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2011 4 3 H 11 BT, HHARKESI LD E @ &H R 3BT BV THIL
IEAE L, JEIBRENDEE LD bEWEREOKMEMME SN & 2% T, JBEAY
A X, YEoM., KW ZEEERICIVREN MEYEIGIRICBET 2 EE) %
TEMREIEE Lz, ZOEERGEIL, BEZET 57D MHEEREM 22 1 371
EDTEbDOTHDLZ Lnn, BAEFEKREIL, 201143 H 20 H, BMEZEERIEF2 4
RESHICEASE, BRMLEZERITHEMER AN 2 255 LT,

AEl, A5 REER AL 21T ) 1S 7o T, RSB 2 EEA R E RS KR
KE M BRI B A B D U P E BN BT 2 S F TSI ST 2 Uik, [EBERAGH
MEIER B, HARREREBI N AL L TV DRI A, & OB Y E 2 BE 4% 53¢
REZIRIA RO L Uiz, 7ok, BOEIUC L 2 B EYE OREEZEIZET 5 X
BRIZEE STV D Z Enn . BOBIUC X AWNEHHHIE oFREICRS T, 72, bFW'E
ELTCoOBFMEICET2HELE O, IR HRLZIE LT,

RO E LTiL, BAEZBEICL O EEHTERED LT D ESMES U5%,
FEE LA UT WRNCTNV F=T LY 7 VB80T VT 7 (7 A Y v
UA, F2VU L) | SHITHEEA M T U IO TR EIT o 72,

REt AT T BRI OW T, BOBEUC X 2R EICET 2T — X132 L, i
BUICE DALY LFEWE L L TOBEN LV HBICH D E i sn-v T v ERE,
B RICB W T, A — HEEIE (TDD) OFXENTE 5 X 9 REMERR O GEOE 7%
DFNFNT RN o7z, 7T VSN OBREIZ DWW TIE, FIRBE~DOZERREL, H
W AR SN DS ET v KOV T 06 OB EYE O R HIR LS 2 5
e, BURTIR, B O OBSMMEME OBBUCE L TR b EHEREH L & 2 DIV
P A E D, FERNCEHMER R 2 R TICR D HRIISE bR o Tz,

VIbEDZ &2 E 2, ARMEBIROMBE~OEEBIZET 2R 21T, TOMR%E
EVFE LD, ZEL, U7 OWTIETDI 2R ETH I & & Lz,

ST — 2T OFRIPAFET D08, ) LIl Z 0@ L7 LT, ¥JUu—=%
YT N—FIZBWTIE, AT LR CRICOWTRETZ B, 9T A1 o Ooxt54EH
DFYME, MEHFIABEZOAE, HEBRBEEOEUIM, KKETORE, ZEHICIHIR
MO E NFEDOREA BRI D, RFHIIZE W TEHZIZ LIS D ST E MOV T
L7,

ZORER, AL T, BBRETORE~OEEENL LN, HDHVIXEMRETO
TR A~DEEBN L LI o7 L3 L TV D KI5 FT — XSS RD XK H 7
SR B o T2,
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D A > FOE# T O BRI E 500 mGy RICBWTIHNRA Y A7 ORI 5
Nl ol-Z & #8E L T\ 5 3Ek (Nair et al. 2009)

@ LB« Bl OWHEE 2B T 2 BN A L DT ORBEFE U 2 712250, I <R
# 0~125 mSv OFE CHRESEBHRIZB W TOFEREAENFTED B8, #iE <
& 0~100 mSv O TITAERMBEENBDO N N7 Z &2 HE L TV 5 3CHEk
(Preston et al. 2003)

@ I - FIFOBIREZ T D AMIFEIZ L DL OHEEF )Y A 71220V C, % (0 Gy)
BEE L U2 35E . BRI 0.2 Gy L L CHEGHEMICARBIC LR L7225, 0.2 Gy
Kl CIIA B ZEIT o722 L2 8HE LT\ b 3k (Shimizu et al. 1988)

LLEMWS, RU—F 0 77— et L-&PIc B W TiE, B L 2 BB |,
WEENTWADIE, O —RATEICB W TSI 2 R E 2 RW - AEICB T 5 B
WEL LT, BBXL# 100 mSv UL E & LT,

eF. PRI L T, K0 EEZZIF T WAREN (FURIE ASCHILE) RN D &
EZz o,

F72. 100 mSv K OFREIZIUT D BB O R EIT OV TIE, PR TR 2
NHELNTZEDOWETHDIN, BEHOBITAT—F LYW T5Z L iIdREECHH-T=, i
DOERNZ LD | IRBRE DGR & D R 2 5 A CRRGE LIS TUW WAl EEME A2 5
ETDHZEETERO, BMORERELE LT 100 mSv KiiOEFBEEEICONTE LT
52 L IBESELN TS HANDIIREECTH - 7=,

77 UAZOWTIX, 7 v D 91 HEEOKE G3RERIZI 1T D 2R 5EE TR b= B IR
B (MEHE R EREZO/NTRIROETE, T, EARMAE OJRR, R LR
O OEREAN~DZENL, kORI E OZEfZEME) LY, LOAEL (v 7 & LT 0.06
mg/kg AHE/H ThH o7z, ZORBRTITEEAIOZ > b (HMERE, &G 15 0 BAHNS
A BRI A A B OIS VRAEDNThI Tl Y . ZoRBRIZEk 1T 5 LOAEL IR
IR A AL CTDI # 5 M35 2 L N@EUTHL LB b, ZORRICK T 5
lgl 2692 S e OMARNEIRRIC W T, PRV | EFIRIEBICH 2 Lfllrs i 2 &
226, 91 A OIEMERERIZ X 2 BMORNEFMBEIIAE LB 2 bz, U7 B
SRR SN D 2 L 2B E LT, AMEFREUE 300 (FEZE 10, fE{AZE 10, LOAEL
7225 NOAEL ~D4M§ 3) M35 Z &3l LW Lz, Liz23->TY 7 ® LOAEL
% 0.06 mg/kg (ATE/H & L, RiSEARE 300 ##H L7-& 2 A, 7@ TDI 1% 0.2 ug/kg
KE/H 7207,

EREDOFHEE RIS W TR T O T T USNDOBIMEWE IO T O Y 27 EBZAT
I, AT RN E O —MRAETFICB W TR DGR EZ RV AEICB T S
BMORERETHL ZLABE L. RO OKEHEWE ORI, AARNO R HE
ROEREZEZX TEHEITO NS TH D,
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[ ZEFDRE

Pre=1
1. =

201143 A 11 BT, HAARKERKITIEOFUE G BFH— R I EITICB W THL
NIEAL, FIBEENLEE LY bEWEREDOKMNENMIE SN2 & 2% T, JBAY
@1, 20114 3 A 17 HICBBICER T 284E LofaEORAEELIEL, &> TERRO
fEEEDR#EEZXND Z L2 AN ETHRMEEEOBSNDS, YEOM, KT hZekEs
X VR TEEMEBIGIRICET 251 2B EHGEE L. 2z BRI &I
OWTIEARMEAEEFE6RFE 2 7Y b0 LTRAICHEND Z NI S % H
BRI @E LT,

ZOEEHGMEIL, BEEZETLOICREMEFREETM L Z T TICEDTZLDTH D
ZEDD BAFBRKEIL, 201143 A 20 H, BMEEIEAIEF 2 4 55 3HIZESX,
BMEZRELZER IR MR ETMNZ 5 L. TOMREEE 2, LEREEF®EIC O
TR+ LTS,

2. FHKRBEORNR

fhnfibis (D 22 4REMEES 233 75) 35 6 R 2 SOREICESE, AEn, 7
LATAERWENGEN, HLBMEL, MEINODEWAHDL DL LT, i
PWEICOWTHRIREZ ED 5 Z &,

3. REdICHE Sh=-HHAEMEDZE
(1) BABSHREEL<

ETOAEMITARITAFTEL TV DB THIE LTS, ZOMFIL, F
HHRDO G D, KEBEORENS OFHRE, HEROMEE, B, =25, Kk, B, AMKES
ICEENHHERERO B MEEE TH D, R TFHEHNBRICETIEEREEZBER
(UNSCEAR) 2000), HRBIBIUIZ L D — ANY7- 0 OFEFEDMET, R T 2.4
mSv T Y (UNSCEAR 2008). HATIIFEHH 1.5 mSv TH D (iHHREFBAEZE
AT 2007), F£70. BARBHBRIC L 28X LSMT, EFEEIE, BEHIIS R ERDH D
(UNSCEAR 2000),

®I1-1 BRBEN S OFHHILCKRE (BEANFY)

IR IR E (mSv)
Bz X 280 < 0.41
REFEDT R ha A L aHE< 0.40
R MBS & 2 8R1E < 0.38
FHHRC X D2 H0E< 0.29
At 1.5

SRR R R Bk 22 AT 2007)

10
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(2) FxIL/ TA)REMEBRICHES BETREF £
1986 44 H 26 HDOF = /v 7 74 U T IIREFTFHHE . FEICHRT D & A b 181
ENBBENCB DT HHIERFRLE CASCHK, &5 WIEFHOFFSCH N DR S v,
BREREREHZOW T, B O EEAZEHE L CRI-2 (IR LE, T2V 74 VFERSE
W CE 18 AERT, ZDIEN 137Cs, 103Ru LM ERE Th -7

®1-2 BFAEORKEENT V] OREIE

WA L mA L Ak ERL L R IEHRAL
(pCi/L) © (pCi/L) : (pCi/L)  (pCVL) : (pCikg)
I A 225 | 13,300 | 44 . 678 § 89 . 10,300

(3%, 1987)

(3) EEE—RFHREM

JR- &2 BT 5 EBR 7 /188 TAEA) BIFESEICT 5 B AREBUFOHEE— =
T E IR T1 3BT ORI DN T — CER23F6 A TR 1) SEF R RA) 12 LA,
&S IR EFT ORI 6 DZELR T ~OR BT, 1B DV THI1.6x1017 Bq,
1B7Cs 2OV THIL.5x1016 Bq EHEE S TEY , Fo, HAKTICHEERE & L T4.7x1015
BaiR O S E 3G Lz EHEE ST D,

(4) BRPOMHMENEORERR

JEAGHEE I LD &L R 23 4 6 A 30 AELE, BEMHIE S @E S 7-%I1C, &S
L0 EEREHIE A % 5 MSTRE SR SN BT 6,371 R 404 1 (2 73 133 1, &
UL 345 1F) Tholz,

< S PESCHER >
TEERATHE, F =V 7 A VIR IR EITERI E O BREiB Y & = o < M &S, H
RINETRE, 34 (1) , 3-9, 1987

4. BKEEYPOEFIKEIZONT
(1) BKPIZERT EEMDOTHRDETR

O TE IR 2 DR DIAENICEY iIAF 1L, & DO®RIEAELS « kBT 5, &
IRINICTFAET 2 S E E 1, FRFERRTR & 25 M (F0Ee L CEB T 5 BEREN 72V IR D |
WU« AR - P K0 . MK E AROM CTIHEHRRE THEAE L TV 5, EHARIRIE TOBR
FEAPRE & 2 OREIZART 28 OIRNIRE O b2 IRMEFR I E W O HEE T AIcFEE
TS (LB 1978),

WK F1 0 & AW ~DFERCITEZE O FUA L K OHEH O E 1L, AR D K Ex X OZEE0M:
7= AEED. KOIREE, Ay, S OIZIINE (WREEOGE) RED/NRTA—F—|ZL
11
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WEIND, MAT, fARER ST X ahEoicbwEihs, LT, BViA
ENTEHESCTLEDO—ITPEH S TIC, B<ANIZEE LEHI D, £70. RiEtREK
RO DLGE. T 4=V RREEO T DBGHERAAR F L —Y —1E XD mvWEE R, B
HELT, 74—V RREEOLS. KN DOBGAZOMIZ, KPS % 124G L 7=
MHOWIHEMb->TWNWDHZ EEREZ HILD (K% 2001),

MR DZ Z 6T 5 & WRKFHESFEDE D EFIREBIZRBN T, b/
B A E I, BT ERNCTEERIRIEIZ 72 - 72 BE, K TPOREICHT 28T OREDL
1L ETHIVUTLHEDRITRE SN STV D,

AFIVKERDGE, KON BREIIA T IVKBEZEVVEECTEAELTBY ., EWiEE
OHRIR 72 & 2 Hivd, WK OREEE KR K UTIBEOIAEMIZ LY A TF S
. SOICHYNETZ 7 ho, BT T o oo ANRIfER, RALRSE A & R EH
N LU TCTHEMBEMEIIND, EORER, KUBEOEERN A T IVKEREIL, B 65
FHEOREICET D (BEEK 1976), O X2 BEEZ D L. EHEWE ORE ) E
AKFPEDGAFTOHTNREWKETH-TH, ZOHI/NIWGEIL, AR EFESZ &
DEUNE DR TH D, (LR (1977) bR OBMELRBITERRENH > T, B WD
AT = XL TR WA, T UAFER XITRE L E ST DR 2B e L
TW5%,

L7z > T, AFHliETIiX. Concentration Factor (VAT CF] EWEED) ZAEMEMNED
R L W oA LB, B2 DK & MEAKICAE R B AN O U P O E D= L
LTEBLx, LTIZBWT, CFRITREREE LTRETLIZE LT 25,

Fo, RFHIE T, ATEIZOW TS ST E O R S ER 2B N5 S 4
72 b, CRICE L TIEREOZWER A Exdg & LT, K EADREZEIZON
T2 L 75,

HEK T O RS EE DR PE A~V IAE N D6 WKOREE, Aot Ll Xk
WEENTHZ LD, ar X=X hETAEZHAWT, EBRAJIC CF AR a0 80
ZRDLHZ BRI TS (R 1993), LavL, 22 TIHEFEZ LT 5EEOH
EENHELNTE CRICOWTHRETAZ L LT 5,

(2) MHAEMED CF

CF BT 21T D HENRH L8, R (1978) 1% CF & HEE LT, ZE
TEDERMEZ AND HENLLITHhL TS E W), ZOFMITEREMLETTHS L
DIl KEEYE ORIZERITPHRIRDBK D Lo TWA Z LR EREFNTH LM, &
DTHMEDILHE DA, MEOIWERELZSGL Z LIIRETHL L LTWND, BETLHE
B3RO T- CF &I 512, &2 F CHE LA MIR CEET S0,
AFARE LR TH - TH, A ~DOBOAIRIZ K EREZERN 2N E N FUERLETH
%, 1B1Cs OWPEE HRD 7= CF 28 4312, TOLEITLHE TH 5 Cs DFRAKNEREEN O
KD CF1342+6 THY, Cs TP L UIFFHICEIL —H LI 2R ELTWD,

12



© 00 I O O Bk~ W N =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

2011/07/26

Tateda & (1996) 1% 1984~1990 fED D HADIFED 18 fH 32 2 7 LD AITHOU
T, ADOFHEF K OMEKRF D 187Cs #lIEEL CF 2 RLTCW5, KRHF74+—AT D D
1B7Cs | 1963 Rl — 27 Z/r L, DIZHk L Tl 0 . ZHUTfE- TERimmgKH 137Cs R
B L TWD 0, RO L0,

FORFA T 137Cs 21X 0.08 ~0.44Bg/kg wet weight TH o727, FEEEIZ LD KEIT
RN, ETo, BRI 7o b A U s o R g K H 137Cs JR 1T 8.5~5.1 mBq/L TH Y |
k7= D 7 HEEMOEECBNTEH, EE—EThoTnL SN TWV5D, AOHKEK
EKIBEN DR Sz CF O ER)EESE (EHERRZE) 1d, 524 (4iPH 14~133)
EHELTWD,

SRy (1999) 1. 1984~1997 4ED H ARDIL T DOWFPEAY) T D 137Cs IR JE K O CF %
ALTHED, Tateda b (1996) OHREFITIALL L7z BICs IREZ R L, F¥) CF 1 12~122
DEPHTH -T2 Z L HME L TV D,

il & (2001) 1%, VEPEMRIZIIT D BICs IRIE LA AT 2 B RIZ OV Tl RE R, K
BHOEVWFETHMIICE Y CF 2025, FIZ L - TIIRER & RN E] L, 2K
HEFEOmmWEFET CF O@mWMEM AR T, ORI 137Cs OPFHMEEICEEST 5 2 &
EEERML TS,

AFF (1996) 1%, WEAMICE AU 7o oi# (& LT Pu KON Am) OHGAA, HE
MR QRN ORI DWW CTENA DT —Z 2 fE L T b, ZORER, BFEEMIZ X
LY T U BEDBEREIKNO OBUARTIX, 777 o, Wre, BEEHEESM TRE <,
FBETII/NSNWZ L 2B, £z, EDICROABEERHL TS, 1. 7707 b,
W K OIS HEBh | C 35 1) D Ll R & 72 CF 1%, & U CHIlE, #iikEm, HR L Ok
BREA~OWELF R REREICEID 2635, T72bb, NEHREZE L TOERN
SNOFERINS VN, 2. BEHERY DO OWFEAEM ~DB Y T - uROBITIXEREIK D
DA THO TSV, Lo L, MEHEREMIC IR T 28 Y 7 2 i3 O BlRE K
TN ED, BREAMOHEREM 1B L COEBEM~OBY 7 U nRERIT. BB
DD THR Y REL D ERBEEIND, 3. HYEREIOBEESER 21T > I2kE 5.
BWEHAREZ I L COBY 7 mBOEM~DOBITIZNES -T2, 4. 74—/ Ri&M
TRICBWT Y, WEEM~DBY 7 o nROEMIT, 7707 b, ek S HEEY
TREL, ETII/NEo T,

Wk O e (Andersen 2006) TlX, AU 7 — /A LiEE (Svalbard) . /XL Vi (the
Barents Sea), 4tV —> 7 K¥f# (the North Greenland Sea) T 2000~2003 4= [#]
[ZHIE SNTWEDOT T >, By Fa s V<l OOV T, 187Cs ORIEKR N
CF BWEH N TW5D, 187Cs OYHHEHE(RZE (SD) 134 >y ¥ a7 7'~ 0.72+0.62 Bq/kg
wet weight, V£ 7% 7 0.49+0.07 Bg/kg wet weight, X¥ > 7 %7 0.25+0.10
Ba/kg wet weight, 7 3 & 77 %5 3 0.22+0.11 Bg/kg wet weight, /~—7"7 %7 0.36
+0.13 Bq/kg wet weight, > 71 /L7 0.67 Bq/kg wet weight, 12 H A7 7 0.42
Ba/kg wet weight 2/~ L7z, T4 6 DOUHFEFHHIAD CFIX, 7T 577 20D 79132
MHUEYTHT VD 244136 OFPHTH-T- LG LTV D,
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(3) IAEA DiBELEMOD CF

TIAEA 1%, 2004 “£® Technical Reports Series No.422 (23T, fAIZE £415 60 £#
IZOWTZETLRD CF 2 3LERD B 15 BN L OHELEE (Recommended value) & LT
FLHTWD, ZD CF %, AP OILHE IO & BB KO BERITIET (B
ThHY ., HWARE, AR A X IRE, HOREREICI s TEELZIT L Lit# ST
W5, £72. IAEA PR L7=5#E D CF 13, iHEBNKND OEEERIC L - TEMET D
ZEEEHRLTWARNWI EHFEL TN,

AbwrryFUL (Sr), avE O, BUL (Cs), vTr (U), Pvh=0U L (Pu),
TAVYULA (Am), ¥=2U VA (Cm) ®CF%, TAEAOLAFR— MO HBLTEI -3
Rz S

TS DHEENSHET S L 137Cs @ CF 1%, SR OWaEFLIE T/ VR fakE 2 Heiig
L CTEE~10 (ERREDERNA SN D OO, BYHEH %N L CTEk OB+ 4L
L OEMRREE RIZT AT KB LT, UONIEDOA =R LZRIZL TS, LR
> T, SAEORMEFFEZEMNIZ Y o> T, EWIERN TOWBLFER R & OEY) T/
ERIIOBENDEZ T, FMFEIZLDBEROLH D56 ERE . WK EWEEDG O
CF L, EFEEE2OB AN DRHICEM LTI 6 W EHIZE 212 W,

14
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# 1-3 CONCENTRATION FACTORS FOR FISH

Eloment TAEA-TECDOC-211 | Recommended ote
value(3¢a) value

A bmrF 75 (Sr) 1 3 @
avi# (I 10 9 @
7 (Cs) 50 100 ©)
77 (U) 0.1 1 @
7V k=72 (Pu) 10 100 ®
TAYVYT A (Am) 10 100 ®
=Y A (Cm) (10) 100 ©®

) I IE HEHIE

CHRRHFIZHRE STV D A s FULAORIZHT D CRs X1 R CTh b, Z OHELE
BB A EOIAREEEET LG TH D,

HELE CF 1. PentreathC¥ b))/ B 5 - ADOEBEEE M-V 0.5mg = VR EE %
WTEHR ST,

HELECFIZ. E& LT LKoY oty A 137 OHEICIESH TN D,
CF IR UBREHF CHONTAFECTRARY F-0 A4 A TRENZLT HZ LT L
Th b,

AT O 7 ORI 0.2ug/kg WMEREESTH CXb) IZREINTWD
ZOREERANCEHR SN CFIX 0.1 KTdd, Lo, aBEOFE \#aﬁ
THHREMEDOH D EEBEIZVILD & LICTETHEMLE,

FAIEEBRICE END TNV F=T AL TESZL DT — X2 AFTHIENTE D,
ZDOELIZOWVWTHEN RSN TNAHGK c), CF I 3.5X10 @ 2 F(xd) K OHE
#FI(English Channel)1X10 @ 2 3&(3e), #EE 1X10 @ 2 3,

B OHELEXIL7= CF X IPSN @ English Channel @5 — 4 Z W THRE S 7z,

(%a) INTERNATIONAL ATOMIC ENERGY AGENCY, The Radiological Basis of

the TAEA Revised Definition and Recommendations Concerning High-level
Radioactive Waste Unsuitable for Dumping at Sea, IJAEA-TECDOC-211, TAEA,

Vienna (1978)

(3%b) PENTREATH, R.J., Radionuclides in fish, Oceanogr. Mar. Biol. Ann. Rev.15

(1977) 365.

(3%c) JACKSON, D.W., GOMEZ, L.S., MARIETTA, M.G., Compilation of Selected

Marine Radioecological Data for the U.S. Subseabed Program, Rep. SAND-73-1725,
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Sandia Natl Laboratories, Albuquerque, NM (1983) 237.

(3%d) HARVEY, B.R., KERSHAW, P.J., “Physico-chemical interactions of long-lived
radionuclides in coastal marine sediments and some comparison with the deep sea
environment ” ,The Behaviour of Long-lived Radionuclides in the Marine
Environment(CIGNA,A. MYTTENAERE,C.,Eds),Rep.EUR 9214, European
Commission, Luxembourg(1984)131.

(3%¢e) INSTITUT DE PROTECTION ET DE SURETE NUCLEAIRE,The Report of the
Nord-Contentin Radioecology Group,IPSN,Fontenay-aux-Roses(1999)
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< ZMRCHR >
Andersen M., Gwynn JP., Dowdall M.  Kovacs KM.. & Lydersen
C : .:Radiocaesium(137Cs) in mammals from Svalbard, the Barents Sea and the North
Greenland Sea. Sci Total Environ 15, 363, 87-94, 2006

IAEA(International Atomic Energy Agency) : Technical Reports Series No.422;
Sediment Distribution Coefficients and Concentration Factors for Biota in the Marine

Environment. 2004.

Tateda Y. & Koyanagi T. : Concentration Factors for 137Cs in Japanese Coastal Fish
(1984-1990). J Radiat Res 37, 71-79, 1996.

BRIMECR, i ¥EERF = = — 2, 72, Page5-7 (2001)

SRR MRPEAEY) & HE— RIS ER T D 137Cs RIS E 5 2 D HINIONT
—, RADIOISOTOPES, 48, 266-282, 1999.

=EHEA, UTHE, BEEE. BEAR 3 . KER AL 1976.

AR E—  WEEEAED ~DOSEMEWE 0BT, DR 1REE ¥ —. pp.334-354
(1996).

157K
1973.

g%l\’ld

CBRBEIC BT A HURTEE O A EREIZ oW T RADIOISOTOPES, 22, 662-673,
hIFSCRN - METEE O TE TR IR & Rnddd, MEMEREEY I —3 U —X No20,
R e AR SEAT. 1993,

ARLME - HARMKSSEE 5, 11-20 (2001).

[

“m

B EERE  pp24-29, pp32-33. FEEXKEH K 1978
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. BREREZEFEOELRNHEAS

Alal, B ERM 21T O I2 %> Tk, LFORICEE L,

UNSCEAR K OCK[E# MW E 0 B 6% (ATSDR) OB EIZEE T 5 @A EIC
SIS TV DIk, [ERRS % Z B2 (ICRP) | AR (WHO) »RAFRL
TWDEBHIN 2, & OB PEYE I BE T 5 SRS 2 18A < RFtoxtg & Lz, 72k,
R OEEUZ X 2 BN E O EBICEE T 5 KRR ST s Z & h . ROEIUC
KNI OWMEICR ST, o, (bFWEE L TCoORMEICETIHmE L E D, IL<
FRAEIEE LT,

MRETRI G OREIT, BAGEE O OFHMIERE 2B E 2. it a o, ittt v
L, UT TNV LROEBY T om#E (TAV VTR TL) OT VT 7
BRI ONCA e TF o ab L, o L B EREIZOWTE A OFEMEENRSHE L TH
MEITOZE L L,

BB, BRAOEBEIZHE S & N ORI KIETEEICOWTORIZ1T 9
LOTH> T, AKIL, BEFFTH DL, FRETH DI L - T, FHli0EHER ENEL D
DO OTIIRNZ LI ANA, Fo, Ml & EEOSBEOB A, B EIC
FHE SR BEIND L) R ENRVWEIEE L CGIHEEIT 72, 7ol BRI R OHIK
MO NEHIE S OB OWETHETT D6 Z EDRRNETH 72720, i O OB W E O
BEE AT HIEL < EDBHRIC OV TR, Hilmid, IMFHIEKIZEZE LR L TRV & %
AifEE L TG 22& & LT,

n. ERZEICDONT

B DL ORMEFRFEETMI OV T, WESNZMENSIX, BOBEBICET ST
—XZFXZ L, 7T EROWTEBOEZRERN IXFHIfE R 2 R e oo lz, IV~X (I
DONWTIE, BREZ L OMROBH 21T 57~

18
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V. BSttEaIOE

ZZIZBWTHIZE UE (3 Ukt) LRLEL72b DI, T TEME DS NSO
WTBETICEHH LD TH S,

. TRA. RF¥
IUPAC : 1odine
CAS No. : 7553-56-2
JRFRes o 1
Jiff 1269 (FU#FL LT)
KIROIFAEL © 1271 100%

(The Merck Index 2006, KEET-#iHIZES (NRC) 1977)

5%

2. YBEeEiHER
fis (C) :113.6
s (C) :185.2
B (glem3) :4.93 ([EfK : 25°C) | 3.96 (&K : 120°C)
ZAZZJE (mm) : 0.3 (25°C) . 26.8 (90C)
(The Merck Index 2006, =P oEE# 1998)

3. MEHERRE

I URITIT 108 D 143 D'EEZ H D 36 IO FRINAKNFFET S (Chu et al. 1999) .
ZDH Y 14 FEITKBEOBEHRE HT 5,

129] (i 1.6 x 1074F) L1372 0 | 1251 o 8% 60 B, 1311 o 458id1% 8.0 H T,
AN BN D BREFIIIELSERE LV b, BRE~OEREICERNT LY 27 %
H- 5 X7,

U7 USRI D T2% K OT IV N =0 MESRAERI D T5% D3, EHE IR E
RO B RAEIZ Ko T3 URFENIE L 725, Bl 21X, 235U B R4 D 2.89% M U 239Pu
TlZ 3.86%73, 131In, 131Sn, 1318h, 131Te, 131] KN 181Xe & W\ o 72 H & 131 O—EHD[H
BIRRINOERIZE S, T UVRDKFRNITTHRIT—RE AR (initial fission product)
ELTAERII, WolcAERESND &, FRMTHRIT B MEIC L > TE#EEL, 1311 %
RTCLEERTTHRTH D B1Xe 725,

RO 1291 THAEEZ 5, 129Cd THFE Y 129Xe THDO L —HOE & 129 ORI EEK
RINDAERRIZE D, 1271 L0 BT URENLEIL B AL y n@%ﬁ&m _oto*(i%{ L. it
ENDHTFRNLX—8 PBREYy BEADLELE) FIVRORNMEI LICEHATH S,
B Z0E, BIE BRI I K-> TAIEE L. 0.96 MeV O R /LXF—2 B Ri1- & y OB T
HHEIND, A< THEVDB &y DMAGLERH Y | AAEED 90.4%I2F\\ T, 0.61
MeV @ BRIF 23 S35, 750 OiFl = R/ ¥ —1% 85.3% DifEH T 0.364 MeV @ y ##
ELT, HDWVIL5.1%DHMESRT 0.284 MeV & 0.080 MeV O y RO AAHE & LTt
S5 (Argonne National Laboratory 2005a, = boefe 1996)
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4. B

1277 %, AREK OER(LEY. KA X BEREAlL SRS, WHEAl ZEM. 1 v
7, AEtrh, BEIEH, GRTLAREECHWONDS, T, SR LK O — L O E
AL THbHWLND, BILIZEEHAD hL—H—¢ L THWOLILD (The Merck Index
2006, KB LFEE 1998)

5. BRARTOH - BE

AURITEAMEBEO I NV—T VIIA O 7F URICET 2EEB TR TH S, I UHRITH
I BRI ET DR E O —D> T, ~Nu 7 RO R TEEED R BIKV (Straub
et al. 1966) . HARFITAAET 5 I UROLERNMMEIL 27T TH Y, HEK EOEDPTICF
ET 5, #Hakh 1271 IR 0.5 ppm, HFETIX 45~60 ug/L, & L CREKHFIREIX 10~
20 ng/m3 Th 5 CaWELFEEI 1998) .

AURIIZ OILFEETHEL (Orka v, aviky, 3 vRBE, B3 vRER
HEE) | MEERE S EICI B A TF L E L TREATICHATT 208, Fika vFEizdbn
W, BB - BT LM X BT VAL (RERSIE T B ATFL) BT A,

V29T [FHGE T U 5B & U CIiEME— B ARIUTAAAE T 2, 2O IX R ONEF O ¥ F Y
N O LOEGRERY E L TEKRSIND, £, EERAF TE=RrLX—h1 & 129Xe
& ORGSR O - & 128Te 130Te & DS TAEKREN S (Soldat 1976) .

125] L 1] [ FFFIENTO FRPE RS, UFIESRER FIC LD T eV b =T A
DI HPITAERKT 5,

REIRARL 29T IZ DT D 1291/127] T A REREEH TlE 3 x 104 Th o 72, BInas iR
B RV —IRENCAE D 1291 OERRICK D, FDkIT 108 L7 > Tuv5 (Ballad et al.
1978) .

R A~O 3 UROKHITE KRR & NREBIOM G2 6RAET 5, BIREPR & LT,
WEN DO I UFEOHRE, SAa0E b, KILNESIZ2 &A% %5 (Cohen 1985, Whitehead
1984) . ANHRIEENC L2 3 UFEOFAR E LTI, R ER & OB HR
DL DK, BEIEM AL IRELOBRBEE 7O O3 8 0 | R 18] [ I e i -
FIR., ZBEHAHE 28 C Tl ansd CRkE BT HZEE« (AEC) 1974, Likhtarev
et al. 1993, Marter 1993, Moran et al. 1999, XK[ERZT #5 I — (NAS) 1974, XK[FH
B SE#2 (NCRP) 1983, Robkin and Sheien 1995, Stetar et al. 1993) .

KEHFTIE, FURIFZEORMFEELEZR - L, KRR, KERA R SUIR 7k
THET D, RAFTOZ LFRRBOMERHEILZEN LN 10 H, 18 HLX D' 14 HTh
% (Whitehead 1984) ,

SRR IR K QSR 7-1k 3 7 B IEREF 0 B lEtE (N, AEi, ) KOt (IR,
JEELHR) IEEVEA 288 U Cikked % (Whitehead 1984) , I VA LA F /LD L H 723 v{bT
SV UITIRMEILAE S REMERAE HE Z 0 IZ< VW, I UROWF LI URORLE L EE, AL
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e ALFREITIRAF LT D, & L, Bk ke B Cg Z4uE, R o 3 URITEY R,
TEEREICIEE LY . REKIZERFT D, 33U ROEYEE TORFFRFIZEKIZ LD
7.5~14 HIEETH 5 (AEC 1974, Heinemann and Vogt 1980, Kirchner 1994) , 158
oA UREORET, T pH, THEORS, BEEZERE, AL OERE (TLI=U LKW
O ) OO L 2% OBERICEEL2 %175 (Sheppard et al. 1995,
Whitehead 1984) , K& 6 LHE~IEE L7ZEOK 1%I1%, oriRka vRE KRNI b AT
JVOFEFIZ L D KRKA~RY o739 U RBITRMEANTIT TR m AR /K Z 8 L CHFEIC R
5Z L7 % (NRC 1979, Whitehead 1984) . & 0.3 XU 1m O HRIZH T 53 U H
OFLIMERRITZNZE N 80 LT 800 - TH Y, 1 m DIRS £ THET 2 DILILE 3
UED1~3%THL CKEH =xr¥—% (DOE) 1986) .

3 7 F1EZ% < OWK L IR OKAREY) FIZE LTS (Poston 1986) ., #/KAEY) (1]
AT ) X3 UFRE 105 HEY% Z A TWDHD MEE (3) 13X 103 EE% & ATV 5 (NCRP
1983) . WK TIL, MHkT O 3 U HRIREIT 0.003~0.81 ppm OFIPAT, Z OEITIRELL

(Fa/7k) T0.9~810 725, WEKMTIL, I VHEIEEIL0.023~0.11 ppm O T, 10
~20 DJRFELL L 72D (Poston 1986) , [ EME T, I UHRITRAZE L CTEIZI VLY
ELTHRVIAEND D, S URE., 3 UFRE L TORGAHRITD 72 (Burte et al. 1991,
Whitehead 1984) . [ FAEY) TNt 3 v RIRETT 0.42 pglg TH D, £ OHUAIIT 118
St LRt I TE L T D (Moiseyev et al. 1984) . = w3k & I AL D o34 1 34k
W CIIAEI¢ % (Voigt et al. 1988) , [ EAEM~D 3 U FEDBUAIAL, FEHEEH~D =
VDA EEE S TTE - Y - 4 - FAORKZE L3 VEOBITICHEERKH %
RizL T35 (AEC 1974, Soldat 1976, Tubiana 1982, Voigt et al. 1989) .

6. {KRNENRE

(1) YR
@k k

BI] & b L—H—& L CHERO®KS Lz B (JTT 2RI S, FRRIRERE

WHERE TR T A2 EMEP YR IHED 1% K5 Th 5 (Fisher et al. 1965), [F] UAFZEIC
BWT, HARIRBERBROIEHR 22 20 4123 Uk U o (025, 1.0 mg I/H) % 13
MREARLGLE ZA, 1 B4 OfRT I o FPEIIHE 1 B #EEREOK) 80~90% T
B, IFFREBIIRINEINTND Z EDNRB Iz, [FERC, B A 9 4 E2xRe L
AR O ESICBWT, BRI OBt vFIT, PL—HP—t L CHEROKE L
7o L X 182 FHED 97% (SD : 5%) TH Y, IZFFERICWINIINTND Z & HBRIE
7= (Ramsden et al. 1967), [F UAFFEIZIRWTC, #BRE 2 4L E T VHEA (ZE
U RFNONFREFIATATHLN, BELL IV Y v AXIFI VT NI T AD
WD) 5, 15mg & ML —H— LRI G L2 & 2 A, FIRBRAE ORISR Sz
B U RIFZENEN 96 LT 98% TH o712, 1 HITB W T, Mt GEaHAMA)
SOTTMERFIC b L——ZFH Lo, FRRIR L QYR HIZ B S L7 i 3 o #i3%
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EI 97 TN 98% T -7~ (Ramsden et al. 1967) .

