAKTUBHBIX MaTepHUanos 1O
“MasiK” — NeEPBOTO U HAUOOJIEE BAJKHOTI'O BOEHHOT'O Pa-
JHUOXHMMHNYECKOI'O KOMIUIEKCA B Poccuu. OH pacroJio-
skeH B 100 kM OT YenabuHCKa. [TIepBbI AaTOMHBIN PEAK-
TOP NYIIEH HA HEM B CTPOI B HIOJIE, 4 PAAUOXHUMUYEC-
KHUU 33aBOJ| IO PA3JAEIEHUIO IIyTOHUSA — B JieKabpe
1948 1. (Akleyev AV, Lyubchansky E.R., 1994; Coch-
ran T.B. et al,, 1994). B nepBbie rojibl paJUOAKTUBHBIC
BO/1bI COPACHIBAIIN HEITOCPELCTBECHHO B p. Teua — ¢ ce-
peantbl 1949 10 1956 1. —OKOI0 76 MITH M? paITHOAK-
THUBHBIX BOJ| OO1IE aKTUBHOCTBIO 10! BK (2,75 MKn)
(Degteva M.O. et al., 1994). OkoJio 95% ob61iert aKTHUB-
HOCTH nonao B p. Teuy c mapra 1950 go HOs6pa 1951 1.
PalMOHYKIUIHBIN COCTAB COPACBIBAEMBIX BO/JI ObLI
creayomuM: #Sr — 8,8%; %°Sr — 11,6%; 137Cs — 12,2%,
HM30TOTIBI PEIKO3EMETBHBIX IEMEHTOB — 26,8%,%°Z1 1
SNb — 13,6%, ©U30TOIBI pyTECHUST — 25,9%. YKA3aHUH O
HAJIMYUU B COCTABE COPOCOB IIYTOHUSA U HOJ1a HE 00-
HAPYKIIH.

Hau6osnbImme 10361 OOIYICHIST TOIYIIIN 26 THIC. JKUTE-
JIent 39 1epeBEHbD, PACIIOIOKEHHBIX 110 6eperam p. Teua.
Peunyio BOly OHU MCHOJIb30BAIH JIA THUThs, IIPUTOTOB-
JIEHUA ITUIIU U IPYTUX XO3AUCTBEHHDBIX HYX/I. B iepuos
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period 1953-1960 residents of 20 villages (7.5 thou-
sand persons) were resettled.

The tasks of irradiation doses reconstruction are
being solved by the staff members of the Biophys-
ics laboratory of Ural Scientific-Practical Centre for
Radiation Medicine (USPCRM) (Head Laboratory
M.O.Degteva). The external irradiation doses in res-
idents from different villages located along the river
Techa banks are based upon the background y-level
measurement in a) water-level; b) separate points
in villages territory; ¢) inside buildings. The aver-
age doses of external irradiation were reconstruct-
ed on that measurement basis (Degteva T.B. et al,,
1994). The main quota in internal dose formation
was radioactive ?°Sr accumulated in bone. Besides
the °°Sr and #Sr radionuclides with affinity to the
bone tissue, the evenly distributed '*’Cs had an im-
portant role in dose formation. Internal irradia-
tion dose reconstruction is based upon live mea-
surement of *°Sr content in tooth tissue and the
whole body by means of human irradiation counter
(HIC) (Kozheurov V.P, 1994). On the basis of these
measurements among the 14 thousand irradiated
persons with a worked-out age-dependent model
of strontium metabolism the average doses of in-
ternal irradiation were calculated for separate age
groups in separate villages. The highest dose rates
were registered within the first years after the initi-
ation of radiation exposure and 80—-90% of all the
internal absorbed dose was accumulated during the
first 10 years. The highest dose values were distrib-
uted among bones surfaces and the red bone mar-
row. The maximal value of individual absorbed
doses constituted 3—4 Gy.

EPIDEMIOLOGICAL STUDIES
ORGANISATION

Information preparation within four main direc-
tions was necessary for the exposed persons’ long-
term survey and epidemiological studies organisa-
tion:

— creation of register of the irradiated persons and
maintainance for many years;

— choice of control;

— gaining information concerning radiation expo-
sure consequences (about cancer cases and oncol-
ogy diagnosis verification in particular);

— choice of statistical analysis method.

