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Abstract
The method of electron paramagnetic resonance (EPR) dosimetry was used on human tooth enamel to

obtain individual absorbed doses of residents of settlements in the vicinity of the Nuclear Test Site (SNTS)
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in Semipalatinsk region, Kazakhstan. Measured teeth were extracted according to medical indications. In
total, 105 tooth enamel samples were analyzed including 8 tooth samples from control settlement Kokpekty,
which located 400 km to the Southeast from SNTS and was not subjected to any radioactive contamination.
It was found that the excess doses obtained after subtraction of the contribution of natural background
radiation ranged up to about 440 mGy for residents of Dolon whose tooth enamel was formed before 1949,
and do not exceed 100 mGy for younger residents. For residents of Mostik, excess doses do not exceed 100
mGy for all ages except in one resident, for whom an extremely high dose of 1250 mGy was registered. For
Bodene settlement, excess doses higher than 100 mGy were obtained for two samples from the residents
having enamel formed before 1949. An extremely high dose (2800+400 mGy) was obtained for one
resident of Semipalatinsk City. The average excess dose for Semipalatinsk samples with enamel formation

before 1949 was determined close to average excess dose for tooth enamel samples from Dolon village.

1. Introduction

In the period from 1949 to 1962 125 nuclear tests (including 25 near-surface nuclear tests) were
conducted at the Ground Zero technical site in the territory of Semipalatinsk Nuclear Test Site (SNTS). The
date of 29 August 1949 represents the first nuclear explosion, which contaminated by radioactive fallout a
huge territory northeast from the epicenter. The radioactive dust cloud was transferred by the wind and its
gradual precipitation formed several radioactive fallout traces (Deriglasow et al., 1991; Dubasov et al.,
1993). There are no data describing the dynamics of the precipitation of the dust from the radioactive cloud
on the region adjacent to the SNTS. It is a very complicated procedure to reconstruct the individual and
collective radiation doses received by the local population. '

EPR dosimetry is one of the useful tools for such dose reconstruction (IAEA Report, 2002). This
method can determine the radiation doses retrospectively even more than 40 years after the exposure event.
EPR measures the amount of the stable radicals created by radiation exposure in tooth enamel.

The group of scientists from Kazakhstan, Japan and Russia participated in this investigation. The
purpose of this work is determination of the radiation doses received by the population of villages near
SNTS (including Dolon, Mostik and Bodene located near the radioactive fallout trace formed as result of
the most hazardous nuclear test of 1949 (Imanaka et. al., 2005; Stepanenko et. al., 2006), Kurchatov and
Semipalatinsk City) by EPR dosimetry in tooth enamel samples prepared from the teeth and collected from

those villages and cities.

2. Materials and methods A

From 2000 to March 2005, 110 teeth samples were extracted on the basis of medical indications from
adult residents of Dolon, Mostik, Bodene villages, Kurchatov City and Semipalatinsk City, which is located
from 70 to 150 km from SNTS. However, 13 teeth samples were rejected because of insufficient amount of
enamel. Another 11 teeth were collected as controls from the population of Kokpekty village (400 km east
of the test site), which was not subjected to any radioactive contamination. Three samples of the above
eleven were later rejected for the same reason. A description of the samples is given in the table 1.

Enamel was mechanically separated from dentine using hard alloy dental drills and diamond saws.

Dentins were removed carefully with cooling water in order to prevent the sample from heating which can
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induce an additional EPR signal and significantly change shape of the signal (IAEA Report, 2002). Tooth
enamel was crushed by cutting pliers to chips 0.5-1.5 mm in diameter. Two samples were prepared from
buccal and lingual parts of each tooth.

Enamel samples for dose calibration were prepared from molars collected from the population of the
Kokpekty village. Tooth enamel powder prepared from different teeth was pooled together and split into
aliquots of 100 mg. The aliquots were irradiated to doses of 0, 100, 200, 300, 500 and 1000 mGy
respectively from a collimated %Co source at Hiroshima University (Ikeya, M. 1993; Ivannikov et.al.,
1997).

The EPR measurements were carried out at least ten days after irradiation and sample preparation so
that all transient radiation and mechanical-induced signals have faded out or come to an equilibrium state
(IAEA Report, 2002).

The measurements were carried out in the X-band on the EPR spectrometer JEOL JES-FA100 at
stabilized room temperature of 21°C. The spectrometer was equipped with a high Q-factor cylindrical TEy,,
cavity model ES-UCX2. The spectrum recording parameters were the same as previously published
(Zhumadilov et. al., 2005).

Specially designed computer software (Ivannikov et. al., 2002) was used for extraction of the
radiation-induced signal (RIS) from the total EPR spectrum and determination of its intensity (or
peak-to-peak amplitude). This procedure is able to deconvolute the total spectrum of irradiated enamel into
the RIS and the background signal (BGS) by applying non-linear least squares fitting (Ivannikov et. al., 2001)
of a model spectrum to the experimental one. The spectrum processing procedure was applied in a mode with
description of the BGS by two components composed of superposition of Gaussian derivative functions. A
fitting window of 3.0 mT width was used, for all the enamel spectra (the left border of the fitting window is
—1.0 mT and the right border is +2.0 mT relative to the maximum of the BGS). (Zhumadilov et. al., 2005;
Ivannikov et. al., 2006)

3. Results and discussion.

The doses for the residents of Semipalatinsk City and Kurchatov City were included in this report from
the published data (Ivannikov et. al., 2002). The highest doses of 1300 mGy from Mostik and 2800 mGy
from Semipalatinsk need additional investigation and are not included in the present analysis. The
experimentally determined dose was considered to consist of two contributions: dose from natural radiation
background accumulated during a tooth enamel lifetime and dose received as a result of nuclear tests
(excess dose). The last contribution is subject of the interest for present dose reconstruction. At first, the
intensity of the RIS was converted into a dose absorbed by enamel D,, (expressed in mGy) calibrated using
calibration by a *Co gamma source. Second, excess dose in enamel was determined by subtraction of
contribution of the natural background radiation during the enamel existence after its formation from the
absorbed dose in enamel.

The lifetime of the tooth enamel was obtained by subtraction of the average age of tooth formation for
a given tooth position from the age of a person at the moment of measurement. The ages of tooth enamel

formation were determined according to published data (IAEA Report, 2002).
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For the residents of Dolon absorbed doses were found to be in the range from —24 + 37 to 496 + 55
mGy. Fdr some doses, negative values were obtained. This is because the measurements were performed
near the threshold of sensitivity of the method. It is natural that some of the values become negative
according to their statistical distribution determined due to experimental errors. The negative doses
probably are the result of the underestimation of uncertainty of the dose assessment.

For all the samples, excess doses were calculated by equation:
Dex=Den - TA* Dy,
Where: D, - dose calculated by automatic program, in mGy
TA - teeth enamel age, years
Dy, - background dose, 0.8 mGy/year (Zhumadilov et. al., 2006; Ivannikov et. al.,
2006)

Uncertainty of dose determination (E¥) was determined based on semi-empirical formula used in the
previous publication (Zhumadilov et. al., 2006).

In Fig.1, individual excess dose determinations for different years of enamel formation are shown. An
increased dose value was determined for one sample formed before 1949 corresponding to the period of the
most contaminating nuclear test. The average excess dose for enamel formed before 1949 for Dolon is
153+ 54 mGy (Fig.1 (a)), for enamel formed after 1949 the average dose is 25+ 11 mGy. For Mostik
excess dose before 1949 is 19+ 15 and after 1949 is 44 + 14 (Fig.1 (b)). For Bodene excess dose before
1949 is 74+ 40 and after 1949 is 17+ 10 (Fig.1(c)). For Kurchatov average excess dose before 1949 is
11420 and after 1949 is 9+ 27 (Fig.1 (d)) and for Semipalatinsk City average excess dose before 1949 is
145+ 68 and after 1949 is 74 + 35 (Fig.1 (d)). The value of average dose for Semipalatinsk City is close to
the average results of Dolon village. One of the explanations is the person worked in place located close to
SNTS and another explanation that they were born in village that affected by fallout from Test Site. The
bulk of the excess doses are near the sensitivity threshold of the method.