G = 38 (1231 1251 Je R 181]) Z FlIRIN % 5 ST D & 5 S e sl B VD TR,
FERBICERTT 5 3 v RIIFERE (20~35%) THY . EERS B MES ¥R ORI
. BHTHDZ &N IiL7e (Bernard et al. 1970, Gaffney et al. 1962,
Ghahremani et al. 1971, Oddie and Fisher 1967, Pittman et al. 1969, Robertson et al.
1975, Sternthal et al. 1980, Van Dilla and Fulwyler 1963), #&%HO#Hit% 1~2 H%IZ
ORI D A E N B e a3 3R 1L, BEX D ZEICB W TETFEWRIBEMEN & 5 735,
ZDOEWOHFKITIAHLE TS (Ghahremani et al. 1971, Quimby et al. 1950,
Robertson et al. 1975), #lx %, RREDOI UHELERLI-BLIZBWT, FRIRE~D
24 WFf 2 U FEUARITFEER Th o 722, BIREIH LT, LMEIZBIT 2 BUAA T B X
D 10~30%Z% &9 W5 H -7~ (Ghahremani et al. 1971, Oddie et al. 1968a,
1970. Quimby et al. 1950, Robertson et al. 1975),

AL St v RO 24 K FARRBOAZ ORER R 6. 3 U FEOHEE
W3/ N FHE K O AIZB W TR & &4 T % (Cuddihy 1966, Oliner et al. 1957,
Van Dilla and Fulwyler 1963), L72>L. FSEIZE T 2WIUT/NEEL A LD HIK
Ve ZAUT R L—H—& UTHEME T U R Z RO L OFIRNE G2 L > TR S
ANRIZEBWT, FIRRBOAZZ HIE LTEAFRICE S MR TH S, —ic, Batta
U F L AN SUIFIRNICE G- L7255 E . RAKRERFOLS X0 & FIRREUAZ &35
<, RBRAEETIEHRIUIATZERTHLEINTWD, filzxlE, hb—H—& LTI (3.7
x 104 Bq LA T) ZRRO#G S -E AR 84 (At 36 REIARN) (2T, FIRAR
BOAZR N e RIZiET D e 30 Wil 1 O HUAK IR BOA 2 EEIEAK) 50% THY . —HTh
L—H—Z AN G SN H AN 17 £ 1281 2 BIRAREBUA BB KAl & 72 5 #6525
1% O YIMEITH) 70% ToH > 7= (Morrison et al. 1963), & HEOF AL (72~96 K
[HIR) OWFFETIL, FAN 28 48 FL—H—L LT 18] (1.9x105Bq ) ##ROEE S
B D BURIRIC I 1 2 ittt 3 v 3o 24 KR SESBOA & 1E 20% (6~36%) TH -
7= (Ogborn et al. 1960), — . fEFEHANR 74 (3 HEvAm) ([CX D28 TiX. ML
— P —131] {H RN G-1% 24 IR OS2 FRR IR EBUA 7 81X 70% (46~97%) T - 7= (van
Middlesworth 1954), kL —%—& LT 181] (3.7x 104 Bq) % FARN&K G S 7= /s 5
A (48 B ATG) 26 4412381 % 24 FF[E O HURBUA 7~ 8213 62% (35~88%)
ToH 7= (Fisher et al. 1962),

fH R N At 12 £ 2B W T 2 lich= 0 Adih 3 U FEDOFGAZ (170~180 pg/H)
PR A NE Lo BT AW T, IR E U FEPEINT 1 B 4720 OB EED 96~
98% CTd > 7= (Jahreis et al. 2001), Cuddihy (1966) (I a vEEHFALE 14
B8 04 U 7= FUR AR RE 1E g B (2 35 U D i i 3 o R o FURARBGA 2 & I E L
7oo AFLIE 18 ARANE G ST HEA ) DHERL Uz, RSB L% 24 RERH o FUIR AR
AT G EDOK) 23% Thole, ZOfEIZ, L —H—& LT B 20 &5 THk
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NG L 72BRICBIE ST HIRIRBUA Z: (20~35%) O#HIPAINTH H7-0 . FFHIZH
ViAENTZ =T UFEIT, BORIEKREZRTZ ENREB SN, Comar 5 (1963) (X, H 7
Bov G a U FKEEEA) WO B UFIFFL PRV A E e 8] 205
TR 72N 11 2B T 2 S O R OBUAR Z I LTz, EH 5054 TH
24 FEH O FARBBGAZITIZIE—FH L TH Y CEHEEED 19 KO 20%) . FIEROTIT
FNRIE ST, Pendleton & (1963) 1L SFEFEERY; (NTS) i< OREY THL
P RO @%ffﬁ'ﬂb{f%@ Eﬁﬂ(ﬂ?&()\ FIZBITH B ZHE L (FRIREOES
ARG o BRBRE 24 212 B B PR RNRIRBUA A 8L 17% (6~47%) TH Y |
Z AV RUH A ?f%ﬁﬂﬂ i/ﬂi?\“(&‘“%ﬂ LGB OB R L RRTH -T2,

Q=EREM

I & TOWIXOENAEHYER TRESN TS, IURIETT Yy MZBWTIL LT
BEESNBRICE IABGBIEZ R, fERT7 v M hL—8—1B811 2 I, L LTHEE5T 5
L. HED 8~9%» 72 Wi TR HEME X 4v, 34~35% 23R4kt X4 (Thrall and
Bull 1990). REHGEI S TWE2T v MIBWTHRBEORE R (78 FRRE CHAH hHEE 6
~T7%., PRFBPEME 12 22% % O Nal 29%) 3G 50 T 5 ozjm%aﬁ#%b>\ FL/ A

— L L THEEENELEONal Bk a vFiTm e b7 v MEEEND 2%
NEdn, &EHGHHEO EJV‘Jﬁﬁ[Z# WCIEWR A LILTWS, M4 l/\’ﬂi ]‘ V*“U‘
— & L CREEHR G Sz BRI AR S D (Vandecasteele et al. 2000), b

v~ﬁ~kbf%%ﬁ3?%@ﬂn%ﬁD\%WWRmﬁﬁﬁﬁémtty94ﬁmk
5 HRIBBGAZ O E— 7 (3FELI L TEB Y . 17~19% (Z OfEIE 1B O fi AR s 2 &
ELTW2RW) THo7- (Wood et al. 1963)

AERya—FRILeFRVE=AErY RCOBESGEKRTHY ., FFTEEA & LTIAL
fEHEN TS, A Rra— RRAZH 9~12%0a vFRrzEH L, 209 bbTn
TREN Ay IR T CiliEEE L Ty (Lawrence 1998, Rodeheaver et al. 1982), 125[1]1-7K
Ry (HEARH) ZHENRHREG- SN2 7 v MZBTH2RIUIK 3% THYH ., ZOfHE
5 24 BRI ICTH LB IR SN Ea O R L ET 5 2 & TH L, RT3
BRC., RERrI—F%& 10%T% /=R e LTHREG LIZRFORIE 10% XiE 5%,
0.2%ME b~ a =g AR E LTHRE LIZREOWRIUL 5% Th o 7z,

(2)
3 U RIIARIZK 10~15 mg FE, TD I H 70~90% M FIRMIAFET 505, HIR
RRIZ I P K DM ORI W S D FRIR ANV U 2 APET AT-DICI VR EERTD
(Cavalieri 1997, Hays 2001, Stather and Greenhalgh 1983), MiEH = VR EEILIE
HHE, K 50~100 pg/L T& 2 (Fisher et al. 1965), MiEH I VFE DK 5% N EMED = &
k¥ & UTHES 25, 580 D 95%I3A T v R LA TR S L, EICHRREARLVE S
PAaxr (Ty) KO R)a—FhAu=r (Ts) &X2 U EEAETHS (Fisher
et al. 1965, Nagataki et al. 1967, Sternthal et al. 1980, Wagner et al. 1961),
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IR OVE# S TR LA O S AT By | KARNICB T X 7 HED 3
U FELEFRIRRVE ORI URICELRAEE EHRBEAL T D, I UREZERMTD
FEERTQHE A ) = A L2 Fio TV L0E0 (BRI, e R, BRI, IREE. AR, B
LOVTRR) ZBrE . =3 ORI L CHRASMEE 73 I R{ET % (Brown-Grant 1961), = 7
O IE P EEIX, MRMNERE RIS TH Y W% 5~15 ng/L O Z <7, Miast
WOEFEEZR1TL SARET S & AEIZE T 5 3 7 OfHIlus & A &35 85~255 pg
Th D (Cavalieri 1997, Saller et al. 1998),

I b0 RURIRIC BT BB E T, L CiiETEE (0.2~0.4 mg/dL, 15~30 nM) @
20~50 {5 T D05, FARBRS AR BRI A LE > (TSH) TR S5 &I 100
G2z, 400 (5282 - 1RE LBE S (Wolff 1964), I i M s L v muv
IREET I VbR T DRI, MERR, BRI, IRiSEE. FLIR. A ONTIRTH S
(Brown-Grant 1961), FARARICEL Y A F 3L7= T 7. FIRARIZETER S 45 R AR A
NEVOAFEIZRIA SIS, FIRBET O 3 UFRD 5 LEBEMR TR 90% % b, FURARS
NEL Ty KON T R T 53 HMbFu s o ROF oy Uik, SESEREMTHEL
ORI D& D,

RHADN I UHFEANRREIND LRIRBIRE SN D (ICRP 2002), 6 R H R~ K =
U FEOERIIITHR 70~80 BITHAE ¥ | I K Z4LHR 100~120 BT ATHE & 72 2 FURARIE
PRI 2 v A RORIZEIZHAITT D (Book and Goldman 1975, Evans et al. 1967),
FRIRIZEBT 2 3 v RBOAMEMEIZRIRIRNEZEZT DI >0 T ER L, BEXEEK 6 7°H T
E—ZI2ET D0, ZORETHRIRICE T 2 REREICEEL, BHMEREEDK 1%E&
725 (Aboul-Khair et al. 1966, Evans et al. 1967), RHRIZHHME = 7 F#F 4 HAE % 1
~2 HIZB T2 RIEOBEMEa U RBEIZZORSORMEEE L &<, BXZEE 6 »»
HThe b W BRI I 2~8 27”77 (Book and Goldman 1975, Millard et al. 2001).,
WSR3 7 RO DG L OB ERE T X 2gFEICE VT, EHRESIRI%ZOFIR
PRI 2 F e 3 O IR O IR WRHATR B I3K 2~8 LHEE ST % (Beierwaltes
et al. 1963, Book and Goldman 1975, Eisenbud et al. 1963),

RS, RHAO Mg O BRI AR LE > OB & FURARIC X 5 3 U ZBBOA LB EE N
LT EPRINTVD (FEESHV#ERS (NRPB)  2001), #rAVIZH1T 5 FARERER
AIAE, HAER 10 BRI TIERAD 3~4 5 TH V. BL L Hilin 10~14 H THRA L~V E
TIL 95 (Fisher et al. 1962, Kearns and Phillipsborn 1962, Morrison et al. 1963,
Ogborn et al. 1960, Van Middlesworth 1954),

FUR R~ 3 U FHGAAIL, 3 e EUIx U CHERICBURIC KIS T 5, 3 UHRRE
JED X 9 ZRRAE R (1] 213 20 pg/ H) 121X, T 7k @ FURAREBGA A 1313 % (Delange
and Ermans 1996), R ANIZIHNT, v (2 ik ~FY 7 A) 30 mg O H[AENRE
O GI3SEa TR0 24 K FIRRBGAA EZ K 90%84 =% (Ramsden et al.
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1967, Sternthal et al. 1980), I V{b7F ~ U 7 A 12 HRBERER O E 512 X > THEGAAIR

ERMEFF SN, Bk 5% 6 HARLIN (Sternthal et al. 1980) WNIXHi[n|# 5 8 H LN

(Ramsden et al. 1967) &, xff#E (7 VU T L3 Ui b1 BUAZ L~V E THEE

IZEfE Lz, = 7% (1.5~2.0 mg /m? of surface area) % KERO&KEIN=/NRIZE
WL HDIRIREUA 2 875 80%184> L 7= (Saxena et al. 1962),

KEWFFE RS (NCD) (1997) (X, 1950~1980 s S Lo ittt a v #E D 24 K
A HRBRBUA 2B 2 7 — Z 2T L. KIERRAIZ IS T 5 FURIREGA 213 1950~1960
FETEREGREOK 20~40%., BUEITH 15~20% &, FERIAREDIZ O TR LTnD Lk
i L7z (Cuddihy 1966, Dunning and Schwartz 1981, Kearns and Phillipsborn 1962,
Kereiakes et al. 1972, Oddie and Fisher 1967, Oliner et al. 1957, Pittman et al. 1969,
Van Dilla and Fulwyler 1963), Z O/ %, FRHICE T 2 &% 3 v e O LR
B35 200 pg/ H 2> 59 800 pug/ HIZHIML TWAH Z L EBELTWD L9 TH-7= (NCI
1997),

(3) K&

FARBRD 3 bix, Fu v ke oGHEEHEARE LT, 2o "\JE, M n s
a7 PIZRYIAEND, A esZa7 ) o3 vEIIFRE-LVAF S —PIcfib
BN BN, T ORI EICHRIRERO 2 v R oIRGB O IR X
b, FUFLRISITIERARARECEZ Y . 3 VoL CTRIGHFIEZ R L, W
Afuasa7 ) hTE /) I—FFrirbya—RFar U BEAPE/H%E, I—RKRFoy
VRN EALTCTy (Coova—FRFa s URENES) XITs (£ /33— RKRFav v
EvIA— RTFr v VERENES) 2K T D,

YA u a7 ) TP S LD, BRI BRI VE 2R R LT3 %
LR sz, 3 — MLV A ar a7 ) 3B BRI = o RS
TR A b=V ALK THRYIAEN, ZOoavaA FK/hERY Y Y —LE@Ed 5, V
V)= DR NI E G L > T — M Aa v a7 U U EERT I Bk
(Tg, Ty, £/ I—FFay FRXVa—RKFai ) 0T 5, Ta KO Ts (XIEF
DX ¥ VT HZURTEIZHEA LT, MA~EHHEns—FHT, £33 —FFuar kW
va— RFFu v 3N EiTE S THMA SN S, FRBERRIERE TIX, £/ 3
—FFri v, Pa—RFFai kO3 v Ty kO Ts & & HITHARERD & i
MENDFREMER S D, I VAP EERRET I A n a7 ) U fo Ty Ts=4)
15:1 THLHN, FAVEVHWIITEN I VIKRSK 10:1 TH D, LarL, Ta KO T
DR OEN, —HO A UL OFIH AR ET D, I VA EDN D720 T & D3
RN Z VIRV Ty : Ts & RktEZE $ 72 59 (Taurog 1996),

FORIR AR LT B O DO FF 22 A7 v 1L RS 0 TSH (2 X 2 #ili ., FIR AR
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(& DI TRBIAR, FrnruT7 ) roavie, ERErSOI—NMeLed A ns
n7 Y roxy FA b= A FRBRA VT 2 Pt d 5700 A n a7l
YD RTELRETH D, FAIRIRER AT AT E 2 MIE I VAEIRE I S 5 LTV
5. Img ZBA DL mmMEO I VWIS ARESND &, FIRRICEB T 53—
RFu=OEENLESIND, ZORETMmY TSH L& 77, Wolff-Chaikoff
HRIZED D EEINTWD (Wolff and Chaikoff 1948), Z D2 K172 DT,
A EO 3 U AERER S AVTZERIZIE, BUIRBR I Wolff-Chaikoff 205 A it L A= /1€
VERITEE LoV ETEIE TS (Wolff et al. 1949), Wolff-Chaikoff Zh D A 1 = X A
21X, 3 et LN U LIS T OENBEE L, 3 vk e 3 v B e REH
Wz X v i &5 sodium/iodine symporter (NIS) K& ONHURAR~L A% o X —B DR B
FREZ I LTV D ATHEMED 5 (Eng et al. 1999, Spitzweg et al. 1999, Uyttersprot et al.
1997).

FORIROAL TR Z 2 3 0 B O FERIE L Ty LY Ts ORALIENE Eh, Bla— R
RS, Fr=rofEaE, Fu =IO T I /7 KOS K O 7 VAR % 24k
BTV a BEORBEEFao=0 D7 = ) —Athe R EofangEsns,
Ty B T~ 3 U ZMBER ST R Ts O EBERAERRE TH L2, TsldhLEE LT
DONFIHN Ty L0 @<, FIFIZ 3,3, 5-trilodo-L-thyronine (VU N—2 Ty (rTs)) ZpEAEL,
b MZEBT 5 T REEEE DK 80% % 58 5 (Engler and Burger 1984, Visser 1990)
K TO Ty FEAIT TR E Bl TiThoi s, L, fEREMHEEICITD Tannb o
Ts PEAN TERIEKXOMIZEIT D Ts OBEERPFEBZ OGN TWD, £/, I—RFr=r
i g v RzEERIL Ty KO Ts OREZAES 5, B3 O RBEROTEMEIT, Ts. Ta KO Ty
DAIEMER 2 U ECEFD TH D 1T 2N L TUTOND 7 4 — Ry 7 OFRE TIZdH 5

(Darras et al. 1999, Peeters et al. 2001), T4 X O Ts ORI 7 FE i, 7=, HFRRES
B NEMACT 28 E boRd, Ba U RIS TR S 3 v, FRRBRICER
DIAFENDRPICHEE S D, Bia vRITE Vo EEMN I U FEEERIC X > Tt
o .

A—RFr=07 7 =BT 2B BRI T X/ KIS & BEREE ST, Ta TN T
RBEREZOZNZNH 2 N 14% % 5D D (Braverman et al. 1970, Gavin et al. 1980,
Pittman et al. 1980, Visser 1990), Z D&% fillfd 28T dH £ 0 FrgfHiF 5 Tn
2, Ty NEIEE OO R E Y R — MIBWTEMEN RSN TR Y | (REED I, B,
JHlg K OVE RS 7 e & F S E i CRO LTS (Engler and Burger 1984),
MEHOMT X 7 BUS & BUREESOSARW), 3 — RF o= ORI, Ba v FE bz
2T TN a B EORREICIEA S5 (Engler and Burger 1984, Green and Ingbar
1961, Pittman et al. 1972, Nagata and Yamazoe 2000),

I—RFFr=00D7 = /) —VEORBIBAIZEICHBTIEZ 5, b Tk, gz
DHIMNE T = ) —WAET ) — UIRERHE RS EE R I K » TRl S v D (Young 2000), FilR{L
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SNTAERIIN G U FEIbEIND, BEOKMET TIETFRREAR VT ORIRE G T
O, THRIN I UREBERPILESINTZSGES Bl e BV FAIRFBOE) 13, R bR
XY EEIZ/ D (Visser 1994),

d—RKFn=onD7x /=AMt Faxo LV Eo s vy o= NafdfFEciEon ., B
FofhoMfEcHEZ D, I—FRFu=v DA s a= A @l5IcElE5ET5 7L n=)
T A7 2T —BORMEITE MZBWTIEXEERESNTWW Y, oL, 7y MIE
WTiE, 27 uay—AbEY Ly, p=bhuardZzs /) =V EORT v RrATarou ) vy
TV IV TV N T AT 2 T —EBRERERFOLE STV D (Visser et al.
1993), REEDOIEMIT., XY LY, T2 ) NLEX—)L 3 AFLaT L kv, RKY
AL 7 = =LK 2,3,7,8 ALY R RITOF R UG EIESERI I Y —
LFHEEIZ L > T EAT25 (Visser 1990),

fEEALELI— R TFe = O FETHRWVRECTHSH, LL, BHET.Z&S
SN EE T EE MR AR OMIFICH T 223 — FFr = OBLER RAH 5
[ZETW% (Meinhold et al. 1981, 1987 | 1991), MBEERFICKEICRO ONLHE
EMEAMEKICIB W THREERANEZ 5 L ST (Klebanoff and Green 1973),

(4) Het

WU S 47z 3 U RITFEIC ':P&U\ﬁﬁq:‘ ZHEME S LD 25, Fk, PR TR ONRIC B HE
=2 (Cavalieri 1997), JRPFEMIIZEFERINE I3 URO 97%k8 4 LHd, FEMEFHE
M 1~2% TH D (Hays 2001, Larsen et al. 1998), WINSN7=I VHRDEFNLD
RN, R A BB T 81T HEBE X6 TWnD (Hays 2001), L
ML, ZOXEHIEN 2 0 EREND 5 LB bivd (Van Dilla and Fulwyler 1963)

Ty, Ts KOO 77 v VRS R L OB A ERIIEAT Pz s b, B8
BoRE L, AR 9 ZfH SN T-BEORHY > A O BHEE STV
%o Ty KOREP ORI, 1 BE7Z0 D TaR§H27 V77 0 20K 10~156%ThH %

(Langer et al. 1988, Myant 1956), EBREIMIZE 1T 5 I — RF o = AdE KO AEH 75U
AL TEE Y ZL OERNRIERNPAFTEDLN, ZNHLDOET VT MIBT DM
DBWDINE— o REZ R L TWRWARERD D, 7y MZEBWTX, TaZ7 VT 7 AD
n’*’] 30%75>&/1/& 2 RS IROET 3 TH Y MBS IRITI T, 2 V77 o AD 5% % &

—ERWIND ERERITNGICBIT 23— FFr=OFRINE &6 IR
7Jﬂ7k/\ﬁfr7i’x 75 (Visser 1990),

I it e LI E LD (Dydek and Blue 1988, Hedrick et al. 1986, Lawes
1992, Morita et al. 1998, Robinson et al. 1994, Rubow et al. 1994, Spencer et al. 1986)
W 723 Tk o 5 LRI S 5FIE 1L, IR OB & 3 U FECA AT
Lo TZET 5, HURBEEEIR TIREED 725 TUEIRRBICH AR THIT W S D FIG D
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REL 2D, HREBERIK TIRERIC B W CIEERREFIZEIC B W T, BINS Lz 3 vk
DHARIR~DECAA K NI — RF = ~OFGALME T L, £ OREE, IR L OFLHH+
SOFHIZ L > TRINESNTZI MO T XA Z )T 4 DX EHT 0 < OO fF)0
WESIN TS, FL——L LTI UFE ([1280Nal) ZRAPICROEG s
FOR AR RE TUEIE O e BB I B\ T, 5.5 HIBIEREE L 7= 3Lt TP IR G 2D 2.5% 135
WwE 7z (Morita et al. 1998), WO —7 (FHED 48.5%) 1%, HHGHZREYDOILH
BRECRO b, &E% T Rl Tz, RORSEOK 2.6% N FITHW s v
O FIEEDRERD, HUR IS RE TUHEE B3 123 T Hedrick & (1986) (2L W #iE ST
%o RIS, BURIRHSERIR NERF 1B W tE s vE (21Nal) o5&
25% 73 41 B CHHHIZ 0w E 715 (Robinson et al. 1994) , 12 & OMEA 23 EL Y JA A T2
3 U RO F WL, BUAALRENHEINT 51220 THD 35 (Crout et al. 2000,
Vandecasteel et al. 2000),

I Uemide MRETIC bR S LD, AERE (FRRA VT i effis 2 %10 T
L RS RE IR TERE) I L —P—& LT 2B I OB ARG LI 2 A, 4 B
7]

IR L 72 TR P IR G- E D 0.01% 03 [EI S v7-, R B — 7 IEMEIT#& 5% 1 REfE TR
DBV, TEMEIX 24 R 7 - TRIETIZEED 57z (Bakheet et al. 1998),

i

I bt e PERFICHEI X315 (Brown-Grant 1961, Mandel and Mandel 2003,
Wolff 1983) ., I 7bY DMERE H~D 4T I 7 EFEER O BEE /2R T 5 (Mandel and
Mandel 2003) , 3 7 FHEHHZ B THERZIREE S & ORREERMICH S L T D0 EHE X
NTW7eWnn, BLELLR/NMNETH D (Brown-Grant 1961, Wolff 1983)

Y RO I )R a — FFr= (KOZEORHBHAEMEK) ORH LIS D A J1 =X
LATHICHRE SN D Lo s, TNEFFT LRI RIL, 3 — FF o= 2 FhER

WZPEAE L WARE I Ea vR 28BS L, KIGICBIT 5t a o2 2818 L= E»
%%Eﬁhﬁo HPR BRI RE 1E  p R L 3o W TR ME 3 0 3R o ZE [ T Pt 2 B RE AT L/7lffjE
Kb, I UBIMHE D O BN ~EEZEPRE S oK 2 BT T s (Hays 1993),
KkO7 v FOEWFERNG, b M RIGTHRIREE O " iEME 4 S %Liﬁﬁfﬁ‘é?ﬁ%%ﬁ%%ﬂ
TW% (Hays et al. 1992, Pastan 1957),

7. %Eﬁ@]%%’\@%ﬁﬂ
@J%’\@%@&U\M R OWTOWMEIT RS- 6 o7,

(2) Ef=®

3 UL EW DB DWW TIL, In vitroifBRAAE DG 38 5 23, In vivoEh iR
DHEIIAE T B2 o7z, Uk ) UL, oo KORE R 3 —F (0.1~10 mg/mL)
X, v 7 AU RERIRARLS178YIC B W T A RF M2 /R ST, ~ 7 X Balb/e 3T3#ifRIZ 5
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WTIREIREYEME 2R S 72 v o 72 (Kessler et al. 1980, Merkle and Zeller 1979) . I v
bV 7 LK Nl a vy a v T (Drosophila melanogaster) % AN T=fEVES MEESE
BT, 0.38 mg/mLDI2 X1X0.75 mg/mL®D I Vb h U U AATRAERIZ BT, 2 RFE M
BRI Ieo Tz (Law 1938) . B#fE (Saccharomyces cerevisiae) % A\ NT-18)R525K28 H
(His*) SRBRIZBWT, LITZBRFEMEEZ /RS 720 > 72 (Mehta and von Borstel 1982a) .
AVRIEITI =T TVINBEEHTHY, X XAIF 7AW (Salmonella typhimurium)
TA104FRIZI VT, WEALKFE THIE SNTEIFIRE R Z WD ST L Z L HESNT
VW% (Han 1992) .

FURMET FU UL (NalOs) &, ME %2 AV 7cAmesiki, ~ 7 2B f/MERER 13
3 7Y a UNZE WS HEESERR I W TR RFMEZ R S 7202 o 72 (Eckhardt et
al. 1982) ., I UHET NV U ATHSHEHHEIEEZ o> T 0 . ME IO Cyfikss
HDNAUIWr S Z M5 Z L3RS TS (Myers and Chetty 1973)

8. ErADFE
(1) e

FFHRIC B L7281, T =V 7 A VIR IR EFTHE OB OBIG Ofakum ¢
RSN, IO TR, S I v FETIERL . ERLAEBEZ Y T To gy
BA~OWIEL LB L Tz (ATSDR 2004) ,

(2) BHEE

OERBMND '] KR mE<
a. FRIRFERETTEEICT o5

G = T FBIXHCRIR IS U CRIIREEMEN & 0 | FRRAR TR S 407 SE2hf & 5325 Gy
B2 D & FRBEER 2 E2 4 U5, $9100~300 GyD FURMREIC L v | 2RI HR
JREERE A 12195 Z £/ T& 5 (Maxon and Saenger 2000) , HUARIRFERE TOHESE I3 H
TRIR AR BT ORI I IX MRS EME O BEOBIINH W BN, #& 5 35 EHETEIE370
~1,110 MBq7s S0 722 % H T & 5, 185~555 MBqD £ 5- 1% IR AR 125 L THI50~100
Gy D st % 472 53 (Cooper 2000) , BEDHKH T VHEOBZKIFIHCTIELY
DIRNIES BEDO b OREENTE Y IR 6 Tldd~15 MBqdD1231, X|30.2
~0.4 MBqDOBIIToH %5, ZibORERIT, 1BIKOBITE L TZENALII10~50 mGy K&
1U60~130 mGy) OHURIRFREEIZFE YT 5 (McDougall and Cavalieri 2000) , L7 L
7RG, BEHICZENIEE OB ES VSTV S (Dickman et al. 2003, Hall et al.
1996) .

Bl R IR BE R 2 O JEBT )N 0.15~1.1 GBq @ 1B1I #hiE< THE SN TS (Better et
al. 1969, Burch and Posillico 1983, Eipe et al. 1968, Esselstyn et al. 1982, Fjalling
et al. 1983, Freeman et al. 1969, Glazebrook 1987, Jialal et al. 1980, Rosen et al.
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1984), FRIED 7 v —7 v 7HFFE TlE 1951~1960 412 IR ARFEHE SUHEE C 1811 59K &
AT 126 4 (M 106 4. B 19 £44) I8 HOWTIIIEH 1L o 7 A ORED FEAM
STz, BT 1B R 16~26 M (B 21 4F) (27> TiThi/e (Fjalling
et al. 1983), 4Ffin Mo OMERI 2 — 0 S W 7 S SUTEENZ 6T 2 40T < ED 2 v R 22 gk
Br& D 7V — T REE & Sz, B gE < 1E 75~1,400 MBq O#iH CTH-7-, T
VR R RS FOR IR 2> 5 0.2 em 12 & 5 R Tl 2~5 Gy Ol R BRI IAR &I 8
ML, BIFCRERDSFRBROREIZ H HHERE TIX 3~7.56 Gy IZFHYS T 5, BHE 24 &%F
TBREDOWRERE 2 4 TE AL v AIIEDN R o700 | @l FR I RE FUHENE & R S 7= (e
ROT D OIEFERARILITHRE STV, ZO-BF 240 BT I &IT, £nEh
140 } ¥ 450 MBq Th - 7=,

b NI D B 3 U FORE DREE OSRE FRR BT o5 LT, RURIRE
CHREICEHET LS00 H 5,

RURIROIBRIGIE D72 > D 181 g X < 1%, B CAaz M FUR IS RE TUHERE O FE R 23 s S
o, 3 B2V T, BRRIREERE U E B CIEH e IR IR I Z & 2 5l ORI
D=z, B (1.56~3.2 GBq) DfENREZZT-L 25, 3~6 NHKIZ TSH ZAFK
(RS MIEFUARAFEHL L72 (Huysmans et al. 1997a) , B JGEFICIX, BENSH
IR R V- U S 3, IR ER Th o7,

FORBRIE RS9~ 2 e 2 O BRI & . DARER L USSR & O# & A LT-
R H %5, Ron & (1998) DOHFZEIL, FFIC B OAZH G I NTZEBEITBIT DN AD
HRIFIZ DUV TR L, Lo 7EHE 3L 1311 S oV O L2 2 T 7o & XA L T
W5, Ron & (1998) %, thAME ak— MEET, KED 25 ik OCFFEO 1 bt
IZF 1T D FRR IS RE TTHESE (91% 78 7 L — 7 2R, 8% AP B MERS HifE FLR i) DB E
35,693 B (79% 2, FHIAEHD 46 %, 20 kLA T 3%) ZXRIT, DAL HRIZONT
Fid L7z (Ron et al. 1998) , £ G- it4T#1 13 385 MBq (5~95%tile: 111~999 MBq)
Tholz, 7L —7 AR T D FR GBI EIX 370 MBq,  HH a5 St F R
BRIV RIS I 1T 2 R iR X 629 MBq TH > 7=, BEkiEH (1946~1964 4F)
IZBUT D EA O KRR G | BE L T 1990 R F TORIMITHRE L= Ao T
AT Uiz, DSASETE OHEEET 1958~1985 HIZRBIT D KE DT RIZE S LD TH
Do BEZERENT IV —ICLoTHEL, B BMRIEL =T 728, LiRIREEX
I AL E AL SO E D & 8 OFRRIEE S - B 2 KB LTz, 1Rt
T (SMR) (3ya5# (111, FiF, SUACRIRSESOIOFMEE) ZEICE K Lz, Z o
FEFEIC LD | ORI DR ER L EEAMRIC, B X< & DY Adid) & oD B 28 4 Sl 3
HZENTED, TORE, 2,960 BION/SEERFE S, TDH HOD 29 BIHFURR
MA T o Tz, B ML 2 T B IZB WL, FIREBAICKTT 2 SMR 3 E E
I EH LTz (4.91 EEEKXRE (CD) : 2.45-8.79)) 3., ZOMONAXITTRTON
ANTKRE U TUFZEAL Z R 72 o 7o, 18U BOMUERYE S X 18 f R IE &2 s ) 7o /B (1810 ¢
HREE) I2BWTH, FARBAAICKH TS SMR 72 AAEICER LT (3.94 (CT:
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252-5.86)), U & G5HEZ A OBTEMIRE] (1~4 4, 5~9 4, 10 FLL L) 1258+
HE, HAIRBAAIZKT 2 SMR 131aHE%Z 1~4 FOHETRbE< 25 (12.83 (CL:
6.38-21.61)) 73, 10 FLL LORECEB W THIKARE LTHER EAPRD LD (2.78
(CI:1.38-4.97)), &RBEDOREM LGRS D #REIX. ICRP (1988) O#& 5
JaE & R ERIE ORI S THE Uiz, FRIRIZIB T 58 81X 50~70 Gy Th -7z,
1] & G hchhiRE (R EORAE L) Lo To7T 5 &, BIEERICBITD
FRRIRDS A SMRIFHRIE < BREDHIN > T EF L, FURIRD A OFETRITHER
RORREMENRIB S 72, SMR X 5.6 x 10824 EDO#EE (7.05 (CI: 3.05-13.95)) KU
MRS S BRI IS VS RE (18.88 (CI: 7.58-38.98)) ICBW Tk bE << RoTz, oD
FFk DN A SMR & B HHEHIZBWTAHRIC EF LT (FEIBEGS A - 1#E% 1
~4 F (1.42 (CI: 1.04-1.90)). MinsA : iBFEH%Z 1~4 4 (1.49 (CI: 1.01-2.12)) &
O 5~9 4 (1.41 (CI:1.02-1.89)). FEl&MY > A (CLL) : {5FE%k 5~9 4F
(2.10 (CI:1.14-3.52)), L2>L., 181 LIAAOTERHEIZ IV TR IR ERE (D 8E, Aifi
M e O &2 &Te) @ SMR EHNBEDONTZZ EIZX - T, DAL RIZKT H 1811
DIFIERTFE L WO BLEND LT REZMIRT 2 Z LT L <D, Z OWFROFER)
5. HURAREEEETCHEIEIRIE & L C B mfEfHIE< 72 2 L iX, @NANTEE FH X
BN ERRENTN, FIRIENADORELERIZIER LX) THotz, 1BERTON
RCITRWARIEE CTh o I FRIRD A OBTERFEN Z 5 Wo BT ITHET H Z LI
F o T, BRI ASE T HRITKT 2 BN EHEIZ /e > T LE 5, BUIEEERID
1I~4 FTHIRIRD AL U A7 BH LB L TN D 2 EnD, BERFE RN AL
OWEHMNZ L <L, FMOBERNBEIFICTHFL LTV D AREENRH 5 2 & 3R
SNz, ZOWRICEBT HMORMHEME LT, FIRIRICBIT 2RI E DD D ITh
F< L (mCi) Z2FEALTWD Z ERFT N5, HIRIBEGETCEE R 2R8I 5
B Gt & BRI & O BIRIZ, BRI A X0 3 U bliikiE Iz BV TR
IZEDIELDENHDEMOEMIIRD DD, £, RSB EITR IR
RETLHEESE ORI DO EBEE & BT D AEMER H 5, kA EOBREZ % T 724
FIZBWTIE, BRLEE CTHIHANRD OND, REOEEE L DAL R (TE
BAfRICZ LT D AREM N H D (ATSDR 2004),