Register of irradiated population

Neither the population of the villages along the
river banks, nor local authority and public health
protection bodies were informed about radioac-
tive waste release in the river Techa. The radiation
situation examination in river Techa was held for
the first time in 1951 i.e. nearly two years after the

1953—1960 rr. )xurenun 20 aepeseHsb (7,5 THIC. YCTOBEK)
OBbUIN OTCEJIEHDL

3a7a4H IO PEKOHCTPYKIINHU JO3 OOIydEHUA PEMAIOT CO-
TPYJAHUKH OMO(PUIUIECKOT TA6OPATOPUN YPATIBCKOTI'O
HAyYHO-TIPAKTUYECKOT'O [IEHTPA PAJAUAITMOHHOU METU-
nuHsl (YHIILIPM) (pykoBoguTens naboparopun M.O. [ler-
TeBA). OLIEHKA 103 BHEITHET'O OOIYYEHUSA JKUTEJIE Pa3-
JIMYHBIX JIEPEBEHD BJIOJIb P. Teya 6a3upyeTcs Ha U3MepPe-
HHU YyPOBHS Y-POHA: 1) B MECTE ype3a BOJbL; 6) B
OTJIEJIbHBIX YYACTKAX HA TEPPUTOPHH IEPEBEHD; B) BHYT-
py JOMOB. Ha OCHOBAaHHM 3THUX U3MEPEHUI ObLIN peE-
KOHCTPYUPOBAHBI CPEJTHUE O3Bl BHEIMTHETO OOTyYEHUSA
(Degteva T.B. et al., 1994). OCHOBHOI BKJIa/i B (DOPMHU-
POBaHHE JO3bI BHYTPEHHET'O OOTYIECHHSI BHEC PAAHOAK-
THUBHBIH “St, IENOHUPOBAHHBII B KOCTAX. Kpome ocTeo-
TPOIHBIX PAJUOHYKINAOB “°Sr 1 89Sr, CylecTBEHHOE
3HAaYEHHE B (POPMHUPOBAHUH /103l UMEJI PABHOMEPHO
pacnpeaensomuiicsa ¥’Cs. PEKOHCTPYKIIUSA O3 BHYT-
PEHHETO OOJIYIEHUS OA3UPYETCS HA IPYKU3HEHHOM H3-
MEPEHUHU COJIEPKAHMA *°St B 3y6aX U BO BCEM TEJIE C I1O-
MOIIBIO CYETYHKA U3IydeHUud yenoseka (CHUY) (Koz-
heurov V.P, 1994). Ha OCHOBAHHUM PEIYJIBTATOB 3TUX
U3MEPEHUN Y C IPUMEHEHUEM Pa3pabOTAHHOI BO3PACT-
HOU MO/ META00au3Ma CTPOHIUA Y 14 ThIC. 0O-
JIY4EHHBIX PACCYHUTAHBI CPESHUE TO3bI BHYTPEHHETO O0-
JIy4EHUSA XKUTEJIEN OTAEIBbHBIX BO3PACTHBIX I'PYIII B OT-
JIENIbHBIX IePEeBHAX. HanbobIme MOITHOCTH JO3bI ObUIH
B IIEPBBIE T'OJBI ITOCIE HAYaIa Obydenus, a 80—-90%
OTJIONIECHHOM JO3bl OT BHYTPEHHET'O OOJIy4EHUs OBLIO
AKKYMYJIMPOBAHO B TeueHUe NepBbIX 10 s1eT. Camble 60JIb-
M€ JJO3bI ObUIN C(POPMUPOBAHBI HA KOCTHOI IHOBEPX-
HOCTHU M KJIETKAX KPACHOI'O KOCTHOT'O MO3ra. Makcu-
MaJIbHBIA YPOBEHD MHUBH/YAJIbHBIX ITOTJIOMEHHBIX 103
cocrasuin 3—4TI'p.

OPTAHM3AIIUA SITMIEMHUOJIOIMYECKHUX
HUCCIEJOBAHUM

JIJ1s1 IPOBEICHUS JOATOCPOYHOI'O HAOIIOICHUS 33 OOJIy-
YEHHBIMU JIMIIAMH U OPTAHU3AIIH SIHICMUOIOTTYIEC-
KUX UCCIEOBAHNE HEOOXOAMMA IMTOATOTOBKA UH(POpMA-
1Y TIO YETHIPEM OCHOBHBIM HAITPABICHUSIM:

— CO3/JAHNC U TTOCTOAHHOC JOTIOJITHCHUEC PCTUCTPA O6JIY-
YCHHDIX JIHII;

— BBIOOP KOHTPOJLS;

— c60p UHPOPMAITHIU O TTOCIIEACTBHAX OOIyIEHUS (B YACT-
HOCTH, O Pa3BUTHHU PAKA U BEPUPHUKAITNU OHKOJIOTHYIEC-
KUX JIUATHO30B);

— BI)I60p MCTOJA CTATUCTHUYCCKOI'O AHAJIM34.