For control samples, excess doses are from —66 + 39 up to 24 + 39 mGy, for Dolon from -74 + 38 up to
440 + 106 mGy, for Mostik from —64+32 up to 119+ 51, for Bodene from —50 + 38 up to 356 + 58 mGy, for
Kurchatov from -47+85 up to 56142 and for Semipalatinsk City from 0+46 up to 268+79. Low doses were
found for the group with enamel formed after 1962, the end of atmospheric nuclear tests. The dose values
for the group having enamel formed before 1962 are consistent with estimations based on the official
registered data indicating high levels of the fallout in the period 1949-1962. The experimentally measured
individual doses can be compared with data of dose reconstruction, which were shown in previous
publication (Imanaka et. al., 2005; Stepanenko et. al., 2006) and which amount was about 0.5 -Gy for

Dolon.

4. Conclusions.

The individual absorbed doses were determined for residents of different villages affected by fallouts
from nuclear tests and for residents of Semipalatinsk and Kurchatov City.

Higher average excess doses were determined in Dolon and Semipalatinsk city for residents whose
tooth enamel was formed before 1949. Results of dose estimation from Dolon samples are in agreement

with the fact that this village is located closer to the axis of the radioactive trace. A result from
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Semipalatinsk needs special investigation.

It should be noted that for Semipalatinsk city and for some villages the number of investigated samples

is insufficient to draw final conclusions about the level of exposure to population on the basis of the results

of EPR dosimetry. It is necessary to investigate more samples of tooth enamel formed before 1949 for

residents permanently staying in affected areas in the period of the tests.
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Tables

Table 1. Information about samples from vicinity of the Semipalatinsk Nuclear Test Site

Settlements Years of analysis Measured | Enamel formed | Distance from
before 1949 epicenter, km
Dolon 2002 (Ivannikov et. al., 2002) 3 3 100
2004 (Ivannikov et. al., 2006) 26 13
2005 9 1
Mostik 2004 (Ivannikov et. al., 2006) 10 8 90
2005 13 4
Bodene 2004 (Zhumadilov et. al., 2006) 20 9 90
Semipalatinsk 2002 (Ivannikov et. al., 2002) 9 4 150
Kurchatov 2002 (Ivannikov et. al., 2002) 7 5 70
Kokpekty 2004 (Zhumadilov et. al., 2006) 8 - 400
Total 105 47
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B 73 45 (62) &t 50 32 (64)

9. Fuhr— & BEBRYAEICL B INTF U R GRREHEFELOME

B

Breesing - JIBEE (RR), THSET, BB, RRESE, TR & FEEE RESTE,
RHEH, B EiA

(B B ]

HY T AL HFEIK Y BEEEDRDEEL bEADEINT T U RAIBRERG RS D,
Z 2 TCIE, 1949 5 40 F£H, KEF TO 111 BIOKERZ SLea 7 456 EOZFERITHON T
X, THICEY, BEREEFLETAHEFEETS0 TAL B, 100 TAE BHEE SN DHEANR
WRTARRE 2o, TZTC, JIBLOMEIN—T1E, EINTFURAIEERGERER
Xt e L7 v — bROBEE D IC & AR ERRAENEE 2002 6 X 0 Bk LT, AFRER
7221k, BHERDOFAEELZEL TV /r— ME-MEMVRAEL WO FEICK T, BINRNTF R
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IR EDOERO—MMERONCTAZEAERNE T 5,

[WF7e s L fER]

Ty — MHEREORMIZ. INETHELAS., EET, RIET, HAERABSSIT-> TE L
WIREREFREZ 2B IMER LTz,

2005 FE (CERR 17 ) 13, BEERBERMDONAT RUANMKD 6 K TEM LTz, +OREE.
281 DT > — MRAEE L 140 FOBREE ZEN L7z, FRFC, 11 LOWRE~DA L F
=2—bEM Lz, £/, 2006 FE (Fk 18 FE) L. ¥INRTF U A/ ZKEREGILEO 4 4T
EiLic, TORE, 261 OT7 v r— MREEL 237 OWRIES 2B Li-, REURKIC
2002-2006 £EFHAE DENURIE & REH O HIEK % 7R,

Rk 17T FER N8 FENL, R 16 FEE CIINE LLREELZ T~ L LT, EIZKD 3D
DR <OBIREROER, OWBREARYFETEOTHDL, OUHEEL S MERI > 21D
CINTFURT OWREEBIRAZIT o7z, BETIL, K - RIBICB T 2ELORERKR LD
HEBRA BT o7, £ORR, FICRORBEFALNC Uiz, 25 OBFFEREIZ-OVW T, Journal
of Radiation Research 48255 L7,

1) BINRTFURIEIEIZT, BEOLERER PO, BEOKRE) b5,
2) BINRTFURIPREIL, BERREOBERR & D¥ I35 F 0 R 7 EBE OIIREER
B 5, _
3) (BB - RIGFL DHEIREHIL D) BINTFURIPWRENILE - B L LB T 5% O
RIABRE AT,

4) BERERIZL D DRIMELZ T BN Db 505,

5) BEINTFURIHEKEOBELOPFEE 2T LD, ERBEORERETH S,

6) Tor— bEIEEDAN, 30% U ENBEREEZFZZ, EAKERL LT, BERE, 5
MmE, LERE. EBEEZZTL2L08E1o7,

7) WRRENE VL SNOIMNOERIZE, BAREEAD &+ 5 EEHEERE N T,

8) BERICLDFHR, KADFN [FEME) L0252, OWTIE T#HE#RESDESK],
(FREERBI I DROE] L\ o et EOER & /e 5 REMER B 5,

9) PREBOBNEEREZERZLZHR, < OWAFICROEARILETH -7,
OEEBRIZKIT 2MEY OBRWAH B,

O LBRBER~DUERFED, £ L TEEROIFFIEZRD BN H B,

Q@FRABEPNT RIS 25 (RE) B, BEORERRICHTIERTE, £ L THEL L
DBFEIIHT DERMFHELRDTNE,
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# BINRTGFURIBERGIERTOT o — b -BE IRV HEEELK

. Respondents  Respondents  Respondents  Respondents  Respondents Totel nf :
Wellage 2002 0 2003 2004 n2005 2006 Respondents in
2002-2006

Saryzhal 48 51 99
Dolon 28 51 79
Kainar 48 26 74
Kokpekti 47 50 97
Karauyl 50 50
Znamenka 24 50 74
Burus 50 50
Bodene 50 50
Mostik 50 50
Cheremushki 50 50
Grachi 30 30
Krasnyi Aul 50 50
Korosteli 32 32
Zenkovka 49 49
Kamyshenka 50 50
Boroduliha 50 50
Novopokrovka 50 50
Beskaragai 57 57
Dzhambul 52 52
Sherbakti 53 53
Akku 99 99
KRIRME* 3 1 2 6
Total 171 252 283 282 263 1251
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10. BHF7RH L AREGREE EXREFEICIT 57 —F = RAHEE