AT =T BN THAME AR — MIERERI L, 7L —7 2 (51%) X
HREE RS I TE FUR RIS (42%) TR C 1811 LA =1 72 B 10,552 il (85% Zctk, 4
Wy 13~7457%) ZRRIT, DABRERNHE SN2 (Holm et al. 1991), FH#&GH 5
FEIX 506 MBq Tho7-, LML, ZHUTIREEMIC L > TEL &N KEL, 71—
7 AP TlE 360 MBq. R EEMERSHiME FUIRERIE Tl 700 MBq Th o7, #BRF 2B D
B G HSRE DA, 30%725 220 MBqg Aiii (*F¥) 150 MBq) . 38% 7% 221~480 MBq
(“F¥) 315 MBq). 32%7% 480 MBq (°F-¥J 1,068 MBq) Th -7z, 1RER 144 (X
1958 AELARE) 20 D FBRESETE XUT 1985 AR F TITHAE LTe B AN DWW TN LTz, DA
HEEHUT 1958~1985 FIZBITH AT = —F U RN ABEICHESS b O TH D, (LR
Bk (SIR) 3z A (1.32 (CI:1.07-1.59)) KOEEA A (1.39 (CI: 1.07~1.76))
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THEIZ LA LT\, faEsifitt R EE 2B\ ThH, Fy T L —7 AFA
FD 2 EOREEZITTVDEN, iAo SIR PAEEICERELTWE (2.14 (CL:
1.20-3.52)), 10 FFAFEIZBWTIEL, H (1.33 (CI: 1.01-1.71)). &l (1.51 (CI:
1.06-2.08)) KO (1.63 (CI: 1.10-2.32)) @ SIR Z"AEIZ EH LTz, £EBED
B B 22 a2 38 1) B i 1L, ICRP (1988) DG Hhe & MaE & D FITHE S
TR U, SRR 36 1 2 HEE AR L, R C 105 mGy #. ' T 250 mGy,
Jiti© 70 mGy. &g T 50 mGy. g T 50 mGy TH Y . MKITEEN 2o 7=, &
IZBWTHEBEREMITFRD biehrolz, Kz, HREE2AA O SIR THER LA 27
7272 (SIR 1.29 (0.76-2.03) ), FUREREZE RIS L 18 LISk o iaiE (FTHRIREE 14%.
F7 3% M O RURIR A T AR 2%) 2% T2 BE bW o, DASETHRIIF L 2k
— FEHWTHi#A L7z (Hall et al. 1992a), SMR % 1958~1985 FIZHITH AT = —
T UG IE SO TR Lz, BT IE< BB HE S 10 FLLEBEF L - BE TR
5 SMRIZAEICERLTEY, &228A (1.14 (CI:1.04-1.24)) . L& M A (1.28 (CI :
1.16-1.45)) KOMEEZRMN A (1.31 (CI:1.01-1.66)) TH o7z, £7-. D 1 H[/M T,
FURARZ2Y A0 SMR & A &I EF- LTz (11.45 (CI: 2.8-33.72)), HIRARS A SMR
7% 480 MBq # DOIRFERE Tl 221 MBq Klili OIREEHEIC LA TH 4 @02 72 b b
57, BEREICBOWTHERBERIZRO bR hoTz, T OMFEOREENS, FIRIR
FERETLEIERIE CEME D B I 22T D ENAV AN ER T2 2 LAURERE L
T, DAY AT EFICHT D B OFE LW I BLEND Z OREREMIRT HBIZ, W
S OMDIEEBERNIFNZ B2 LDIZLTWD, ZTOREERER 1T, BDAFER
ST R EFITREDOMEA RO LR L0, ZOFE TIZEE/L L T 7z 181]
DI DIEFE IS A AR NI RICH G LTV D AREHETH 5, ARHIEECHT
FODRARSE S BRI AR TLEIE B IS BT D2 B8 A U A7 BK L B d (Ron et al. 1998)

WET = A BRIy KT RINZEBWT 1950~1991 £EI2% Al & 2k — ML £l
S, FURIEBE TUHEIEIRIR & %2 1T T2 HBE 7,417 B (83% k. “EH4EMs, 57 7% + 13,
SD) Z#XIBIT, DAFRERL O TENTHE Sz, FHEG S EIL 308 MBq“C“
H 0. 220 MB KA 49%. 481 MBq #23 17% CTh 7=, BEHARIL 14 (74%) 2
5 20 4] (18%) Tholo, A 770 FEDRY = — NV XIZEBIT 508 AT HEESILE
BN AURFZERERS (TARC) K OWHO OF — X ([ZHESWTHEH Lz, SIR 1T, &R % A
7 0.83 (CI:0.77-0.90), FRRIEA AT 8.25 (CI: 1.69-6.25) M OVINEA AT 7.03

(CI: 3.16°15.66) Tho7=, BEMBAKOTERAICENT, BEFIZHREE DA
FWAER FHICHEREOHBENRBD SN, —J., ZnH0NRAD SIR KO SMR I
HEIZ1I LW REL IR 6o T, ZOWROFERN G, Hall & (1992a) X O Ron
5 (1998) OMFZERER & —F LT, FURIBHERE THEIETS R TR RO B X< 2520
HENLVY AP ERTHZ eI (Franklyn et al. 1999),

1946~1964 (2 FIRIRBEBE TUEETR R & L C 1B |2 X D16 2 %0 7= ke E R
1,762 5 2 KGRI DS AR K O T RN BHFHA S 1v72 (Goldman et al. 1988), 1B

32



© 00 I O O Bk~ W N =

LW W W W W W W W W W N DN DNDNDDNDDNDDNDNDNDDN ==
© 00 I O Ok~ W N H O © 00 9 0 Ok WD H O © 90 0k W~ O

2011/07/26

BREARIE 17 £ TdH-7-. SMR K O'SIR 1T, KEXR O~HFa—t vy Vo ANAIZEBT
LA, A, PERI ANFEEFERMMBEEEL O ECRICESWTEB Lz, ar— MIE
AT TV — (FIRIRSRE TTHEIE SR 9 2 180T BB A T 1810 RRRYE) (- Toy
LU 72, 18] BMRIEREICEIT S SIR 1. WTFNONADOFEE XL L —712B W\ Th
Bl LR EZRBD IR o 70, 1B HEEREIZ 1T 5 SMR 1%, X TORKE OB AIZE
WTHER EF28H7= (SMR: 1.2 (CI:1.1-1.4) 10 #l), B EICL T
AT D SN o=, BEOIEIX 4~370 MBq # TéH -7-, Ron & (1998) OIS
LIRIERIC . 18] HEMEIEREICRBITADNAET Y 27 Rl E T A5, Goldman &
(1988) DAFFEIZIBWTIELN 72 D B/ E <, Ron & (1998) DAfF%E F%k%@?é
ZEIIREETH S, Ron © (1998) DHFSE & [FARIZ, Goldman & (1988) DilkiZz
WTh, B DUADIERZZ T TERBEICB T E2DBARTERD LA NED Lk (ATSDR
2004),

b. FRIEMNAICHT S5

JCE = T RIRERIC X D EEAREHEAIZHRIRICSH T 2D TH S, LinLaedib,
FRRIR 23 Ao DEIRIRIRIC IV B 3L 5 K 9D 7o Bl ) St s D it = o IR R L7214,
WEEBR O IAE (MEEIRAR) Zate, TOMOEFHEHBPBIRSI A TVD

HURIR DS AU DBRETRIRICIIT D 181 OFF ORISRV T, FBEEEDR T AHAET D
BEIR B 23 A X4 T & 72 (Ahmed and Shalet 1985, Handelsman and Turtle 1983,
Pacini et al. 1994) , ¥8UK T, HEEE. IR LVE S (FSH) OIMiERE O
INZ G T 2288 22 M LA Bfikie L CIBBRFRA S iz, it = 7 F OlgEz 13 1.8~20 GBq
DFIPATD o7z, FARIRDS AR T 1811 IS 23217 72 103 4 D EE DA T, 155##% 10
~243 A (FE¥) 94 7hH) A SN B OBE TR FHROIRT &g FSHIRED
FARRO BT (Pacini et al. 1994), i Ea U FEOREFRIL 1.1~49.4 GBq O #iPH T,
WHINREFR 1L 6.2 GBq ThHh o172,

Wichers & (2000) (% 25 4 O HARIRDS A B 2D C 1811 BBEHAEE ORiR CHREO
NI IAEEEE 2 WS U 7=, ) E R #R1E 9.8 GBq Td » 7=, FSH., # Kk A 1€ v (LH) .
A e BEKOT A MAT B COMIGREIFRERTO L~V EFEICRR > TV,
BREET: 3~6 DA DY — 7 A LR 18 72 N TOBRERT L ~L~D[ENFIT OV T,
FSH O/ (300%) & LH O (100%) KO > e By BREORED (88%) I
L=y 2 — o % x L7z, FSH o —27 L-~yL (21 IU/L) (F1E ﬁ%l(L&@Q
UML) @ ERZ#EZ, b B OfKIREZERZ L~V (22 pg/mL) [ZIEFH (75
N%O%mm)@T@%TEOtOLH®mﬁ%ViEﬁ%.(H%&2HM)@ﬁﬁ
NThoTe, 7A MAT B UCOMIEIREITRER 12 LTV 18 A T, BRERIL~L XD
HEIZED»-oT (60%), LorL7enb, BEIXEFEPH (10.4~34.7 nmol/L) N THh
STc, ZIUH OFERIL BT O E L~V OGRS B O N BRI B 2 T T FTREME
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BT B, T OMEDOKE BRI, RIREEE 72 % FRBHEH 217 7228 1311 OURE
%%a\j—(l/\foﬁl/ \Iﬁﬁ@éﬁgbi??bﬂfl/\iﬁb\ : k VC“B% éo

FORIR DS ATBIR D T2 OITIEYR I EAR B D 181 [CRHAZIREE L%, Jo RMEF R I
BRI FIENE UTe &0 9 BRIRIEB 23 85 ST d  (Green et al. 1971, Hamill et al.
1961, Jafek et al. 1974, Russell et al. 1957) , L2>L. GEERH OREE OEHME 72 EER &
& RMIEIR, O 3 U SRR &AL ORRIRERE & O EHEIIRER A WD TARHED
RbDE LTS, ZNODIEFNZKIT HUEFERIL 0.4~2.8GBq Th-7, b LIKIED
FURBRDS 3 © B DO BUAI % BAET D 4EHRA 12 B LU ISR BR B E O 1831l 2 & 5- S 1
5 e RREOHAROFRB IR 22N TES S (ATSDR 2004)

TENRRT 2~10 47 (%) 5.3 4F) ORNZHARIRD ABREVRR D T2 012 1311 IG5 LB
[ZOWT, 70 SERFIZ T D)7 OERIRFRAE M T4, 2 FlO A BRIREN R ST
(Casaraetal. 1993), ZNOHDOBEEMNSLD T34 OHRDH B, 1 41%37 7 2 —IUBIE
(tetrology of Fallot’s) (ffi@hficflezs, (LEHREXRE, HO=|ER) L2lrsi, 240
RHAEKRETEEINZN, TORWTHOLR GEIEMREREZR LT, O 1811 1§}E
1% 1.85~16.55 GBq O#ilH T, V¥R &I 4.40 GBq Th o7z, FEBLOAEFEIR RS
FEIX 110~200 mGy Th o7z, FEROFAENZIERTO 1~60 72 H (FH) 16.5 22 H)
(2181 B SN2 3TADOEFE THEIN TS, BFERIT 1.1~13.1 GBq O#iH T,
¥W%%gi36ﬂmq?%ok(Mnadjﬂﬁh5&%@&%T\8W®§%ﬁ%k
zfﬁJ@@Ja_omFﬁi‘%&iéhf:o 1] B A 52 1T 72 B O AR R o B AR T, 1811 RS &
ZITTCEBOTHRBENADOEBRE TR HRFEHE~ v T éﬁtﬁﬁaﬁimﬂz 7 & D]
IEWTR BN o7z, FRRIEAS ATRIE T 181 W& 2521 7= M O I IRERIR I B9 5
WK R Tl 32 4 D BRE DR 67 BIlD 5 B 3ﬁ@§%mﬁk4m®ﬁﬁ\%
DD o7 (Smith et al. 1994), F7z, HIRZ AT 354D 9B 2 L ITHRENG
bz, 24O, BB B IBEEZ2 T THrb 1FEURNICEENTEY, EHH
BRI CTHLE L2 (1 4 CIEEE 2R RIS T & BRI EEIR T 23 R 5 i,
H 9 1A TS U UEGEREL LEEN R GNTE), 1811 IRFEHPHIL 2.8~9.2 GBq. F-#Iig
Y 5.5 GBq TH o7z, Goh (1981) 1%, #ik 6 HOHIRIIZ 3.7 GBq ® 1311 ik} %5
FTe RN BEE NS, MO %EIE & LT 8 A HICEEOFRIMEREIK T
JiE 2 FIE L 7= 2 s Lz,

BOROWFERESR L LCTiE, Bhattin (2010) A3, 1970~19864 2 A #iiai (1311
BR & 7200) %%&ﬂ:/bﬁz%%% (BEEAAFH) 12,5474 D 78— b & 20054 % TiBHf
L. RS A1191 O IZX %) ZMEGR LTz, M, DSAFE, BliEFl, BERFO
Fllin, BREE ) D ORFH], 4t%i€(£@7ﬁﬁﬁ!£%p)ﬁiﬁébtk_a 20 Gy CORRIZ14.6 (CI :
6.8-31.5) THo7T=,

de Gonzalez © (2011) %, Surveillance Epidemiology and End Results (SEER)
3 ARG TR BIB IR R AT 72 o 72 20 s PA LD BFE (5 4EAEAFH) 647,672 4 % %t
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BT AR — MIFZEZ I L, BRI R 12 48 (5~344) TEAONA (EEN
) VAT gt Lz, RIS CTO EHORAZRE, 60,271 (9%) 75 H O
FER AN L T, HRRIBR 2 Z T 2o BRIk 2% 0 728D RR 1. IR
WIRE DN A D 1.08 (CI: 0.79-1.46) OREENBAD 1.43 (CI: 1.13-1.84) ¥ TTh
ST, HURARDS A DI IEIRE OF —OMNA DRt 227 (AR) 1% 7% (CI: 1-13)
EHEE ST,

1950~1990 EIZFRIRA ATRIRE LT B [T K D1BEEZZITT-BE 1,771 ] (21%
BE) xR, 75Vu@%$&0‘?51f$753‘i§%§)§ﬁéﬂ?’: (de Vathaire et al. 1997),
BERHRIL 10 FERICTH -7z, WFEAFERY 227 (ERR) X, MR, 1GEFOEE, 5
11T O RAEBIN R EZ L LT, %ﬁﬁé%?w%@ﬂﬁé z & TETFME L (ZRET
bR S TD), RS 1] BEIL 7.2 GBq (3.8~57.6 GBq) THV . HHiZET
2 AR R 0.834 Sv (0.13~2.8 Sv) & Xt LT\ e, xflE#E L LT 1~0.19 GBq @
BI] 252 F 72 BEON AR EZ WD & | FEG SUTRER2 A ERR 138 55 #7203 1
MF2izo T ER Lz, 8.7~7.5 GBq H£IZFHT 5 ERR 1E 4.0 (90% CI: 1.3-12.2)
THY., 7.5 GBq BERERHZE TS ERR X 4.9 (90% CI:1.2-18.5) ThH-oiz, Z OHF
FEILEI B NS W A XD THH N, LV KE7eHh A4 XD Ron & (1998) DAL
FERICBN T, FRIRHSRE THEETE R TR & 1311 (FF) 385 MBq) & &5 I 417= &
FIZBW TR SUZEG A D SMR 8 EH LIz WIHEREZFT L0 TH -T2,

c. ZHHES

FURBRUIAN DGR 235 1 2 M AFERNFE L ar— 2 AWTHE I (Holm et
al. 1989), ZMYkE, 27— X 35,074 FIOBENS 2D . 31% 03 FURARIEEEEE
42% D> HUR AR RE TUHEESE V. 16% 25 HURIRBERBIR TIEEE W RO 8% 23 % Dfth D B T
BT ZWri& 5% 51 T e (3% D BEIIZKI FIEORIZ R ETE R0 oTz), T
T G Bl 1.9 MBq (0.04~36 MBq) T v, FRRIES 56\ B T 2.6 MBq,
FIR IR RE TUEE B8 W R Tl 1.8 MBq. £ DO FEH O B A HRE Tl 1.5 MBq T
o iz, FURBRLIAN O NS EICE T 5D SIR (1.93 (1.62-2.29)) WAEIC LR L TE
D, UL oNfE (1.24 (1.03-1.48)) KOYAIMYFE (1.34 (1.11-1.60)) HAEIC EH LT
Too MRERDAD SIR 1% 1.19 (1.00-1.41) Tdh o7z, HIRARA A D SIR iiﬁﬂﬂﬂ;ﬁF‘ﬁ 5
~9 FETOHFEICEF LT\, AERBEMEBIIRO bhrolz, Z ORI
WL, Hall & (1996b) OHfFFE L 138720 | ZWik& o B IR 72 < 2FEE T SIR
NHESNTEY, FRIBEBAARWT BT & 5E2Z 7 2BHELEEN TS

KA YVIZBWTCar— b A XN KO /NS AR E adk— MFZEN I S, FIR
W B2 D T2 6O 12 18I e G252 7 18 ARyili D 83 789 B (74%2ZctE) M OV TE
A UHEEEERVFIRIEZW 2% 2B 1,118 B (68% &) Z %4z, HURARD A
FAEF L g U7- (Hahn et al. 2001) , & 5-BEIZZ2 W& 42 52 1T 72 D1 1958~1978 47,
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KTFREEIL 1959~1978 F-Th o 70, HGHEITI T 2 P2 WL, AT FUR IR IE 385 {4
(49%) ., FRIER O T U R 7 L 327 il (29%). FURIMEEEIR TAE, FUR IR EE
JUHESE K OV Ol 199 B (25%) Toh o7z, SAES, S SULRUIRIR DS AN SN B L
Z s T TR & 2 A TERA LT, BBREIE (1989~1997 4F) XVRHHET 13~33
AR XTI C 9~33 4E CTh o 7o, BEHREIC BT D58 18311 # G4t m o B3 0.9 MBq
Thole, HBEEIZBIT D HRBE~OS R EIL. ICRP (1988) D5 HUHHE & &l
EDORIZIEDSWTHEH SN, FHRINFREIL 1.0Gy THhoTz, LL, ZOMEITZKE
R DAL iofw%L\Q&%QGy®%T%Oto@%\EW&Uﬁﬁfﬁ%Ltﬁ
AEEAERIZIESWT SIR 2R L7223, TR AFAERIL 1980~1989 4FD A VR E
HRED ABEKIZES Wb DO TH D, FFZEHIRIRIC, &EHT 3 Bl USHREET 2 4
DO HRIRNS A DMFE S 72, SIR 1 ZBGHET 5.3 (CI: 0.5-15.1), *IHR#EET 5.3 (CI:
1.1-15.3) ThH -7, RR (RIHEEE L iR L7258 1% 0.9 (CI:0.1-5.1) Th-olz,
FRIRS A DV A7 1T MR S b Loro 1811 g3 < & 3aEIEERE L T
ol ZALD OFT R TR EE LS, BARNIEFITEVNETH S (1,058 f#iH
3B, 0.28%; #5795 Bl 2 . 0.25%) .,

1946~1967 412 18U BRI 5 % 52 1T 72/ K TR 20 5 AR O A FEH 28T 2 FR iR
DT DWW THIA & adh— MMFENFEM S 4172 (Hamilton et al. 1987), X&HE X
BI] OZWrHI & G- % 5 T To kiR 3,503 i, <t & LT 131 I G- C4FElm, Mhl. 2
Wit 22 7= Bfl &~ v F S 005E 2,495 il O8 1,070 fHO S TH - 7=, BHE
MRS D 1986 £ TTh o 7o, M RFITEMEZ AW eIz BT o H
PRI B ONSHES D FATE 2 8 U, R PR AR Z BN U TR BRI K0 st
L7ze WEREDOEGRE IR T D RIRIE~ORBEIL, B SN2 GHHRE, FRR
BOABZEIG R AR I TV D FRIRACER N OHEE L FRIBEEICESWTER L
7o MG ED T IAEIX 0.2~0.4 Gy (95%tile 2~3 Gy) TH -7z, [AIE=HRIT 63% T
Holz, 34 FIOFNHE S, 5B 19 BlFEERRH FRIRE BN 2 BW S e n
STERETH-TZ, 2 b 16 BlITHRENA LiEERZK Sz, 10 BlIXEMETEDHI B 8
BB GRE, 6 BINEMIERE CTZEDH D 5 FINEGRHTH o7z, T OFEFIE 1811 BN
FORAR DS A BRI B % 5 2 D AREE 2 RIBT 5 DO TH D0, BHREERFREEE O
NI A B TlE 2 v o7z, Shore (1992) 1% Hamilton & (1987) DAFZERE F
%L E=2—L_L., Hamilton & (1987) OMFIRIZIIT 2 EHE & FERGREZ LLEIZFES W
T AIFZESRE T TORIREESAD RR % 2.9 (90% CI: 0.6-15) L& L7=, SEER
D 1973~1981 BT HRNADOT —4 CKERBItSEAT (DHHS) 1985) 1255
< &, Hamilton & (1987) O CTHERE S5 FARIRDS AL 3.7 Bl TH D1, Wik
% 5 L EOHIH TROOLNT=DIT 4 HITHY (Hamilton & (1987) ORERTIX, 9
%1%#2%@@%%%(%&Ltk%ﬁbfbéxSmm(w%>_;nism:t
1 (95% CI,0.3~2.6) Tbh D,

[l adi— MIBWTROBERGEA 2N I S v, BB 2 Hall & (1996b) O#is
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6 E B SERMBIMENT-, ZICiX B 2Hii 5% R 2 £zl n-H
AR A% & F i, BEAAMIX 2~47 £ TH -7 (Dickman et al. 2003), 1311 & 5-Hij
(ST X MRS 22 0 72 /B3 1,767 Bl b & Fav, AR A A It~ D AN A
FROFEIZOWTIA Lz, SIS X MRS 25210 TOZR W R ORI AV T
1] BB E 22T -0 TIERWEE IZB WL TE, AR A SIR 1% 0.91 (CI:
0.64-1.26) Th olz, ZOREIHIT 2 FRBOHEEMEIL 0.94 Gy Tho7z, LrL,
BIT e BRI EHMIC X MRS 22 1) 7o B F 12815 % SIR 1, 9.8 (CI: 6.3-14.6) Th o
7o ZORERENG, ZOafk— MIBITHEIEIOF R (Hall et al. 1996b) . 3725 131]
ZWTE 52 X D FURIR A~ O B L, BRI A OB Y X7 L ERE L Tk
WO RERDZFF SN, ZOMENG, X BN = br—Lr a2 0niGaid, X #
FREF 2N 1811 B 5B DN ABRIFIFFEIC B W CHEME SR 2 AT EHEERERTH D =
LRI,
Dickman & (2003) X, Av x—F T 1952~1969 F=DO MMM H T 1311 O
B 5% 500 1RIE% 2 FF OB TAEF L TE Y FIRIRNS A DOFRIED 72\ B 36,792 4 %
RRIZ AR — MR EIT o7z, 1998 £ F TIZHIRIRN A 129 £ 2 fsd Uiz, Hhhiia,
PERI, #EIE < REOFH, #IEX< 22D OFE, BURRIBHEEE, MAEHICE Y EIHEL T
FRAT 24T o 72, BRI K D B ~DOINTHIE S FED 22 < | FRRIRAS A B W LIS T2
P L7- 24,010 4 (HEERRE: 0.94 Gy) TiX 36 L4 IHIRIES A3 FA L7=73, SIR 1% 0.91
(CI:0.64-1.26) TH 7=, ZWrBMO 8] K512 X 5803 < & & FIRERIYAZIE SIR
ORNCREBRITFRD b oTz, 72721, 2 OMFFEXTGE 1T 20 A O 7L
BT 720N,

Hall & (1996a) OFfFFETIL, 1952~1977 H(ZZWr L~ BILIIHHELS L, FIRAR
W OFRER D IER T o 7222k 1,005 4 O BRI NEEITERIC DWW TR 21T o 72, #%
BRE 1L 1991~1992 45| R MERT O I L 0 gt &7z, sFRRRET 1811 ghiE< X
IZHRIRE B DORTRED 72 W~ 87T 7 4 — 27 U = v 7 1Z@pt L T ot 248
LB SN, 5 S BILIEEOSFHOMEIX 0.95 MBq Th-o 7z, FUIRAR
TR Sz i T, #5EE & ICRP (1988) D#EEHIE DEICIESWTHEH
iz, FHRRENL 0.54 Gy (10~90%tile 0.02~1.45 Gy) T -7, HIRAR/INGEEA
WREE 2o 1,005 441 107 £ (10.6%) & FFIRFE LM 248 47 29 4 (11.7%) TH-OM
ST, B IZHREFE L7z RIS IR IR FE I 23 C& 5 RR1Z 0.9 (95% CI,0.6~1.4) THY |
Mt A BRI 2o 7o, BIE UGREFExE U 2 7 7 0id, RIS OR R
BINCH BB EEA ZH S5 L2 (ERRO0.9/Gy) . Hall &5 (1996a) X HIRARFEE I

RS R 7 Rl po o Bl E LT, BRERE A ORI (B g I B BRIC
VET T T 4 —REZ ) THDHIO, BT v RICIREE L R L T S
2O OGN BEETII R ) o T2 LI W SRR TN 5,

AT =T BN TR AR E A — MIFFEAEHME S 4, 1950~1969 412 IR IR AR
WO T2 DI I 5% %2 72 /835 34,104 ] (80% &1k, 1~T757%) ZXFZIZ, AR
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DNABEAERPE Sz, BEFARIE 1958~1990 42T - 7= (Hall et al. 1996b), #
HEREIZ 20 Al TH - 72 EBF 1T 2,408 61 (7%) | 10 AT CTd - 72 BE 1% 316 41 (1%)
Thote, FURIRD AR TRWRA 2 S5 S 7= 01X 10,785 il (32%) . HUR AR HE
FIE., FRARERE TCHEE ST 2 O OB H CTHEi S 7= D1 23,319 il (68%) ThH -
7o BBFIMITIRIRTE 5~39 £l T, Wi ER% 5 FLANITIE L S L7 AR A
X ICBEICTFE L CW AT BEMER B 5 Z & D B ERA LT, R G iR B L
IR AR VRS € 2.4 MBq L OMBOD S C 1.6 MBq To o 7=, K BREFIZEIT 5 FikiR
~OFUH R EIX, ICRP (1988) D5 Hdtee & M EHIE DRICESWTHEIE L=, IR
HRIE S S\ R E IS B 1T 5 BRI R 1T 1.3 Gy, T OO #BE TIL 0.8 Gy Th -7, M
Bl AR R OV TR L2 BN ARAERICESWT SIR 285 L=, TONAFRER
FAD = —FT U BABEIZIESN 2L DO TH D, MR A 67 51 IR PRIE S 23 FF E
i, D HH 42 4] (63%) 2HIRIER T B 5250 72 BF TRO b,
SIR IZBE DO THBEICEH L7 (2.86 (CI: 2.06-3.86)) ., & DAt FAR IR BEE
BEIZBWTIERD LN oz, EOREHZBW TS HIRIES A OF B /e ff m i B
D HIVT, AN B EE LRI BIFE L TR B 5,

d. ZDith

FOR IR RENS TIRREDS AR ICEE L WGa . KREOKEE T 7R 0IRIR~0 kv
T UMARRIESEIC L ABEE T, FURBSHARDIBR & BRI IO R O T R 2 & 72 &
TREEMEN H D, HilE LT, REBIATIR 6 3 H OFFZ 1811 % 3.7 GBq &\ 7= FLIR DA%
8 M HERDIFIT, MR DZIBIE & L CHEE O FRIRBERBIK TIE 2 R80E L 72 IEBIN H 5
(Goh 1981)

Ron® (1995) OMFFETIL, ERHKIT< 23 TAERIE< O 2R — MIFFE (BIIZRE
L72WN) MO ELDOHFRRNA Y 27 IZHOWNTF — VT 33 A LI TWN 5, 5ak—
N &, BEHERE. 200 RPIRIERIGE ., MARIER) D155 CoMT#IE < (0.10
~60H Gy) Li=1EH (HE < WREAERR2.55%) O 7 — VN Cld, £9120,0004 (8%
X< BERI58,00044 . FEMLIE < BERI61,0004) 03,000,000 A0~ 6 HURERAS A 70061 D7
— X 257, #ERIX, ERR/Gy: 7.7 (CI:2.1-28.7) . itV 227 (EAR) (10,000
ANE/Gy) 4.4 (CI:1.9-10.1) . 1 Gy THOARIL 88% Th-7=, #IE< #EAY0.10 Gy
25 HFARARS AU A7 & OB BRI BTz, #E < GREOERMBEVIE E Y R
7 Wi < 205 PARE TIEA B30 U A 7135380 by, #IE< 2> 5 304 LA IZERR A
WDMN, 40K TH EEKSNITRD LTV e, KE  BEEHGHRO A 22
T 5ZH8% (BEIR) VII (2006) TiX. ZoifE2zm L. BHoE5 LVERR/Gy =
0.53expl[-0.083(e-30)]. ZM:DEF /L ERR/Gy=1.05 expl-0.083(e-30)] (e= #ZIL< HED
) LW ERIEICE 2N AY R ETFTLEZERL TV D,
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@F L/ T4 ) RFHREMSEK
F v ) TAVIRFNREEFTFELEOFRBN A CUIM DO AR (2B L7z
FETIZHOWTOBIZED T ATV D, — RIS, SRR TENE RN AT FLES AT
OAOABEMMRH Y, Tb DX A T OEBGIIIEBSEIEDMEM A H 5 (B0FILTFHITRKAT
#18% L H#tE =i7-) (Mazafaferri and Jhiang 1994) . L/»L. =/ /74 VJF+
JIZEEITEMAZ IR IN T FRIBDS A O EREMEMATH - BHmO X b TR %
HIAN AL, RATEZDIHOLD L EMAITH D (Harach and Williams 1995)

19864EDF = )V ) T A VR JIREITD O O FEDE DO ftH%., XTL—v D1 &
BT 2 FURBRAG B O RSN s S v, 1990~19954F 12 i S 7z~ T )L —

LT 520,785% O E I ARG FOMATIZ, HURERASE O MEEFED1,0004 4720 4
~HTHDHZ EEHLMT LIz, FIRIRTORIERENL Gy (1.3~1.6 Gy) Z# 25
EHEE SNTHUROEN T, BERENKELEN-TZ (16~22/1,000) , EEFHHRAEORKE
B, ERDIBREOTZOIZSRINTZEED LR I NZ2WE, AR RENL Gy
(1.3~1.6 Gy) %z 5 EHE SN HIBROIERF TIiX, FRIENS A DOREEI1,0004
W70 2.5~6.24 . HDHWITFEER DKI13~50% THH Z & E#H LT Uiz, FURAR
FEHIEBI D 5 BT~12% D RIE, 5~22% ARG IREIE (nodular goiter) . 7~64%
S BYEZENE (benign cysts) &2l &7z, HAIRBRRED0.1 Gy Rl CTh o7z L HEE S 4
7o i, BUEFEIESES THIRIE S AT R SN0 o 72, $I10~25% 2N IRIE, 0~8%
DSFERIME FURARIE, 75~100% 23 BYESEME & 2l S vz (RIS HUIRIRIE O FEAMER nl 2
% A4 7 (cystic-dystropic types of goiter) ) ., BRFEHKDO I VHRIZHONT, KPP I TH
ORNEM St &= (Astakhova et al. 1996) , XT/L—L TIHRF I UFEL~L
D Z 723> TEE L T\ e, FEBEIFFED D HHI30~80% (F161%) T
—BEDIRD T U HRIRED100 pg/LAR TH Y . 10~50% (*F#£)26%) TIEL50 ug/Lﬂ%{?E
0~25% (F#9%) Tix20 pg/LAH CThH 72, T O ORERITBRFR KO I 7 HERE
B50~T0 pg/H (FEHLEOHFEDIH YT DREZ1~1.4 LEEE) L0070 AR
MRV NE T LERLTWS (b D HUK TIEFE26%., 50%) . £V Fer O HIERE & (2000
M) X, XRINL—TORFEEFICLDI VERZIEZTT =V T A VIETSI3EET
TR L TWD EH IR XD Z EZRL TS (Ishigaki et al. 2001) , fldH
Wtz 7 v 77 A0S (] : the Chernobyl Sasagawa Health and Medical
Cooperation Project) & F72. 1976~19864FDREIIZT L— THEENT- AITB N T,
9 RRZIEDFEWRRERE —F L HREDO S OB ERZ R LT 5 (UNSCEAR
2000) , L7=mo T, 3 URKZIEITBIE I BRI I RIC T 5 LT TR &
D FARIRD A DREZ BT A KA+ ThH D0 H LitZay (Gembicki et al. 1997,
Robbins et al. 2001) .