PerucTp oGJIy4eHHOT'O HACETEHHUS

Hu naceneHue NpubpeKHBbIX CEJI, HU OPIaHbI MECTHOU
BJIACTH 1 3[IPABOOXPAHEHUS HE OBUIU NTH(POPMHUPOBAHBI
0 COpPOCE PAIMOAKTUBHBIX OTXO/IOB B p. Teua. Miccneno-
BAHME PA/IUAITMOHHON OOCTAHOBKU Ha P. Teua 66110 Briep-
BBIC IIPOBE/ICHO CITYCTSI IOYTH /IBA I'O/Id OT HAYAIA €€ 32-
rpsa3HeHus — B 1951 1. Torya 6pu11 Ha4aThl ¥ [IEPBBIC Me-
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contamination began. The first health studies of
the exposed population were started then too. Two
specialised health protection institutions (“dispen-
saries”) were initiated in the same period. They start-
ed to create the Register of irradiated population
still later — in 1967. There was no passport system
for rural population at that time and this is why
the following information sources were used for
Register formation: economy and taxation papers
in village councils, medical documentation in ex-
amined irradiated persons, data of population cen-
sus within homes serial visits. Register complete-
ness was verified with resettled irradiated residents’
personal records that were kept in archives of A
“Mayak” and declassified in 1991.

At present the General Register of USPCRM con-
tains personalised data on 98 thousand of the popu-
lation. The number irradiated within the territory
of the Eastern-Ural radioactive fallout (Kyshtym
accident of 1957) is 31 thousand persons. The ma-
jor portion of Register is the population resident
along the river Techa banks: 26,000 (32%) — irradi-
ated persons, 3,000 people — exposed to ionising
radiation impact within prenatal period, 26,000 —
descendants of exposed parents. Persons who ar-
rived in villages along the river Techa banks when
the radiation situation there had improved sub-
stantially are also included in the Register. These
12,000 (12.4%) can be the group of internal control.
The population exposed to radiation after radio-
active contamination of the river Techa was resi-
dentinsettlements alongits banks which belonged
to the two administrative rural regions of Chelyab-
insk province and two regions of Kurgan province.
These persons are of all ages and two ethnic groups:
Russians, Tatars and Bashkirs. The Tatar and Bashkir
population constitutes 24% of all exposed persons.

The life status survey for decades since the irradiation
initiation moment among the persons included in
the Register was the most complicated task. The
forced migration (resettlement) and then the free one
extremely complicated the survey of population. A
special working group has been created in USPCRM
(headed by N.V.Stsrtsev) for the Register support. Reg-
ister replenishment and renovation is the purpose of
the Group activity through new data inclusion con-
cerning children newly born in the exposed parents,
maiden name changes in married women, new ad-
dresses after migration etc. Various information
sources are used for Register support: official registra-
tion notes of children’s births and cases of death in
civilian registrar’s office archives, responses to requests
to the Address Bureau concerning the irradiated per-
sons present residence places, rural population regis-
tration books, interviewing the persons admitted for
examination to the USPCRM about the life status of
their exposed relatives. Thus the renewed data after
verification are included in the computer Register.
The cohort of river Techa status for the 1994 period
was the following: 9,500 persons are alive and under

JULIMHCKHE OOCIEA0BAHNS OOYYEHHOI'O HACEIeHMsL. JIBa
MEJIULIMHCKUX JUCTIAHCEPA I OKA3AHUSA CIIEUAIN3H-
POBAHHOI IOMOLIY OOJYy4EHHbBIM HAYAIN (DYHKIIMOHU-
poBaTh B riepros 1954—1956 rr. Peructp oGIyIeHHOTO
HACEJIEeHMs HAYIU CO3ABATh e Io3xe — B 1967 1. Ceb-
CKOE HACEJICHUE B T€ I'O/IbI HE OBIJIO MACIIOPTU3UPOBAHO U
HO3TOMY JUIs1 (POPMHPOBAHUS PETUCTPA UCIOJIB30BAIN
CJIEYIOIINE UCTOYHUKH HH(POPMAITUH: TOXO3SUCTBEH-
HBIE WIN HAJIOTOBBIE KHUT'H CEJTBCKUX COBETOB, ME/TUIIH-
CKME JJOKYMEHTBI OOCIEJOBAHNS OOIYYEHHBIX JIULI, JTAH-
HBIE TIEPENTUCHU HACEJIIEHHU IPU MTOJBOPHBIX OOXOAAX.
[TomHOTAa PErUCTPa OBUIA BBIBEPEHA T10 IIEPCOHATIBHOMY
CIIUCKY IIEPECENCHHBIX OOJYYEHHBIX JKUTEJICH, KOTOPBII
XpaHwics B apxuBax [10 “Mask” 1 661 PACCEKPEYEH B