Al

LI

BT R & LT ER RS E LR EHIERT (0 7R 1%, 1949 EnbhaE oA B
* MEHIC L AR EREERERCET 2 EERAED DN TV, ITBERICET 5 ERIIE
BT b M bED L, BETHMESN TV, EROBELE LT, A, 15§,
A HOREERER EOVWh) 2 EAER, BUEH., BEER RBZER SEOHEMR. W
BB 7- 3B b DB BRI RS £ SIRICES TV D, I b OEEHIMKICEDP IR TR
Sh. BEEOERT O MRARETBEICL, ZOHAENL/A—Y LAV E 2 —FIZAT]
SNTx7, Bib, 2 bOEEHIMEEICRET BHFT L L T—R#McE LD O EESNT
FExER, FUXAERE LTO—THREE - BEIISN T iahols, TOD, FHEIC
B KV F I a—Z OFICEFE UAE, b LD LEF R 2727 —F PR
SHRTGESN TS, BRRERNFNEITR O BAEE. ThbDERRT —F -2 & LT
—iéﬁéhé:kﬁ%ibwoé%ﬁﬁhﬁ\%bw%ﬁﬁﬁﬁbnéﬁm\%wtbwf—
Z4 o N LIETE FREICAER L2 b uide e 225, Frald e, EFNEERLRET ST
TR . WREEA OWRBEEF KA T L HETIELENO—DLLTND, TOHK
T, FERROBE A K OIREEN B8 b JIEET — & R ESR 72 £ bR O A E IR
BHEIE. WEEMERLEARELIN S DEAYEZRE LLEMR, RCIeEEs OEE
BE FEONAR ERSAINCY 7 SRAFIER DRV, T D EERT D RICHEEIL—
T ENTEF —Z = ZADBEIINLEATH D,

o8k

2002 4E 8 H 23 H. IFTHEFOT 7H Y a vk, Sy =T7RFRLEBEL. T—F
ZAELET DV TR ORERBAD TFILITR Y b, Fx 0%EI L LTT —F N—AEFIL
T DR, S, 7 L CHREFTMEOEE 21725 LR WRE Lic, £io, BIERT
BRET AL TDF —F ZTHRZBY . BETLHF—F—2 LILEL, ZOHOBBOMHRE
Y m EbIRES NI, ZOWEICLY, 200343 A 19D 4 A 15 HET, 200346 A 4
B45 788 BETH2EICED . Y THEF»L T RS T~ — & B LB ERE
P TF— # N A OBHER TR o T, SHEBMT 0/ T <—it7 S r—varrnm
75 AOVERE S¥D 2L ERBEN, BREHICT —F_—RER/T 577 r—a vIidH
AR L. BT 0 ST~ —lEF—FN—ADRFET DI LitieoTe, 2003 4 7 A 21
B, 7HEFICRE S h T — R A=/ 08, T —FN— Ry P& VA M/l
2S5 4Ty b PCIC b UBERBERITR T, 2003487 A 25 AT —F DANEMHDI, T—F
O AFIRIETIZE S, 2003 229 B 30 A T 49,000 £, 2006 45 11 A 10 B Tl 136,000 R L.
%t%ﬁmwﬂm#ﬁﬂﬁéﬂtoL%fﬂf?7~®ﬁﬁﬁﬁw\m%ﬁﬂlﬁﬂﬁﬁ#6%
SEAOT RS 5w —1 4% BRI L. 3 BRIC i W BHE R 1T o 7o AJ1T D REGIRMI.
B EBRE TR HIE ) B iR T, BRI, TS HIK, RADTHA MK, Px A HEE
T & LTEMNEROWEZRITRV, T—F _R—A~D AN &4Tie 5Tz, SH%ITEADOHIBDOFR
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FAEL, BHEIRGFURAIMERTELT —FN—AeBETDITFETHD, T—HF—2R
AANENTO D ERITEAERICET 2 HONET, A, otk EBEA R FRER, JEERE,
TR, IREFEORMFEE TH D, MITICS o TUE, T b DEANFEREZFFORENZ
WE L, O LTI NERER 2 HT 5,

T BN R

Fe B R— 2V E LT ~— R =7 OfERRIX, CPU IX Pentium 1T 1.4GHz, 1GB RAM, Aff
® HD 1% 36GB. 5 — Z #BiZ 108GB(36GB*3)?® RAID M THh 5, Y 7 by =7 & L T,0S IZ RedHut
Linux 8.1, 5 —#&~_—2Zx Y /|Z Sybase 11.0.3.3 for Linux Z M L7z, Sybase 11.0.3.3 for Linux
FERALEE—ICHEEIZ 0S LRAUL, HRIZELTIA BV RABEREBBAELRNI L, LB
WS U CRSICHENRTE D Thote, T—4X—RBKIZ2 BHEL. —BRANy 77T
FLLTHRESN, AL L OF—FR—=ZANELT — X PEEE I, FEOEEIHZ TV 5,
ETOBBITIIA L F T v 7 NICRBSNMSESN TS, £eT —FRXR—2AYF—"BRESN
TWHEE S FICHESE S, BEICSFO TV D,

F e B R 25— T LK

places clc_code i [names [idead [doze [disease [reprod
*idplace * idclc * sysid * sysid * sysid * sysid * sysid * sysid
country code gender * seq_no * seq_no * seq_no * iddiag id_number
region code_item tpstat firstname icd9 total * seq_no typegroup
area updt stat_src lastname icd10 dozemdt now_past usedhozb
settlement stat_dt midlname comment dozemdf comment birtdoc
descrip | dlag stat_df type deaddt src diagdt, df ushozbk
updt iddiag ideduct src deaddf ind src per4648
icd9 ideduct_src ind src updt updt per4650
[@bsours | icd10 updt updt ind liv_bgdt,df
) descrip updt [marriage eaths liv_enddt,df
descrip updt [[d_entry B T sysid T sysid left_bgdt,df
updt *Ty_id |~ sysid [fations || * seq_no * idheath left_enddt,df
[Feath * s_no * seq_no T sysid mardt src updt
[~ation *dheath src birthdt * seq_no mardf updt
*Tdnafional descrip gender birthdf idnational idhusband [frdead
descrip updt tpstat src sourdt src [disease_tm *sysid
updt stat_dt ind sourdf ind *sysid iddead
[Tstasr stat_df updt src updt * idrelat updt
Tfirade *iduser ideduct ind * iddiag
*idfrade lastname firstname adres updt [chiidren | seq_no question
descrip updt lastname |~ sysid *sysid qe_no *sysid
handle_1-5, o midlname * seq_no rades * seq_no src * ge_no
job_type oc_type nametype idplace *sysid * idchild updt exam_dt,df
updt *doc_type birthdt street * seq_no updt pid
descrip birthdf box idtrade [elc_data exam_place
[tprel updt run_flg housenmb bgdt,df [adres_tm *sysid harm_trade
* idrelat reg_flg room enddt,df *sysid * gqe_no marr_1
descrip rezid sysid postalindex src * idrelat Sridelciara e n ] [ i
updt = idrezult updt numbertel ind * seq_no * code trade_reason
descrip indt,df updt idplace value updt
clc_item updt mh_ou outdt,df indt,df notes
*idclc *Ty_id doc_type oc_in! outdt,df updt [ouestionz |
clc_item fcd9 *s_no src * sysid src * sysid
type icd9 * mh_type ind * doc_type i ind * ge_no
unit descrip * sysid updt * seq no updt [elat | exam_dt,df
class_no updt number = sysid pid
updt serial * idrelat exam_place
icd10 memo Stidreftssrames] | Staveny
icd10 src dozes dr_sign
descrip updt updt u
updt

F e B R 21X LI T EAE RO TR L FBEER, BFKRZIC X 5 K50
B, ELFHIREORKELEATNS, IO T—XIEx RADENLELN, 2TDT
— F I —BOBENEE S THEE I TS,