2000 FLABED T 725 121%, Davis & (2004) O 1 > 7 OfF R~ — A DIEF] % HBAFFE
(1991~1997 4=, JEH] 26 44, xtH 52 44) | Cardis H (2005) OXFL— b7
DAERAR— R DJEFIRHRAFZE ( (1992~1998 4E, JER] 276 4. %t 1,300 4. ERR/Gy
4.5 (2.1~85) ~7.4 (3.1~16.3) ) . Jacob H (2006) DT )N— L7 FA4FD
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T aw YA )VHFSE (AR 1,089 44, 1620,000 4 DT —# & ki, ERR/Gy 18.9 (95%
CL:11.1-26.7) ) 72 ENH D, F7=. Hatch 5 (2004) [T LA FERNTHIELS Liz+ &
D 20 1% OWriEbFFEAS 8 Hittsl 1,494 44,
LA 1,088 £ &t BT HOIL, AR CIEZ2WN (P=0.12) , FREN/AY 27 1
F (ERR/Gy 11.66) "&b IZ LT DM NH -7,

BII DRELSBEE LT =V 7 A VT IIFREHN ORI U2 ST e g8z L&
PEDIEIR T OMEEEIREE & A FEEE 2 T3 5 72 O K IfENT 23 T 7= (Petrova et
al. 1997), MO HEHFROETE, REEIL OMMO(LEWEORGER L. 3 vRLUANOR
F-INERIFIT B A 5. 2 7208, [ 3 U BORIFICT 2 F 5B L Tk, 2 OfaRE
RO TIIBO TR TH D, LU, Ay E L gERECESREZH T
ME—DEFRHETHY, TV TA VRS TFEEFTELDOEL, BT TR HS 6
BBICBWTORDEE LD, HEOHEL L FICEHT 5,

WK RRTIZ 3N T, 1982~1990 DO T, XT —1ZB1T 5 755,297 4L4RH]
DHIVT DI ST, ORI D B 3 v FE Lt B AR L i ER < 75
PeXN TV OO TH 5 Gomel & Mogilev (ZJELE L, DK 250 D oM 13 HLig Y
BNGYL L T 5 Brest & Vitebsk ([ZJEE L T e, EEORFD 3 17 3V — (BE
PE. AR AR ER M O AR 1R ST 0 it IR O AE TS R %2 G He i iRER IR . RHATRS RIS+ 5
PAKERSBIE - J5 PERIYYIE - MR 2R BB L OV RYEATE & & L IR O EFEIRAE) 35T
Sz, Fx v/ 74 VIRTFIIFEEFTELELOFETH D 1986 FLIE, RHEAOEIM, &
HERER S (MIERFEEFE (BUN) L7 L7 F = Z2HIE) M OUEIR TP HBAE OER FE 4R
TR B LIz BT, KBS L ko IcBbing (Bm0kEHEH
FRAT DA 1T 720N S RPERE &0 A MR ERR IR D FE A £ 72 1986 FFELIRE, 7 <
PHYe L s c BT, KBS L K 2B bng (@ o2 aafiET o
WAL o K VAR DG YRR & [FIERIS, (G Y OB A TR ML T b, X
D LT n ko i bingz,

WK EENT D —H3 e L Cads— FNAE2E X417 (Petrova et al. 1997), X7 /L—
3D RSTRBTG YL S AT s, SUTERERAOTE G S LTV 22 W R E LT D 75T 44 D
IR & ZDORER O 1 VT DRAT S Te, xR HUEIC e TG YLk 2 BT 5 & tEic ks
F AR EIEDOIAER (25~30%) 1% 4~5 {Fmh o7~ (G B E+ 538
BUFST NE— M ERORERIIR RIS O LI & e U TR 2 5805 72 (8 40%) .
ZIfE (RiLF~EZ v By LoUL) ORERITGIHUROZIIT 6~7 @ o7 (18
~20%), OO, FRBIL OO E O &, 3 U RUIORE T
DERIR I B2 B2 TE 0, I U RORIRICHT 2% 5 1B L TiX. ZORE
FEROMRR TIIMD CTRIAfMETH 5,

RIN—=V ROV T TAFIZBIT DT =7 74 VIFEFTIFEFHE O TR DA
R T — 2 R OB T — 2 &, RO 2 DT ROBT7 7 ADO L0 LT %
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L RIN—VERT T AT ORKRBPNAIZITEAEORR S D Z LN REBEINT-
(Pacini et al. 1997), “XT/L— KT 7 T A F T 1986~1995 - FARARN A L 21K
ST/ O 21 IRl DAL 472 Bl 2%t 5 & UCRil L 7=, i P ic s ézhf:/J\
WREB D 98% 23 ZUZE LT e, ®REREZ, A XV T RO T7 T AD 2 fiigk T
FEAZ 2 W S VT [RIMEEREED 369 ] (£ % U T 219 Bl kX7 Z 2 A 150 {ﬁJ) “C&'Doﬁo
RIN—2-T 7 T A FREBIRETIE, A4 X VT -7 T AFEBIRE & O EigIC L om
DOFERNRD BTz, XTI N—-T 7 T A FTIEBIREZIEEAEN S ﬁUTT“&;Za@L:
U, A2 VT -7 ZFEBIRETRER S 14 LI RIEL T\, A ZUT-7 T
xmﬂﬁi@ﬁ PE/BPERE (2.5) 1X. XTI NV—0 7 T A HIEFIREO /B (1.6) X
DEEIZEDS T, XTI N—-0 7 T A FIEFIRED 94% I XFLIRD AT 5% MBS A
‘(3’7360) L, AZVT-T7F 0 REFIREL 82% DNFLIEAN AT 15% SRS A TH
oTc, NIN—1-0 7 T A FIEGIREO TR AL, D O/NRBARIRA AR A DJE
RTH D HIRBINZIED, A X2 ) T -7 T 0 RFEFREL D EENCRO Hillz, NXT/1—
-7 T A FIEFIERL. Fo. FRRE CRE BTHRIEV A A —EB RO A 1 s
07U UHED ER) OFAERNAZ D) T-7 T RGEFIBEL D bEDoTo, 2D OfE
RN, RXRINV—-0 7 TAFIEGIREE A X2V T -7 7 2 AEFIRETIT R 72 > 72 /123
(R ARAEID) FE L TR, BHBREN VR b —D2>DHER ThH 5 ArHetEn
H 5,
HORZIZHETET VB A~DOREN EORERBR L TV DENERHTHL, T/
TAVIRA IR EFFEBICE - T0.4~32Cy DHIEL 2 LIZT~14 D B34 DT E
(1993~1994 ) OMIETLH A v 7 v 7 U UHRMAHE S iv, JrRfliidsix< L=+
EH T 80.6%. BILIZIREE SR> T BIET 16.7% Th 0 | Hriffil & H#EE HRIR 1311
PR ORIZIT, AERIEOHBEANRINT, ZOMRIE, FIRRA Ok Bz Bk
HROFGHE 2 » RIREN T HT D AREMEEZ RE L T 5,

NI N—VHREE T 7 T A FIZB T DREL OB ABEREERIZ L D &, 1986 4 4 A
(ZF v ) T A VIR IPEEF D ERE R SN T D 4 FFRICTFEL & F
(ZHRARDS A DI AERP NN 2 7R LTS, Il TIEFICERE O 70— 7 CTIEHIRIR A A
DOEINT A 53Ty (Cherstvoy et al. 1996, Drobyshevskaya et al. 1996,
Prisyazhuik et al. 1991, Tronko et al. 1996), ~Z /L — TiL, 1986 (2 1 D H
MRS AU RS DFEANZAS 100,000 4 H 2.46 44 CTH Y i HHINN L 72 D 1% Gomel I T, 1986
12 100,000 4 0.24 4 TH-o7=D03, 1991 4T 100,000 4 H 1256 4 & 7e- 7=

(Drobyshevskaya 1996), U7 74 5 TiL, +Eb EHHE (15 T) O 1FEROH
RARAS A B AL, 1986 A-LLATIE 100,000 £ H' 0.05 ZAFEE TH - 72D 03 1992 4E121%
100,000 £ 1 0.43 44 & 72> 7= (Tronko 1996), 1994 (21T HUIRIRS ARAERIZT = /v
J 74 Vit The b i < . Chernihiv T 3.8/100,000 4. Zhytomyr € 1.61/100,000 4 .
Kiev T 1/100,000 4 Td& - 7= (Tronko et al. 1996), Jacob & (1998) IIfiwV 27 74 F
DONWIEERREZa fa—LE LT, 1991~1995 #£® Belarus KXt T 7 74 128
5 HARBEAS A D EAR A HERF L 72,
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FORBR S AU R 7 & HURBRA~DOHEE N AR E O BRITIE & 720 . X1 2.3 (CI:
1.4-3.8) /10000 A Gy Th -7,

FIRTE 57 —21%, FHIZ X D HEHREIL D, KRS &b ~D BB TR IR
WAV AT DEREZL Z L EBRLTND N, HBREOHETEIZIZZ < ORRE &
VARY S

RS AR B SR OB ME T, Bt 3 O RBICEHET 2 HRER ALY 27 DO RE S
EFER, B THONTZ I AORZEMEC L T D, ThIZiE, MBI OF
G FURIBDS ARERBRONR—R T A L 72 5 FEICATRE U TITh AV 7 MU e 72 R 23
WA ) —=>7 (Astakhova et al. 1998) D I 7 FE /K Z DFIEFRE K O
OHARBIED R L9/ & WD BR 2 ENH Y | MAOMREZIEFICAHEFRITLTND

(Gembicki et al. 1997, Robbins et al. 2001),

NI N—T O/ E 3G L UTERI RIFZEIZ IV T, /N O BURIRDS A & B # ek
1< ORENFHE 47~ (Astakhova et al. 1998), FH#Zs A M 15 AT O2/NED 9
B, 1987~1992 I HURIRAY A & JREERZIMNC L 0 fEE 2 W S IVIZIERIDS . 2 OMFFEDxE
% L7 o7 (131 BT 107 312 Minsk State Medical Institute records (28 Tl E %),
BIREBNZXT L C O L~ v F Lz, Typel *HBEEIX, T/ 74 UJRTI15
BHTHBIC X 2H0E < B HERER O SE e & B 2 ik (T 11— AL K OV T
@ Brest. Grodno } O\ Vitebsk HIAM) 7O EEIEZLICHIH L, &, PER R OB/
BfEE~y FIELHETH D, Type I MBI, T b/ 74 Vi< OB &I
< BB (Minsk, Mogilev & O* Gomel) Z&Te 7 /L— ORI BHH L, [EHE
A IZEL L7230 T, Wik & L IERIE A ~ v F S, & IR, MR ORI/
A EFE~ TS TH D, PWREEL~ v FIETZHMIEL, BER LHICHS
THAREMEDRHHLDOT, A7V —=U i 2y ha—T 57T, 2Bk,
ToO=2InEanic, $72bb, (1) ZFMARAPWAT )V —=7;(2) Fx)L/
T A VIR IFE BT E I B R AR WIS X SRR ; (3) S ERR X X H
DR R AE R S0t B FER IR 0D AT REME 23 8 B Z DAt DSFEIRIC i@ﬁﬂéhf%%bk@ﬁo

F V) TA VRS IFEEBEITFELEICRT— T OER 200,000 4 % %502 Ehi L7-
FOPR M 1811 & S M OV E 1 D JRAE U 35 1T 2 2R L DVE Y e ONE & OHEEME  (BF3¢
FEOMED I V7 30E BEREICEB L) D, YRR ESHER S -,
FHHEP LA EN WA, EICRAIC KV #IE Lz EE SN, FinfE FiR
HRAR BRI & 4L D SR AU 2 & IR U7z, JEBIRE K O IR IS 35 1T 2 R AR
EOENT, JEGIRE 535 mGy (SD : 848 mGy) . Type I xtfRE 188 mGy (SD : 386 mGy)
KON Type IT % HE#E 207 mGy (SD : 286 mGy) Toh o7, 4 v Xt (OR) ZHEHT 5

(2, JEFIRE & XFHREEZ SO RRIMRE D 7 IV — ik Lz, FIRIRSABE

BT A HEERES AL, BES T TV —0.3 Gy Ri#ET 64/107 (59.8%). MpEH T
=2 Y —0.3~0.99 Gy # T 26/107(24.3%) L OREH 7T TV —1 Gy #£7T 17/107(15.9%)
T 7=, Type I Xf BB IR D04 1% 0.3 Gy ARI#ET 88/107 (82.2%) . 0.3~0.99
Gy #£T 15/107 (14.0%). 1 Gy BT 4/107 (38.7%) Toh o7z, *ind 25 OR i, 0.3 Gy
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ATHREE e L C, 0.3 Gy BEC 3.11 (CI: 1.67-5.81), 1 Gy BT 5.84 (CI: 1.96-17.3)
T o7z, Type IT *FHREEZ Lo FUREE Witk ISk 2% HR) & L7c836 @ OR 13,
HE Cholz, BEONDWAT ) —=2 ZREZEBW T, 0.3 Gy ARk & i LT,
0.3Gy #T2.08 (CI:1.0-4.3), 1Gy#T5.04 (CI:1.5°16.7) ThH-o7-, BIRDOIFA
BEIZBWTH, 0.3Gy Rifift &LL<, 0.3Gy AT 8.31 (CI:1.1-58) L AETH-
oo ZHUHDFRERNG, FMBITHELIZHRBOAAICKHT A7 ) —= 0 TREDR
BEPES DL, FRBOBHBEN T L—2 /NN TT = v ) 74 VIRF 7]
FEITFMRITZE SRR AT 2HERT GRS TH L Z EDBRBINT,
Flo, ZOFGIX0.3Gy IR T HHMETHLNI R o7, LML, MEREHIZBWT
IR0 KRERARMEFMENH 5720, OR BHIIIEF ICARHEFETH D,

1986~1993 F(ZHRARAN A & BBWF ST T L— D 14 5% AT O /N 251 41l % it
7o, JEGZ Z DL RR IR R 2 S L 72 HUBR NS B L 7o & 2 A, FREESRIC
BWTHRE L OBENED 5117~ (Drobyshevskaya et al. 1996), AKX, FHHIR
MR EHEEME S 1 Gy (1.2~1.6 Gy) LL_Eo#Hif < 81~201 A/100,000 A, 0.1~0.5 Gy
DO HIIEE T 14~55/100,000 TH -7, & bEWIEEREZROT- DX Bragin T, fix DOH
RERW AR 21 0.8~20 Gy (K 5.6 Gy) EHEE Sz, HIEFUIRIRAR & TR E (CF
#)0.005 Gy) 23t Sz Braslav Tl fREFIT 9 A/100,000 A ThH o7z, #IX< K
(2 3 AT SUTIME T & o T/ NRITHAR RS AEBI D 53% % (5D Tunie, Z OFREED
BIX < L BRI 1T, R O/NE (CEHK 1.4 Gy) 123 LRI 2~8 5 L HEE S Tz,

LarL, RURBEZY A 52% 23 FUR ISR EHEEME 0.3 Gy K D/NRIZIB W TR & T
BO., 84%3 1 Gy KiD/NAIZB W TRErEhTW\Wb, 0.3 Gy KiO#IiE 2% i) 7
INEBAVBED S B 3 AT D/NEA 838% & HH TS, ZIbDFERNL, HF00
ANRVFARHR B < U U TR PE DS @V 2 & DRI STz,

77 T A F O/ 18 AT DB NI T 1986~1994 I HURIR AN A & Z Wt
SITIER] 531 Bl 2t BRI LT & 2 A, £D 5 B 55% B F = /v ) 74 VRT3 E
AT OEFEEEIZ 6 AT Tdh - 7= (Tronko et al. 1996), /NEE N 19 @Al OBEHICE
(T 5 FUARIRAS A OAE R FEAE SR 1T, 1986 ELLATOHK) 0.056 A/100,000 A6 1992 4D
0.43/100,000 (2 E&H- L7z, F4AEHE (/100,000) X, F=/v/ 74 Vil bimWO ek Tk
% 15 < . Chernihiv T 3.8, Zhytomyr C 1.6 X (O} Kiev C 1 T - 7= (Tronko et al. 1996)
AT U TIEBIRE SIS 1T B BRI 1T 0.01~1.5 Gy tHEE STz, FEFIDF 20%
D3EIE < B 0.01~0.05 Gy, 80%7% 0.1~0.3 Gy Kiili CH - 7=,

RIN—=THU T T4 FTh, o TEF Y ITREER S 70T 25 ik M OVA#H
57%K2ﬁﬁﬁﬂ?%éﬁﬁﬁ%“f\w%%%%ﬂh@%iﬁﬂﬁ%mﬂoto:
NHOERMN, FRIREE O DICHEBI R NREEA 7 )V —=v 7T ar T L) Bk
SAVTCRFIT, FEE FARR S A D R BB 2 B X T mlietEnd 5, 2406 DMl
BT DERUBIOFRBNAFAERICEL TTIZ & A EREDE > TR
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(Nikiforov and Fagin 1998) .,

F7-. 2011 T TA T LRI IL—V OEMUHE 18 U T Thol- Bl wxtg &
TLHLLF D 2 DO ak— MIROMR/IME SN TN D,

NRIN—=3DF )V ) T A VIRFIREHFREIL<E CYRF 18 kL T OB 4) A%t
T, K10 FERICBE S NI AT U —=2 730038 11,970 4 (BINRK 3 E) 2B
2 HRR AR AS A D R ARG AR & (Gy) 24720 @ ERR Z# % H L 7= (Zablotska et al. 2011),
AR V== T THEMRIBNAZRRAN LTz, VATHERIZFAEZTEELT D BILICLD
PEH X< TH D | BREFEAM IHE & OB AR T VIR FFAE R LI L HHHIE
ZIMzTW5, #iE< ED4AHI% 0.00056~32.80 Gy, ¥ 0.56 Gy (SD=1.18) . ik
i 0.23 Gy TH o7z, BEOHFIRIRA 7 V—=2 72 K2 FARIRS A GRARRERE)
MRZBH L, PIRIRAZ ) —=271b 3 H E TITHRIEA A 87 il (FLEHY A 86
B, I A 1) BFER SN, Gy %720 ® ERR 1% 2.15 (< 5Gy) K(r4.92 (<
1Gy) Tholz, gL FOFERPMRIEZE Y R BEmhoT,

F 7=, Zablotska ©» (2008) 1 2001 4£F TOIBHFC, =2 R4 > b & HIRIROIEN
PEARAE L L C, ERR % 2.07 (CI: 0.28-10.31) EHEEL TV 5D,

VI TATOF e TAYRTFIFEITEEEIELSE CURF 18 L FDF k) &%t
G, K10 FERICBME S NI AT U —=2 7 BN 13,243 £ (BINRK 4 E) (2B
HEARIEDN A D Gy %4720 @ ERR KO EAR #%H L7 (Brenner et al. 2011) , ][]
A7 V== 7 THIRIBDAZRIN LT, VAZHERIIIN I A2 F LT D BILIZXLDHHN
AL TH Y, REEFEMIXEE K OB E R T M EFRE R I X EE
Mz TW5D, ES BEOSMITIEE A ED 0~5 Gy O#HIPFHTH 72, 2007 ££ TIZ 2
BEHD 4 [FHE CORRBAZ V—=2 72 X DHREA A GRFEREEMRE) TREE
BEFLTzE A, BURIRDS AL 65 51 (FLEADS A 61 B, AR A 8 il FUIRIREERR 2 A
16 DRIz, MEE Y A7 3B L, ERRIE 1.91 (CI: 0.43-6.34) . EAR %
2.21/10000 A%/Gy (CI : 0.04-5.78) ToH -7,

728, 1998~2000 EIITONIZHMD AT V—=2 7 OFERIT, FIRIE2 A ERR
Z 5.25 (CI:1.70-27.5) L& L T (Tronko et al. 2006) . B1H. HURERS A D
WEFEAEY 2 71%, UETE VI ENEDD 20 FFZIC BN TWDE Z AR LTV D,

@Y T+ — PR

KE ERER Y % — (CDC)  (2002) 1%, 1944~195TAEIZ/NTTU Vv b
INFE B D N> 7 o — RS ORI JEE L CTW BB W T, R B ER
D7 Fua—T v THEEIToT=, ZOPRETIT ANV 74— FEER%E LD OET1940~
1946524 N8R E8,4414 & ki 5 & Uiz, FUIRIRE OTER IR O &€ Sh, &
BBRAE O S SIS T RO o T FUR RS E . FRIR A L o odRBE. FRIRIRE &
i ROFEIFARIRA VT OREBOFHME N & 47z, FIRIBEREOT fEH® (ORI
T OEHRIE L DIFEHIZ, A VX B a— L ARG AIIBRE DERGLHEOL B a—
IC Lo THEBNT, RS REIT N 7 + — FERER B ESEEH (HEDR) T
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HEINTMEREETT VERAOCTHEE SNz, 2INFE 2L OREREEBEEOH DR
BeoNG—r (Fl: IV OFERE, BERE., HouTIE SN2 AED OHE &) OFF
WITA X B2 —Il Lo TH LT, 3,1914 OB MNE THEE S U7 IR AR B & D
PIfE13174 mGy (SD : 224) T&H Y. 0.0029~2,823 mGyDHiPH Td - 7=, HeEE F AR
MENL Gy THHTZDITHEEN D > B3 0244 (0.8%) DA, 2 Gy TH - 7=
DIXT4 (0.2%) OHTH Y . AL OFARIEIREIMEOBREIZ0 M L T2z,
Z OPRBEOHFERE I 072 0 HIRE 2 T 70, FREIITHBEI R E® N H 0 | Yk
HOFEE ZDR TICEL A2 Db O RZ 2T Tz, ARKCBE/FRIT, &R
- (EERI, IR < o, REMREAERS, BORME, BREE X ONTS Ot )~ & DI
IBIEL ) R OB A BT DB OV GRE S N-BERIEE T L& FO CRHE &
T HURBRDN A, FRRBRES SR, FORAREBEREIR TE & O RV IR sE TUHESE (Mg A TSH
VAL R =T 25, FREE O (IEFRPLI 7 v Y — AR, FrHFRR
SN F R H—E) | RURIE & ORISR e 2 5 dr) 23 O I flfE F o)y
DI NTZ, EHREET VEZHWCTIMES] (FREZE0.4%) 2 HHEE S &R
0.000 /Gy (SD : 0.018/Gy) (95% upper CL: 0.013, p=0.61) T&H V. EIFIRIHERE
JUHERE DRSS I, FURIRACH M O F BRI L RN E R RNWIE ST, B
BT IMZEDN T, AR AU, FRIRIRAEET (W o2 A4 7 Th) | FIRIREEEEIK T
i, FORIRBERETUHERE . FRIRE Cras, AR, mil BLIRBRBERE TOHE)E O FR SR
HEE Sz,

Boice® (2006) 1. 1944/ 5 195T4EITHNT T, KE NV T 5 — FEEREHLEE i 5% 7>

DR SRR TR LT B R A2 ST, BIORERSE &N A & OB E#E A R
S L72. 1950500520009 F TONAKLET — X ZHNTU v b NN TBIHEKER R
X DSMR & DA TN T, EDRER. BN AL MERI DD A & ORFEITFED B
723 7o, B ADORRIZ0.95 (C1:0.93-0.97) L& < | 2D EREBE TN A DORRA 0.84
(0.56-1.26) LR To7odTh 5, £ DO, HFUREEA A D334 RRIF0.84 (0.56-1.26) |
DI A1,2334 DRRIZ0.99 (0.92-1.06) . HMLIF (MU o SBR[ i 2 5 <)
4924, ®RRIF0.95 (0.85-1.06) . /NEAHIMFETIZ ORRIZ1.06 (0.78-1.43) ThHo 7=,
Hoffman & (2007) (37 4+ — RO AMFZEO T7iEmmi) /e M 2 fat L. i
SHR B E 72 & O AR E BRI FU BN HSE TR 0O TEEXE SRS 5 2 &
EEML TS, Lo T, ZOMBIIEEN W EE2RTHOTIE/ZRL, im T2
WEFRIRSN D RE7ZE LTV 5D,

ATSDR (2000a) 1I/~> 7 4 — REMRTHEOBEFIZOWT, Wik (FH5i5
FOMRIEET) IR TICET 2BENET 21T o7, ZOFAETIX, 1940~1952
FEORAM TN 7 4 — RERRIZIT WY > b M Tl & 7= 72,154 o0, 1,957 FLIR
FETH], 1,045 FEVESETHNZ BT 2 Hinlf OFLER D IRET S 17z, JEGE 135 i XTI S8
CREOEFT (BEES) [CEDOWTADODRENT AT —D ) b —D2InHEINT, £
7. 26O Y TIZET 5 1945 FOHEE 1811 BE2 1T HEDR i) b # 2 1572 (CDC
2002), BTEH T IV —iF, KE (&A= Y 7 1945 HEDR # &0 50% A1) . 1K
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FE (50%LL E 75%A:0) . FEE (T5%LLE 90%A0M) . M (90%LL L) (Zhs oo
—t o H A BB B EE 3 U FE T CDC 2002 H CHA STV R Th
o7z, B IRTE LiRIF & OEMIIZ AR AT 4 v 7 HIRET IV T ST, et
ST ASHKEIR -1, AL OVER, REBOF s, RO AN, CBLOIRE, 15 DITIREE,
FEREE N OFLIRSE TR A 5 A TWVe, e b i WIRER & HEE S 415 1945 FEIZFLER S T8
JHA R L, EERMNC R b m WL~V OIREEAES 194545 A 1 H)v D 1946 4F
4 H 30 HOMWIRMI GRMEE L7z, mEREDY T 2V —12BW T, LRETOHIE OR (2%
ELUTIRERFEZMEN) 131945 T 1.1 (CI: 0.7-1.8), 1945~1946 4T 1.3 (CI :
0.8-2.1) Tholz, @EREBELT Y —TOIRIEILTEDHIE OR IE 1945 £ T 0.6 (CI :
0.2-1.6), 1945~1946 4= 0.7 (CI1:0.3-1.7) Tho7=, TNHDOFER NS, FLILT
FOBREETIZ ED B 8 8] BRI L TV W2 LAVRIB ST, EERE DT I
U —TO RS OMIE OR 1% 1945 4T 1.6 (CI:1.0-2.6) . 1945~1946 4£C 1.9 (CI :
1.2-3.0) Th v, B/ L 1810 REE TR B 2 R I2 S u7e,

@Y —L v LEET S R—BER
T IR —EEREL, v — 2 Y VS O3EOE RN BT 5 F TOAERIyBROMIL
K ZBZITF Tz MR SN (Conard 1984) ., Rongelap BE644 (1.90 Gy) .
Ailingnae/5 184 (1.10 Gy) K OUtrik/ 51504 (0.11 Gy) Tho7-, #E NI
FORBRIZ XT3 2 IR UM R OWWE#1X <) 1%, Rongelap/ T3.83~20 Gy (&
H CThemfia) o Ailingnaes C1.3~4.5 Gy, Utrik/&T0.3~0.95 Gy C&h -~ 7= (Conard
1984) ., EFHRHE 7 2 77 AD—EE LT, WbWpL 7 7R — - ak— hEFEIND
BRI HITEMANERIRES TR G 7, O, I, 7RI K OV O KUk
FREME 2 5 Lo MU R E B O E 3 I X < B EWNTA S BO b vz, #IEL< B 104
P& U 7219644121 < BRI TR OIEF N 2012 L 912/ h | FHlcrEs T
L Bomole, ZHHIEHA LR IR, REROK IR K OV BRI D FE B 2 & A T
W= (Conard et al. 1970) , 19814, Rongelap& D1 E LI TDHA T U —=2 7
T, 77 A —FRYRFUEARN Ch o 7o 1 £ D83%IZ HUIR IR EEIX TE O E (1 : 1.
EHRTSHIRE >5 mU/L) b4 Z LN, Zo/nNRERIFHE T15 Gyz s
2 R IR A 52 1 T, FRR IR BRI E O B R & BRI R A B g < A flin
L BT Lz, 2~10%T25% (8~15 Gy) . 10mLL ET9% (3.35~8.00 Gy) .
Ailignae 5 O < BEIZ I8 2 MBI < FHhe 23105 LA 2 T8% (1.35~1.90 Gy)
Th V., UtrikETiE1% (0.3~0.6 Gy) Thotz, FEHIHE (77 A —FEEIE, B
lﬂiﬁ?ﬁ)o 7-Rongelap /5 ) TITMEEFEN0.3~0.4% T ~7= (Conard 1984) , 19644
TR, EHRZ 7 1 7T A THE2IZ L0 B T & 2 R O F123 /7o
7®éii’ﬁot(ﬂmmd1%®c>@%%#ﬂMWﬁ&@ (ZHR RS REAR N E (1] -
MIEHTSH EF) & [FERZR Rl SR 3 L S 47, 19814FRITIE, 105 BARMCHIE < L
7=Rongelap S RD77%., 10 LAREOHIE < TIXE R D13%IZHUIRIRAEH I 2 o0 o 72,
AilingnaefE OB IL, 10 LARNIHIE < L7a/NREERIT29%., 10 LAREIZHZIE <
L724ERHIT33% Td o 7=, Utrik 8 TiE, FURIRRE I O M ERIT105 AN #IE < Lz
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/NREERTT8%, 10mk LARRICHIE < LI T12% Th o7z, FEFITHE (1%) &~
THIEL< L7zRongelapfH (6%) Tix. HURBER A (FITHEDNA) ORERE L5
LTS L9 Thole, 1994FIZHUIRIROBE &R A D LIRTOM BRI 5 am— o
WX < BE1174 (Rongelap D474 K O’NUtrikD704:) . KOV T 7 AR — FEREFIZ BikiniBR A
D BRI A D 71480~ A /VIZALTE T 5 Majuro & 12V 72 Rongelap &5 R4 74 (2% L T
Fii 7= (Howard et al. 1997) . 1965~19904FIZ/ T T, #IE < BRI T 5 HUIRAR
FEEIOARRIZVEYL T2V KIB~8% TH VD, FML Y LM T3Em o7, LirL, 1994
FEOBEWHRETIZ, AEZEITRVDD OO, Hgr @ O FR RS S AR 030X < BE (12
~33%) . FEPITXEE (25%) THHHNT- (Howard et al. 1997) .

19545 TATION T2 T T R — I EBR DO R T K > TBILIHRER Lo~ — 3 v Lk
EAERIZBW T, 1980 RIC RS S M- FUR IR i B =Ry R A & 27— MFZEIS
X o> THFA 72 (Hamilton et al. 1987) . Z OMFFEIZFEREHH112~589~ 1 /L
ILET D EOERERGRE Lz, ad8— MI1954FED T 7 R — LR YRR EOER
Tholz (HDWVITENITWTE) 2 ERbho TN AHT,2664 THERL STz, SHBRE 1T
1983~ 19854\ filiA AT HE 72 FUIRIRAS HIIC DWW TR B vz, AR 11X RS 32 T
ToHEE FR B R & MRE D ivie, BRI B &L, RongelapHR72321 Gy (F8R
51204 V) | Utrik 5 R232.80 Gy (EBrE02 5321~ A /L) Tholo LHEE S
7o ONLE (REEENR O UL R (prevailing wind) (2B 2A01E) 2Dt a o
FITIBRFTE L TRV EERPICE LGN TEMO12E0FER B HENRICE 7,
R CHEIE L 72 HOIRBRAS i oo He FB 81X Rongelap 557337 %, Utrik/572310.83% CToh - 7=,
D12 DERDMEEFRIT0.8~10.2% DHFHATH 0 | #KIL D72 > T2 128 DREER
(R RRE BT o 72, ORBEHOTZDIT, WHIEL N2 o B OREERRIT, &
L0225 (Ebon, Mili) ORERIZE &SN T2.45% EIRESITZ, B AT v 7 [H
S AT 7 WA LAUTH R BSREE i O ORIC k3 2 MBI D BB H R FHICHAE TH Y | &
PECIXORMNB.TEE D -T2, ZDFT /L TIXEBREFT D & O FEREN OJ5 FIHE - 72
HAb AR THY . BEROBADITERG TN 5100~ A VB S Z L I123f%F (OR. 0.3
1100~ A /L) | I EEIZI0EE S Z &£ 122f% (OR, 0.59/10f%) THotz, v~— ¥
IVt B DORURIREEIO U 2 713, 10054803 < 375 2 & 121,100 HEINBIEY/Gy/4 & HEE
itz (0.0011/ N/IGyl/4E)

1993~ 19974E T T T~ — ¥ ¥ Lk B CII KRB FUR IR B ORZ 7 e 77 208
Fh <i7- (Fujimori et al. 1996, Takahashi et al. 1997, 1999, 2003) , Ebeyels;
(KwajaleinBg (2 & ¥ | BikiniBgifEH HK190~ A /L DOALE) OIEER1,3224 D2 Hs
MTakahashi® (1997) IZX > THEINTWD, FHEICIZSHOAES ., FURIRE S KR
R ORI S FRIZ S AV D, BRI BBRE 3 52 1 7o HE 7 FUIR AR A R
DIRE DNz, 7T R —EERRFO1954F LR E ENT-HERE 8154 D 9 6, 2664
(32.6%) MHURBRASHT & ZWr S, £D 95 H1324 (16.2%) it rgETh >7-, H
PRARAS T (i AT RE K OB TR ) OREBRIZBEME L v K CTaEnoTz, Ll
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Hamilton > (1987) DML CTHIZE S L7z £ 51, il REZRFEEi O A 2% L CTH EZED
ol (AhFEN AT REZRAEEN - ZME17.7%., B T$9.3%, RAEHT  ZME35.9% ., HH21.0%) .
WTHIC L TH, FEERE T L0 B FEBRIM (19584 LIRT) 1A F LM TIL, it
%$$753‘2~3{ﬁ‘%b o MEHIRERT -2 ICHE Shice P AT v 7 IEI‘JE/\iiﬁ”&?j/Wi\
FERNFE R RTT DR, Fl, & OBikiniBREED S ORREEOH B /R 2L 5 I
7= (Takahashl et al. 1997) , 270/ 7 L0 LV H L WIREIL, FRIROMZ E’(U\

T (W& T7,7214) . BRI ALE Y (Ts, Ty TSH, HiP A a7 ) 4
) gt (#BrE1,0504) . 3 VHROIREE (lodine status) (R I 73R, #ERFH 309
4) OfEFR%EZFER L7z (Takahashi et al. 1999) . FA&EXIZICIIMajurodER5,263 A

(BikiniBR N 550480~ 1 /L) | Ebeye& D{ER1,6104 (192~ 1 V) K UOMejitfE R
3484 NG ENTZ, T OWTE (1993~199T4) DHERFET,2214.D 5 b, 4,766 4 (66%)
DIZ IR D FLHHERE T I WRER L 72 RIRETE D & 5 Flin Th - 7o, FIRARAEHI O e (fil
FRTRE M O ek ) 13 B L0 D T 335 o T, D TR, 19594 Dk
BOBFERO A L0 AN AEEN LM Tl bIRERDBE -7 (183%. 3,1514: 11407
4) .

FRRIRAS /L8 PRI ARSI T 2 R RE LS 22 & 2B BT Lie, —5,
RIS TR LV OREITEMN TRENOEERI URKRZIENRONDZ L ZRL
7o ARABEERTE DFI21% DR = 7 3213£22~45 nmol I/mmol creatinine (25~50 pg I/g
creatinine) D#HIPH TH o7, ZHIVUIIRFPRMERE 3 ¥ FZBEORKI40~80 ug /A (K
HO60 kgL RE) ITHYT D, #EHiNRHY IURNRKZLTWLHEBRE L, avREN+5n

(ZH D FEEI D72 WHRERE L ORI T, FRRROERER RSNz, I vRRZXTI VR

THDTN—=TDNFTHICEBN T, FARBRIER Ot 22 e R OB & 2372 i3 72
VIR Eﬁﬂ(ﬂ%ﬁ-‘%#ﬂi%jﬁ% Mo TeHRF XTI URKRZ /7 — 71 A RIS -
7eo FURIROREHITE AT, FRIRIE L BEhENH 608, EMoO I URRZ 2B LT
£ TA L5 (Hermus and Huysmans 2000) .