19911

B macrosamee Bpems reuepanbHbli peructp YHITIPM
COZIEPKUT IEPCOHATININPOBAHHBIE TAHHBIE HA 98 ThHIC.
4esoBeK. YUcCI0 061y4EHHBIX HA TEPPUTOPHUH BocTou-
HO-YPaJIbCKOI'O PAAUOAKTUBHOTO ciena (Kplmruimc-
Kag aBapud 1957 1) coctaBuiio 31 TeIC. yenoBek. Han-
60/blIas 4aCTh JAHHBIX PETUCTPA KACAETCS IPO-
JKMBABIINUX 1O 6eperam p. Teua: 26 ToIC.(32%) —
OGIy4EHHBIE JINU11A; 3 THIC. — MOJBEPITIHEC BO3/IEH-
CTBUIO MOHU3UPYIOMNX HU3JIYICHUN B IEPUOJ] BHYT-
pPUYTPOGHOTO Pa3BUTHs, 26 THIC. — IOTOMCTBO O0JTY-
YEHHBIX. B PETUCTP BKIIOYEHBI TAKXKE JINIA, IPUEXAB-
muye B cena no p. Tedya B mepuoj, 3HAYUTEIbHOTO
YAYYIIECHUS PAJIHAIUMOHHON OOCTAHOBKU. DTHU 12 THIC.
(12,4%) 4esloBEK MOTI'YT IIPEACTABIATH IPYIIIy BHYT-
peHHero Koutpond. Hacenenune, 06ydeHHOE BCIIE -
CTBHE PAUAITMOHHOTO 3arpsi3HEHUA p. Teya, IpOoKU-
B4JIO B HACEJIEHHBIX ITYHKTAX 10O €€ O€peram JByX afi-
MUHHCTPATUBHBIX CEJIbCKUX PaiOHAX YenaO0MHCKON
U JBYX parioHax Kypranckom o61acTu. DTO 1M1 BCeX
BO3PACTOB M [IBYX 9THHUYECKUX I'DYIIL PYCCKUE; Ta-
TApbl U OAMKUPLL; 24% OT 4HUCJIA BCEX OOJIYIEHHBIX
JIMI] — TATaPbl U GAIIKUPBL.

Hawnbomnee CJI0KHO NPOCAENUTD NAJIbHEUITYIO CYAb-
Oy JIULL, BKIIIOYEHHBIX B PETUCTP, HA IPOTIKEHUU JI€-
CSITKOB JIET ITOCJIE HAYaJId OOJIyd€HUs. BIHY K eHHAA
(TIepeceneHue), a4 3aTeM U CBOOOIHASI AKTUBHAS MUT-
panusa KpauHe 3aTPYAHWIN PEHICHUE 3TOU 3a4a4H.
B nacroamee spema B YHIILIPM co3zmana cnenuaib-
Hag rpynna (1moj pykosoacrsom H.B. Crapuesa) s
NOAAEPKAHUA PETUCTPA. B ee PyHKIIMU BXOJAT I10-
IIOJIHEHHE U OOHOBJIEHUE PETUCTPA 34 CUET JJAHHBIX
O BHOBb POJUBIINXCS Y OOJIyUEHHBIX POJUTEIICH /1€~
TAX, HepeMeHe GaMUINNA KEHIIUH [TOCJIE 3aMYyXKe-
CTB4, 4PECOB IIPU MUT'PALIUU U AD. LI moaaepxa-
HHS PETUCTPA UCIIONb3YIOT PA3HbIC UCTOYHUKU UH-
(popMaIUU: AKTOBBIE 3AIIUCHU O POXKACHUU JI€TEU U
cmepTu U3 apxuBOB 3AI'COB, OTBETHI HA 3aIIPOCHI B
aIPECHBIE OIOPO O HACTOAIIEM MECTE MPOKHUBAHUSA
OOJIy4EHHBIX JIMII, KHUTH PETUCTPALIUU CEIBCKUX
JKHUTEJIEN, ONIPOC JIUL, MOCTYITUBIIUX HA OOCIEN0BA-
Hue B YHIILIPM, o cyip6e nX OOIYy4EHHBIX POJICTBEH-
HMKOB. [JaHHBIE ITOCJIE IIPOBEPKH BHOCAT B KOMIIBIO-
TEPHBIA peructp. ITo cocrosuuio Ha 1994 r. u3 Ko-
rOPTHL HIPOXUBABIINUX B parioHe p. Teua >XUBBI U
HAXOJATCSI MOJ HabGMIOgeHUEM 9,5 THIC. UEJIOBEK;
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survey, 11,300 died during the 45-year period since
irradiation initiation, 5,100 (20%) have been with-
drawn from the Register in various terms between
1951-1994 and their life status is unknown.

Choice of control

Different control groups were used at various stag-
es of the research. For radiation effects analysis of
the 33 year period of survey results the population
groups not exposed to radiation but resident in the
same administrative regions with the population of
villages on the river Techa banks were taken up hav-
ing a similar age structure — the so-called Regional
control. Three of such control groups were formed
with each one close enough with non-radiation
parameters (in particular the ethnic one) to one or
another group of survivors. Later the calculation of
mortality values and cancer risk was held with the
so-called Register control application. It is repre-
sented by the group of persons who have arrived in
the villages located along the river Techa banks dut-
ing the period of radiation situation substantial im-
provement and respectively not exposed to radia-
tion. The Register control inclusion to the studied
cohort enabled us to increase its amount up to
33,000 persons.