T Dor—irag wrFads b
25 A4T 2 NPCTTF—ZANNBEREINDT IV r—varralgnE, NU—ELE—
CYERRT %, BIRIT A ARETER T 208, KB e U TRBICHRR L v & 4 A N—TVa iz L,
A — U CHHICE%T %, B CRIMERZ T -7 v/ I~—RNENENET ) r—va v
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V7 IWNET TFTA T MPCTHERATELLICHEDEFICa—T5%, ZhibDFuas s A
WEEAREZ STz, FEFICEHRECHE TN D,

< imatchireg/foc/put idx

=l x|

Teprunan N 21 l

|PESshignt s oo R
Nt Wer . Non o
53 DE Xewcrisr 0 12121997 Mowcx no cuer. N (6616 | noucx I 0SHOBUTD I Beoon I Ypamrs ecé l
4
l Ooce: Mon  Owex Werow  Narauenar craryca  Koa ofpasosarua Koa uer, o6pas.
Mpoeeputs ! Mepenar samuce Muyxckodn  Ucen¥  DE 01.07.1961 Nonvan av: Bes obpascenst P 08.01.2004 15:45:4%
N Crenews | Cuc M |1crp.  flara N Rara nar UCTOY - A0CTOS. [Hoo| Arxera I
1 1 661 pyme| | POMAEHR 1 04041361 [omanaara P Indf¥  08.01.2004 15:35:56  was|
172 2 04011961 Mommanaara P Ird[” 08.01.2004 15:27:51 vnnl
Mrsaianet Ne Paraunen Ura Orvecteo Tun Mot foctos Hoo
(12) 1 ABQYNBAXABC 3AMAH AXMEOOBUY Rus  DE  Ind¥ 08.01.2004152817 Wum
2 ABYNBAXABC EDE EDEWDWE Kasz § Ind[~  08.01.2004 15:46:18 VAMI
Aapec. (306 n] 3 2306

Aapec IPerw&noxmuI hdead&&wm‘ Epam&ﬂeml MepcoHansHasn uap. noaul MpogeccumtH aumonan I

ETE ] OBHOBMTE TEK. BKNAAKY |
) N _Kog Naraeveans Wer, focros ““I
Ymua Kopaye N:poma Nk (ot iaexc Tenepod
1 |Lonomsc. 04041961 MNommanpgara 01071961 fomanasra S Ind ¥ M
Koa Haieseroeatae Crpana 04 . . R 0301.200415:4543
e 1 He yasana 1
2 Hpyrve crparst 2
3 Kazaxcran 3
4 AKMOM#CKAN 06naCTL 3
5 Axmobiescxan o6nacte 3
B Ammatinckan o6nacTe 3
7 ATepaycran o6AaCTs 3
8  Boctowo-Kasaxcranckan obnacTe 3
3 Kambuinckaa ofnacte 3
10 3anaanoKasaxcrancran obnacte 3
=Y
HLEHRER
5 s & M
o YRR ERE I L OGE LT E R
7949 | 1950 1955 1960 1965 | 1970 1975 1980 1985 1990 1995 2000] | | |
I = —
JAbaisky 5914) 5862 5715 5784 5356 4821 4100) 3386 2550) 1806, 1102 353]
Ayagozsky 4 4| 4] 5| 5| 6| 6| 6| 5| 5| 5§ 1
Kokpektinsk: 3548] 3517] 3153 2647 924] 1137, 227| 0 0) 0) [ 0)
arminsky 11707] 11764 11145 10141 182 7952) 6537 6494) 5745, 4545 2075 67
[Charsky 3099) 3079 2852 2611 175 1782 1405 1304 1205) 863] 370) 1
lJana-Semeisky 3438] 3458 3482 3461 3535 3323] 2943] 2583 2070 1485 653] 4]
Baskaragaisk: 18672 19124] 21151 22406 21846 21105 20001 18801 17374 15597, 13461 11400)
ihi 7902| 8055| 8681 9356] 9712 9997, 10195) 9200) 7768 6168 4285 2389
Unknown 4510] 4468 4241 3926 3756 2924] 2066} 1605 1158, 714 281 21
| A=A
IAbaisky 142 90 62 125) 148 212 241 210} 195) 169] 221, 0}
0| 0| 0 0| 0 0| 0| 1 0| 0| 0| 0|
[Kokpektinsky 149] 172] 214 209 167, 198 216 0| 0 0| 0) 0|
Jarminsk 365] 381 523 441 385 346 129) 0 523| 501 610) 0
[Charsky 131] 150 93 106] 90) 16 115) 0| 106] 80 2 0|
Jana-Semeisky 36| 65) 53 4 18 111 83) 116, 124) 147) 197 0
i 162] 273 265 214 299 267 2176 348 289 365| 365| 36
B 1 4 3 5| 0 4 21 317 216 366| 370) 5
Unknown 132] 170) 176) 48 80 214 223 120) 127 58 92 0

CHFBIEDT —F RX—RIZ AN SN TWDH T — X ZERG], HEBICRIC LZb DT, LB
ITBEER, TRIVECER TH D, S FEORYY TERRLTND, 20X I 5 FEmOIE
THRL &, BELEANBITRONTHNENDOEHIB 2D, RICV YT AL HKIZFTE2EY
LT, 1958 b 1965 FE TORTEREZRICTD L, MDD TELE L EEIR
TR DND,

1958 | 1959
0 1

1960 | 1961 § 1962 | 1963 | 1964
4 9 8 7 7

1965
18

Jana-Semeisky
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o HAASECDFEURHMERE (10 TA)
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E

[HILPERE IV Tk, AN BMBREHOETHEEE (MR, SERRI, FlBIETH) 2 AFT5
TENEFICHETHY . TNETHRA RFEEZBURHEREATFT OB AL TE R, L
P, AFTELLDIEFIWHAIE»Y THY . BUFREHEBOAFIZIIEE> T2, 4,
INCO-COPERNICS & MEIN 727 1Y = 7 FOMERRL L7 1949 026 1975 FITTTD, vkl
HIXBIA AR LU CEZTE LRFERE AT L, ZOKEERE I, T—FX—RIZAT
SNTER OFHERERELEM Lz, HKEOETCETIIELMICEITEND, ADICX
HFEE LTI HEb O THIRIC L o CTIEDRTRERLTEY . FEEPHEIZERGEINL T
LONDHERBLETHA A9, ZTNETOREBRIOIZ, ZORTHEIIMBFESINTND
ZAGS (f5f. HE, ELOEH) 2o/l bnEens 2 enb, T EOMRITEE LW
b LIV, LIALRRD, ZORTCEPHEEERLOLTIHROIE, #iIXIZL 5070 DRY
WEz B, RISV CRICER 2 ET 5,
BREPAMMZEDETIEERAIC L DL LIZIEREK T, B LEMEER LTS, 1980 4
HAEE—Z7IZTRo TS, EESAREHKE (IARC) ICX2EENL, A 7 AtE b hay
U7 EBY PEALEEICT TRESAORE, ECEXRGVEHAISNTBY, Zhid TRE
MAIL B ETEER TS, EINRNTF U R DT —EZ5ELNEEENADIETE R, IARC
DR T/ LN TRENAIN | BET—HICIDERIEE N Z LR D, WK TE
ERRENAZS SR ITERRESbh T\ 5,

iR ANC LD TR, BHIZHEETEO LEAREHETHY, ZHETIEHBELEFITIR OGN,
WHERTDEROFE T, Jok, I 7 NITITREEER 2 < 82 RIERKETHY Ex hEHEE
LCHE S, ERCTHMEEZR AL DT & T, BEADIRERITHEML TV D, 1949 FOFE
BARZN D BHEICIR W THEFITHM L, ZMEIIEINR R 6NN L, BEEREIC L DN
AR RR &33BT, BBIC L 2B sbnE Bbha,
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prenic:n
AR