19544F D Bikini % 3B TI&, Marshallaf 55O L &V 150 km7)» 5500 km{ZALE
T 58 E THRHNMERE TMORENR LN, T &b DOREER L & TN OBREIER
DRONTZZ L7 Enb, #HEMKIZS EIZOWTIMENRLE L2 ThilT\5, 1992
FEORRIREER & OBEOW®E T, ALETEOHIZIT A > 72 Rongelap & F o FUR R
BT A TL5~40 Gy, £ HT3~200 GyTho7=LtHFE T 5 (Dobyns et al.
1992) . B TIX, 10~35%E% £ TIZ AN D22% 2 FIRAMEEI O Tl &2 3217, 166123 R
RS AT 725 T2,

Simon & (2010) X, v — Y ¥ LB RKTIUVRZ G S I ERBERIZE 25
X< . BERNEEIE < BRI < OEFHIMRA THEE 29 mGy (6.1~1,600
mQGy) . RIS EIZ ) 124 mGy (17~9,200 mGy) & #7212 % L 7=, Land & (2010)
. BRI I X Y BildE, FARIR A, B, KIBBAR EDOEINMAA B,
v =Y LR OER 24,783 ADEJEICHL LB LRI ST THAIMOLDLDN A
10,600 Bt L, Mg < ic k- 170 Bl (A 7.4, FORER 50, H 6.7, Kif
16.5. F DO EIZ A 90) IEFENZFAET 26D & ZiE TONAMRB KO BEIR VII
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T L VHEEFL T D

FRR R B 5 O R EER AT 23~ — 3 v )VEl & TTT o 7e, 1993~1997 4 TH i
ENTZHRBAZ V== 77 a7 5T, 7,721 ZOXRGEDRHF RO K E E, /M
iR OBEEEIZ DUV TR 5 472 (Fujimori et al. 1996, Takahashi et al. 1997, 1999)
MiEFOFL A v a7 ) PR, 534 2,700 4 67 il (2.6%) TR
(Fujimori et al. 1996) , ZDOAWHZFIL, MMOERH (HEEMKAD 10%) TROLNTH
DL H~_T, Hi 727 (Marcocci and Chiovata 2000, Takahashi et al. 1999) . Y]
7o XPGHERT & OREEHFII R LB DT O o T, S HIZ, KFEIZBWT, fLikLX
Jb & HSHE 3 U g & OBEORHIIIA TR o T,

1982 FEIT~— T ¥ L B ORI < FHE 250 44 L OFEWLIE < FHHE 1,303 4 & bR I HEH
PEFRIRIE 2 SN2 b D EFHMOI L7z 2 A, X< ERETHAMM I F (3.6%) K&
U%@7ﬁ(.%@\#ﬁi<%ﬁfﬂhﬁ6ﬁ(OW@Z%M%%M@ (1%) 733
b7z (Conard 1984), ZiuiZfe < HARBYHELO FREHM TlX, KIKIX Conard (1984)

OfERm & A UAE R @ot@ LR L 72 BEDRERR O3E W K » CTIHEIE S HFoRBRR
ENDT MR >Tn=, BlziE, Howard & (1997) O TIE, ek L7=IER0E
SEREONANE 4 1 (1.8%) K OBRE 1 61 (0.4%) & 72> T %, Takahashi & (1997)
I, v — 3 v LVERBER 1,275 4 (T2 Ebeye 1) /R IIToT-BHER A U —=
Y7 7a 7T T 1993 FEITHE L T A ETE R ARIE 22 Fl O OV TR L 72,
T O T2 O FIRIGE G I W 2 52 7= BF BT 2 FIRIRDS A ORBENDS | &N
7R RIS v DB 1.2% (15/1,275) . il mlRE 70t fi 2 & DBE TR T 5 HRR
DADRERFRIT 12% (15/123) ERBINTZ, ZOWFEEOBIGEEIZIZ. 77 R—T A
AT HZAE LSRRI~ — > v VEERICEA TV~ — U v LEERER 3,709 4
OHARIEBA Y V== T ORERDNEV AT TN D, ZOHMIC~— v LG RBIE
FTHELATFELTWVWAALDOBLE 60% bR EMR>TWAS, Fi® Takahashi &
(1997) DR EL Z DIBMFRAEDORREZMAEDLEDLZ LT, F—# /1T 57 fFORIR
BRSNS AUDEEFE ST, £ D5 H 92%MNHIAN A LW S iz, EtEa R i L=
~— T ¥Rt RERIZE T 2 FARIRD A OBEEZ B 2 D ERIZ VW < DO ER 2315 F O fiF
WEBEH ST TR, BlzIE, NERT T R—ak— ks OPER RIS R SR E
MARELTCNWDZ ENETFOND, o, /NS AEEHMEFRIMELZ AT 57200
WA A 1994 FEITBRLE S 5 70 & FEEIME FUIRIRIE A2 38 B3 2 7o O OB il O 4013 &
S, IV —JE, MROMRIZEEZET 5 X 5127 >7- (ATSDR 2004), £V &
IO TIE, ~— V¥ VBB N TI URRZIEDREEBRENZ D @D T &R
SN, ZHUTEE R & 72 D FRRIE S A FRERRIC B A 5. 2 2 [REMEN & % (Takahashi
et al. 1999),
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®R /NS I 1%3EER

W D DPFEFAFFE T, BUORE A IREE & FURIRAE RO BRI DWW CIE LT
%o NTS/HHEEN CREET IR 2R — b & T, NTSIRREED a2k — MIBW
THIRRRAE TROD o T FRRREET O MEECRIZIZZED 20 & 472 (Rallison 1996)
L2y L, Ml = & IS EWBRE 1OV T S O FARIR R E 2 R T2 &
IXFERESERE T & ORI IIARBEIN 2y o 7223, FRBRIES R & OMICIZMER & - 7=

(Kerber et al. 1993) .

Gilbert (2010) TliE, 19504 TN IR AN X O FEBOBIIPIE I L D F
HOEHE L 1973~20044E £ TOSMIX DSEERT — # b et Lz, 155K TOGy
7= 0 ERR% & % HF-fin F T O RREFRIR MR ERNCMT LT, Ik E TORMERETIX
Gy¥%7- v ERRIX1.8 (95%CI 0.5~3.2) . 5i%. 15 COREMEIZOWTIIAEE AR
BARBIERIT A BNy 7o, ZHUT1973~19944E TOMFI L FEDFER TH -T2, F =
IV TAYNEDOHBEIITFIET HRERE o Tz, FH8ME G 1T ORI L TH D
&L TowaZz BRWZHE DA, ik £ TORFE ERRIT 2.2 (0.4~4.3) | 1~45%1%1.1 (0.01
~2.3) . 5~145%l131.6 (0.5~2.8) LWINbAEIC LA L, LaL, ARifsEIT==
BN TH Y | BEHEDORECIEMIC L 2B AE R EICL =T —RH 015
L2, EEMLFHIICT — 2 20 A3 RN & LTnb,

1950 AERAIDIT NTS (2T WV X e VR AN ZIEETH - T2 5HH (Blp 11~18 %)
2,678 LK UHRHEL LCT U Y FTEEDOEFE 2,132 L a2 xS L Lizak— MFER
Fhts S v, FEEMERCIRIEORE R N7 + v —7 v TeWnd i S -, A 1965~
1970 #1125 =47z (Rallison et al. 1974), F£7-. 1985~1987 -2 i S #1721 BB
BIZBWT, AU TR O 2 Z - NFHE 1,962 4 KL OVT VU Y F#f 1,160 4 & fT5IC
HiRA2TH 7= (Rallison et al. 1990), HH: I ¥ B EITK = ¥ - XX FEO YRS
(b Uy JEERE. MOGPEO AL & EMB R OEE B, BEE L O T EEEICB T DK
FHMEOBAT & EREOFE N VT 7 FBELE FARR~D 3 U RBOAAIZ B L 7= 4F fin
B BB TR IS S W CEH L7 (Kerber et al. 1993, Simon et al. 1990), ¥
PRI I AR B HE BB T = & B T 150 mGy (5K 4.6 Gy) . RN #ET 50 mGy (K 0.84
Gy). 7 UV FET13mGy (;xK0.45Gy) ThHo7= BEOAFNIMIETHH I NT-2
A= RAEFEAL, ZEIE OREEMEN & DRI EE L TGk o<, £
7o, BRBEND, LT LHE I TTNTHIZ LTIV, 1965~1968 DT,
4,819 £ H1 76 A i algE/e FUIRARAEFI A H U . 2D 5 6 22 403 RE (20 £4) KO
ME (2 &) Tholz, EIORBRIT X -2 NFREE (19.7/1,000) OFNRT Y FHE

(10.8/1,000) LV @Eroiz, FAM 22610 5 B 15 Biln=> X -2 35 FE (5.6/1,000) T
7THIRT U RE (3.3/1,000) ToH-o7- (Rallison et al. 1974), 1985~1987 A2 FIk
IRAEE 125 BINHIZIC38 O B, D95 65 BINEAEY. S LIZHEHD > B 5 FlR
NAEEZWI ST, 5 BIONAMEIL SO O AR E Sz, &g O &L
TOROFEE LY D L, GRICE O TANE S B GE 12 BIORANE) 2E
D, MR AREEORBRIIFERE CTH -T2 (X -2 XK FE 48.6/1,000, 7 U VTt
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36.6/1,000), JEBDOFREBRIINTEEN S DO TITAR L, X - NFZFEN 2.8/1,000 KO
7 U REN 4.8/1,000 ToH-7- (Rallison et al. 1990), FEEIMEFIRIRIEIX 2,473 4 D
WERE R 56 LR O BN, TDHH 38 LNIEESEIELE B SN (e 4 NRE 28
& IBATIEEEMIRZ 10 4) . BYEE 11 4 (EFVERRIE 8 4 . FLEEIRIRIE, IR IR
JEM OV =L b UAIEIRIESR- 1 44) MOFLEES A 8 4 Th 7= (Rallison 1996), #EE
L7 FURIRER B DIRIG 2 08T 5 & AWK LA B MEEm 23780 Sz n,
AFEE M OV AVEEI TIZRD bR o 7o, FAREST A ORBRIT, 0.25 Gy &
HIE T B #IE < 32T T2BE T 21~24/1,000, 0.25 Gy Aifi# X < # T 4~5/1,000 TH -
72 Gy 720 THEE S D ERRIE, #4EW 7.0 (95%C1 0.74, p=0.019) . FEHi 1.2 (95%
CI<0. p=0.16). BNAME 7.9 (95%CI<0. p=0.096) T&H>7- (Kerber et al. 1993),

KRIBE FAHAEIZ BT, KEO 3,053 BT 2 FUIRIRNS A DT R KO AERE
NTS 75 i &z B HEEWE < fRi & ik L7z, WIS AL TS RICE T 557 — 4
1% 1957~1994 FOEKRMEEFRFKFTE ¥ —0 b, FIRIBNARERICET 57 —#
I 1973~1994 FD SEER 7°H AT L7z, BRI 5 UM T 2 REE R &I
NCI (1997) IZHEASWTEHE I, FENRINERE 43 mGy ; 0<1 4, 126 mGy ; 1~
4 #, 10.0 mGy ; 5~9 4, 6.7mGy ; 10~14 4, 4.4 mGy ; 15~19 4, 3.1 mGy ;
20 %, 1.1 mGy & 72 o 7o, W2 A I BRI BR S A 12,657 51 X ONHUIRIER 23 AUSE T 4,602
BINTRD Bz, KENZERT DFEM, B, WL ORICE T 2T R R OFRAERE |
B AL, IE < BFOFER M A R — M2 BB Lz LT B #EEgE<REs o
B CREMT L7z, 28R < RHEMEE 2 & DB 72356 JUIHIE < REE#E 1~5 it L< 1T
1~15 WA DT TEE LEHAICBW T, FERBREME (REBEMRTY 2725
V) TRO B oTo, L, BRI REFEE 1 Rl s Ui+ 2 & BEN
) (ERR 10.6 / Gy (CI : -1.1-29. p=0.085)) XIFIMicHi+r2 (16.6/ Gy (CI:
-0.2-43, p=0.054)) 725G OFRIER AL TR E O EDENCBIT S (2.4 /Gy (CI:
-0.5-5.6)) 72855 O FIRMED AV RRBRICKTT 2 @WIED ERR IZE - T, 99V R EHEBEN
RB ST, T OFRERITIE, 12 2> HELARTIC 90 mGy Z 83 2 BRI <
B T TR IR T 2 BIOFET K TR 9 Bl HURERDS A SFE 8 H LT 2 & A3 < 522
LTW5h,

@RI RLTIZEITE T T RADKEER

de Vathaire 5 (2010) ¥, BV X7 THbIZ7 T v A mz%sﬁ (1966~1974 4F)

ZEDHIEL EHRIRA A (1981~2003 FIZ@2Wr SN IRIF BN Y725 229 JEf])
)xﬁ&@%@%ﬁ«éﬁmﬁ%ﬁ %%MLto%i<ﬁ%m&£&%@%%wﬁ<
ERFERAEICL D B, BCs 72 EONEMKIL O G LHEE SN, 15 A D F
WA T 1.8 mGy 2 (0~39 mGy) TH Y., JEBFID 5%, D 3% T 10 mGy LA
ETHotz, HEL~UL, HE, Body Mass Index (BMI) . FEEE, IEARRAIECCHE
95 &, 1 mGy BEZHE~R 20~39 mGy BECTVU 27 21 5.7 (CI: 0.8-45) . & P fi : 0.04
Tholce WhBAEH A ZRPBRALZERS & 11.6 (1.0-132) L7220 KV RV EEE)
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HHIVT,

9. EFHEF O

TARC (2001) TiE, M3 Z2E e OB ES v3E ] 1IT>WnW T, Zv—71 (k
MK L TRPAMERD 2WE) 1L, BEHNELOERFERICE D7+ —LT 7 MMZ
S /NEHADOIRERIC X D E Z 2 HIRBED AT HOWTHO RGN H D L LTV 5,

10. £¢&0

F V) T A VIRFSFREHTFRIC K D15 O 82 RICE 4 2898 Tldk, 1311 8
IX<ITEDHRIEDN AU Y A 7 139003 < R MKV 7 L — 7T < (0~4 %, ERR 7.43) |
SRR X D 22N DA, IR FURARIE-CHURARE, FARIRIER 235 5 L @ & o
EnB ot £, BLECOWVTORE TITLMETEHWAFEE TIER (B Lz I3mrse
IZE > TEVWRARELND), (FRHMIKOEERO -2 0 BIBREDO L 15k SN
NIRETHY ., ERENDRRENRA Y 27 & O BERIGERN I B AL, Sl AR
DIERWVIEERZRDY AT BN ERS>TND ERESINTND, BHTOT—ZTiX, AREIZY R
N ERT AR & (FRIRHRE) X Cardis H (2005) @ 0.2 Gy 75 Brenner
5 (2011) D 049Gy FRETH o772, BIKT1Gy Y4720 2 EDEFE Y 27 (31%D RR)
NIBI, BHENTIC L > IS BIZE WY A7 IR HE ST b,

F v ) TA VAR 1 &6 T BLRRICLDHFRIRPAY A7 BEnoix, b
HERBNICIUVRRZ THLINLTIE WD E S W0DILE D, EFANZIZENTIE R,

—RIT, BRSNS A CHESE ST fERRIR 11T, EHRINES DA TH D28, R/
DOHIE AT MED E <, FLEADR A L OBEN KW E I D, FARIRFKR O R 22 12 B
35, TSH oML, FRBRADHERK T THD EEZ N TWD, £7-, TSH il
ICARAIRTHH I vHEIT, BEOEE CHLENAD, RZ TEMDADRERK & 7252 L
NHEINTVWD,

2001 £D IARC I X 5 30 AMEREAI=° 2004 4ED ATSDR D&t (G2 M) FHEIC
WHTo e NOETFREOT — 5 FORICHR ST = v T AV R S5 ERT
RED XY EENREFEOT —Z 0 BIk, BEHEa U FEERRRDBA Y 27 & OBSE
%, BARTO/NRE RS E L% < OFZICB W THRERGERA TR INEB Y . BRI
BELT1IGy 4720 ® ERRIZ 250 E (RRIZ 315U LE) DL S TWD, £ L
T4, 100 mSv 2 25 L-UL OB EICEB WL, HidHF#ICA B L HE STV 5D,
—7J7. 100 mGy LA F OFEEIZIBNTIL, —HOfIS (Vathaire et al. 2010) & FRUV\NT,
FHEIICA R 1T IR TWh R,

P9~ & ERR O K& ST DA GHDOD R S itk v FogE < slaE
TENZIS T D RHeSEM:, JEGIR BT E-CIEBOEM 2 FARIER A DA ) —= > TS #
Wre WO ATIEICB T ARAREEZZET L L, HDHL VL TOMREICHENT, ERR
X, MOBERNZ LDV A7 O E L L CTHPINSWTHA D ES kT 52 L3k
TH, BRI A7 & BT RWERRFIRERELZHET 5121, BURICBW T, B%
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[FIA A & : 134Cs 133.9, 137Cs 136.9
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(The Merck Index 2006)
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B (g/lem3) :1.90 (20 C)
AL SREE TR LN, IO H L8R
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2.55 43D 13TmBa (m |[IHELEDORIIREEZ BT %) ICHEET 5, 13™mBa |3 0.662 MeV
Dy BERHE L CLER 13Ba L 725,

134Cs (XY 2.1 F D B HHATH 5,

U LOERFEHMERA AT 11 FEF 5TV %  (Argonne National Laboratory
2005 . The Merck Index 2006, ‘& FRAL“#&E 1998)

4. A&

BICs (X, BOSERD DO EHKTDOOE DT, BIZHOKEIIHELND DT, yHRRE
LTCTE, BRIESHWLNT WD, /&, /N, ¥ A, Bk OZofh
DOEFEH G, WS FAKBRRZERET 7200 y R E LRI S TE Y vy B ERIE
DF¥ T —va BRE L THRHAINTWS (Lewis 1997) ., BCs X LEHT
A7 T 7 4 — K OESERBFTIZEBIT 2t a7 T ORBILIC b EA S TN S,

187Cs (X F UL, BISEARDS A DAL D HEPE S — ROBSHEEIR & U CRIE R 5 = 3K

rnJTIZRR A S 7z (FDA 2003)

5. BRRTOS % - B8
B7Cs J N 134Cs D K 9 7o U MERZ R} UM D BRI AR, R NEZ 5B (1945
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~1980 - CTHfr) . 1986 FDF = /L) 74 U D K 9 IR IR EFT OFH KL 1957 4
DHEE DT 4 o X — )V TOFBOFMRE LT, BERICHKHEINTE 7,

W EE &0 A, WL ORI L0 22 0 DY BRsiu, Hum IS eRE 3 2 i
BT~ A NVEBET 5, WS IIRKIF DO T A2 RET SR b EERR
BThdrEEZLNTWS (ATSDR 2004)

U LAOEREPTOBEEITIHEF LY, —RIS, BT ATEH, BET 40cm L
EIZIIBEET, LEERE 20 cm DINIZE £ > T\ % (Korobova et al. 1998, Takenaka
etal. 1998) . FIZET T AL AL DOKRFTZ XA F—=PENZ LIZE V| Kbl X 58R
P AE & BEEALDER Z 5, T ORI LY BEOHEPMERM ~D ' v v A OFGAR % il
RTDZENABEETH D, LoLenb, fiFielll (RxXx=T7 7700V k0e v
7)) Tl EER YT AOBEMIMES R E L THER TOBE) &Y~ D BOA )
K& 7>T5 (LaBrecque and Rosales 1996, WHO 1983) . v v AL, F7-iEM:
N OB 2 o THPPBRIC O I L, 3418 L THEMMIZIN SN D (Sawidis et
al. 1990) I, VHY LT2EDSRIZ L Y HEABITT 5,

6. KRFE
(1) R

M A E L CROBERSNTZE Y 7 A, B R ROCEOEEE TN ESH
L, AEMEOE T AN E PTROBERZICISINEIND Z E2Rmd e LT (1)
FAEHEM MR, () JRPHEMERIZEMBE LY 4~10 550, 3) KN TOIE RN
IZ 45~147 H (Henrichs et al. 1989, Tinuma et al. 1965, Richmond et al. 1962, Rosoff et al. 1963)
S %, Henrichs B (1989) 1%, EREED PiCs & VCs MRA SRR & #% 1 HEH L
TERAARZ o7 4710 N (BIES AL &S N) T B0 AOFEWRINEE 78% & HEE
L7z, & MEREIZE T 52 OMO@wE T, AlEtEOR - TRAEIR L7227 LD 90%
PLEDBRIN EI D Z & 2R LT 5D (Rosoff et al. 1963, Rundo 1964, Yamagata and Iwashima
1966) .

HHHE T +— 7 U MR- O NEEIC X 5 PCs OWILT 3% E TOFPHTHY . Zh
T2 DRI TCHDH Z L AR L TW5 (LeRoyetal. 1966) , F=/L /) 7 AU
RT3 BATE O ENE T +— T 7 b CIHEY S il e etk o RS PCs 23
R S e, BB & AR ORE ORI RERIE & BEFLY o 7L THIE S L7 i aBIC 25
AR, 1RE~OBITRIZ, TNENEBEE 40%, 50%THY | HlRI-&miZ
HSRT 2RO 1 BN 720 0 PCs BEEOK) 15% 8RBT 5 e Shiz

(Johansson et al. 1998) .

FYEED Vs (kv AL L0 ZHERAKZESNIZELEY BT, BV T LD
BN RN S STz (Stara 1965) , P7Cs K OMthod el .35 2 & ek CTRIAMED
il FHREDRE - (YA 0.93 ym) ZHERR DL ST v b T, P'Cs ORI 10%
R T o7~ (Talbot et al. 1993) .
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(2) %

ARMED® L T MEAMERARE L P T, B U ADRRRENSANBIER S
7z, VCsCl R O G- S - giig 2 AT, 5% 1 RERILIN G P'Cs o & Lrik
PG BEDOKI 2~3%ITE L, 202 &1 Vs AR/ S, MiEEE A2 L CEIEN
e Z Lz LTV (Rosoffetal. 1963) . EMWEBRTEH ., AliatEt > U MMEB W O R
Btk RN THEMY oMt 52 2R LT\, FAE Y TR YCs kv
L& LT) OHEEREOFGH%., %< ORI PCs B0 L, B TR IEENR LTz
(Stara 1965) , 'Cs (Hifktv v a b L) WA, BOEE, UIEHENZEEGICL-T
REE SHT-ELE Yy bTIRGHE 1 HO B'Cs DA NE — NTABEREVNBIE SN
o7 (Stara 1965) . A X L~ 2 TE PCs bt v Al LT) ORI O
5%, BT AN EEIE)— 22 F 2554 L= (Furchner et al. 1964)

BT MIRHED D M A iR LI IRA~BATT S, b S ORGEE & G R CRE RTRE 7R
B0 YCs A & T W5 (Toader et al. 1996, Yoshioka et al. 1976) . &3 7 AJEEE I35
BRI X v R L72IBIR O 53 E (Toader et al. 1996) , IFARATHE UTIEHE L TV 7220
Ty ha— b & ARTHRRT OV E BRI TE Y, ERITRHEN S O
T U LADORREEZEIMSE 5 AREMEN H D (Bengtsson et al. 1964, Rundo and Turner 1966,
Thornberg and Mattsson 2000, Zundel et al. 1969) , ffilx 1L, ¥/ T BELTHIXS L, 7204
VTR U 7 2ok OATHR TP OV I 1, ATHRRT D 54%1272 0 | BERIZITIZR 572 & W
IWRENDHDH, ZDLEDORIEA~OBITIX., BATREIIRESFRED 15% Th-o7-
(Thornberg and Mattsson 2000) , L7 L., B FEERICIE N TE U LIEE 2 8iE T 5 73,
IR T, BEMW Ol K 0 b iR A 1KYy (Mahlum and Sikov 1969)

Uy ATEORELEE L, A THLROOND, B Ly A%
TR~ OB E1% ., Y oA R TIIREM L 0 MR PCs LUV RN 2 L AVR
ENTWAHR, HALTORE D Cs IBE 1T REMIC B A8 2 TV /- (Vandecasteele
etal. 1989) ., £/, B A THEI U ABRKME SN TS (ATSDR 2004) .

EEREIIZ R D PCsCl OIERE OG- TIE, WASUIRE DR OfE R & Ffk s o
RN A N2 — o R OVRR IR E & 72 % (Boecker et al. 1969, Stara 1965) , ZiLH D2 &
5. PTCsCl O & 9 72 AETE TR S e W MBS ICRI LT, RSO A EREIIZ O
DIFFERRIE L BFLLL TWDEEA D LTS (Melo etal. 1996, 1997, Nikula et al.
1995, 1996) .

(3) BHUYDLEDFHRSE
WS 7ee v T M3 H U U A LRIk %¥® %2 & 5 (Rundo 1964, Rundo et al. 1963)

AITABEITLL, BAA L E L TRFICKERSSHTLHTAD ISR THY | 6
gk - L > THIIENICEIV IAEN D, B U NI Y U AF ¥ RV ES LIZETA Y
UAEBETDHIENRENTEY, 7 MY LR T OIEMAL KL OZE I < AN
EIZBWTH Y 7LD D Z & TE % (Cecchi et al. 1987, Edwards 1982, Hodgkin 1947,
Latorre and Miller 1983, Sjodin and Beauge 1967) , i % A 7Ok & &, B 7 AOBENIL
T3V T LEHARTEEE TH S (Blatz and Magleby 1984, Coronado et al. 1980, Cukierman et al.
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1985, Edwards 1982, Gay and Stanfield 1978, Gorman et al. 1982, Hille 1973, Reuter and Stevens
1980) 23, —MRANCHIEAN~OREBIfE (X OFROBIRLRIT K : Cs=1 : 7 0.25) KLV
b ifest~ OB (2 OFLRRIZ I 2 fik OB RULAIT K - Cs=11:0.02 ARfii~HJ 0.2)
DIFNT1 Y 7 KNRIRMED VY (Leggett et al. 2003) , EHERRIETIIANO A Y 7 AT
TADIZE A EDERICAET D20, ZORMEELTHI VALY BT AOWER
FRHRMIETELS 2D, LER->T, 2FOMERMbEL D, LMLARBR5L, JKil
ERDMEs~ DRk, bR 2 AR U 72 s SU3 B O Ok T, By v A
WS BDFRS B Y T A EFAETHEHIZHZ D (Cereijido et al. 1981, Greger 1981, Wright
1972)

(4) HEtt

b b CIRRPHEI AT T 2O FEAPEHRE ChH 5, PCsCl 2 HER 05 S
AT B O B 7 ATk, PTCs o 7 B E RSP R X B 5 S R RED 7.0~17.3%
Tholze REBEDOHEMELRIZ2.5: 1~10: 1 Th-o7- (Rosoffetal. 1963) . 'CsCl %
HER OGS SNIZHEAART T 47 4 ATIE, &5 4 BRICER SN 48T — 2 )
Bk & EMOPEIE RN 457 0 1~8.75: 1 LR SN, BEHKROIO 4 BRETIE, HEift
EKR—HLTEL, REFEMOPEHELE B W H3E 75 > 72 (linuma et al. 1965) . & MHkER
FICBIT DB T LAORKOEFEIEMICEET 52 < OHERFRIZEE S E | Leggett 5 (2003)
(TR FEIA E 0.86 & @i Lz, P'Cs OPEIRICEI S 2 Moo dn L, K& PR ER K&
OF =)V ) TA VR NBENOFELDO 7 +—NT U e L TRELZEMCET S
< OWFREZEZ A TND,

EFLE Y NI, 5% 2.5 BLUNIZHIHO PCs (RNATTE DK 50%% JR J OF 5 12 P
L7- (Stara 1965) ., MgE&1% 60 HEIOWEZHE L TR : |EDOIIX 2~3 : 1 OFHPHNTH
D, ZOFH (60 H) F TIZEEMICHIH O PCs KNART RO T TR S iz,

E hOEFIZEIT 58 YT AOMIEEIIEL, MADPOFREICL > THESNTND
(Henrichs et al. 1989, Iinuma et al. 1967, Lloyd et al. 1973, Melo et al. 1997, Richmond et al.
1962. Rundo 1964) . iz 1. Cs kN Cs TIHL SN BMAEBRLERT T4 7T
10 ATl FIHIOERNARTEOK 6%A3 Lo HElE CEBM I ERI 0.3 H) &k, 50
D 94%ITIEF 2D - < 0 LR S 7 CRETERFREN 90 H)  (Henrichs et al. 1989) , ik
ANBME4 NCEDE 9 —2ORORBRTIE, PCs L Cs DML RMNIL T 135 BT
& -7~ (Richmond et al. 1962)

BICs OPEHRFE IZ4E R & PRI T 5, PEHEEEIIER E L IR T L, £72. KA
M AR TR A B MO S5 DMKV (ATSDR 2004) , #FEBRO 7 3 —7 7 MIHKT S
BiCs G AT B EER L I- BN TORERERIT, ALED 1555 A2 SRAD 100£50 H
FTELOZXDOHHHERFIZ R L Tz (McCraw 1965) , F=/v 7 7 A U R+ 15
BT O FHAE O RERTAAE T H [FRRE O R 2R L, 1 A0 8 HoDARA DK
110 HO#HPATH o7 (IAEA 1991) . AFFELEM 110 AD 4 FEF OREIFZETIX, 5~14
DT EH The b EWIHE AR 20 B3RO iz, B THEZIT /20 > 7= (Boni 1969)
RO B WERNC BT M IEREITE ) - 72 (FEM O ADOKIET47 B, 15 %5
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PET 67 H, 30~50 BT 93 H) . Melo & (1994) &, 77V Lp a4 7 =7 T "CsCl
(ZPETE Y S VT BN R O TE ISR B LA & MR L= 2B RS 5 Z L 2@t Lz, |
~A4 R DL IR OWFAHHNITEE 24 A ThH o7z, T~10 OB R OB IR TIE, L0
N 37 H CTh o 7=, FEM R OB O BHEOHE LW INITZENEN 58 H L83 H &
HoEShi-, ZhUcs U CTHEEY L R A DO L TIZZENEN 46 H K66 H TH -7,
Melo &5 (1994) OBFZETIE, AL Z R < T OEREM K ORI Pcs o4
B & AR O IS @O FEBIER A B T,
£, BU T AOWEISEEIT S U T AERUC & o> TELT B ATREME DR 5 5, PCs 2 e
WL L7727 v N T, B U U LARIBIMOERESE (D) UL 1%ER) 252756, B
TLDT VT T UAN120 HCTHST-DIT L, AV 7 A% 8~11%UIN L 7oA AR BTl
60 H & 72> 7= (Richmond and Furchner 1961) , BEHI[E%2 L C20 H#., U 7 AIRINfH
Bra 52 binizT v MokIT 5 Y Cs OENARFRIIRIBINGERZ 52 6n7-F v Fd 2
D1 ThoT,

7. RERBVE~OTZE
B 0 LA REE U 7B EER T TR STV 5 im0 THAD o T2,

(1) ¥BOREICK HEER

DiEMBERE - REBE~NDRE

BALB/C ~ 7 A|Z 20 kBq/L ® 137Cs (137CsCl; 30 nM) % & ekl k 2 2 @& 5 L.
MEREZ B L CAEEN TR~ T R, BlER UL 20 kBg/L @ 137Cs (137CsCl ; 30 nM)
EE TR R E 20 HEIChle > THE G- L, 6 HEND 20 H £ TOM DY)
MREZEIX, —H%720 765 kBg/ltTh-o7z (RICTADIKEE 25g 3oL —HY
72 ¥ 3.06 MBq/kg (ATEICAEY), B7Cs [T RIRE . MK, MR7e &0V &G awE 25
Tekk & 7RlBas 2 oA L QW BEISR TV e LB I/ > 7= (Bertho et
al. 2010), [F UEMW) CHRESIGETRIZL 2 A, 7 4 b~ T T =% 5 HGEI
ZLRE Y KIS T v HURIZR T D OGS, G R ERE L N —R—L ) Xy B
NEVT =R EOPRICHT A 0E 7 v 7 ) VRIS ORET A R Tk, 137Cs & {EEL
Li-@imt ar bao—L@8atbit L& 2 A, AERHEENZIZ - 7= (Bertho
et al. 2011),

QINEOEE EBE~ADEE

Sprague-Dawley (SD) #Z v I (10 ##w) (2. 137Cs % 6,600 Bg/L D& TEHTeK
Z3MMALL EIC e RO &E Uiz, /M LR ORES B R AL O A BEEERE~ D FLE &
ORIERSNIBRE SN2 o7, ZOMEIT, 7y F1IEYE72Y 150 Bg IZHES L, F=
v ) T AV R JIFE BT HE O TG G I B DR L~ VDL 5 & L Risi s v T
V% (Dublineau et al. 2007),
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QHF R HER~NDEE
Wistar OMEREZ ~ M2, 137Cs & 38 HHI XX 84 HRE]. fk&E L7-, 137Cs D HtHE
BEAEFHE, %h%h7xh1@étﬂ 288 Bq /v 11460 Bq TH b, ZiLHOEMIC
SRIFIKYK, % BAVRy 7 2AOREIEREE S, BERTENA 27 2 A1 %bnﬂ:%%\f
{Tolcl ZA, BBICIDEENBIEIN, TOREITHENRD b7z (Ramboiu et

al. 1990),
137Cs &, MPERIE < I ot DA R TSNS ZERH D Z b, B7Cs IREE
INT >y b OFRARRERIC TSRS, A —T 0T = FITE), & SIS OBLA

ﬂ%@%éhfnéoSﬁ@7th1Wk%é@m%§mﬁﬁéﬁt£&f@%%3o
HaegoHEK%~7V74~WP3%&WM%%w%ﬁotO:@&%@%%i4m
Ba/kg IZHHY T 5, DR, A—T 7 4 —)V MTENCA BEREZZEIT R bR o Tz,
—J7, 30 HZIZIE, BCs 2LV, RERTE &U?%/Eiﬁgﬁﬁﬁ@mﬁéﬁmﬂﬁﬁ L,
BRI N A ZICEN U722y, b 02 ki —i@M < 90 H BICIZHA&k L T\,
BICs #1L< 7 v M OWTEREHTFIEEL AT L 2 A, 90 BRI IBEEIZH AT
0.5~4 Hz OJEHRE N RO ANREML Tz, b OESAEFLIFOZINIT, ks
IZHBWT B7Cs RTINS ER LT RICE 2 SRSt s, fame LT, 137Cs @
PREEIC L I C— B O AR R~ DR BN I N2 LD, ZOBRERE
X, T 7 A VIERMRGERPEBRT2&EFARBETHY %i<ﬂﬁ@&&@$
AR REEZEZBE L2520 EEEHIZTFEIEL TS (Lestaevel et al.
2006)

@IEERSH~ADEE

S PEZFE DN < I K DNEEMRH OB LT L720D, Tl E Mo =L 27

72— ARG~ D 137Cs DEBYERIRE D IRE O EN T SN TW5D, SDHEZ » MZ 90 A
MW, F=v ) 74V FI5E Fﬁ%&?’ﬁ@@g&i&fﬂfﬁ@&%%ﬁ% L UL L JRlBR D 187Cs
Zate/k (150Bg/7 v NHE) 2527, M7 7 7 A4 WAL D= L AT =
— VIREEIIEALD 72 o T2, B & RIZ W T, B DB R TR Bl ORI 72 2L D3 22
SN, AV AT = S OETF R BITE R STy, For ) 7
U THERBZHNEIIELS 2Z 70 L RL~ULTiE, a2 L 2T o — U HE~D 8 18152
SN TV (Racine et al. 2009)

CEFE~DEE

220 A DO CBA & C57TBLOMERE DI~ 7 212, 187Cs (MR v AL LTC) &N
BH L TR L, AEEENTHLN TS (Ramaiya et al. 1994)

ZOFEBT, HEERG%, 1TEBBIET 55 L AME A & 5%, 8 E TOREE
B D705, HREREERTIX, FAEIE, 0.37x104~11.1x 104 Bq/g KED5HE L X
NTHhoTz, BRI E (5[F%) 120.1~3.0 Gy TH o7, FEHE~DBICsD B
7230.1~1 GyE Ti, ZMBEOELWME T 25| & Z Sehodz, 1TH T, H5H &%t
L OMICHBERZHBIEOEWVTRD bR oT, 2MMEH L%, SHE TR
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Bl L7-SEBRClk, B G E031.85x 104, 7.40 x 104, 18.5x 104 Bg/g AED3HEL
NTH D, KEHROBRREN1.40 % 08.50 Gy &K E5#E (7.40x 104, 18.5x 104 Bg/g 1A

HAHY) TIXBFOAERFETHEO FH 23218 BH LI, #1522 S 172 (Ramaiya et al. 1994)

®% Dt

N ENTNWDBICSIZBET 2B FERD H b, AR L L#IZ 7z > THATZH
L. BE—=2 NV REMANWEFEERTH S (Nikula et al. 1995, 1996) .

Z D1995FE D T, 12~147H i DMERES 33D B — VWV R A L, A& 58
W= | MEEA6PEIZ0, 36, 52, T2, 104, 141 MBq 37Cs/kglAE (Zh <4, 0. 7.4.
11.2, 14.0, 16.4, 11.8 Gy R EITFY) D137CsClz HEFARES Uiz, fm &
FECII81H & CITEMBBEREIC L VT LTz, BCsH G I ERTTIX, EH
B ER OISR O e B b I TR 2R Uiz, MEEE ©I2, FFlg. SPEEZ 1T,
Bk 2 7R C RAME K OV 23 B2 S 4, 137Cs D RFE A & & MR DR A &
WA B BMR D Bz (Nikula et al. 1995) ., BB ENT~24 Gy T, HEE
7 E BRI 3Bl Z2 < v7= (Nikula et al. 1995)

19964E DT, 19954F A . R OMEPIOLE TOBERERZ LV E LD EDOTH
., WENSELNEmIZ. BARIZFEBETH -7= (Nikula et al. 1996) .