Gaining information about cancer incidence

Because of the impossibility of revealing the life situa-
tion of exposed persons who have migrated within
all the territory of the former USSR, the territory part
was chosen to carry out the study task. Within that
territory for the whole period of survey residence of
exposed persons was monitored, all cases of death were
fixed aswere cases of cancer. That territory was named
as the surveyed zone and consisted of the five admin-
istrative regions of Chelyabinsk province and two re-
gions — of the Kurgan province. The river Techa flows
through that territory with the villages where the ex-
posed population was resettled. The total amount of
population there is approximately 230,000 persons
(nearly 20%irradiated). The certificates of death of per-
sons resident in the surveyed territory for the 1950—
1994 period were copied from provincial archives of
the civilian registrar’s offices. The copies are now kept
in the archive of USPCRM. The file on cases of death
was formed in the computer base of medical and do-
simetry data of USPCRM, which contains 86,000
recordsondeathin total. On the basis of key data (fam-
ily name, first name, date of birth) the information
from certificates of death is cross referenced with the
Register of irradiated persons and the documents con-
cerning deaths of persons from river Techa cohort are
chosen. Then the main cause of death is coded accord-
ing to the ICD IX. At present the certificates of death
are present for 9,183 irradiated persons from the river
‘Techa Register, 1,377 of them died from cancer.

An analogous work is being carried out for can-
cer incidence files formation. Two information
sources are mainly used: a) notification of the pri-

11,3 TBIC. — YMEPJIMU HA NPOTAKEHNUU 45 JIET ITOCIIE
Havdayga obnydyenus; 5,1 TeiC. (20%) — BBIOBLIN U3-
noJ HaomoaeHus ¢ 1951 o 1994 1., cyapb6a ux He-
U3BECTHA.

BBIOOD KOHTPOJIBHBIX I'PYIIIT

Ha pa3HbIX 9Tanax uCCJIeJOBAHUN UCIIOIb30BAIH PA3-
JIMYHBIE KOHTPOJIbHBIE I'PDYIHIIBLL [IpU aHAIN3E pajgua-
LUOHHBIX 3(P(PEKTOB 32 33 roja HAOJIOJCHUs B Kade-
CTBE€ KOHTPOJIBHBIX PACCMATPUBAJIN I'PYIIIIBEI HACEJIC-
HUSsI, HE TOJIBEPTUIEIOCs OOJIIYIEHUIO, HO ITPOXKUBAIO-
LIEr0 B TEX K€ aJMUHHUCTPATUBHBIX PAMOHAX, YTO U
JKUTEINU NIPUOPEKHBIX CEJI, TOTO KE BO3PACTA, YTO U
O6YJIEHHBIE — TAK HA3BIBAEMBIA PErMOHAJIbHBIN KOH-
TPOJIb. BBUIO C(POPMHUPOBAHO TPU KOHTPOJIbHBIX I'PYTI-
MBI, CONMMOCTABHUMBIX 10 HEPAJIHUALIUOHHBIM (DAKTOPAM
(B4YaCTHOCTH, IO ITHUYECKUM) C TOU MJIU UHOU I'PYII-
0¥ OOJIY4EHHOI'O HaceneHUs. [To3Ke ypOBEHb CMEPT-
HOCTU U BEJIUYMHY OHKOJIOT'MYECKOI'O PHCKA OIpe-
JEJISIZIL METOJIOM TAK HA3bIBAEMOI'O PETUCTPOBOI'O
KOHTPOJI. ICIIONb30BAJIN JAHHBIE O I'PYILIIE JIMILL, KO-
TOPBbIE IPUEXAIU B ceJia IO p. Teya B IEpHUO/]] 3HAYUU-
TEJIBHOTO YJIYYIICHUS PAAUAIIMOHHON OOCTAHOBKY, U
MPAKTUYECKU HE TTO/IBEPIINCH OOJIYyIE€HHUIO. [Tpu 3TOM
YHCJIEHHOCTb U3y4a€MOM KOI'OPThI YBEJINYUIIACH JO
33 TBIC. YEJIOBEK.