THETHRARE L HIZ, F—F N ZAADBEFIET AT bt TN 22, ARZFHMICAT
BBEDRYDIESOENROND, BERMIC, BN EIT20RT TR GO, T
FRAICRATF—AREELELTOIC, (DEDHDWIEMIC L 2R, R, ERBL EFR5
oA OEEKEEE. QR CERNOMRE G EE AFTINERD D, TOEEEZTIC, T
AR RSN RGER AL, TEXARETZOERED LB E LRTNIERLR
VD, SHRITIZE. FTICYS 5T, BEENETFT—Z IRV BBV ERFERAT S Z LId#EL
W, Ez. BEOT — 2 OWEEEITREREEEE I L 2 RYINEEICESWIZ L O TR
Wi, IENE BN WEENAR HKEORY 2355 LI ICRZITohD, SHEEN
DHEFOBEZEOEMEBEV L, ThETOF—Z 2@, 5% E 5 TREPOKENZHD
770

11. FRI1TE3ZA9-11 BITEBSRFCHELEZERY —7 v a vy L ZORIER

A 173 A 9—11 BD 3 AR o TLBRFEORCEEE THE L, T ORRE Joumnal of
Radiation Research 47 supplement A1-A224 2006 (29 papers) {ZF & ®7z, H—RLIIRFEROE &
HThHB, ZOHRIEE., e LTHRF LTV, 2FBOFEIL. [BINRTF U RIEERY
EREROHISHEHEE DO OO EREMALLE:] T, 3rd Dosimetry Workshop on the Semipalatinsk
Nuclear Test Sité (10th Hiroshima International Symposium) T\ 5, FEIL, KERZEREK
FHAERIERFZCAT, Hgic, KBRS 21 42 COE 7'n 7 7 & [HETHRICE E R O SelimAuat
FEHERLA . BAKSEEEZEND D, TIN5, MISITEIEA B AZNRFS JSPS) (R :
E TR OXERZT -, JHd, ~bv ¥ 2001 F, B INRTF R 2002 FE2FZIT CHE
SNEEIEBOUV—rvay 7 Thdd, UTICHEMEZHAT S, (KXI4FE KO 2005
E3A2 AfOELHEEIZLTND),

11—1. BEREICES TLHEEDOHEIZE L T, 64 DHEEHPITIOIL, Stepancnko (Obninsk, =
37 . MRRC: Medical Radiological Research Center) , #ciE & (FRIRSIERASE). Simon (NCI),
Goeksu (GSF). Bailiff (University of Durham), Grosche (Federal Office for Radiation Protection,
Germany) b CTH 5,

PNZIE. Stepanenko 7% TL FAELLESH > 7V OBEIEICE L CRENRHFAEL Lic, Fr O
TL I E LEHIE T 5 725, 2002 45 9-10 HIC KR U A 3 BFTADL 4 2D L T FIVEE
B IR L (BiR 1, KEE 2. & 1), L FiX, MRRC T7ORGEIL, £
D 5% 5 2% Intercomparison ¥ > 7 /b & LT~ v F KL RIRED, KE NCI, Z<[E Durham
K=, RA Y GSF (2o THIE L7,

ERE b HATO TL AT 7/VHER R #®E Lz, TL JIEQTIETRERN? L0,
AR TR CH D, Lo ANDAEEFPEREEHEL, 7 yBTRELE (o DFEERILLY) &
T3, TL 12 200~400COT 7 h—Esy DRKEE AV, REHT (0.2~1Gy ©) flshEEm e
DEMBH % LT, BETT b—OFEESE2 Ty b L, RBRY VT VOEREL RO, I
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T OBEEDER%Z FEIC BG E(230~350mGy) & 2£ LBV 2, Kifl lem TORIEREL, 220
~310mGy < W T o7z,

7 AU A O Simon (NCINZ & 2 KETO TL FHALEHIE b FEER S 17, Simon DFTEIL. NCI
@ Division of Cancer Epidemiology and Genetics C& 5, fHEAIEY 7 /L% Simon AR L2V %
i & v JIE X Oklahoma State University (OSU) C1T o 72, OSU T TL I E 414, Optical Stimulated
Luminescence (OSL : JEREEE) W H D THD, Simon HHik, R U ArOMEEY 7
N2 T <, Kanonerka K72 PMBEIWZH Y I LieT —ZO#HE S H o7z, Simon HD BG
HEEIIVCHBES 10em D EZ 5 (M 0.5Gy) #BARBG LI ETHHETHD, lem END
BG L% X530 T fallowt BREE T5, FulfofEX, LA lem T02120.12Gy & 72
oTe EBIT, IR - BRI RE RIAATZHRELREE 2 &35 & #iIR 1m EXMHREIT 0421+024Gy
L%,

Goeksu @ KA ¥ ¢ TL #BELEEIE, GSF b OSLIEIZ K HHIE, BMORBRERFER L, (L
VHBED TL WHE) ~ (L Fo B, vERG. RGOS y BIEICED  FERIRE) TRHE
Lz FuUROREEOBESRFEILISE6FLRoTe, —F7, FLEkIL 1904 FEORETH 50
by AT EIC—E LTS, BG EZSIWFAELR L HO lem BEITH 200mGy T, ZTIUZ

(BT HNuTRDE) BEAHE AW THE Im EXHMEICT D L, 03~0.5Gy &iRoTz,

Goesku D L' > TL HIEE D

TL(Total)10m, mGy | BG fE. mGy 10mmNet, mGy
K#£(KSD2-1) 540+35 350+10 190+25
K (KSD1-3) 585165 39010 195147
/N2 (KSD3-2) 602+ 64 38010 222+47
2RI (KSD4-1) 530+48 32010 210£32

Bailiff ® TL fAA ELERAIE~D =2 A > b, Bailiff, Stepanenko, Goeksu & |Ju#E4 TRELE 12 A D
Health Physics {2 2 /%7 TL HIEDFHILEZH L TCWBE, ZOFMILTOREARD 2 2DV TNVIZ
E S HEE 1m ZZRBEIT. 475 & 415mGy 72 o 72, Bailiff 2> 513, BG OFMliFE, v 7 ViR
BB (BHDOa—F oV INELDEZOHEND D), FROF—FFEOHBELR D=
AV NBRBHoT,

Grosche @ TL HIE#E, HAEIEOMRNT, NV ITN—TBTo7 TL BIEDREZ B TR
577, Grosche |TEZDOEMFTH D, REEDLV VU HEREBFESE 10cm TO TLEMBFELL B
Folr, Ny 775 ROBBIZHEE IR, KREELV I HTOBGEEL 350£50mGy &5
L. lem Net BREIE 200~300mGy & 725, LA lom WU ED b HFE Im EZREIBRE~DE
BREE LV H 2T 235 E, FErUNTOME Im EERHBEEIL 400~600mGy & 725,