(2) BEE

U ARERNAROBERFEEOREIIR O TWEN, Hbktr v ATe MEEEY
VORERCYL R BLE S 2 A EICHIN ST Y (Ghosh et al. 1993) | ~ U 2O/ Hfifl
Ha TG R ELE K OVIME O HBUSEFE 23 LA EIZHN LTV % (Ghosh et al. 1990, 1991,
Santos-Mello et al. 2001) . Fifgt > v A1, KIBFE (E. coli) FRERFKPQ37 & UPQ35% M
W72SOS7 BET A MIBWT, FHELWEhZRTIZEEWHETH, RENEH{LOF
2o BT DNABEEMEZ RS 720> 7= (Olivier and Marzin 1987)

Y o AIBEHPERINLAA O in vivo SRR ICOWTLL FOMENH D, ~ 7 AIZB W T,
BiCcs (gt > v L& L) OERO#FESG Q B H#5) Ik s#EmEHEEE . PCs
B Z WA a2 g RS (23 BiE)/H To 195 HIE) X2 b0 ntiisn g
(Ramaiya et al. 1994) , LLEQAIEEZR ARG R E (K 3~4 Gy) TiE, Wif7 OlgEE LT
EVEBSEONITRBEE Th o7z, P Cs Mttty v AL LT) OHERAOFKELG T, £
B HFHRR M 3 Gy D~ w7 R RSEIIIC 35\ T, AR LR EME DA A BN NS S
TV % (Ramaiya etal. 1994) |

RSN PICs RN S v R AR E 0.5~4 Gy RS SN2 IR 14 HOMET » R 5
DGR OIS C/IMEBEE DA E s (BREIZFHB L72) B3RO 57z (Koshimoto
etal. 1994) , #MEF BTCs R D y A RK S =27 A4 T, HIFEHRICB T 5
FH BB SRR KR B 0.3~1.5 Gy O&aPH CHEEIZABI L THEM L Tz, ks ES
(0.25 Gy/4y) MR ORRFEFH R =L, R ESE (1.8x107 Gy/sr) HE L 0 10 fi5
BV L BoRENT- (Tobari et al. 1988) , O DREBIIHMFHRIZL 2D THY, &
VULAKIZED LD TIE o T,
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U LOKGHERNL AR ILin vitroikBR THBIRHEMEDR HDH T LRI TN D, FH

STV CsHIR Oy 2 RS L7 B N RRYIML Y > /SERIZEV T, 0.05~6.00 Gy i ki 7
CHREICHBE U7/ MEHEE O ER- D EIZE S 7z (Balasem and Ali 1991) , F£7-, b hEG#E
U U RERCYE RS (Doggett and McKenzie 1983, Hintenlang 1993, Iijima and Morimoto
1991) | F ¥ A =— AL AL —CHOMAIRE CY AR T & ik Yo /3 (R A8 H8  (Arslan et
al. 1986) WA FE STV D, S HIT, b FOREF TOYERERE & OVIMZ O % (Kamiguchi
etal. 1991, Mikamo et al. 1990, 1991) <°~ 7 AEZE AN TODNASHYIKT (Biedermann et al.
1991) OFFELHE SN TN D,

8. Eb~DEE

b MZBT D Cs~DIREFEITHE 5 (R B BT 2 IR H i SCE O WS 13D T 7o
2o VICs~OROBB O LD, BHFE (FPRIHR, HWhirh, DIER, KR,
B, WA, RE AR OMRE) | SET, FAHRRER - 4G - F8A4 - SEOKHERE L O N
AMEICBET 2T AN - BHEICED LT, Ronhbs ot

B ORERIARE & LCUI98T T T VD IA T =TIZR W T B S h iz Pescl
%Gt R O RRIR S KL AR < T X AN H 5 (Branddo-Mello et al. 1991)

£ 112,000 AT DFE=H U 7 23%10F, 249 A0S SUINEHITL o722 &
DERINT, D5 B, 129 ADBFEELL EONEHHEITS (8L - #£0) 283625 &l
SHTze 50 NI ABEIZ X 2FEM 7R E PR8I S A BT, IREEFE AL DS LIV Y 79 AN 1344
KBF L LTHEINT, BELZITT2 50 ML, &K, EH, MR EarEikE R L
77

FRIZAEIRD S 72 20 AD B HIE 16 : 4, FHFEIL 26.9 7% (FFlvlE : 6~57 %) Th
ST, 1E&E A EREDRBEDBEIEY R DI EE L Tz,

IAEA $:7 18 HAZHE - 7= Ml B n 2 rogEE E1ETEIC X A HIE T 20 Ao < fREiX,
0.6~7.0 Gy L HEE =7,

P FRED 0.6~1.1 Gy D 4 AT, BEARIER, MK FHMAE CTIXERRITERD b T
W, LU, 1.0~7.0Gy O#IEL 22T - EHEE S LD 17 N2, BERIE, B, ik
SHERE R & O B DR O, REIKT, FE i, E, BHeE RS, ek
BEAEDRD HIL, S BIZ, FFITHIZ ENED -T2 4 ADEOEBLINIZIET LTz,

(Branddo-Mello et al. 1991) , F£7=. BRELE 1 >H ORIZ 9 NZHERS FIENBIZZ STz

(Brandao-Mello et al. 1991)

[R5 C, AEA OIS FRAERAT L72Af9E 7 v — 7 O (Gomes etal. 1990) 12 &

X, BEE TTIIOENTIL - T EEABIEE ST % (Branddo-Mello et al. 1991)

1948 4, Y T V52 & 5 Mayak Production Association (% Y O eas it D 7=
HOT NV =7 AOBERBM L, 1949~1956 4FF THIMEME %7 7 v ) INTHE LTz,
TR 1950~1952 £ K Th > T2 L Wb D, £ DD 41 DR OER, 3 T A%
KT, TF ¥ aR— FRRIT biic, FMEEMTIE, JNOKLLENS y I L 544
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X< BT, BRSNS EHE S Z 212Xk 0| 137Cs X° 908y 72 & DS EWE
DNEPLIE S DR o e, BEREFHA L 1950 4FRUIZHE o 72,

TF x| ad— MZiX, 1950 FFLLRNCAE 725 25,000 Ao AU P F v adk— b

(OTRC) . Z#IZ 1950~60 FIZ# A L72#) 5,000 A&z 7zfik=A—F (ETRC) .
FTEBAFIIL L EbDar— MR H 5, L BREOHEEIZITINBHIT < & gk
1£< A7z Techa River Dosimetory System (TRDS) M SN TW52, Fitd
BT DOSHITHNS T 2000 FEARA—2 5 URBERBEINTWA LD Z L Thb, B
DA TITEMEBOBENBREN., K& 0.47 Gy, ¥ 0.04 Gy, T9E 0.01 Gy & H#EE S
NTN5, ZO) HLNHHIEI N 55% 5 HbD D LW, £, REFH (RBM) =%
w2 Gy, 4 0.3 Gy, THAE 0.2 Gy EHEE LTV 5,

50 F=DIBBRZ X 0 . Krestinina & (2007) TIXEENA O BHEE WD 5 #M o
WIELS ZR<) 12Xk 5 Gy 24729 ® ERR % 1.0 (95%CI : 0.3-1.9, p=0.04) . Ostroumova
5 (2008) TIEHMEDANAD Gy %47=0 @ ERR % 4.99 (95%CI : 0.8-12.76 p=0.01) X
Y Krestinina & (2010) T/ RBM #&EIZ L2 HIWHED Gy 24729 @ ERR % 4.9 (95%CI :
1.6-14) EHEEL TW5, ZiuE, Ostroumova & (2006) @ TRDS2000 LLEiDT F v
JIT = A — NN O A IS OGE Gl R ZE THE O 7z Gy 472D OH#EE OR 4.6 (95%CI :
1.7-12.3) EHLIL T D,

F72. Tondel 5 (2006) (2 XV, F =/ T4 VETFIREFFK 2 HEDOKTIZL D,
27 = —7 N 8 MOBUIRTERE T4 (137Cs) WEEE & F 05 A DN & DB & #EE 3 5 W58
DITONT, 1986 FAZA T = —FT U OHF THRKMICE DB T AEROE LN> 72 8 MIZ
TEET 5 0~60 mDOFER 118 77 7,106 AR5 & S, BEHAIC LD | HEF#RS X7
LT E BICs DT YN~y T 0D HENIBEENEIV Y ToNT, EHogE 8l
VAT LDT—E X=X D y OGS HIZED BV TA NI TLARDTT D
HIENTFRETH Y . FFY 720 oftE (nGy/h) ICE&# 2 5T 1B7Cs [FHMRMAS DLz,
F7o. HEFREIC X o THIm S y BEOHEHRIE ST,

AT =T L DINAERERT — H D 1988~1999 4E DI HERR S 7= 23 AU TR 33,851 14
AR, RO y SR, A D, 1988~1999 ED N AT, 1986~1987 E DN A
FERIZ X v BRI LT, gttt v o A2 KD Mantel-Haenzel #EERE (MH-IRR) %=
#f L72,0~8 nGy/h OFEIZ LR 23 AU A7 1X,9~23 nGy/h OFET0.997,.24~43 nGy/h
DOFET 1.072, 44~66 nGy/h OFET 1.114, 67~84 nGy/h O#ET 1.068, 85 nGy/h UL E
DORET 1.125 TH 7=, 100 nGy/h ® ERR 1% 0.042 (95%CI : 0.001-0.084) TH -7,

b MERT DEEHECOVWTIL. T 7 VD a4 T =7 T RAER BlE Sz 187CsCl
BRIFICH) 2.5 EITH T2 > TIRBE SV TV AL IS, T U 2 7SEROD 225K 78 B E O b 5778
BRI NTz, NI OHEERREIL 1.7 Gy Tholo, EE HIXEH TOFH & #RTO
BIETEPEIC DWW T I S BREZHEE L7y, B HEEM IS Shvien -7
(Skandalis et al. 1997) , F U3 CHUIE< L2 A& ITBWT, el R a5 OBEE /4
X < MEOHEEIZH WS 72 (Natarajan et al. 1998)
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B MZBWTCEREEDNBALGAD 5 B E L V2 RE LTS TR Y 72620
Teo AEE VD LREE L BE O H 5 BAREmERZIIOW T, IRERIKIC X 2E VIR
HIERS Do T2,

1986 FEDF =)V ) 7 A U R+ I3 BT HE D BEERE T ~D IR DOPIEL 26 54E4%
12, B1Cs & P CiHY SN T- BEOHURICEDL XTI L— O+ 88 38E (AEF41 N) @
KM Y VEREZFARTZEZA A XV TOFES 10 NORFEREIZ T, YR E
FEDO DT EFRNEIER 172 (Padovani et al. 1993)

137Cs |2 & A5G 550~1,500 GBg/km2 CTh Dl (F=1 /714 U5 70km) O
Navrovl’a ®F &4 Tid, & TOFHID LARNIZER I 72 187Cs HHaEDS 0.46~2.8
kBq TH 2 Z hbhole, RN ERTFRET IZT =L/ 74 Y F =L
74U £V 200~300 km DO HE (137Cs D 1-5E]5Y% 40~400 GBg/km?2) ~#EHEL 7= 1 £ %

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

&, Stolin #il (F =/ 7 A Ve 250 km, 137Cs D +HE15 Y% 40~550 GBg/km2) (2
FEET D18 S TIEARNICERE S 72 187Cs U BEIX £ €41 0.044~0.4 kBq, 7.7~32.3
kBq Th o7z L #fiEIN TV D, ENITEIT D HGTREIT 137Cs TIHY S N7 B An OFERUT
U L RERO YR BB 2D ER-SEIER S, i E
TR LD b0 THY, BV U AEERIZED D

LA THoT-,
WX o7, 2 DOEsES
DO TIX7e ) -7~ (Padovani et al. 1993)

T o T D OFEN AR IIHEE STV WA, it oo A L ERE A L D
BEIZOWT, F b/ 7 A VIRFTFEEIFTFBT 137Cs (IG5 ST HU O R 2 x4
LT ENEN TS (Romanenko et al. 2009), %F21% 1994~2006 4D [ 12 £ B
U7o. {59k oD B SEMRAEORE B B OV MRS DE IR FB s O BEDEREAK 131 1], *tHEREE LT
O FETE G Mtk o iy S HRAE KE FBE O BEEHLER 33 Il T - 7=, 15 Yk FB 8 12 R BB A &
O ERADR A2 D FRR 72 B MRS R (F v 74 VER) 2R bl
R BRIERR O ASEE T, BB 1.9 x 1011~1.1 x 1012 Bq/km2 # T 97%. 1.9 x 1010
~1.9 x 101 Bg/km2 £ T 83%., FEHYHIEETIL 27% ThHho7o, £7/o. EEANADIE
AHEREIL 1.9 x 1011~1.1 x 1012 Bg/km2 #£ T 67%.1.9 x 1010~1.9 x 101 Bq /km2 £ T 59%.
FEVG YL HHE TIL 0% T o 7o, FETH YL HEEIZ Fel LT 1.9 x 1011~1.1 x 1012 Bq /km?
BEM V1.9 x 1010~1.9 x 101 Bq /km2 B CIE BB N LN A DORASEE L L H
EICHEIL TWe, 24 FFRERIZEIT 5 137Cs Ot EIX, 1.9 x 1011~1.1 x 102 Bq /km?
. 1.9 x 1010~1.9 x 101! Ba/km?2 # & NS Guttlii T 4241 6.47114.3 Bg/L, 1.23
+1.01 Bq/L., 0.29£0.03 Bg/L. T&H ¥ | FE75 Yetthlg e 12 bhie LT 1.9 x 1011~1.1 x 1012/km?2
FEMA TN 1.9x 1010~1.9 x 101 Bq /km2 BECIIA B2 Mm%~ L7z (Raes et al. 1991),

9. F&H
TSP o0 L O D BRERIC K 2 BV EER L OV 2P I8 1300 T 720, B RERIC S
TE B A5 THhiikam O T X OERHEE HARV Y, IR, # D BRERICHE D
(FELC, g, U U NBR, fhieeR, BTN O AE~D

Wik, A
FOAME) 1XITE A
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0, AT 2—=F U ACBWTENAY ZA7 Ob T EENIRINTZ VI MEND
B8, FBREHEEIZINT D AHEIENE K OME N L~V O R PG R 24 L Tz &
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VI. O3V
1. nFRA. RFiLEH
TUPAC : uranium
CAS No. : 7440-61-1
JFfies U
& : 238.03 (7 Z7 &1L Q)
(The Merck Index 2006, AP b =EFEH 1998, BN &AL 2R (EFSA)  2009)

2. EEEMEIR
@S (C) :1,132.8+0.8
s (C) @ 3,800
& (g/em?) : 18.95 (20 C)
8L SRR SR

BRI NT=T 7 o02iE, ATk, LR OO TR ERIER S D, U T U ERICITINA
R CHRIEKMER DY | WHRIZT D & HRIZHE KT D,

7T 342, 43, +4, +5, +6 OFLIREETHET D, 4 iV 7 LRV ZEET, K
felbin, KR L7=7 vk, RIEMED Y U EREZR E 2T 5, 6 iV 7 Uik d —i%
B CLERIFERETH D, S FETIOIFNEBIL="7F > (Us0s) THHN, A%
PN L7277 vk o 7> (UFe) 137 7 VM TR THOWON S, SR T Tt %
BT DHDON, 7T7=A4 (U02t) O—2DF#ETH 5 (The Merck Index 2006, =
WEYLAAREI 1998, EFSA 2009, ATSDR 1999),

3. MattERRE

KIRD T 7 CRNAR L DN DO ORI, o RREZ T 5B TH S, VT v
RINOFIEFRIT 238U ThHO ., T 27F /) A4 RRINOBEEFEIL 2350 ThH D, FRINTEWVH
U 2 R DAL AR 235U O 238U I BARE Y | T ADT NURNRZRE T, R
207Ph 2 TN 206Ph D E IR R [RNARICE L I N D,

2380, 235U o TN 234U (234U 13 238U D RREEAERY)) O -dIX, F A ZF40 4.47 X 1094,
7.04 X108 FF N 245X 1050 - CTh 5, Fio, RARICITHFEE T, BELH (nuclear
transformation) (Z X VARSI AREINIAE LCiE 2320, 2380 LN 2360 b0, 2 H
ONPFINTE NI T2 4, 1.6 X105 LN 2.3X10T4ETH 5,

1g DRIRT T 13 2.5x 104 Bq DS REEZFFD, 2D 25x104Bq D5 b, 48.9%I%
2347, 2.2%I% 235U, 48.9%1% 28U |\Z KD LD TH D, ZDIF(EIFHERPICBITA2 YT v
DK TITFE D, RIROT T 035160 7 > X0 BEHIEENE L. RIRO T T 3R
77 X0 EHEEAMEVY (The Merck Index 2006, il FL2fEEEL 1998, Argonne
National Laboratory 2005)
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4. F&

238U |29 % 235U DR 2~4%DIKIRAE Y 7 1%, EHAERD T2 D ORRELE LT
s, —J7. A 90%LL EOEIME Y 7 A%, KRl e 28 EE & U TR ik i
REEIHWD D, 235U OFEIED 0.2%RREDHI T 7 IS BO#E, IV A1,
TN h=ULAEPEF O X =y IR, Vv A 7R —=T O K ORLZERE O K EHERF D
TZODEY RLLERR EITHN Db D,

77 %, ERXTITEMAORMEEADTZ D ORISICAWL NS, £72, 771k
AW, BFEOGOFRMIE, B T3 K OUR T30 Gutaill ONT R 3 K UOR T3 D fiEgu Al &
LTHWONRD, ZbY 7 i3, BEXRUVEHEO Y vy 7 2 —|2fibi o KA HEUT
DT 4T A NOMABEZ BT THITHNYONTWD, BY 7 VBT E=T AT
WasOEHAZEDL B THWON D, RILY T 0%, BT F =7 ARk o 7 il i<
H 5 CaP AL FEE 1998, The Merck Index 2006, Argonne National Laboratory 2005,
EFSA 2009, ATSDR 1999),

5. HRARTOS W - 188

U E, RIRICHAET D e#E T, HIEROE LT H 5550980 TRD bk hic
Fl2~dppm G EN TS, UT 0%, IV BELHFHEL, T 7T 0P FELFRED
BIEGHEET D, VT UL, T27F /7 A4 Rui#E T, RARICHIET HiHE Theb KE R T
= x RO,

U T 2T 22 DRNARN BN TEY . 205 B0 3o (24U, 25U, 238U)708 HARA
\ZAFTET B, 234U, 235U, 238U OHuH OfF(EHIX, £ 412 0.005%, 0.72%., 99.275%
TH%5 (ATSDR 1999),

6. EFDERERRLBEE
(1) RX

BNREDORKGT T T AZOWTIHE SN TWD DL, Hirose & Sugimura (1981)i12 &
% HTHRIN T 1979 4RI A E L7e b 0 (ERTEHIE 24415 pg/m3 (10.7~68 pg/m?))
& 1980~81 HZ O IXHNTREEDOHIEE L= b O CE¥RE 14+10 pg/m3 © (3.7~36
pg/m?)) THDH, RXMBHENEEY-VOU T REICHRE TS L. HRAN TORE
1% 0.14 mg/kg, <IN TOEREX 0.20 mgkg TH o 7=,

(2) gr¥K
KV-TICEPEOKEKEE=4V  7FER CEAL 20 FE) 2R L TW5D, MRAEXSG L
72 o e REORGAKEKEDEK 1873 EtD 9 B, E& FIRE L7z 0.0002 mg/L OV T
IREZE 2 7-50EHT 34 30k (1.8%) ., AKEKEEH B (0.002 mg/L) Z#EEL7ZH D
72 olc, ZOZ G, BMNEOERNSEHMH L TWDKEART Y 7 REITBBIR
0.0002 mg/L AKfiii & & 2 B D,

EINTIRIE STV TV A EZRA D BACEIK 170 3EHZ DWW TIE, 7 7 3Rt (B TR
) ~0.021 mg/L TH o723, 170 3k 6 3B CAGE/KE & B B2 Him L= (8
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A5 2000), FCSERNTRZESNTWDHEEGRADZEIK 66 REtO Y 7 o 2llE LT L Z

A Wer A5 2011), EFEMIL 58 5B+ 26 5B CTY 7 UM &=y, BT AR

(f ] FREARBY) ~0.988 mg/L Toh -7, W Adh 8 k5 © 230k (0.001, 1.241 mg/L)
T T B E T,

Shiraishi & (2004) 1%, K VEEDOESWITOREREZRE LTS, HARSHOKIEK
24 REL DT T (238U) BE O RAEIL 0.0071 pg/L (FiPH : 0.00066~0.104 pg/L ) .
PEDIFgx AN 0 HCBK 22 FEIO T R O I fEE 0.0252 pg/L (#iPH : 0.00107~0.344
ug/l) Th ol NEEDOHRZRA D BEK 14 R EtD ¥ F7 ARE O RfEIX 0.602 pg/L. (i
: <0.00019~7.48 ug/L) &, EHED L DIZHXTEWRED L DR 201> T b, [FH
CAE M E/NEE - LA (1999) Ik THRWEZEENn TS (JHFE : 0.0004~8 pg/L, FE
PE : 0.015~16 ug/L).

XKV-1 PR 20 FEE KE MR (K (FaAeKkE)) FHE (mg/L)

AdEfE | AUEH% | <0.0002 | <0.0004 | <0.0006 | <0.0008 | <0.0010 | <0.0012 | <0.0014 | <0.0016 | <0.0018 | <0.0020 | >0.0021

SN 1873 1839 16 11 2 3 1 0 0 0 1 0

ETVN 443 442 0 0 1 0 0 0 0 0 0 0

VAN bl 144 141 1 1 0 0 0 0 0 0 1 0

K 904 878 12 10 1 3 0 0 0 0 0 0

Z0fh 380 376 3 0 0 0 1 0 0 0 0 0
(3) 565 - L&

RV -2 |ZPEERMTR G IET 0 a AR TEREE & LT L TV % B ARPE DS A Z M EHT
FR SN TAZEE T OREZ R L TS, £OHIZIE, EEiCan X oicw 7~
BREDOEWEADRD D,

HAROM, KH, FREOERRE L 77 800 7 REPSEIE 2.28 mgkg ThH o7

(#EPH : 0.17~4.60 mg/kg, Yoshida et al. 1998), THEX A FIZ L D 2EI1T Vs, EAHE
TR, FOBEBIX, UV UBEROIEICE S bDEB X BN, BIOHWE T,
AAR 78 MEOFRE TH 514 RABtO Y 7 A REFRAEIX 1.7 mg/kg (& : 0.080~14
mg/kg) T&HY (Takeda et al. 2004), THEX A ST DHEFTHEV 720, EH LD
5T HEERUEHET HNOs/HF/HCIO4 (2 X 5 8RR A AT o T2 RIZHE L2 b DO T, E A
B2TbHD,

bt FOHELIRIC L 2 TR 600 T OB OWT, 2 OB HEL WK
RETBOBRFI N TON TS, 7T U OBEHFE (bioaccessibility) (%, WHIEIZ L - T,
B4 Tl 4.1% (pH2) K10 10.1% (pH1.4). /MBS TIX 10.83 X1 18.8% (pH &6
5% 7.5) ThHo7- (Hollriegl et al. 2010), /MBS TITIE T VA U S48 F TR ERE SR
EROTT T UNEVEHLRLT VWD EBERINTND, I2E L, &5MEOWOLE .
YLD 1L TR L7= v Z > ® bioaccessibility 1% 1% C& - 7= (Frelon et al. 2007),
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T8 7 Z @ bioaccessibility 1T HHEIC L > TRESBRDL LB N5,

#£V-2 HAEKFAEADOD T o=

A (FEH) 7 7 IR mglkg A (PEH) V7 IR mglkg
s (F5)1R) 0.34 A6 il POtk (RS AR IR) 2.21
ZIE (F)IE) 2.21 1Ehea (i B UR) 11.3
ZIE (RERER) 1.18 APIE (RIR) 0.58
TE (RIEER) 1.67 ks (REFE) 8.88
ZE CGROHS) 0.18 ks (REFE) 10.9
Lk (AR 0.48 e (EEE) 21.1
BA (REFIR) 0.33 ZF A~ (dbifnE) 0.036
B (R 0.078 FIREE (AeifgE) 1.75
T (R R) 0.13 [N=Aea G NG/ N =Y 0.858
TS (RIS 0.041 AL—h () 2.63
MR PIRkE (RERS IR 3.47 A L—k (ERR) 2.92
MR PIRkE (RERS IR 4.69 Frx— bk W) 0.736

REEFINR AT A AIEERE R O Y T R E
(http://riodb02.ibase.aist.go.jp/geostand/gsj1mainj.html)

(4) NDORFR

W= & (2007) 12 X 2 EHE 27 B ORERE Z A0 5
A NDYT T PR S 0.422 mglkg
e L ARk, HNOo/HF/HCIO4 \Z & 2 5820 AT o TeRICIE LTIc B AR’ TH D, A
FYADNT AL A N Z D bioaccessibility (%, /MESMT 20.7~45% (n=4)
E TS K& D)o 72 (Turner and Ip 2007) 28, Zivb o A X A RaEHT &

STRERELHDETERObDLHEESND,

(5) &%

ORADI S VERE

Kuwahara & (1997) 13451 C 1985~1993 A=A L 7= 125 DO LD 238U }
V24U RE (Bakg) AL, £20—HE2RV-3IZRLTWD, ZZIZRLTWH
HREIIEMEDOEEDIRETORETH D, ZORITITHE S 7z 2880 LU 24U 2
JE 2 B GEHRR R (234U+238U, Ba/kg), V7 VIRE (pgkg) ZitHE L THREL TH

FAEL L 72 250 pm AR D N7 A
(#iPH : 0.215~1.53 mg/kg), Zix. L

B WEER ORI EVIREO Y 7 2 BRI ST 5,
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28U mBq/kg

24U mBq/kg

U A7t mBa/kg

U B ug/kg

* R E K 1.6 1.7 3.3 0.13
UH=PS 2.9 3.2 6.1 0.23
H AN 1.7 1.9 3.6 0.14
H AN 1.7 2.6 4.3 0.14
fLDEN R ITR 2.0 3.0 5.0 0.16
AV 2.0 2.1 4.1 0.16
2EN(PT) 5.6 12.0 17.6 0.45
ZINT TS 1.2 1.3 2.5 0.10
B 7 — A 37.0 48.0 85.0 2.98
Tl A X 0.3 0.8 1.2 0.03
=3 45.0 52.0 97.0 3.63
HAEA 5.4 7.1 12.5 0.44
WHEH EOFENG 0.6 0.9 1.5 0.05
BESV/AALS 1.1 0.8 1.9 0.09
g 1.7 1.7 3.4 0.14
RThF o7 2.1 4.3 6.4 0.17
WO BE - Hk B b 0.2 0.5 0.7 0.02
AFT Vv L 1.1 1.6 2.7 0.09
ARV —% 19.0 15.0 34.0 1.53
ARV —% 15.0 16.0 31.0 1.21
SO/ 0.8 0.7 1.5 0.07
IS4 IRY 0.5 1.6 2.1 0.04
HEST N — 0.2 0.1 0.3 0.01
~—A 1.8 2.9 4.7 0.15
ZEih 1.1 1.2 2.3 0.09
~IF—R 1.8 1.9 3.7 0.15
TIH Iy 9.7 12.0 21.7 0.78
KRR TS 96.0 93.0 189.0 7.74
K. (5 5.0 5.9 10.9 0.40
K. () 6.5 7.2 13.7 0.52
ANGACTR) 2.6 2.8 5.4 0.21
P37 NI, 0.2 0.4 0.6 0.02
WAZ 0.3 0.3 0.6 0.03
Avavs 1.9 2.1 4.0 0.15
AN 0.3 0.3 0.5 0.02
ERAVR 0.3 0.4 0.7 0.03
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ML 33.0 36.0 69.0 2.66

ok 25 0.7 32 IZA A 1.2 1.3 2.5 0.10
AL A 1.3 1.2 2.5 0.10

E>NAZD 3.6 5.4 9.0 0.29

ENATD 6.6 7.6 14.2 0.53

By 0.5 0.8 1.3 0.04

R~k 0.5 0.7 1.2 0.04

ZOMDEF 3 KRAR 0.3 0.5 0.7 0.02
ERE 0.5 0.5 1.0 0.04

Fop Y 0.6 0.9 1.5 0.05

Fop XY 0.8 0.9 1.7 0.06

=230l 0.3 0.3 0.6 0.02

FI3% 0.4 0.4 0.8 0.04

7Y 0.2 0.3 0.5 0.02

F3% (J59) 1.1 1.6 2.7 0.09

F3E(FLF) 5.4 8.5 13.9 0.44

X (JEW) 28.0 38.0 66.0 2.26

7=<d 4.8 5.8 10.6 0.39

XDOTH LUzt 0.7 1.0 1.6 0.05
FLLZT 11.0 18.0 29.0 0.89

ZDERT 0.3 0.7 1.0 0.03

ST 0.6 1.0 1.6 0.05

TS i (4) 210.0 210.0 420.0 16.94
DD (4) 380.0 420.0 800.0 30.65

DD () 150.0 160.0 310.0 12.10

OUX (%) 790.0 1000.0 1790.0 63.71

OUX (%) 820.0 1000.0 1820.0 66.13

ULz (H4) 4300~5900 5300~6800 9600~12700 476.00

VBN 2] 1400~1800 1700~2000 3100~3800 145.00

oY) 1900~2100 2100~2400 4000~4500 169.00

B 480.0 530.0 1010.0 38.71

TALE 320.0 370.0 690.0 25.81

EAEN 72.0 88.0 160.0 5.81

L&Y 150~590 170~620 320~1210 47.60

NS 89.0 140.0 229.0 7.18

DY 42.0 52.0 94.0 3.39

AR 470.0 490.0 960.0 37.91

0.0 0.00
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A Ak - Rk Lxo 12.0 14.0 26.0 0.97
V=2 15.0 19.0 34.0 1.21
ed s 2.3 3.8 6.1 0.19
i) 27~88 59~88 86~176 7.10
v —/L 1.0 1.0 2.0 0.08
AV R pa—t— 4.1 3.0 7.1 0.33
I SR 1.0 1.8 2.8 0.08
=< R 0.7 1.0 1.7 0.05
A 4.7 4.6 9.3 0.38
=i 7.8 10.0 17.8 0.63
& 57.0 59.0 116.0 4.60
Wbl 41.0 51.0 92.0 3.31
b 6.4 8.3 14.7 0.52
IREDOHTHEX 3.2 2.9 6.1 0.26
AV 8.2 9.0 17.2 0.66
7=z 15.0 15.0 30.0 1.21
ZW 30.0 38.0 68.0 2.42
HEY 410.0 450.0 860.0 33.07
HY 1100.0 1200.0 2300.0 88.71
1E72C 34.0 31.0 65.0 2.74
& 220.0 240.0 460.0 17.74
st 8.2 10.0 18.2 0.66
7= (M) 17.0 24.0 41.0 1.37
X () 8.5 7.7 16.2 0.69
MEIFTZ 100.0 100.0 200.0 8.06
k| ERA 0.7 0.8 1.5 0.05
FroFarI—h 3.2 5.0 8.2 0.26
KA 0.4 0.6 1.0 0.03
KA 3.3 3.4 6.7 0.27
HA 1.8 3.3 5.1 0.15
AT — 1.8 3.3 5.1 0.15
i IR 0.7 1.3 2.0 0.05
M 1.8 3.3 5.1 0.15
LA 43, 0.4 0.8 1.2 0.03
FakAF—R 2.6 4.3 6.9 0.21
FatAF—R 12.0 13.0 25.0 0.97
ZDfth e 0.1 0.1 0.2 0.01
HL—)L— 22.0 27.0 49.0 1.77
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Shiraishi & (2000) 7% 1994~95 FIZ/KFEUTHEA LTz 336 BnD D 7 kT &
WA Lo, AR 238U #EE (mBg/H) 2R V-4 IR LTW5S, ZORITITH
HEN 28U EBREZ I, U7 VEEN—RRE (u/H) ZHE, SDICRRY 7~
DOENLARFLER 2 BE LT, 234U K Of 235U Z#HERH L, WONCAER#RE (mSv/4F) Z&H
LCHfitLTh D,
KVBIRLEEMITEOY T VRENS R TY T > O—  HEREREOK 1/2 23 EEEE,
14 BENTENSERIN TS, BUT, 58, BRE, WL ESOMEMIERHOF L)
DRREN (ZENEN 2~4%),

V-4 BMEZL DY T —HERE (Shiraishi et al. 2000)
—HEIE | U B U $BHEE HWEHEE % | USRS | UnboaER
g/ H mBq/ H ug/ H FRAE R R FRE mSv/F
mBg/ H

b'S 198.3 0.194 0.02 1.4 0.399 6.69E-06
D EA) 88.3 0.340 0.03 2.5 0.699 1.17E-05
Tl S5 1.5 0.016 0.00 0.1 0.033 5.52E-07
WK 66.5 0.325 0.03 2.4 0.668 1.12E-05
o - Hk 31.9 0.120 0.01 0.9 0.247 4.14E-06
R 17.9 0.008 0.00 0.1 0.017 2.79E-07
Ek- 68.4 0.591 0.05 4.3 1.215 2.04E-05
EX7] 121.7 0.053 0.00 0.4 0.109 1.83E-06
okt P 3 77.2 0.473 0.04 3.4 0.972 1.63E-05
Z DM DB 167 0.414 0.03 3.0 0.851 1.43E-05
O 10.2 0.029 0.00 0.2 0.060 1.00E-06
e 5.9 6.870 0.55 49.9 14.124 2.37E-04
s 134 0.366 0.03 2.7 0.752 1.26E-05
g 96.1 3.570 0.29 25.9 7.340 1.23E-04
PI%E 74.3 0.185 0.01 1.3 0.380 6.38E-06
B 42.9 0.025 0.00 0.2 0.051 8.62E-07
LI 129.1 0.081 0.01 0.6 0.167 2.79E-06
PR 14.9 0.109 0.01 0.8 0.224 3.76E-06
it 1346.1 13.8 1.11 100.0 28.3 4.75E-04
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1 @BEXADHSV—HERE
2 INETITHEESN TWARIARADOT T —HY - VEREZR V-5 IRLTWD,
3 2380 (Bg/H) THEESNTWALDOEEEICEH LT, & IIERDORWEA, 0.59~
4 2.38 ug/ HOHFIPATH o 72, WEEIZ~—r v b2 v Mk (MB), ik (DP) o
5 ELLPTITONTEbDTH LN, MB OFREED SN DP OFN LY & & MEAI 2358
6 BN D, 72720, ZOMEBITAEGFECLD DO THD AR 5, FIHETT-—
7 ARDENZ XI5 L LTz 10 DA EORMELIEIX, 0.967 ug/H Th o7, [ILEA
8 (2B T2 T UL E OFEYE T 1969~T0 £ THON A Tk 1.5~5.9 pg/ H & %0
9 BV T BEE (Yamamoto et al. 1974) 35511 TV 5,
10
11 £V-5 HAAOELMNOLOD 7 —HERE
238U U
EH e FLEERES ik
mBq/H ug/ H
Ohno et al 2010 MB 2.38 | AEKE - 6 HH
Aung et al. 2006 DP 0.587 | KIEKTE - A 33 4
Aung et al. 2006 DP 0.593 | /KiEK®E - /NI 33 4
Shiraishi et al. 2000 MB 13.8 1.11 | kP
Kuwahara et al. 1997 MB 14 1.13 F ke
F)IE 20 A X2 Hiik X 2 I
Yamamoto et al. 1994 DP 9.6 0.77 | #1. KEKEET. GM, 1992
H
Shiraishi & -
1995 MB 16 1.29 | K
Yamamoto
Shiraishi et al. 1992 DP 8.8 0.71 | AE/KE - 31 #rfi - 1981 4%
Shiraishi et al. 1990 MB 8.18 0.66 | /KA. 1984-87 4F
1 1969 45, 15 A, xR
Yamamoto et al. 1974 DP 1.02 1, AFBIEFHUT : 1.55~5.92
(n=39)
1 1970 4E, 18 A, X FR M1
Yamamoto et al. 1974 DP 0.86 I, AFBIEFFT : 2.06~5.71
(n=46)
12
13 (6) E+—BHBEE (BRA)
14 (1) ~ (5) OFREZLICLT, BAADOY T —HABREREZRE L, REICH