Coop uH(dOPMAITHH 0 3200 I€BA€MOCTH PAKOM

B CBSI3M C TEM, UTO BBISICHUTB Cy/IbOY OOYIEHHBIX JIUII,
MHTI'PHUPOBABIIUX 1O BCEN TEPPUTOPHUHU ObIBIIETO CCCP,
HEPEAIBHO, 6bLIA BBIOPAHA TEPPUTOPUS, I7IE B TEUEHHE
BCETO MEPHOAA HAOMOAEHUA (PUKCUPOBAIN IPOKUBA-
HHE IMOJBEPTUINXCA BO3JAENUCTBUIO MOHU3UPYIOMNX
U3IYYEHHH JIULL, BCE CJIy9aU CMEPTU U BOSHUKHOBEHHUA
paxka. Takas TeppuTOpPHS ITOJYYNId HA3BAHHE HAOIIIO-
J1A€EMOM 30HBI U COCTOUT U3 NATH AIMUHUCTPATUBHBIX
parioHoB Yens16MHCKON U JByX — Kypranckon obnac-
TH. IT0o 3TOM TEppUTOPUH TPOTEKAET p. Teua, 371eCh Ha-
XOMSITCS CENA, Ky/lda KOMITAKTHO IIEPECEISIN OOTyIEH-
HOe€ HacesieHne. O01mas YMCJIEHHOCTb HACEJIEHHUS CO-
CTaBJISAET OKOJIO 230 TBIC. YEJIOBEK, U3 HUX OOJIYUECH-
HbIE — OKOJIO 20%. B 065macTHbIX apxrBax SATCOB BbIKO-
MU POBAHBI AKTBI O CMEPTH JIUL], IPOKUBABIINX B 3TOM
pernone B 1950—1994 rr. AKTbI Ha 6YMaKHBIX HOCUTE-
JIAX XpaHarca B apxuse YHIIIIPM. B KOMIIbBIOTEPHOM
0a3e MEAUIMHCKUX U JO3UMETPUUYECKUX JAHHBIX
VHIILPM copMupoBaH (paina o caydasix CMEPTH, B
IIEJIOM COZIEpIKAIUtt 86 THIC. 3annceit. Ha OCHOBaHUM
KJIIOYEBBIX JAHHBIX ((PaMMINS, UM, AATA POXKICHUSA)
UHGOPMAIHIO B AKTAX COCHOCTABJISIOT C PETUCTPOM
OOGJIYIEHHBIX U BBIOUPAIOT JOKYMEHTBI O CMEPTHU JIUL]
KOTOPTHI p. Teua. 3aTeM OCHOBHYIO IPUYUHY CMEPTU
KOJHMPYIOT COIVIACHO MEXyHAPOIHOM KIACCU(DUKALUN
OOJIE3HEN U IPUYUH CMEPTU 9-r0 mepecMmoTpa. B Ha-
CTOSAIIEE BPEMS UMEIOTCS CEPTU(PUKATBL O CMEPTU 9183
OOJIy4EHHBIX U3 PETUCTPA P. Teua, u3 Hux — 1377 ymep-
JIM OT PaKAa.

AHAJIOTUYHO (DOPMHUPYIOT (PAKIBI IO OHKOJIOTUYECKOM
320071€BAEMOCTH. MICTIOIB3yIOT BOCHOBHOM /IBAd UCTOYHU-
Ka MH(OPMALIUH: 2) U3BEIIEHUS O BIIEPBBIE YCTAHOBJICH-
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marily diagnosed cancer disease that is registered
by statistical staff personnel of oncology dispen-
saries in Chelyabinsk and Kurgan; b) medical doc-
umentation from the USPCRM clinic that func-
tions as the hematological department. The can-
cer register includes 21,268 records with 1,922 of
them diagnosed leukemia and solid cancer cases
in people exposed to radiation in the river Techa
region.

Methods of statistical analysis

The cohort method was applied for cancerogene-
sis effects epidemiological analysis. The data pro-
cessing was carried out with the EPICURE pro-
gramme (Preston D.L. et al,, 1993) with grouping in
the following categories: sex, ethnic group, dose
value, age at the exposure initiation, age at death,
date of death. Preference was given to this pro-
gramme because of availability to fix the regulari-
ties within Poisson distribution. Moreover just the
same program was applied for risk estimation in
atomic bombing survivors.

STUDY RESULTS

The expected and excess number of leukaemia and
solid cancer cases for different ranges of exposure
doses were calculated using the AMFIT programme
from the EPICURE holding (Kossenko M. et al.,
1997). Excessive cases of leukaemia were correlat-
ed with dose values accumulated in red bone mar-
row and visceral cancer cases — with doses accu-
mulated in soft tissues (table 1).

HOM OHKOJIOTMYECKOM 3200JIEBAHUH, KOTOPBIC PETUCT-
PHUPYIOT CTATUCTUYECKUE I'PYIIITBI OHKOJIOIMYECKUX JIUC-
IIAHCEPOB B ropozax YeystonHcke u Kyprane; 6) meau-
LIMHCKUAE JOKYMEHTBI KITMHUKKA YHTIIIPM, KOoTOpast PyHK-
LYOHHPYET KaK I'€MaTOJIOIMYECKOE OTe/IcHUE. Peructp
OHKOJIOT'MYECKUX 3200/1€BaHMIT BrodaeT 21 268 3amu-
celt, 1922 n3 HUX — O JUATHOCTUPOBAHHBIX CJIy4asiX JICH-
KEMUU U COJUJHOTO PaKa y JIIOJEH, OOJIYIEHHBIX Ha
p. Teya.