11—2. =) AL ESR JIEICEL T, 74T 8 HEDREKNH >, Ivamikov (MRRC),
Romanyukha (University of the Health Sciences, Bethesda), Pivovarov (Institute of Nuclear Physics,
Kazakhstan), Skvortsov (MRRC, Obninsk), Kassym Zhumadilov (ARJRER), EH F (FLER
X). Khvostunov (MRRC, Obninsk) 5> T&H 5,
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Ivannikov Id, Fvu | FRXT 4 JHEROED=F A NVEOREIE% ESRIETITo7z, Fa ok
b 290DA, (ZORED) EATF 4 7RG 16(7). (AT 14 v 2 )llxtED) Bodene £F4>5
3Q)DRPFEFRERS /BN, (D30 ZIE, 1949 FEZTF A VDAL > Tz k),
P TNE BINTF U RT D Apsalikov DR E MR LT ETRELIZLDOTH D, Th
JE KD ESR JITERERE 2> ¢, [BILER KOE M L. Obninsk @ Ivannikov DFFEDTTIZHEIE L
Tro FEUMOBRIEARTIE, B BGEZ 0.8mGyly & LTELI|WE, ERXF 47 T, Fo
VDX HIT 1949 FLFET TN COBEEREMTRL . 2RO T 2mGy -7 (27171,
13Gy &5 Outlier fEONE DIERWE), Ko v OBESHIIK/D 2 2O NA—F1248 0%
(Bimodal), #REDKEV 4 ADFLEHREIL 370mGy 72> 72,

Romanyukha X, £ H=X° Simon D7/ NV—7Tdh 5B, =T ) A/ ESR ODENET LV EMEIZL
RTUNSVDIFAEID WS ETOREZMBETH 7z, LCEL T, BrRY 7 VR%NER
L L DR RER, Pivovarov IZHDEIE ZITWRIEIZR T AMES %2R L=, Skvortsov X,
Obninsk ® MRRC TZNE TIToC& T2, Fx/b /) 74 VIBRHEN, F /L) 71V EHRLE
EE . RFIR/KEREE R & Ot J AL BSR JIEEDHEMN % Lz, K. Zhumadilov [ =7
AV ESR JIE DRESM e & ORFHEREREE LT,

BH L, FOEEESTESRBIEEZ LTHED &V D Trial DFE, NaOH £7-1% KOH 2 &
HALFIRITHOWT, RE, FFREICEE T 2 Rl LB & B+ 2 8E 2B 24 o /-, Pivovarov I&
bz, HEDOESR ZRE LTz, EINRTFURIEERBRNSOLEE 7Y 2 L, ESR
HBIC X VEERIC LI 2R BELZRE Lz, TO/BRERMN S OEOEL RN EZATE
DEERED LD THo208, ERIEICERNES,

Khvostunov ($RBMEHRESE DL AKET & ESR OBIEREL B LEE LU, BT HEKE
TOWE 24 A, F=v) 74 ) EBEEGEE 10 AORGHEET (Dicentric & FISH 12k 3
translocation) DfEEFZ (b, BT 7 A/ ESR, WEAHEEMRE S A LS L7, Dicentric }& 30~40
FleoTHAD LE-> T3, Translocation & HHEMEDERIIS THEEINSD, KB - BIF
DHEEXYV B Eo &7y, ESR L WBHEEEIEIRS S~ Lz, O A NVEOREN
OFER & e U CIREFMEICRL D2 L 2R LT,

T8 EOIBERRIE, HIEBREFEICE L TIX, 84 T 10 HEDRE LT 7r, ILABE (&
RRFLLRL), %A #% (&RKF LLRL), 4H%H 2 (REKZFEF/FERAT) . Semioshkina (GSF,
RA>7), Orlov (MRRC, Obninsk), Shinkarev (Institute of Biophysics, Moscow), Stepanenko (MRRC,
Obninsk), Simon (NCI, Bethesda) & T&H 5,

UARBERIIEDERDOEF D Pu & U JIE L REFMEIT o7z, HEREEDOZHENDS,
FREIEDONEY > 7 (E or £F) % 8918 (50~200g, KAk LT 5~20g) AF L CHIE L=,
V2 TN OEFETEERRIL 59.3 7%, 272 Pu OBIERE R T T, FHE 0.05mBg/g ash, U i,
FIREIX 0.28mBq/g ash, U OHNRIZE B AHA Natural ThHb, EINRFFURIEROANES
DANFFPuBREIL HROMDT — & LHARE WZRENVE WD Z 23R 1572, U DOW T,
HAD 10 5 5WTHLMIKRE W, STS AT DA TOHFKE R - TH B & BARIZE~ 100 &
SBNDEZAENHoT, WHOIZ X BEEKT DY 5 o BT 2ppb 727 5 T, TR EEMNC L
%L A58 o7, BFOPuBIEMEREIT, (BYAKRIE 1955 12 1 FIOWATE Uiz LRE
L. ICRP66 &5 /L CRFEAZRD) F Pu BUARS KD S L0 10Bq 72 Y. Fhict b7

_63_..



IHIRIL 0.2mSv & 72 o7z, UIZ K AHBRIC OV TIL, 234+235+238 A btz U OERENEE
30Bq Thorek LT, EENTHD 60 EMOWEREFET S L# 0.ImSv & 2572,

RO BIXERRIC 1B F Pu, Cs I LFEER Lz, 1949 EORYIDOEERIC L Y KRERIFYRE
1772 & ST 3B Dolon, Cheremushki, Mostik, Budene £ CHO+3EH?D Pu, Cs HIER R, Pu
DHEEFRER A A5 &, Dolon, Cheremushki 137372 0 DIFYLTEA, Mostik (2 27 L) Id/h &,
Budene i3 DHH, PuT7—FZTICT 5L, BHERBEOEITTWARN-ToLEZ 5, 1%,
BIEBNCAT T, ZFENRo Pu, PCs ZRIELTHD &, BFHN/NELRBIELE Cs DEIEGHK
EL RHEAHBPRD BTN D,

ASFHE I FafoHEFOREY A 137 OF—Z I E LK BERM LT 77, Frrko
THEEH Cs137 122V T, UARDIZ XS 227 —4#, Gastberger b D 277 —4 | &5 49 7 — % &fif
Hr L7z, Global 74 —/V7 7 h® BGEL LT 1.9kBg/m2 #HA L TE LW TIHERSfiE 7 o
v hL, OIS outlier EZBRL &, 72 Lognormal wAi%E R~ L7z 22757 —#), &
DY/ —F U FANEFELEORFMEE T2 L 19494F0D Cs137 154 LU 32kBg/m2 & 72~ 7=,
—J5, BFEBREHL D Cs137 JL%& 1kBg/m2 ¥4 ) Ok Im BELZFHE TRz, Fef~0itsE
3B E L EORERLLEBERETH D, 50 FFOBEREL, 1kBgm2 %9
20.ImGy TH D, IZLHD 1 FT 19.3mGy(96%) T 5, LLOFHEIL, FP KN FHR%
FRE) ZOFEFUE L E LTOHETHD, EBIZIX, TEOHEIZE b7 T fractionation
FEZT (ERATRIIEDICERE UBRRLECTOETNREL 2D), Decay & & bIZmEMAK
b LRI 2 D, 2V, Nevada EEBRDOBPIET — & BfE ST\ 5 (Hicks, 1982) O T
N&EZZ|Z LT fractionation IR EZFHE L CThZ, ZFRICLALIILHD 1| EFOBEHEIX
16mGy & 72 o7z, Arrival time ®EEIZOWTIE, 3 FFEH 2 EEIZ, 2 R# & 4 OB E 25
BLTHEz, TOMRIIEERZZ1FBRECEVRH -7, #RH. FrUMO Cs137 LEED
RFMEE 32kBgm2 £T5 L, [ZLBHOD 1 EFDOESHREIT S510mGy & 727,

Semioshkina 1347 EERIZEAN DIELLDOEAR, Pu, Sr, Cs DHEIEREDOREFZ 2T >7-, Semoishkina D
I N—70, ISTC (EBERZENE &2 —  BYEOBRZERHEZH<ES) 072 b