99



© o 3 O Ot Bk~ W N =

==
= O

12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

2011/07/26
7ooTiE, BARANRADH LA FE A 15 m3/H, TEEREZ 50mg/H, "NV AX A MNMERE
% 50mg/H. BkELA 2L/H EIRE LT,

KA T PREZ (1) XV 0.02ng/m3, #BEKIE (2) 1221572 Shiraishi & (2004)
DIKEK I ORI FEKOFEEME L Y 0.02 pg/L . 131X (3) D2 50WEDE
EOVE % LD 2.0 pglg. ENEIL (4) XV 0.422 ng/lg. BWiE (5) @ 10 OWE D%
A E¥IME 0.967 pg/ H &= W5 & — HREBEUREIT 1.13 pg/H L H#EE ST,

HELIZHEARANDY T > — HREBEE 86% BN L DEITH Y, WIZFEN/KEZ WV
DX DS OEEUT 9%, FIEK D5 OEEUL 4% Th > 72 (X 1), 72, Ohno & (2011)
O MBIEIZ X D 6 HHT CTORERE RIS TEY+HEEVKRKO—H ¥ Z B HUE 2.38ug/H
Bl KL 0.04 pg/ B T, 1L.7%DELE LHEES N TWD,

R

m FOBK

m g
AV B
=Y

1 HAADY I — HBREBIREDONR

1.13 g/ HO W 7 AEEUT 28.9 mBa/HIZHY L, Zh bHEE S5 FM i Bl
0.00048 mSv/4E T % (B A O N HE R O E A% 234U, 4.9 x 108;235U, 4.7 x 10°8;2380,
4.5 x 108 mSv/Bq f# /. ICRP 1996),

WHO #TKEKAKE T A R F 4 > CKERGERET (EPA) /6 ) A 7 fF#H T A7 A (IRIS)
DU AN, ATSDR O#MFHI7Tr 7 74/, EFSA OFEREEZILIC, FAANEIEL ML
FWE L L CORMEICET R LA ISR LT,

¥, ALIZBWTL, U MbEMOEBENOHRE LYy T U nHFE E L TOEREY ng
U XiEmgU LERL LT,

7. FRERE
(1) R
b N ROEICBITDHEEN DY T ORIUE, U T ALEWOEIREIZ K E <
#4734 %5 (Berlin and Rudell 1986), # ORIV T THRROWINEEZRT H O
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£, R Y 7 =Kk F, R7 vk 7 o KT vk T =0T, b LRk T S
VR LT 7 U RO = b 7 038 12, Wk 7 >0 NBb =7 7 RO~ w1k
77 % 1~2 HifEvy (ICRP 1995),

SD 7 v k }2 Y New Zealand White (NZW) ¥ IZHHICEEIZEBRSE, kEiE
J£ 600 ppm DOFHEEY T = /VARKMP Z ik 91 HFEOKE S L7zl Cld, WIERT
0.06%Td -7= (Tracy et al. 1992), 0.05~0.5%D A7 Z Ab&W (7 vk I =
VX 0.5~2%DflE Y 7 =) GARMOKEEIZL ST v b 2 FMRBR I, M
WI#E 1 0.038~0.078% T o 72,

U T ACEDOWIMURIZR B E 5 2 HHER L LT, Filn, R, SEREENH D, i
&, Fe (III) A A2 XidFr b Furok ) R25nmieals v F o o512 X
S>TSDMEZ v how T (VD) {HLEWRIERITHEMN L7z (Sullivan et al. 1986), #if
Wistar 7 v s OREICHOKE G L1256 OMHE Y 7 = )V OEBERINERIT, #5812
THEAN L. 0.03 mg Ukg (KEDOHEE Y 7 = /L 58 TIEWIEE 0.06%., 45 mg U/kg &
HOLA TIEWIE 2.8% TH -7- (La Touche et al. 1987), 233U-flfE ™ 7 = /L S/KFN
MEBEIZL > THRE L SD M7 v MZBIT H2ELERIINEIT, $iRZT7 v Mk n
TIX 3.4 f% (Sullivan and Ruemmler, 1988) . #i&7 v MIEBWTIX 2% (Sullivan et
al. 1986) B L, FAERICIH W TITAENIC T 3.6 fFITEM L7z, & bkl Gak )
ICB T DWILRIT 06% TH D2, R EEBEICBWTIEFEY 45%ThHh - 70

(Bhattacharyya et al. 1989), & B6CF1/ANL ~ 7 A 2B\ T H ., BHEE TOWIRIT
0.069%. 24 Bl &% OWILERIT 0.80% &, b b OfERE EBEAENTN TV
(Bhattacharyya et al. 1989),

7w FROIEOFAERIZBN T, HEEWRINEREO EH23F 0 iz (ICRP 1995), fi
B 7= VZ®&b L2 B7 v MZBITIRIGRITZ 1~T%THY | AT v LD 2
Hrm -7z (ATSDR 1999, ICRP 1995, EFSA 2009, Sullivan and Gorham 1980),

t FOETIEZ RAERLZY 7 ORINEROREEIZ—E L T 5~6%LL T ThH D,
SR T 7 = L S7KFI 2 3N L T2 38 BB K (10.8 mgU) &g MEE L 72 1 4 44123
FDWIERIE 0.5~5% (Hursh et al. 1969), 7 7 v @& A OMEK ZERL7Z 12412
FBUNTIE 0.25~4% Al (Wrenn et al. 1989) . £ DA OFEKGABRIZ B TiX 0.5~5%
Tholc, B0KDHFTH NERFIT, 3 HHOREREZITV., B L OEEIK) D D
U7 CHERCE &R TR R 2 TSRO T EAE RIGRIE, TRE 0.9% (0.1~7.5%) T
b -o7- (Zamora et al. 2002, 2003). [FIEEZRFEEN, BFENT V AFRIZBNTHE
B TW5 (Leggett and Harrison 1995, Spencer et al. 1990, Wrenn et al. 1989),

Zamora © (2002) NFE L O, b hEXRE LT T o OEERIGRIZET 2 #H
HORNT, FHEXIRREN 52 5N TODNOOREDT —F ORI L 5 L 2
&L 1.0% (0.4~2.4%) &72%, £/, ICRPICLdE T —#DLEa2—TiE, k|
BHERPICBTDHY 7 VBIBOET /BT, M LA ORI L LT 0.02 (2%) .
REMAL G ORI & LT 0.002 (0.2%) ZHNWLX&ETHD LS TWwb (ATSDR
1999).
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t MZBT DY 7 OELERIGRICEELY 5 2 R & L THEIZR ENREHIL TN
%o 1 AT OFLIT OB WIRIL 4% & W ) HEEFHE RN H S (ICRP 1995), 5 kbl
Fov MEBREERRE LT — 212X D&, HEERIUIFRICE > TRELSLDD
ZEiFnEanTtns  (Legget and Harrison 1995), b MEEBRFEIZHITH U T W
ICRIE, MR, s (18 5L ) . BRI, — B 4720 oY 7 R (0.3~570 pg/
H) XIXEY K ORI H OBIOEISGIZRE I /2D > 7 (Zamora et al. 2002, 2003).,
DM, 7 4T RO 134 45 205 4 (BEHKZ I L7z ¥ 7 B EUE 0.03~2,775
ng/H) \ZBITFHHETIX, 77 OWIHRIZE LT, MR X 2 HEHFIA BT 72
ST DD, 60 A DOBEREHEDOWI T 60 kLl EREL D &<, 100 pg/ H A& 01K
PREEAEIT 100 pg/ B UL EomgE#E L v moro 7 (Karpas et al. 2005),

V-6 REVEY 7 ALBEW ORI

L7/ WA | U7 Ak | BEE mgkg | EABETINE %
~ U A 1 3N 0.8-800 ~0.1

SN R PR 0.003 0.07

Mg el 0.003 0.8
VA o fi iz 0.3 <0.35

o fHlz, 7 v {t# | 20-1000 0.02-0.08

o fi 2 0.002-5 0.04-0.09

HE e 20-110 0.04-0.06

ke e 0.1 0.17

M e 0.03-45 0.6-2.8
AVACS SRS el 0.3-40 0.06
INBAL— | @ el 0.6 0.8
N HHE el 0.007, 0.7 0.3-1.2, 0.4-1.5

1 7 vt 0.007, 0.7 0.4-1.5, 0.8-2.3
bk SN R PR 0.003 0.5

biakey IR 0.001 4.5
= HH FHEAHE . KR7e | S & F 1.0

el

Leggett & Harrison (1995) OJFFE %I T. L TIERL,

(2) 9%
Wistar 7 v b ClE, BO®EG L7-HEEY 7 = VI E 0 ORI Iz A Y . B
CEICER L. FiENDIRITEE A EHE S72V (La Touche et al. 1987), &g & &~
DEFEIIH G51% 2~48 KifEIfR IC B— 7 I0ET 5, ERNE— 7 ICET 5 £ TORRIT&

HE8NRZWINEERW, Z0%., BFEogmn bduEIciE k35 (La Touche et al. 1987),
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A% 1 HBICU T CCIEE LK T, BEER 1 EBUNICERIC, 58D 30%03 %
fi L7 (Leggett and Harrison 1995), &lgiZisvC iﬁ{iﬁﬁﬁﬁqj@? VAV N
VIRE K OSERZ IR L CERET DI L, BlIZBWTide Raxo 7 3% A hoh
N A U2t IZ L » CE#H SN D (Moss 1985, EFSA 2009 (251 ),

FiER & 7260 T DRk 72 flK 238 U CRlEE 7 7 = /L 40 mg/L (2.0~2.9 mg U/kg &
H/H) ICHEFE L72ME SD 7 v b 35 L& XRIT, KRk O 7 T R 2 fk & 7ol R
(32, 95, 186. 312, 368 K ON570 H) T/HIan L7- (Paquet et al. 2006), 7 7 %
T &AL DlEER J\%ﬁ L/ EREIZOWTO LU ORI 1 L » TRz o 7=,
HHIREE 1~3 N H I EEEIIRIBTA LN 2,200 ng/lg THY ., 2FE T

1349 1,200 ng/g m%oto RWT, B () 650 ng/g) . Bl (1 2°H T 220 ng/g XUV 3
7b>ﬂ T97ng/g). KEE (25~65ng/g) MOl (0.12~2.1 ng/g) DA THEE A &)
572, 10 A B ETIZU T BEIF KT 3,900 ng/g. & T 27 ngl/g \i2F TER L,
— 5T, & BIRIC B TIXENTH 450 & 60 ng/lg £ TR L7z, 19 72> MOz
%, U7 REIE, KT 5,500 ng/lg, &M T 2,100 ng/g, ¥ T 750 ng/g. BT 300
ng/g X OVKBRE T 100 nglg ThoTe, 77 IS S OMFRD v, KK OMEE
TRENmNoTz (54 LTV 30 nglg), 72k, 77 1L SD 7 v kO Mik-IKBEM % dhaiH

MEEICERET 5 E0mENDH Y (Pellmar et al. 1999, Lemercier et al. 2003) .
1 SD 7 v FOFHRIZHIL T T o _— A N & DIA A TERER Cld. 3 2 H R I KM A
HI, /K, RS O, 6 20 A RICKRIMEE., I OVINIKIZ ERED R BT
(Fitsanakis et al. 2006) .

b hfER I, Y T - T LT S R ARNTERL S v, SEEE D A A PR
feksE T 7 = Ve (UOHCOsY) & Wiz k> T\ b, U7 = /U LEWIE, U sk,
VIR D IVEE R OUKER L & OFFMENE W=D, Z U RXTER ORI LAF RERS
IZHEA UL ER R E 9% (Moss 1985), V7Dt MIBIT HIENARRIZH
Wug THH ., ZDHH 66%IER. 16%1 TN, 8% Bk, 10%73Z D DK 1
ET 5 EHEESND ICRP, 1979, 1995, 1996),

EIZ BT Y T i, B 51 iR 4t LR AR iz A5 (WHO, 2001)
N, B MARIZBT DY 7 VBUGARIZET 2 EEOEHRITZ N, B }*T“%@J%T“Tb
AT O D 7 U5 T A HRIT eV, ERE RAFICREOFICERE SN 7
/#(ﬁW/?A%m®i5K)%ééhéﬂgaﬁmb#ofw@wo

(3) U3 - Bt

IR TR Y T A3 b ST <V BBRRIZ Y T = A T U TEART D,
7T %, RIS, 7 = Ulg, HEIREBRKEOMLEY 87 E LR A AT S (Cooper
et al. 1982\ Dounce and Flagg, 1949, Stevens et al. 1980), REESE(IRDZEENEIZ,
WIEO pHIZIKAFE L, D pH IZHKORR % 7002 & - TH72 %5 (BEIR IV 1988),
B T OBEREEFERIIERERIE T A S, JRO pH IR FE L7 RE TIRPHRE S 5,
TT VPSR CTIRRIEKFE D T = VEERDIE & A EDRLE TIRPIHER S 5 725,
X pH TIISEROMEREDORREE 1Tk~ T, U T = A T U BNRMEMBN TS 7 &
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fEET Do, ZTUNRMEREZIN T S E LN H S (WHO 2005),

ZUoNIE (FEIChT A7) EREG LY T T, BREKIETAB ST
SHIPFIZEF LTV, VT = A A%, MPTEFERF 72720 U LEREE L,
JRAME TH 7BV UNEE EREET D (Wedeen 1992),

7y FTIE, WSR2 T T DOREG D H PSR PP S, 2~6 HIE T 50%

(Durbin and Wrenn 1975) . 7 HFLANIZ 98% 3 HEit 415 (Sullivan 1986)0 7 v b
DENgH D 7 DK 95%25, 1 R LIWIZIR PRt S, T OMOIEERIZITIZE A E
7% 5720 (LaTouche et al. 1987, Sullivan 1980a. 1986) . -Jsit 13 B i '7 7D 99%
T 1~6 A#, 72913 1,500 A & HEBI S TS (ICRP 1979), MO BIRIZIIT 5
U7 OPRT 2 38— R AL PRI TRSND ZENRR I TN D, K=
V3= N A2 N OEYFERERINE 2 KTV 50~60 H (Diamond et al. 1989), 2 & X
13 H (Bentley et al. 1985), 3 21*103 H (Wrenn et al. 1986) & &AL TV 5D
BNODY T OWPIEINRD Do VEITL, 2 2= M2V METMTESK
FHOHHIE, 300 15,000 A LHEE S TVWD (Wrenn et al. 1985), 10 =2 /3—
AV RETAERWERIOHEZTIX. 7 v NOFEBEOVEIZEIT 2 B EEIE
5~11 K 1r93~165 H & 1TV % (Sontag 1986),

b MEBRE IR Y 7 & LTEIRNER G- LT 7 0D 355D 2 DB3—RINT R D 24
RF TR PR S 41, K9 10%LL 28 5 AR CHRtt S5, R PRI RO 1% AT
TL27w (ICRP1995), —J7, # N GH&E DR THRMI— AR < . 20RO 2%
ERMEDL B TWS (Spencer et al. 1990), 3.3 Bq @ 234U }x O 3.3 Bq ™ 238U6.6 Bq
Z T 900 mL DK % 6 KEH T THUKEZE G- LIca. v 7 O KRERS L 2 HELIAIC
AP X7z (Singh and Wrenn 1987), 7 7 > 10.8 mg & A IGIREIK 2 E L
TERT T 47T 4228V TE, U T AFEMD R OYRPIZ 25 RENT THRtS e

(Hursh et al. 1969),

WEORFZERL TWDIRIEICKIT 50 7 AW REIE, & hTiE 180~

360 H L#EE =T % (Berlin and Rudell 1986).

8. ERBME~DEE
(1) 2HEHEHR

Hefig 7 7 =)L ZKFn O 10 505058 B (LDso) 1. [ Swiss ~ 7 A T 242 mg/kg (A,
KESD 7 » FT 204 mglkg KETHY ., K TFHEGIZE D LDso (77 A 20.4 mglkg, 7 >
L 8.3 mg/kg) IZHELL TRE o7z, TIUIHLE TOWRIEN/NSWNWZ EITEDHD
Thd, bR EMERIZ, LB, KRR, ZF LUWERERBO T NCIR, ZE &SR
TOHMTH -7~ (Domingo et al. 1987),

SD 7 v (He 618 ZMWicamfbifizy 7 =/ (204 mg/kg (RH) o HL[ERE M 53K
BRClI, B3 HRICTANTFUEET X ) N7 A7 =7 —E8 (AST) OHMHEED 5
Nic, =7, ZOREETIE, BICAFEZETRO N7, B ROV A A
ETERDA OFEAITHBUCEALN T O Hiv7e (Dublineau et al. 2006),

SD 7 v & (Kf) ICHEEY T =/ KF (%) 500 mgU /kg (K)o Hi[El5@ i #E 0 & 5
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BRI, gz VT, I (microhemorrhagic foci) WFEH bz, HFHIZX
STMFZ LT F =0 - REWE, RIPZ R« 7 LT F= PRSI L, B R
BREENEZ 72eBFZB2 oM, B, XL T N RBEMENRENTE O DT
(Domingo et al. 1987),
U7 ORI T DO EIL, vPF>T v F>FEALEY RS> TURLET
YT EN TS (EFSA 2009, Orcutt et al. 1949)

(2) BRE - BEUSHEHAR
D4 EREIMHZERAR (v F)
SD 7 v b (H, 440 IB) ZMWTHERY 7 =L JKF4¥ (0, 2, 4. 8, 16 mg/kg
RE/H 0, 1.1, 2.2, 4.5, 9.0 mg U/kg {KHE/H) © 4 BFEAKEGRBRITONT,
4 mg/kg KE/H L FOBERETILF 7 L a— 2 BED FH.. 16 mgkg K/ H % 5.4
THEFHIERE (~~ F 27 Uy ME, SEEIRIMERANE 7 0 B RE%E) O EADEIES
7= (Ortegaetal. 1989), EH LI, B Y 7 =/ ko EmEHENEE (NOAEL) %
2 mg/kg AHE/H (1.1 mg U/kg AH/H) & L TW% (Ortega et al. 1989),

@28 HEESMEMHER (v k)

SD 7 v b (MEMER 10 VT/#E) ZHWTHEEEY 7 =/v (f : 0.05, 0.27, 1.34, 6.65,
35.3 mg U /kg /A&E/H ; M : 0.07. 0.33, 1.65, 7.82, 40.0 mg U/kg {K&E/H) @ 28 H
KGR RER N T T,

R E K ONILIE PRI B W TR bR - 1=,

ME—FRD L= DIE, HED 40 mg Ulkg (R E/ H & G5-HEZ36 17 5 MG REE X 1.64 mg/dL
T, 2 br—/V#E (1.18 mg/dL) &L H#E L THER EADNA LI,

BB U igas GO, W6, AT, K5 BR. R, DB FE) KOYRER
MR BRI LTGRO B 720y o> 7= (ATSDR 1999, Gilman et al. 1998a) .,

@28 HEESAMEMHHER (Sv k)

SD 7 v~ (MERES 15 PL/iE) 2 WV Chlie Y 7 =/v ([ : 5K 36.73 mg Ulkg A/
H. M. 5K 53.56 mg Ukg (KE/H) @ 28 HIFEKKEGRBRMDZ T,

HEME S &, FURARER O K E SO0 7207 (multifocal reduction of follicular
size) . FREZOE I OHEAN (increased epithelial height) 23588 54172 (# 0.31 mg U/kg
{REE/ A HE N O 2.01 mg Ulkg RE/HEE) . HEDO T, FURIRICBIT 2 2 v A4 FOEKT
BRE DWW FRO Bz (ATSDR 1999, Gilman et al. 1998a) .,

@30 HEESMEEHER (HUX)

U (PERIRE, KBERE 6 D) ZHWCHEEY 7 =LK (0, 0.02, 0.1,
0.5% : 0, 2.8, 14, 71 mg U/kg {KE/H ; EPA #2%) @ 30 H BRI ERERN T
776

0.5% ¢ HHET 6 IEH 6 UT, 0.1% 5-8ET 6 ICH 4 JTUASET L7z, & 5BAtA 1 A%
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R GRICBWTREBAD 2RO e n, &EETH#IZIEL 0.02%% 5 HEOE I [H1E
DN DAV IR PR AR A 12 6 THEL 0.02% B G- HE KX TN 0.1% 8 58 CIX AR
0.5% % G TITORHEDOFEE N O b/ (Maynard and Hodge 1949) . fix/ et
& (LOAEL) X 2.8mg Ukg A&E/H L& 2 b,

Wistar 7 v F & HW2iEliE Y 7 = /LK FI#) 0.07 mg Ulkg/day @ 16 8 [EfR KB 530
BrClid, FARIR LR OZEME R OFARIRERE O 2N b vz (ATSDR 1999,
Malenchenko et al. 1978),

®30 BFEEEH SR (Sv )

Z v M Az 30 A FEL MR GER TlX, 664 mg U/kg (AH/HIREEKR G- S
727w MIBUTDEERIT 16%Th o7z, E7-D5EKIT, H5ICEE#H L= EEO SO
JECH o7 (ATSDR 1999, Maynard et al. 1953),

gy 7o, wmigiky 7, 7ok 7o Tk 7o ZBbT 7 UEOARE
Mo Z MG W%E 10 gU/kg (KE/HLLE 30 AR O&E G S 7 » MW T, (KER
PDITHA SN OO, FIESEIBIZ T 22130 b e -7 (Maynard and
Hodge 1949), Z DT, BT L, RaMETH 25 Z LI X0 IHEE BRI DMK -
=2 ENFRRTH -T2,

T v e RAWEEEY 7 =0 K (7,859 mg Ulkg (KE/H) IXMEEE Y 7 = /LN
AKF¥ (664 mg Ulkg (AH/H) @ 30 HMiEEE# 5 (Maynard and Hodge 1949) ik
IZBW T, REINZERRED DNFED 5NN IR TH D (Maynard et al. 1953),

®Fnft (1 X)

A XERAWe7 vk 7> (7.7, 15.4, 77.3, 386.7 XiX 8,864 mg U/kg {KH&E/H) D
30 ARG (REREAH) Tid, U7 CHEHBRIC K DFEEPRO il 154 mg
U/kg KHE/H & GHIZBWT, BEIREARO b7z (ATSDR 1999, Maynard and
Hodge 1949),

A X AW iR T 7 =L SKFI 9,393 mg Ulkg (RE/H XIZE Y 7 VT - E=D
2 191 mg U/kg 1K/ H @ 30 H R O & 538 i, ISR 2 83380 S m
-7- (ATSDR 1999, Maynard and Hodge 1949),

ARXERNE T ) MY U A 37.5 KT 187 mg Ulkg (RE/H o 30 H RlIEEE %5
RERCIE, FEX T MESR (NPN) KOV BUN O EHNGED Sz, HAEMEEMIX
WO O Te, MbES DTN EH L, WBEMREICBW T, & HER CIEERC
BT D DZME K OMEIEDFRO B L7223, 37.56 mg Ukg (REHE/H R GRETIEI T O30
PRI N OEBE D Jr T - 7= (Maynard and Hodge 1949)

@3 hAMEEHEMEHER (v )
SD 7 v ~ (M, B E) ZHWCEIR Y 7 = Kf¥ (0. 10, 20, 40 mg/kg
{RE/H : 0, 5.6, 11.2, 22.4 mg U/kg {KE/H) @ 3 HHMEKEGHRERN1THOIT,
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ARBROSEGIECTIEIRBHELED, 1 H 2 KT OMRICL DA ML 2% 5 2 72t

ISR E Sz,

RO A —/R—=F X RUALHX—E (SOD) {EMHIE. I _XToORREHTEA L, X
N ZADOFBIZH) D 5T 40 mgkg (RE/B BHRECREEZ /R LT, RO LVEZ T
FrvE B —¥ (GR), #ZT7—F (CAD) FEMHITHOT KT LR, F40E
YV — NVEEROSE (TBARS) . Rt 7 V2 T4 (GSSG) R, JNVETFF L ~)L A%
A —F (GPx) EMIZEITRD o7z,

KD GSSG TN TBARS IBE 1L, £ GRETA MLV AOFIZ b B THN L2
23, CAT. GR KON GPx {EMEIZEE ML 2o 72, SOD(%T L, TRXToOERGETHEML

TW e, BIROMER IR T, SRERESCIRME ICRF TGO b d o 7o, <t
A ELT X CTOREH THEMABIC %%@%ﬁmﬁ@#%ﬂ 2 B, 20 mg/kg BELL
FOREBHETEORENERL7Z, LrL, WTFROHEEIIBWTH, A L RITED
MY 722280301 F & A ER O BTy (Linares et al. 2006)

®91 AFEEMHHRR (v k)

SD 7 v b (M, #5815 I0) &2 AWl Y 7 =/ SKfi¥ (<0.001, 0.96,
4.8, 24, 120, 600 mg/L : i <0.0001. 0.06, 0.31. 1.52. 7.54. 36.73 mg U/kg {AH
/H. Hf <0.0001, 0.09, 0.42, 2.01, 9.98, 53.56 mg U/kg fAH/H ; WHO #i5) @ 91
H M #oKk & G5RBR B3 bz,

TV B R OV R AR 2O 2SR DTz, Wi 2R G/, &5 BE
Ltﬁﬁ%%(%%%#@ﬁd?ﬁ mﬁﬁm\ﬁmwﬁﬁwiﬁiwm¢uﬁ%ﬂl
O MM E O 22 b L OB L) A biiz, BlE kb L2, SR GR
IZDOWT ﬂ&fﬁf . RE EREO/NEIRDZER (vesiculation) . HETIL., U RAM
EIRRE, RMIAE JLJE R OR% O W~ 2801 K OFRIRE D 22 fa 28 M & O (dilation)

DR o, HEMBEIZR NPT, ZOMOFTRE LT, 4.8 mg/L UL EOEE
BEOHEZ, RERIROHE A, A IRMNE EEGHAL O O & FERI~D AL o ONRAE - D
FERDIRAMARE D (cytoplasmic degranulation) 238D Hiv7-, MEIZIS 1T 2 BhgiEE
L LT, 2R TR—~ EBHWHFINE (24 mg/L THEZZL) KOME @v%yj
VRRHELZ X D RRHE(E (reticlin sclerosis) (600 mg/L THEZ/ L) M8 HiL, _?L E

DEBII AR WEIZEAL &% 2 bivlz, 4.8 mg/L UL EOEEGRE Tl R/ FE 2 B2
7= (EFSA 2009),

S e GRS 69 D I M E N AR 2 IX R TH DAY, BEEHETBIEA~D T T
HHEEICHEECOZEIIRD LN hoToiod, FHELIX, EWEEENRECLD LD
T2V E LTW5 (Gilmanetal. 1998a), £72, H#H 613, BiARME ICHIT K
b DFABEEIZEL-S & | LOAELO0.96 mg/L (#f : 0.06 mg U/kg &=/ H | #f : 0.09 mg U/kg
AE/H) & LTW5 (Gilman et al. 1998a).

©®91 AFEEBMHHRR (VYF)
NZW 7% (Hf & JE Specific Pathogen-Free (SPF) Offt, #5810 08) %AW
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THHRR D 7 = VXK (£<0.001, 0.96. 4.8, 24, 120, 600 mg/L : 0, 0.05, 0.2,
0.88. 4.82, 28.7 mg U/kg /KE/H ., 1£<0.001, 4.8, 24, 600 mg/L : 0. 0.49. 1.32.
43.02 mg U/kg {&H/H ; ATSDR #%5) @ 91 HRE#OKkEGRBRITh,

MR FHIFZEITFRD bR o Tz,

RETIE, WEAERRR A2 IX B IR . T, FRRER . KREIARICER D Hav, IR
BOEYEOHEMEREME RilE 2k, BRARFE LR OED/NERE) 1% 0.96 mg/L #%
HREDSAE U, RAME OR N K OUEYT 0.96 mg/L 5 HE2 < 2R G TRD 5
iz, RMEDRR, JRAEZHE, & o X7 MR ONEE ORBIFESHEC X 2 #HEE2Y 120
KTN600 mg/L EHET, LF 27 U URHEIC K DRHE(L DS 24, 120 X TN 600 mg/L ¢ 5-
RECTRDO LN,

MECIx, AEFMEERIRME O E LT, BERIRIFEDO/NERED 4.8 mg/L LA
FORERETHRO LR, B iR LB CIERo oo, Fo, IRAE TR &K O
LR LTz, FEOBIFBHEC L 28T 600 mg/L H#5HETHRO LN, LF 27U v
RAEDORLIT 4.8 & 600mg/L #% 5-# THRD b7,

Z DML OIFHEAAL TR DN T, AR TVRIRIRILE X O o 2=tz 11 5
JEha bR DR L OARHRN 228800, Pl T/ EERE O ELAL (irregular accentuation of
zonation) K UMZK/NARED GO Hivic, MFROE IR CRIRETHY . 72,
BIKFRICRO DN PNBETE 572, FIRBOZLbEETH 72 (Gilman et al.
1998b).,

EF I, RAE ORIz EES & LOAEL 0.96 mg/L (0.05 mg U/kg {KE/H) .
> LOAEL 4.8 mg/Li (0.49 mg U/kg (KE/H) & L T\W5% (Gilman et al. 1998b),

AR CRIE S TR B O IR O DM 21T, MEEIC L 2 3K BRE D& %
FEI AR THY, FLEFEELDOT v FiRBRO# R (Gilman et al. 1998a) & X7
> Tz (EFSA 2009),

ERERBRIZEB I D HE Y 1% SPF TldZe <, BREBRFIZ 4 TER XA LIS L, 9
H QUM Lz, Fo, ZHLIAMNCHRE2 I L2728, & 5F 6 L& st Hn»
HERA LT,

NZW 7% (SPF, I, & 5-8 5~8 L) & HW\Wilig v 7 = /LXK Fid (<0.001,
24, 600 mg/L : 0, 1.36, 40.98 mg U/kg {AH/H) ® 91 HIRAKEGHREBRATTHONT,
AR CIXEEEO P Z MR T D72 i K 91 A OBREMIE R E S v,

MRS BITR O b7 o T,

JFIIZ BT IFIREZE DR & S O, BiiEfE M OVAHLPH O M E 22 B % 15 5
irregular accentuation of zonation 7 7-, T HOE LI, &E5 & OEEMEITH S
HOD, FHEMBEMEIX)>7- (Gilman et al. 1998c),

600 mg/L (40.98 mg U/kg {KE/H) £ 58E T, B2 I 1T 2 FRREY 72 L RS YRR
BEZEME, MRS e fa 28 e ONRAEIEIR SR O b vz, b 02T, 91 HEDOFEIE
WM A2 CHEE Lo 7= (Gilman et al. 1998¢), 24 mg/L (1.36 mg U/kg {KH&E/H)
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BERETIE, IRRAEHEBIZBWTEITRBD b o7z, 40.98 mg U/kg (RE/H B 5-1f
(BT, BRERIE R BN BRI~ RIS ER LTz, 45 BRI
Bl FRIIRD b0z, 40.98 mg Ukg RE/H&RERICBWT, 1HABORE
WD L, Zva—R ZURTERORA T R SXTFH—BIEEO R PR
F&H U7, RO RN B GB6 4 H BIZ B3RO S iz, BIEMIC A>T 5 7 HRE,
PREVT ESH- LS, Zva—RPEes 8N Uk 728, 2o "0 BxR A7)
AT TFH—BIEMED R P PEIIIE R 2R - 72, 40.98 mg U/kg K&/ H & GREIZ BV THE,
91 AMOEIEH D%, U o EROEFIG &) L/ EREDHIIN L7223, BG4 TR S
O DOZEALITERD bivZe o 1o, MRE 2L Z 1 - T2 RF MO AL R ARG SR IR, W
THOBERGHTHLRD DI, BEOZE{E LT, B/hZElafk, BR/INRIE K OEERAE
D B HER o~ DK DAL OV @ LIl (apical displacement and irregular
placement) 238 H v, JRAE FEEREIXEEYIICIZET Th o205, BEMICIRE
72 IEE RO H 7=, 600 mg/L $5-#f (40.98 mg U/kg (KE/H&E) THH Iz
22 biE 45 BHEEReE L, H1id 91 B EERe L 72l H & > 72 (Gilman et al. 1998¢) , 7=,
FFlEIZ 3T IFRIIREZ D K/ NARTE], B IRAE & OSHIEE 22 fa b 2 £ 5 T/ INBERE 1S D L
U (irregular accentuation of zonation) Z i 7z, ZiLHDZALIX, &5 & OBFEMEIX
HDHHLOD, HEMEMEIXR)>7- (Gilman et al. 1998c) , AFER CTHIZ I 7= B 3k
233E SPF 7 ¥ ¥ % /=55 (Gilman et al. 1998b) L W #kE CTH ~»7-F & L C, SPF
UYFIZBIT LBEDO Y T ARENIESPF U X DE N L VR o770 LEEH BT
L TWD,
3R 00 B Wik oD 9 BRAR A S O 22 A D FE AR BRI} OVERJE DA FH RO MEHTRE B Tik. 40.98
mg Ukg RE/BEEREOATHEENRD LN, FEOLIX VX2 HWTZLETOR
B (Gilman et al. 1998b) (2B W\ T, K VRV G ETBIE I NZFIROZE(L LA L,
ZOFRERIZE T S LOAEL % 24 mg/L & ffim L T2 (Gilman et al. 1998c¢) ,

Zzoft (1 X)

A X &R CHEE Y 7 =LK (K 95 mg Ulkg RE/H) o 138 HH#H &5
KBRS MG S 4L, 95 mg Ulkg KT/ H £ 51 Clk NPN, BUN. BER RO 2 <7 RO |
FERO NN, 47 mg Ukg (KE/H R GRETITEENRD N -7 (Maynard
and Hodge 1949),

(3) BSHABRRURENSAMHER

WHO %, mHHEEREY 7 & FNAR D RIEMEL & 33T T RIGLIRDIRE W DTS X

IR & B EBREOBRIERROREILH D D00, AIRMEIIREE Y 7 AbEW
OB L8 BIT BN AETRESI N TV RN E LTS (WHO 2005),

@9 MAKTBREHARKAR (Svy k)
B A MR T LD EESIN= SD T v b (HE, BMECARRH) W%y o
v ({BFEREARGE, 40 mg U/L) @ 9 A MoK & G35 ClE. JRIMERELD 20%K T2
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Blgsin, Zhnck L, OFRMERAFE DD, @7RMER S MEDOEIIN, OB HEREREE O

AREME AR L, BEEOK TIZL 2 2B HE N FER EHEINLTWAD
(Berradi et al. 2008)

Q1 £REMSMHRAER (DY)

7YX (M, KGR 6~8 L) MW TR Y 7=/ (0, 0.02, 0.2, 1mg U/kg {kK
H/H) O 1EMBORSGEBRNMTONZ, WINORGHIZBWTHRGICEE LA
LT 572> 7= (Novikov and Yudina 1970),

@FDM (A1 X, Ty k., TR, IHF)