MeToapI CTATUCTHIECKOT'O AHATTHU3A

11 3aNUAEMHOJIOTUYECKOTO aHAIN3A KAHIIEPOI€HHBIX
3(pPEKTOB NCMONIB30BAH KOTOPTHBIM METO/,. JJaHHbIE 06-
padaTeIBAIM C ITOMOIIBIO MakeTa nporpamMm EPICURE
(Preston D.L. et al.,, 1993) ¢ rpylnupOBKOH 11O CIIEAYIO-
UM KATETOPHAM: IIOJI, STHUYECKAA TPYIIIA, 1034 OOIIy-
YEHU, BO3PACT K HAYAIy OOJIy4EHUSA U HA MOMEHT CMEP-
TH, JATa CMEPTH. DTA IIPOIPAMMA, B OTIIMYUE OT [IPYTHUX,
ITO3BOJIAET YCTAHABIMBATD 3aKOHOMEPHOCTH IIPU PACTIPE-
Jgenenuu ITyaccona. Kpome Toro, MMEHHO 3Ty IIpPOrpam-
My UCIHOJIB30BIN JIIs OLIEHKU PHUCKA Y IEPEKUBIITHX ATOM-
HYIO OOMOAPIUPOBKY.

PE3YJIBTATBI UCCIIEJIOBAHUM

Cnomotnpsio nporpamMmMel AMFIT u3 makera EPICURE pac-
CUUTAHBI OKUJIAEMOE U U30BITOYHOE KOJIMYECTBO CIYYAEB
JIENKEMUH M COIUAHOTO PAKA B PA3JIMYHBIX JTUAITA30HAX
BozaercTByIomux 103 (Kossenko M. et al.,, 1997). M365bI-
TOYHOE YMCJIO CJIyYA€B JIEMKEMHUU COOTHECEHHI C JO3AMH,
AKKYMYJIHPOBAHHBIMU B KDACHOM KOCTHOM MO3I'€, COJI/I-
HOI'O PaKa — C I03aMH, HAKOTUIEHHBIMU B MATKUX TKAHAX
(Tabmmua 1).

TABLE 1
CASES OF DEATH FROM LEUKAEMIA AND SOLID CANCERS IN IRRADIATED PERSONS FROM THE RIVER TECHA COHORT
TABJIULA 1
CMEPTHOCTb OT NIENKEMWI 1 CONMHOT O PAKA Y OBNYYEHHBIX XXUTESEA B PAVIOHE p. TEYA
Dose Gy Leukaemia Solid cancers
Person-years Registered Excess Person-years Registered Excess
number number
0.005-0.1 103,031 3 -1 459,576 716 5
0.1-0.2 194,858 13 4 96,297 126 1
0.2-05 200,144 16 6 19,582 34 10
0.5-1.0 93,873 9 5 32,204 52 6
1+ 49,398 9 7 33,645 41 8
Total 641,304 50 21 641,304 969 30

The table 1 shows the excessive number of leu-
kaemia cases is more than 50% of those registered
in dose range over 0.5 Gy on red bone marrow.

The mortality indices from leukaemia and solid
cancers estimated per 33 year-long survey period
are shown in table 2.

Leukaemia and solid cancers mortality (total-
ly excluding osteosarcoma) dependence on
dose and radiation cancerogenesis risk values
are calculated using a linear and linear-qua-
dratic multiplicative model (Kossenko M.M,,
1996) (table 3).

N36BITOYHOE YUCIIO CITYYACB JICHKEMUH COCTABHIIO OOJIEEC
50% OT HAGII0AAEMOTO ITPU 103aX HA KPACHBIN KOCTHBIH
moar 6onee 0,5 I'p (tabmuia 1).

CMEPTHOCTH OT JICHKEMHUU U COJUJHOTO pPaKa 34
33-JIeTHUN TTIEPUOJ] HAOJIOJCHHUS IPUBE/ICHBI B TA6-
aurLe 2.