(BE) & L TEERBHNORNSCEEGLRE R /-, TP D Pu, Sr, Cs 77— ¥ BT 5 HE
Ndole, BEEBRGNTIIHRE, BREDKBPMTONTEY ., £ Lz Ax OREFTHNE
EHIZRRIRED K 572, o O2HEHAT — & Tk Cs137 BERXZIE E Tl o7z,

Orlov I3EH BEE DB DT & 1T o 7=, 18I 10km LN THWA, BEBEZ £, Fa oo
PR EIZBE T 2 LIBTOMERAGEEEIX, 9 2Sv LWV ) KERET, TOEDBILTIERERDOE
ZH VT T EEINTERE, BREDCER, SRIOTV—2 v a vy FE2BUTHLNI R T
CiE, EOWRPE > TWABT—F X, 1949949 A 5 BIZ Fu UHEAcitgkE iz, 33 u Risec
(MI9mMR/M) & WD TelE—DDT —F X212 L ThbH, TOEEBFEHMBRICY TEH T, F28v &
WOERHTETWEe, —F, SRV —27 v a v 7T, el HOLEMBREIL 0.5Gy BEL -
7o LW RHIlIZE BHOUe, Orov BT X5 L RIETDEIL, BHEEDE L (Fe  HoBERML
W AETE 1.5km) DETHEROZEREEZF LTS, TL T —Z B HE LN K#EENHIE 3.2km TH
%, N gl BondERSTT —E2BPELNTEY . BEEZEDLEN D BT ORANE
ST EERLTWVNAS,

Shinkarev 1% N & > O S EHEIRHR B 7 21T - 7=, Institute of Biophysics . IH VB EERHR
DIEFHHRAFFERT T, B I NRNTF U RIBLEBEIZCOVTH b - & bbb o TE R Th 5,
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X Gordeev (BXIFT-L bz & DEENH-T-, TEEBEBHV $5) BHLIZR-TIT
Sl T L DEETH S, Shinkarev b b, 27D SORIET— & 52, BEdEE HTIIDT
BEBBLIMET S L, 24Sv WO EIZ R -T2 i LTz,

Stepanenko 1% N & LA DOAEREOHERE & EAEIE L2 R0 SN S & SBICHREMET T
BT EERLE, 1949 FD 770 L DORIEFEKICE-S < MRRC ORI 2.26Gy & 72 o7z, T2
72 L. Orlov 3 E L7z X 5 IS EDMWRITTWSABEN o T, WU A5 & A 729 & 16=1.5km T,
Fa AT O RIL 576mGy & 720, TL 5 —4# & consistent T&H 5, Ivannikov D= F A /LT
~$#6Puyﬁﬁﬁww%i%nmﬁyb¢ébféﬁ%&%»-ﬁm%%J%&ma3&&
27z,

Simon X Fu A OAMBREELFELE, KERMTH, Far M0l o0flET —# &
Trinity B EROBWEI —7 AV TREFHME T o7, [HEFERZ AN - IR BREEZERET
e, [ZodEl] TOWREIL 025~0.75Gy &iroTz, Fu A CoOEHHWREILZED 20
~30%TH5H9, £TBHE, BTFANVESRT —FRL U HDTL T —4F L consistent TH D,

11—3. EERBIWEEDIN—7IZB T 2 DMOBREE 2 HE Lz, NEIZERBERE -
AXBEROBENETHoTz, BRFEM RiT7V=v27) IFRBORZHERICOVTEDOR
B% ¥ L DFF LI, Zh. Zhumadilov (Semipalatinsk State Medical Academy) 1% FIRIROFEEICEE L
T, FRIEL OFEIZ /25 Z LIZOWTHFE L7, Shinkarev (Institute of Biophysics)id FUR R
DT BMEHTICE L TEORELBRERR L, KHFEE (=Y &%k, BURBRF) 1%
T-cell receptor DZERERDEIENEI NG F U R OWBFEIZREWZ L2 RE LT, JIEHHESE
(ERBEER) 138 INTF R OWELFEOT > r— MFREIZOWTHA Lz, MER (A
REFRFF R & —) I3 ER & AMREBIC O\ TEEDRED bRt 234 72, Tieliewuhan
UEKEER) XU TN TIE Y — 2 ICHRFRERD Y. BB K DEER ST, £D
T OEDOEDOHD St O FEEITWEL T AN HBE L L, 2 2 TIREHOEOH DA
by F U AOREEA AT 7T — N TRIET S HEERR Lic, FrILEE (&) 13X
AV a—HOY—N—FEA LT —FRX—XOELELIToTWND, BFET—FE2AT L'C‘/‘TC
B, T—ERXR—=ZRFZDHDORT —F DATPRIZ #@E LTz, Apsalikov (Institute of Radiation
Medicine and Ecology, Semipalatinsk) |FFFCARE CTHED TV D ELFFEDOR B EER I U F—/%
— THB, ZOFEFTIIE Y EERRLD, BT F VR OBEREEFMERDOBERBHIZ K
LREREBLMELCE L ZATHE, ZOWEMIISETCERLIEBET —F0, EFET
—ERBDHB, IOV TE LD, 0T —ZFHOF UL BED TNDT —FN—ZIZA
NEnb,

11—-4. BRAEREICONTE, 2 oKL A B 1 HH o7, Chaizunussova (IRME:
Institute of Radiation Medicine and Ecology, Semipalatinsk)i%, K& % & control @ Chekoman £ T,
%15 A0 1945-49 SR FNO LD & MK 2 RH L, FISH 5% IV T Y 223k T D Translocation
BELZTIT, YWaMBREN S E W o/Did, Fr kT 10 A, Chekoman £ C 5 A2 o7z,

Ne ket 15086 1B DFERE A L 5 Translocation #EE1E 1.6+0.2%. Chekoman £ Tl 8730 D
MiE L 52 L 06+0.18%T, FuLNOEFRERICKEpol, Bk - PIRERE HTILD
TRe MO RF—0RES KD S &, 0.18~026Gy &72oT-, EHAK (BRERFRIHITIIE
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AT 1%, SNTS J&H D 5 >OFf &1 (Dolon, Sarjal, Kaynal, Znamenka, Semipalatinsk) 7>5 123
A control & LT Kokpekti 7>5 36 ADMIKZ I L, U o/ SROFRERI AR 27,
Dolon, Sarjar, Kaynal T® Dicentric+Ring D#EE X, 1000 FHAEZ ¥ 2.25,1.69, 1.55 T, Kokpekti(0.78)
D 2~3 %725 7=, Dolon 72 & Trx, MCA(multiple complex aberration)D 8 & A 72 AN ERD BTz,
F 7o, THRMIR 212 AL control(Kokpekti)21 A D /MEMIREE FH~Tz, IBRHIE O FRHEFTRKE N
ERARD LN (FETIERES%9), FISH %AW T Sarjal & Kokpekti T translocation % 5
NP ORATIRY TIHEWIERD bhveinolz (REHMIEE 5040 & 5080 T, EEMILE 2.17%
& L.77%), {5 DAL T Dicentric R° MCA DBENKE W LIt FELFEBIFHETNDH T
EEFRLTEY ., Puifiyie EORNEHFRERN LN D, RaET —FIZO0TIE, HEHLAEOK
ERETENIEDLS T AN LARNEWN) I R bMEL REREENLH T2,

Chaizhunossova D¥REZZFDEEXIT LB &, Fa U MOFREITY 200mGy LV H Z & 127k
o T TL BIE . 8= 7 A VRE, WEEFHE 2 & M e UfHICBE$ 21323 TOFHEL consistent
Lie%,

11—5. UTZ e MoBREFHEICELTELD S,

(1) LA O TL HAE ERIE 25 < R E

FRE BRI OFE R, BG EOFMESIEICHBEIIES 2, RE lom ORIEE L LT 0.2~0.3Gy
Thole, ZOEZHR Im ZXHEERICHE TS L, 04~0.6Gy & 725,

(2) I5YT —Z IS ERBRE

4§75 Yamamoto 5 & Gastberger & D HEERIET — X IZESWCEHE Lz, FREHD Cs137 i
FEZ 32kBgm2 L35 &, #iFE Im TOFBEREIT 051Gy &2 o7z,

() ERERZRDE=F Y 7T —Z TS SRR ETM

TelZOE DS SN TWVWAHER 1| #FEO Fue A CORERAET —FIcE3< L, 20
SAT COMBMENT 2~23Gy, ZOMEIL, KHEEOE TARD T, 2~3km Bz Ko i o
EIZE D 20~30%L 72 0 0.4~0.7Gy & 72 % (Stepanenko, Shinkarev, Simon),

EFED 3 SOFHEN G, YV EREFIOEZERICE 725 Fu A COZMBEITR 0.5Gy L5 2
LiZid, BBLEOBREDRKERMNET,

@) FerMEROHREBFHE

HEFEIZOWT, Simon DMEIZH H 7228,

Dperson = Dair x (Dbody/Dair) x ((To/24) + ((24-To)/24) x SF) & § 3,

Z Z T, Dbody/Dair : AMED B 2ERENFE(0.75), To : BAMI 5 B, SF KR O IERRI B42351(0.33)
&5, 2T, To=12h MIFA, Dperson = 0.5 x Dair 72D T, ZERI#RE 0.5Gy & L TREHERE
13 025Gy &7 5,

(5) =7 AV ESR BIEIZ X B biological AR EZH

Ivannikov DfEIL, HEIZL S TOLPFOESTZY LTWABHD, 1949 2 Fu U Fficviz 11 AD
FEIRRE L LT 140mGy 257, €D 5 bRERFEEZRLIZ 4 ADOFHT 370mGy &\ HET
b5, TEYFAIMEBFTMIC L bR INVANARMEELE 2 5 & WENTT/VEHE (£ 0.25Gy)
ED—BUIRIFTH B,

(6) BB AREF T — Z12E-3< biological HREFMH

Chaizhunossova DFREFHE (0.18~0.26Gy) & HEAIGIRFEME (0.25Gy) 134 < consistent {272 >
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Tro BBEMEBRFEIZONVTIE, ~Y XD N—TNEAL VR T 2L LIFEFESE L, %
BT L OREAKREOHEEREDLR, ThbbAY 77 F0 FE—HL VI EmEET
W5, ENTERIORKRITZENE R TND, 20720, SEIOLREEDOFERE b - T
HIZ25FM & — B L7 L Damic. RafREBERLROMEEH COBEVERETT 2 LEH
HHEEZD, RBEIN—TIETTHEF > THBETHIMNEREZRL S,

(7) BHLD TLF —ZIZBETA4FDa A |k

FalMORBENPOEIZ LV TERERL TL BIEZI{To720k, &l - 2 - (LRI 1—7
Th D, Takada & (JRR1999) 12X &, TL PIBICESL Fr v OZEKFHREL 1.42Gy T,
FRONBHREIT 099Gy &> TW3B, AIUKEAST I T, SREOMELEOREIT
Takada XD 343D 1 L2 olz, TDENIZOWT, MET L7, Takada HIZ XA TL & (&
f 5-10mm A 5E X 20mm 43) : DTL (&, 790+£90mGy TH 5, ZDfEIL. SE DM E LB DK
TL #8600+ 50mGy & S1EEE- TWRY, DIL 235, ZEXHE Dair ~OHE T,

Dair =2 x (DTL - DBG)/Tav = 2 x ((790-270)/~0.7) = 1420mGy
Thd,

7220, XU D 2 IIBEREMRED O HIFR Im ~OWELREL, Tav IIRES TL o 7 /VEE
~DOBBFRETH D, ERO/ERGIRE DExt 13, Dair |2 [E¥HER « £TER Z A V] 12307 2h
T T 990mGy & 725, (X HiT, AMFE DERRLRE 0.7~0.8 23 A 523, Takada H DFHMIZIZA ST
W2, SEIDFAE LB L Takada b OEIZ, SEIOMEAKEIZE~, IDTL HAEFFKE < BGE
NET/HNEV] (Net T 520mGy 72D CHAEE O 2 %), [TL @ Net BEH) H#IFE Im ~DEH
BEAREN] (1515 T2 20280 TH3I/EVIZ LIIRD,

Baillif IX4EIORKXT, BYHa—F—DL a2V 745, =y PHERH-T,
BEDFR XY TLENRKE 725 & Monte Carlo 5FERFEEZR LN OIEH L T\,

B

INHEDTENDS Fu U AEES GERORNE ZAT) 500mGy ORI TH B, AMTDONT
i, D HDRONEIIN T VINRITN T2 ) § 20T, SRR DHEILEL 20 . FA0
EHBRE, 720 bE > Th, 200mGy 7> 5 300mGy 7T, KV MEIX 100mGy FREIZH 720 |
BV MEIE 400mGy BLEL BN h R D, ThNERTH B,

©) SEOEEZIINLOERREFEZLHOMBIIRRTE L THD, AREEOMEIC
i} % (Journal of Radiation Research 47 supplement A1-A224 2006 (29 papers)) .

12, 58lz2o0nT

ASEIOMEORET, Fu M CREHEDOFIEICZ LY KE L BRo TR, Pk (EER)
T 500mGy fir & DFEFRBHTZ, THITE Y| SHOBEL, WL Lo 2E8d CREL
sz L Thd, BEHROY X7 IZIEE - BIEOHIE B OBEZHRE & HETEH HI2FRD
BRTNER, ERECEREZDOHIE TILY R/ NRRD L OMHRH S, TOEDIIES
NIF LRI COWFEEED TET, SBRIIEAEIBEOTERLEL /25, EABIZH
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BEOFMICITFHITL LIEBRICE O FIIW e 2o Tohy, B TEHVL TV, FRIZIT-> T
Tehy ST IEERA T 2 DA NFBRBSNE T, 47 = X7 O Stepanennko D7 /V—7 &
MRELEVRMZERHL TN D,

F 7= Institute of Biophysics ¢ Shinkarev @ 7 /b —7 L IIARANEZEEHIZE LTI EMAEL, Z
DT DR 2 OB HEZFHE L TV 5,

EZREICOWV T, T CIUBHBREFREFATO 2 TADAR—FBHY | F1 YD Groshe
DI N—T WP EED TS, LHELARBRL, Zoak— b TE> TOHREIMBHKIEL T
%7 1000mGy Tdh 5, SEIDFERZME 21T 200-300mGy 3 5\ 100mGy Th 2D THIT &
M3ISD1ILUTERD, (o THMIZEZNITY X7 0 3EIZHEMT 5, 3 TIZ Groshe IZEAF L
AI-bOFMEEERT 2 Z & CTHARNT,

ZF M —A 3y ba—)VRAET ¢ DREI ERFTT TH D,

LS. FIUBOEEFTDOTFT —F X=X HEEZ A UEREROHFIROKE, FiC) X7 2R
O 5,

Eif33
EBRZREFNCR T 2REE. ERIOLRFRE & OLRPFETHEL TE L, 4ETIC
48l E BT RSN b E O, BRI N 752 < OMEE & L bIcEf Sz, £NGO T
borros< s BINTFURT - TaVx s bORAN—EZERIBIRO L H KA O
F2IZIIE L OB HEZ NN TVS, ZZIZHITFTOARVERELZVS, b TD
ERE IS L) BT 5,

_68_