J1O30BBIE 3ABUCUMOCTHU CMEPTHOCTHU OT JICUKEMUH U CO-
JIMHOTI'O PaKa (CyMMapPHO, 34 UCKJIIOYCHUEM JICKEMHUU 1
OCTEOCAPKOMBI) U BEJIMYUHBI PAJIUALUOHHOI'O KAHLIEPO-
TE€HHOI'O PUCKA PACCYUTAHBI IO JIMHEMHON U JIMHENHO-
KBAAPATUYHON MYJIBIUIUIMKATUBHOU Monenn (Kossen-
ko M.M,, 1996) (Ta6muria 3).
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TABLE 2
MORTALITY VALUES FOR LEUKAEMIA AND SOLID CANCERS
TABJINLA 2
YPOBEHb CMEPTHOCTW OT NEAKEMUW 11 CONMMAHOMO PAKA
Group Absorbed dose Gy Cases of death Mortality value
(95% confidential interval)
in red bone in soft leukaemia solid leukaemia solid
marrow tissues cancers* cancers
15t 1.64 1.3 2 33 15.3 252.6
(1.85-55.23) (173.78-354.65)
2M 0.78 0.43 4 80 7.9 158.0*
(2.15-20.22) (125.31-196.55)
3 0.61 0.12 4 75 6.6 121.3
(1.76-16.64) (95.31-151.99)
4m 0.29 0.05 3 72 8.5 204.2
(1.75-24.82) (161.32-259.0)
50 0.18 0.04 9 263 6.9 202.3
(3.17-13.11) (178.46-227.59)
6n 0.176 0.032 5 217 3.8 165.3
(1.23-8.85) (143.78-188.4)
| 6 412 1.6 110.7
(control to the 2™ (0.59-3.51) (100.17-121.77)
and 3" groups)
Il 30 1416 3.6 171.0
(control to the
15t 4" and 5 groups) (2.44-5.15) (162.1-180.23)
I 34 1453 3.6 154.9
(control to
the 6™ group) (2.51-5.03) (146.85-163.26)

Note. *— excluding osteosarcoma; * *— differences are statistically reliable (P<0.05) compared to the respective control.

* * %

Tpnmedanne.
KOHTPOJIEM.

— 32 WUCKNKYEHNEM OCTEO0CAPKOMbI;

pasnMymusa CTaTUCTUYECKU LOCTOBEPHbI (p<0,05) MO CPaBHEHUIO C COOTBETCTBYHOLLMM

TABLE 3

RADIATION CANCEROGENESIS RISK VALUES CALCULATION
FOR EXPOSED PERSONS FROM RIVER TECHA COHORT

TABJINLA 3

PAGHET PUCKA PANALINIOHHOTO KAHLIEPOTEHE3A
[715 OBNYYEHHBIX XXUTENTEN B PANOHE p. TEHA

Risk estimation

Excessive absolute risk per 10,000 person-years, Gy
— L-model
— LQ-model

Leukaemia All cancers excluding leukaemia
0.85 (0.24-1.45) 0.65 (0.27-1.03)
1.04D-0.24D? 1.82D-1.1D?

Excessive relative risk per 1 Gy

3.19 (0.43-5.94)

The linear-quadratic model any preferences’ ab-
sence to the linear one was revealed in description
of real consequences of radiation exposure on the
river Techa.

The absolute risk value of leukaemia genesis in ex-
posed persons from the river Techa cohort is lower
than in the atomic bombing survivors (2.94 per
10,000 person-years, Gy) that is probably the result
of chronic exposure in low dose levels. Absolute
risk concerning solid cancers for the river Techa
cohort members is entirely comparable to analo-
gous values for the atomic bombing survivors
(Shimizu Y. et al,, 1989).

At present the studies of remote cancerogenesis ef-
fects in exposed persons from the river Techa co-
horts are continued on the extended register back-
ground together with more precise dose estima-
tions. The studies are held within collaborative
programs with USA National Institute of Cancer.

VCTaHOBIEHO, YTO [UIs1 OMTUCAHUSA PEATBHBIX JAHHBIX I10-
CJIEACTBUI OOydeH A Ha P. Teua MCONb30BaHUE JTUHEN-
HO-KBaIPATUYHOM MOJIEJIM HE UMEET KAKUX-JIMOO IIpe-
NMYIIECTB IIEPE] IMHEUHOTI.

AGCOJIIOTHBIN PUCK PA3BUTHSA JIENKEMHUHU Y OOJIYyUIEH-
HBIX JKHUTEJEN B parioHe p. Tedya HUXKE TAKOBOTO Y
HEPEXKUBIINX ATOMHYIO OOMOApAUPOBKY (2,94 Ha
10 000 wenoBeko-yeT, I'p), 4TO, BO3MOXKHO, ABJIAECT-
CA CNENCTBUEM XPOHHUYECKOTIO OOIYUYEHHUA B MAJIBIX
103aX. AGCOJIIOTHBIN PUCK PA3BUTHUA COJIHUJHBIX
OIIyXOJIEH — BIIOJIHE COIIOCTABHUM C TAKOBBIM Y II€-
PEXUBHIUX ATOMHYIO OOMOapAUPOBKY (Shimizu Y.
etal, 1989).

B Hacrosimee Bpemst U3y4eHHE OT/JAJICHHBIX KAHIICPOI'CH-
HBIX 2(P(PEKTOB y OOJIIyUEHHBIX B pafioHe p. Tewa iui] 1po-
JIOJDKAIOT HA 043€ PACHIMPEHHOI'O PEIUCTPA U 60JIE€ TOY-
HOM OIIEHKH /103. DTU UCCIIECJOBAHMS IIPOBOJIAT IO CO-
BMECTHBIM IPOrpaMMaM ¢ HallmoHaIbHBIM HHCTUTYTOM
paxa CIIIA.
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