A X MW7 vfbw 7 (8 mg Ukg (KE/H) XIIMEEY 7 = /LXK (95 mg
U/kg RE/A) O 1 FH&EHAB (REREAP) (280 T, REOLEITREO b
72 (Maynard and Hodge 1949, Maynard et al. 1953),

A X &R bY T > (31 mg Ukg (KE/R) . NHELY T > (8,790 mg U/kg &
H/H), 7v1bv 7 (8mg Ukg (AEH/H) KO #{LY 7 > (4,407 mg U/kg {KE/H)
D 1 FERENEMEIREE & G- TlX, FERERICKT 2 A EFEZENR b oLy

(Maynard and Hodge 1949, Maynard et al. 1953),

KR 7 AbEWE kg2 & (~#) 10 gU/kg (KE/H) 12 1~2 FFERIREEHR G- LT 7
v b A X, FUAKROUHFORRLGER, DILESR, BHIENRISIEE A SRR
HILTNZRWY,

Ty NERHWET7 vk T =v WlET T =ARKMY, W7 vibw T o kO
U702 FMBEERGRR T, KEOY T A EBMERLSE, BEFEICLVE
ML RoTe, Ty MTBWTEHEMIZKEL G X Rk K&, gy 7 =L TiX
1,130 mg U/kg (KE/H, M7 v{bw 7> TiE 1,390 mg Ulkg KE/H &t ” 7 > Tl
1,630 mg U/kg A&E/H, 7 v{t Vv 7 =/LTiX 18 mg U/kg AHE/H Th->7- (Maynard
and Hodge 1949),

7w hEHWEER Y 7 =K (33 mg Ukg (KE/H) O 2 FREIREE A 535k
IZBWTC, BEOA MM O HMERED EH-NFED 57z (Maynard and Hodge 1949,
Maynard et al. 1953),

3.7 x 105 Ba/kg A/ H (3.7 X105 Ba/kg & H/H 1% 1.5 X104 mg U/kg RH/H IZFH24)
DHEHRBNE IS T 57 7 0% 30 HEEBR LIz~ U A, 4 X KDY HF (Maynard
and Hodge. 1949, Tannenbaum and Silverstone, 1951). X 3.0 x 106 Bg/kg &< E/
H (3X105 Ba/kg A/ H X% 1.2X 104 mg Ulkg KE/HIZ/BY) O U T v % 2 ERHERR
L7 7 v E ROA XIZBW TR B PR A 21T o Tolidias KRR Z 2 AU FB 38 OFERLIT A
H 2o 7 (Maynard and Hodge 1949, Maynard et al. 1953),
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(4) miRstEaiR

OHEKEEHER (T F)

SD 7 v (i, &5/ 10 I8) & AW CEEY 7 =/ (20, 40, 80. 160, 320.
640, 1,280 mg/kg {AHE : 11, 22, 45, 90, 179. 358, 717 mg U/kg A ; ATSDR #
B OHEHPOKE GBI THo 72 (Domingo et al. 1987),

TRTOREGET, LB, K, NEE, BN K OIRERZEH DB S, K o
PRI EONEE LT, L7z > T, LOAEL X 11 mg Ukg (AE & & 2 Hiviz,

@2 ;EfE/6 M ARHEEERER (v k)

Long-Evans (LE) 7 > ~ (M, &8 58F 24~42 L) =MW =HbligR Y 7 =1
AR (0. 75. 150 mg/L : 0. 25. 50 mg Ulkg (KE/H) o 2 ML 6 72 A ROk
#1772 (Briner and Murray 2005)

W G-I 3N T 150 mg/L & G- O MEfE CRBR & T IRF IR E SN 23580 B
770 2 WM& 5T, 150 mg/L K ERET IS A—T7 2 7 4 —v K7 A b TITEIZAL (line
crossing M (N rearing) 23R HiL, MEREIZIMOREE BB L 23RO b vz, @R {bigE
BEOMIME, A—7 27 4 —/L RIZE T % line crossing & O\ rearing O#AJE & FHEIM: %
RLT2, 6 ARE TR, HEOITEIZ L E L CTEREV, PR ORI B D b, i
HATENZ LD FE O Eﬁ”wio RMAEE DR IR IRRBO =D, A—TF 7 ¢ —)v N7
B OB & OFHBEAMEILR D %ﬂiﬁiﬂo oo FEH DL, HEWMNELS 25 & #HaBUE
e MER L CIEED llﬂlﬁk'ﬂﬁ LR BNR U EHERI LTV D

@15 MAM/9 M ARBREEEERR (Sv )

SD 7 > b (#, &85/ 2000 2 AW THEEE Y 7 =L Kkfi® (0. 40 mg/L: 0, 2
mg U/kg (KE/H) © 1.5 7> AW X% 9 7 A Mok 538k 2317 o172 (Bensoussan et al.
2009) 73, WTNOEGHIZIBW T HHRGIZEE L7222 iTZ80 b o7,

EHLL0REHETYH, (KHE, ﬁﬁvk%&@“ﬁﬁﬂ% EITRONT, WE & KINEE
~DODU T OEEEIT. 1.5 A MBGERECIIEITZRO Lo 72, 9 0 H 5/

Tl BRI~ VG & KIMECE T2t h 20%& 5O%MIM LTz, FH DI, H L
KM E TOBIGTREL, X X0 BL_INVOEERAETDE, 2 UMEBRRY T
YORER LT | ATEIREEICEG LTV A AREMERH D E LTS,

@E ALK EEHR (Tv )

SD 7 » 28 VPe& W IRME Y 7 > (g™ 7 =/v) 40 mgU/L % 90 H Mk 5
BRI W T, R REKER) (REM) % £ 5 MERFFR] O3 B 7z (Lestaevel et al.
2005), [ U< SDHEZ » MEEF 121 IBIZH kiR Y 7 =LK (40 mgU/L) % 1.5
~9 MHRIPOKEE LZRBRIcBWT, 7ktFral /:E;<7*7~*E(§F$J: ®T/)T I
RF~DORBE TR, RRRICL- Tﬂum*ﬂafxfxé%’fﬂ”ﬁﬁﬁ;ﬁ A
Z L Z/RLT: (Bussyetal 2006), £72. 7> b (MR 8 ECRE) | ﬁé%\ﬂﬁﬁ\ﬁ
B 7 = NRKF (40 mg/L) @ 9 72> A MK GRER T, M= L 27 v — G
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(ZBAMR T DA DEER OB TIHIL L ~UIZED 78D 511 TH Y (Racine et al. 2009) .
7 7 AN KD FARRAEEAS D RN RIE STV D (Houpert et al. 2005)

(5) HJE - RASMHER

DORESMRAR (¥VR)

Swiss v 7 A (M, %458 20 JT) ([ZHERE D 7 =L k4 (0. 5. 10, 25, 50 mg/kg
{KRE/H:0.2.8.5.6,14,28 mg U/kg {AH/H) # T4z 6~15 H O REIEK/KES- L 7= (Domingo
et al. 1989a),

REMI TSR 2T - 72000 18 H £ T X CTAAF L2, 2.8 mg Ukg (RKE/H UL LD
HREC, FE T O AR EHIN K OV ik 2 B O BN N8 5-% OB EOIK T RHA 5
N7, BBIIZBE L TiE, 2.8 mg Ukg R&E/H A EOFRERET, RELK T L OIME I
RRBBHED FRNAA LI, 5.6 mg Ukg KE/H UL ETRIEROREM, —EX4720 O3
BARBERERAERHE FRLONBEHEET HRIEOHE EAPBIZ S, 14 mg Ukg (K
H/HU LOBRGEET, BEER L OB LEBIEDOHE LH PR 6T,

EH DI B M OFE A EIT ST 2 HEAE A & (NOEL) 2 5 mg/kg A5/ H (2.8 mg
U/kg IKHE/H) Kiifi& LT/~ (Domingo et al. 1989a),

NOAEL i% 2.8 mg U/kg {KH/H AR & & 2 Hiic,

QREBMHAR (¥YUR)

Swiss v U A (M, &% 58 20 U0) ([ZEEE D 7 =L Z/KF (0, 0.05, 0.5, 5, 50 mg/kg
{RE/H : 0, 0.028, 0.28, 2.8, 28 mg U/kg {KEH/H) %4z 13 H B0tk 21 HE T
BRI 05 L72 (Domingo et al. 1989b),

HEW O (2.8 mg Ulkg (KE/HRET 2/20 ], 28 mg Ulkg A/ HEET 3/20 )
XEEE Y 7 = VEBICRIKT % & S, BEY CIIRECEAT R I M2 213
DO Tz, 28 mg Ulkg (RE/HHGRETIE, it 21 HEZEO 84720 KHEmE o
WA N AETFR L O LR O T80 Sz, #&GI3HAER UL 4 B ORI

BB h B 2 7o o T D3, itk 21 H O % 28 mg Ulkg (K 8/ H & HEEIZB N T
AEIZED LTz, 2.8mg Ulkg (KH/H 58T 1 FHA, 28 mg U/kg RH/H & 58T 2
A THROBREDN A BT, 28 mg Ukg RE/HREHEICE W T, 21 HAEFERKOHE
WNA BT Uiz, FERE (B, s, IRRBHIR) . ROEE K MERIC
BEEITBZE SN o T,

FHOIL, FHAENE K OS2 0 NOEL 1% 5 mg/kg (AH/H (2.8 mg U/kg (AH/H)
L VK& L7z (Domingo et al. 1989b),

NOAEL % 0.28 mg U/kg fKHE/H & & 2 Hiiz,

OifEHMEHE (YU R)

Swiss ¥V A (MERE, 45 25 L) 1I2BWV\ T, BV 7 =/ kg (0, 5. 10,
25 mg/kg {KE/H : 0, 2.8, 5.6, 14 mg Ulkg {KH/H) ZHECAZELAT 60 H RITRHHE O 5
5 U, ZZBCAT 14 A FRROBG DTN M L AR S W7o, METITARL, R, HPEEL Y
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LI 28 U CRENFT ST, FEoMITIEIRE 13 B TEZR S, Simanirbhi-

(Paternain et al. 1989), A& CIZITRHAKRE ~D R EZE O RHAREMEICEE T 45tk 7
A%

R SNTZIEREIC D 7 B GITER LT BT b o 7o, mMERE (14 mg
Ulkg (RE/H) TIXZ RN K OFE TR R OF ERENNARD b, KHERE
i (2.8 mg U/kg RE/H) OLTRERRERBPAEEITHM LT o 5.6 X114 mg U/kg
RE/HEGHE T, A% 0 HOXETIRED ML, 14 mg U/kg K5/ H & 58 ClIE%
0 KN4 HOME RE MM L7, WIREOE,N., £% 0 HD 14 mg U/kg (KH/H |
K% 4 HD 5.6 LT 14 mg Ukg RE/H, 4% 21 HD 2.8, 5.6 X1 14 mg U/kg (KE/
H T LT, A% 0.4 KT 21 HORIRETIL 14 mg Ukg AE/HITEETH -T2,
FEHEDOIX, EBEE NOEIT AR T, AR, BRI AR K OB O £ T
WCHEREL G5 2700 LTN5,

ORI R EGEIZBWTHIREKERTABIZE SN L6, NOAEL I
RETERVWEEZDBND,

@HFE - BEBHHAR (TOR)

Swiss ¥ 7 A (., #5824 DT, 42 120 JB) (ZEEfE Y 7 =/ —KFd (0. 10, 20,
40, 80 mg/kg KE/H : 0, 5.6, 11.2, 22.4, 44.8 mg U/kg {KHE/H) % ZHAT 64 HIH
oKEE U K85/ S ILo %2 JE G & 4 H BIASHD S 7= (g 1 Do LT 2 DT,
e OffE (BBE5HE 16 L) (ZRBLL O AN Tz (Llobet et al. 1991),

11.2 mg U/kg K8/ B TH R EEROH R OFARTEENME T L, 44.8 mg U/kg (KE/H
BGBECHREME T L, 747 4 v e MO N8B 5T, FEEEN
TILZR VL O RS- HIIREAR R 28 5.6 & O 11.2 mg U/lkg R/ H &% 58 TR HE BIAD K
THALT A 5.6, 11.2 L1 22.4 mg Ulkg (RE/H B GHETREO DAL, FE IR
R LRKOBEENIEFR THY, £72, BTEKLEFTHLIEL, WTHOHEIZE
WTH T T N K DR RIERE K OFE TTE R~ DR BITIFE O b o 7 L w2 T
%o MEDIFIRRIT, HEERTFOTIIRWRN SR GHETE LWABERK T2 R L (H#
BE 81%. & GHE 256~38%) . #EREL. A& O IR EOE N AEfF R OSE T IR IR
BlizonWTiE, ERGHEE R L-MOT — 2 Ll L CEBIIRO bR no T

(Llobet et al. 1991),

B G & AR S T MALE M O IR IR RN RN G END A LN TS Z b,

NOAEL [If%ETE VB b5,

OHEMHR (TIR)

C57BIxCBA v 7 A (Mff, #5857 10 L) (ZHERE Y 7 =/ (0. 5. 50, 400 mg/L : 0,
1.25. 12,5, 100 mg Ulkg (KE/H) % 15 MEMOKIES L, — 8% &GO M & 2/ S
B 5RER T 7= (Arnault et al. 2008) .,

B~ v ADITE), WERERCHEE~OBBIEIRD biinot, AEEHT, ¥
5 > OBR O~ TR R B RD SR, SRA~OBRITRD bR
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ST, BRI E O D AFGEEBE DI OEI A NTHR S, BN AR RIR I,
EA>200 pm) DOEE X, &5%7@%@#@%(imn@LuL@&ﬁﬁfﬁTb
MO BB (K9 9 ) TH 5 me/L A LORERHE TR FRARD bz, Wi, kG
DORE & AZREA% 3 72 H OMEEM TlE, ZIRINE L O W R RIN L (EA 0~nomﬂ@
HENLEH Lz, L2L, WTINOLE SINRMASIZITENRD o7,

ZORERE D MO HEMW D IPRE A IEE 25 < LOAEL 1% 1.25 mg Ulkg {RE/H
EFEZ IS,

©%%E - BESHHAR (Sv R)

SD 7 v & (., K&%5HE8IL) (THFRY 7 =)L —JKF¥ (0. 10, 20, 40 mg/kg &
#H/H 0, 5.6, 11.2, 22.4 mg U/kg {K&E/H) % 3 HMEKEZEE L, o 4 BIZIX
TNENER Y 7 =V K poG L i 1 B 2 FFRETFOMERA ML 22527
(Albina et al. 2005), BH-#& 7%, FEHR G & AR S, ATUR U 7= 0 503 R B K
ORI IE A~ OB OB H T H I, R0 FEITHEZR O RS OBIZIcH THNT,
40 mg/kg R/ H B HRHZB W THEIR B EEOIK FRA LI, —EY 720 OFRE,
AEAFBEREIL OB IR R ECIE, BT b otz, £, HAERIC-EY%7=v 0
Falag, AAfr, AL, B R K OBRIRICE S 2 HEITIZZE(RITFRO b Lo Tz,
iz, WEW OB ERREGEER, ARKRER T, B> BT b2 ho T,
FEOLIT, ARBRTHWEZY 7 VRSB THEH, RFICA M 2252 CTH, 77 05
TRAT TR ENEEIND Z ST E LT 5,

DD (T )

7y b (HE, FRGEE 16 L) (2B HEFR Y T =L —Kf# (40, 80 mg/kg KH/
H:MAWMmeM@%EM)@ Em4ﬁ% FENRIGI M Oz LI O Bk # 5k
BRMT NI, WEMW OITEN BT O LTV RV (Sdnchez et al. 2006),

®@Fnftt (¥ X)

BHED T Z Ol B6C3F; XL C57BL/6 ~ 7 AD -5 M QWL %t~ 2 s 2N s
STV 5 (Raymond-Whish et al. 2007),

28 Hiltff~ 7 2 (9~10 VL/BE) & HWTHEEE Y 7 =L oRKFd (0.5, 2.5, 12.5, 60
mg/L ; 1, 5. 25, 120 pg/L) % 30 HRE#HOKEGEREBR L& 2 A, HEKFED W
FEIRI DWA S ST D3, RELOEHRE OEEIC—E LI b o iz,
Mt~ 7 A (5 DL/EE) OAZECHT 30 H 2> S EIRHIM 218 L ChElE ¥ 7 = 5Kk Fn# (0.5,
2.5, 12.5, 60 pg/L ; 0.001, 0.05, 0.025, 0.12 M) ZEKEL L, SiEHICR~D 2
Je QNS (7T~9 PL/BE) OIRBRZEILL T, 2.5 pg/L L Lo GO RE) CH&E
{RAFEY 72 NV — R IR D P 23 . ME~ w7 2 TiX 0.5 pg/L UL = CTHERAEMED 22 R
45I0E (primordial follicule) DB/ N A BTz, 28 HEmIZI W TINESgGH L 72t~

U REEIE 15 B RIBOK G4 AR U HHPE SE 7z, G TR 3 20 A TRIEM & VR EN &[RRI BB L TR

HATRTN S,
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7 AXIFIEH C57B16 ~ 7 A (5~6 PL/EE) 12 0.006, 0.12, 1.20 uM (60, 600, 6000 ug/L)
DEERY 7 =/ % 30 BB G L& Z A, TENEOEIE Z 1 5 A 8K A D720
TEEBEOHEMNA I, FFZ 0.12 uM TITHEZEN ALV, FER O ORE, EH1
7 LRI O AL EDO X hu S U ARERPRO bc, 2RO OERIZ, =& b
T AR ICT182, 780 D512 L v i <7,

INHOFTENS, KRB NOAEL X 0.5 ug/ll £ & x biviz,

AR OREE 20 g0 —HOBUKEREZ 5~10 ml EIET S &, HIEHRETHD
Rk d 0.5 pg/Li 1% 0.125~0.250 pug Ulkg (A H/H L#AE TX %,

(6) EinEHHR

7 ACEYDOERE)IZ XD In vivo BB IERBRGEIC O W THILL T O = >0 #E
N o7,

T oAb T = (18.9%D 285U G A7) DO~ U ARFEANEKGZ X D YRR 5 R AT
b7z (Hu and Zhu 1990), BALB/c i~ 7 A (£ 5HE 5 P8) ORI 0.05~1.0 ug/
FBHROMAETESLG L, 1, 13, 36 H XU 60 HZIZYAMIEARZ ER L CRERD T,
FEEAMIE Tl 0.5 LT 1.0 pgAEHo & T 1, 13 O 36 HE YA RUIWNEE O F & 75
BN A B, & <IZ 18 B TIMEREBE DR ERBMNN A L TW5D, o, H—K
REAIE T, 51 HRD 0.5 LT 1.0 pg/MEROME L 13 HED 0.25, 0.5 X 1.0 pg/
Fa 5 B CQRORRE L O BRI BT,

FF LAY 2=y 7~ % (Big Blue) Z W T F o (238U: 99.75%. 235U: 0.20%.
BAURE) (ZOWTD in vivoiBln T-2RE AR T T\ 5 (Miller et al. 2010),
Bk 7 Xy k& Big Blue v U 2AOMHOBERG A NI (RHE 2 8, FH&E :
4, BHE 6MH) L, 7T2rARICEFRH~ Y AR Lz, EFNTEL BT lac T
B E RO OOER DNAIZOWTHIT LI 2 A, HE (THrABOKREEY 7 &
FEIXZ 4 321, 477, 559 ng Ulg #fk) (ZkAfF L CHRE BB NN L Tl Y,
HAEROEHETIIRHOICEERBINE /2oT-, 7T BEIXFE T (50 mg U/L) 7278,
e EEYE D B2 B HEEE 7 =1 (67.0 kBa/g & 14.7 kBq/g) %M Big Blue ~ 7 A28k
KTEE L, 2 2AR%ICIERH~ T A LZfl S, WEMICOWTRERIZHRTZ L2 A,
ZEIRTE FAAFE | X TS MR IR L TN L T2, 202 &0 B RRE R OFFRITITIT
NG L TWA EEZX NS, LLEOKRITIHICT T ITRE S NTHEBNS ST ) A
REEMEEZ T2 O TRFDRMRUABET 2L —FDHDHZ L2 R LTINS,

M~ o AR Y T =K (2.5, 5. 10 mg Ulkg/H) % 40 HH#K THRE L.
WERR RS & B MBS R bR B A L CBHEIRZ T L, 24 MRIHICHRE L7
PRI 35\ C/MERBATHIL T S (Kundt et al. 2009), /MEZO B L, B
BED 0.21%I%F L, ALERRETIE 1.92%., 2.98%. 3.2% & FARIIKFEL THEIML, W o
AEICBWTHEMER RIS ERE Th o7, IS ZEB BT H R Ril )
O B H A R B AR IRBET B LB T 5\ TREEHIIC A BTN L T, e~ 2
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2B B AGRERTO LOAEL 1% 2.5 mg U/kg A5/ H R T 5 EHERI L TV 5,

7 Z AEEITHONTNL DD In vitro BinmE R GENRE I TWD, T v A
== AN LK AHX—CHO EMO Hifatkz 7285 72288 B (hprt FEAT) RERTIE, 1k
ez 7 =L (UA: 200 uM) K ON#EEE{EKRE (H2O09: 100 pM) AFETH LN AR am
=— L RAPEHINE D 15 D7z HARFF R ERE R o n = — 2O\ TIHRZEF O DNA fET
PTHI TS (Coryell and Stearns 2006), HIRFHEIEZEIRE BN N HoOg 558 229K AE
LR L UABRERERTIL, 1~22 EORIENERIZD L, 1~2 EOFHA
DYEHIRFFFIGRAER LD b ARIZE WD, HoOe BB EARLER LV IZFEICD o7z, 1
TV VUL EICOIE B ARRKID L 95 I RE B ROBEEIX, BIRFRIRERITIEAR
5L UAFBREAERIZBWTHEIZE < JUAIZ L > T DNA SUIH X IFZRER A LT
LAREMERH D, 72721, Bk DNA HEICHKT 5 LB 2 b HEIEEROEISIL,
UA B IERAE B HoO2 B R Z2R A B N HRF R R RICB W TH O N2 R I1T A5
AN GQUAVAIAN

Wil Z =L —kf¥ (UA: 1.0 mM) T pBluescript SK*~7'7 23 KDNA #7 A =2 /L
EUBE (Asci 1.0 mM) & 3LCALER A 3% & DNA 8401234 U, UA XX Asc B Xk v 6
~8fEHEIM L TW5 (Yazzie et al. 2003), & L. DNA GIWrZ o SN EEEE G5 5726
ZDOXDBERPECEHN L0 ALFIRONT o #R &V 1ZTe LA DNA $HE1HT IR
HLTWDAlRetE 2 HERI L T D,

F¥ A =—ANLAZ—CHO AA8 fiflatkH >k T, DNA E1EEE#E XRCC1 OIEMEMET
LTWwW% CHO EM9 #k&Z HWIZHLEERE Y T =/ ZIKFIZOW T OHREF R & 5
(Stearns et al. 2005), EIsF2ERER (hprt JEAL) IXMAEAAIEIZ 0.1~0.3 mM O
ECIHWGERERZ R L, T OMHEEITBE AA9 LV EMI KO N 5 EfEE M- T, =
Ay BT vEAIZ K5 DNA SHEIWHI XM AR IEZ 0.05~0.3 mM O Jf & THMfs R 4R
L7z, AEEIFEER AR BT, WAk O KIS ZRITA Do Tz, [6 UH R
T DNA fHIAESHIE S, AEBKFER 7 DNA AIMEOHMA A S, 24 FEELE L
ty 48 BEFALERD T 3% o 7=,

MR T =)L DF ¥ A =— AN LA —CHO MR K 2 Ye R BLH /NG S Oililk e
ARSI OV T OWE N B 5 (Lin et al. 1993), Yo fkiH B (UHRER 2 h-+ [
HIFfH 16 h) TIiE 0.1 mM CYAMKREFEHEOFEREMA L, “B#FEE, Bk e
R, GO O RS BB B ST e, A b 72> B & Ao/ MEikBa

(JLERIERE] 2 h+[E4E ] 16 h) TIX 0.1 mM & 0.3 mM CT/MESE OB /2R A 5
TN, dliskGe oy (R AZ AR (R 2 h+ [BIERER] 22 h) TI3 0.01~0.1 mM T

BN A BT,

FiviEE Y 7 = (0.3~0.7 mM) (ZOWT DT v NN RAME H Rk OB 2 M
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(NRK-52E) #fH\\W/=a Xy 7 vt A Tt AFAER ORI KIE L T DNA $4
B I L C\N e, — . A "B T vy B AW /NMERER I, SRR T =1
0.1~0.6 mM O 24 FEEALER M T 40 f2ME DOt 235 5 11 T A (Thiebault et al. 2007)

HiLiEiE Y 7 =/ (1~1,000 M) Tv Mgl DNA Zmfg{bk#E (H202: 0.6 mM) & 4t
(AR5 & A uillE Y T =V O &I L TR DNAHEE 29 8- 8 Ka -2
TAXTT /v (8-0HAG) O R Gz (Miller et al. 2002), 7272 L., 2{bAd
e 7=/ (1mM) XO'H02 (0.5 mM) HIOMIE T DNA EIT R 5TV auy,
TEMERR S OFE # DILEAZTINT 5 & 8-OHAG OARBIH S TND Z L, kil
BT 7= A0b0 o RICE Db DT, IHEHEBRAEFEEL T LT DNA BENSIE ST
WA EHERIL TV A,

HfE ™~ 7 =/ =Fif% (uranyl nitrilotriacetate (U-NTA) : 0.01~1 mM) 22\ T,
b MEREAIR (HT29 clonel19A) . #EMGARIEMAL (LT97) & USE GO ETZ M Z v
Tmaxy N7 v A 03T, HT29 clonel9A HifiE & fEG MG EMIZ TIZ 1 mM T,
LT97 #lifid TiX 0.5 LT 1.0 mM TR 235 541 TV % (Knoebel et al. 2006) , U-NTA
2 &% LT97 M COYL IR ELE % 24 tAOw in situ ~A 7V XA E—2 2 (FISH)
EERWTIRIT L2 L 2A, UG RRTFHEEIIHEICKRGAE L T L, HAEREOEIS
HAEIEKAFE L TN L Tz, U-NTA TIEsE, REE e S— R UHEREE S RN T2
v, X AR BRI TV TIHEBEOEIG N L\ WOk L, U-NTA TIXRKNB Lo
720 DAICEE T 285 (ape. kras, tp53) HH-oTW5 5 &, 12 FBELO 17 HFYe
RICBITLERFEENGIL, =F P AVKR BTN LT 5 & U-NTA OB EN &
LTW5b,

9. Eb~DEE
(1) BEE

1993 A F X DB AN F =T MO 3 HUllOFER 100 N2\ T, SEKkD T T
R (<0.1~50 pg/L) MoHE L-REY 7 VEBIRE S MEZ L7 F= 0 XUIRF O E
TNT I (VT F=UER) & OBEEZ KRG L2 PRIt (Mao 1995) 1285 &
U T EROME Y VT F =T AR BT SR o 7oy IRPOMET VT
NXFT DB OW TR B ERRE FlniE®) 2L, 72720, JIREFEDOH
YN T H T X BT o T, KONRES Lz 3 Hillkod N O b & KB L Tu 5 233D
TRWREEFHIMERDR DY . £, BEEORFEETELZ DTN RN o770,
AWFZEDH RILBERTH D,

HENS TIPS AT - ) A "z2ay 7 Mo—kicsir 3 H 7K 243
HER304 (77 U RE2~781 pg U/L) EAKGEK (77 <1 ug U/L) ZFEHT 5
FEER 20 BT HOWT EHBEECEPK & EBHEE SN BIY 7 & L BREREFEEE & o
Z oMt LTot9E (Zamora 1998) Tix, IR D¥Ey, TA B VHRAT7 7 & —E (ALP) &
WP a7y BerMG) BHEMTELREL TV, 7 L7 F=r KOVEBRIZIE
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AREZ R Te, BN DD T ARPUTIALRME |2 5 2 5 L fmiT i TV o,

TR ENDHF N LHEIKES TN T 0 T ROER 193 NIZBWTH A
KPR RO T AR & BREREDREFRIE 2 MiES L72a%E (Kurttio 2006) TiX, JRH
DT AAREIIHFKRF O T T AR AR K L TWe Ay N-7 ' F/u-g-D-7 vz 2
=4 —t (NAG) ZDOMOLEDOFNMIET 25 L ARERBE#EL RIS RhoTc, 72120,
PR D T Z AYREE & YRR & OB IHFHFRICITAE Th o 722, EUFERROM =
TN ED otz Fo, FEFEHIDIE, RERKL/NSL, ZIEREOREL H Y | FHIK
MEHRIZ LWEEBbhb,

UL HFAK (77 8E 0.2~470 pg U/L) Z4EEL TV ER 301 A & xfHEEE 152
AD Ba-MG, NAG 2D G AR & il L7 OS2 (Seldén 2009) T, JRF T T L RE
TR EEEDS KT ULEED 8 (5 Th o Ie DN BEMEEDIFIEICA B AITFRO b o7z,

TAVAERE XTIy MIOEFEHT, mv 7 RE (866 &1 1,160 ug U/L) @
HFKEZFERMLTHWDLHEET AN (KA2 A, FHE5 N (3~125%)) (ZBT DIEGIHE 2372
Eh7- (Magdo 2007), JRH B-MG 1L 3 D FHtDO A& fE (90 pg/mmol Cre) 7R L 7=
. TOMOFEETIFIEFFHHAANDEZ R L, ZOHFKOFEHOIEIL 3 22H#%ICIE, 4
7% 3 IR DOIRT B2-MG 1% 52 pg/mmol Cre F TIE F L7=,

(2) #HAME
BEIR 1. % DU 7 VREORYCHEIK OEBETIL. B AMERSCEMER 2%
KIFT Z LidsneE LTnsd (BEIR IV 1988, ATSDR 1999),

H IR KB A U DR D 2k — Ry B BIEL i L7- 4,590 £ & 3 A B Gk CHE
I AVTEERE S A 884 44 e DN s A 644 4 & Z %P LT r— A « 27k — MJFSE (Kurttio
2006) TiX, P TV T LIEHPFAKRKFOREICL>TY T 7R RRT VT LDHE
it 10 FFERTE COBMENRE S, B L ZEBICAN THEELRFINAF— R T L TY R
JNEE SN, TORER, WTNOBHMEDE L LNRAD Y A7 ZFE -7 BE LT
RinoT-,

(3) Tt FE

RIRT T AREDRENT 4 7 REEBOREIH 7K 2 ) 13 FEH LT s 26~
83 D B 146 N L4l 142 NEWERE & LT, U7 I & B OVE I B
DD EACFIIE R T2, RO Y Z R EET 27 ug UL (WU AL&EPHAY 6~116 pg
U/L) T, —HY¥7=9O¥H Y 7 AABREIT 36 pg U/H  (WAALEEFH Y 7~207 ug U/L) |
B 7 oEEEIT 120 mg U/H (WU (i 2% 20~660 mg U/L) 72-7c,

BT, U7 EBREICELT, BWMEEO IR 2T —57 2 CRET n~7F K&
OBIRIEEO A AT v vy O HRKARZRENARBO bz, LL, LTI,
FERANFE O b NI IT o Te, EE DX, B MIBWT, BIIRARY 7 VEBEIZL D
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LA EMEOERgLZE & LT\ 5 (Kurttio et al. 2006).,

HEE Y 7 = VA MR L2 B 1 2B W TREMEA Ly ARREI N TN D
(Pavlakis et al. 1996) .

HEfE D 7 =L 15 g KOV U7 B B ORI EZ H0E ICIBI L2 AR E O BE AL
BE 14 (FEf - KEARH) NS S5 (Pavlakis 1996), (REITEHEH ST
WA, BEHERER 70 kg (2% L CIHHY 131 mg Ulkg (ZHHY L CUN iz, 483D O M bR
ITIEF TH o722, APt 16 Bz I1Cid, PRFL VT 2 5, 7 LT F=2 Loyl
3.5 FIC B L, BEEN R IN, EeEERIC K28R ET E2Z2isi, Ca-=F
LT S UNERRE, BEREET U AR = b= LA F L— MEENBB ISR
72 F L — NMEELROENBLAE 5 H H T 3.24 umol/L 75 1.18 umol/L & Tl L7,
BEOAIMIL 8 HMkt X, Rttt B E 2o 7,

BRI ORETY T L OWRINAEEINT 5 Z L1k 0, BEFEOT LTSGR AN
ToTREPE DS RIR S LT, B DU AE (b7 L7y F=rFF—8 LR/ T
R o d) O LR, 6 MARIZIEE L. TO%., HatkOEEMEImo &
Nipnolz, YVEES HITREREE (WE7 79=7/ F 702727 —8, AST KWy-
TNWEINETARTFE—BE L) bROLIH, 6 NHRKRITIE, TEhEoky
IR LR o T2,

1 0. EFRMEFOE
(1) IARC (1999)

TN—T7"3: & MIXT BB AMEIZOWNTHETE 720,

IARC X T8 & L THERNIZERE T 55100 7 0 (eI A Lo BETAIZE £
)1 IZOWT, & FORBBAMDOIUI A+ THLELTWD, B, VI &ZDfk
BYNZONTOREIIITOLI TN,

(2) FAO (A ESBEEE£#E) /WHO SREBRENMEMRELE (JECFA)
A7 L

(3) WHO #R¥4KKEH A F54 U8B 3 (WHO 2008) BRUBRMXE (WHO 2005)
b MR OEREICT DT T DB AT —XII AR5, 9T D HA KT
A EIIE— BEEE (TDD X EH L, Lo, wmypEdsiRse it/
Mo Toioh, e bIREZMED E O PE B OV R L C 3 & A 7 ok 5-12 & 5 i1 3Bk
(Gilman et al. 1998a) DOfERND TDI ZRd7=, 2O 7 v hd 91 HEFBRICHKIT 5,
HEZ v b OB FTALIRARE s TOZEMEIC S % . LOAEL 0.06 mg U/kg {A&/H & LT
W5, LOAEL 0.06 mg U /kg RH/ H I Afife 4% 100 (fE{AZE 10, FE# 10) 2@ H L T,
TDI % 0.6 pg U /kg (KHE/H EH M L=, 72d, @A SN REITRM /729, NOAEL @
K012 LOAEL Z W 2 & ioxt T 2 Mg FEAE R ZEA T 2 081370 < Bligicksir %
77 v OREEFPIIT 156 B T, MFiRE L L BIBEEOE(LII RIS LWz, Bk
K (91 H) DEHTH D Z LIk T D REERE L AE L LTV 5,
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7238, WHO fREWKAKERMET A R T4 2 (5 4 ) Tl ERICBWTT X TOHEE

DB R T B O DR GEILMFTE LR WIRFRIR X 30 ng/L TH Y. T E TOEM IR
BIL LA RTA A 30 pg/L ICEEHZ 5L LTWD,

(4) EPA/IRIS
EPA/IRISIZ. w[iatEtE (EPA/IRIS 1989) K OVKIAD 7 o (EPA/IRIS 1993) (24748
LTWa,

DB E (EPA/RIS 1989)
a. #OSEAE (RD)

R > NTEXY B Ef R
(UF) # (MF)
Faﬁi#‘ PR E ] NOAEL: 72 L 1,000 1 3 ug
LOAEL: 200 ppm (fE{&7 10) x Ulkg
EP%II“(DEX% (RElE 7 7 =L SkFn (2 10) X M@/H
{6 7)) (LOAEL f# /i 10)

30 A% 5 HE: 2.8 mg **

IREFE 5l Ulkg (KE/H
( Maynard
and Hodge .
1949)
*OMRLREL  REBWME O Y T U EEE 4T wt% (43 &b 238/502) . 1 ppm =0.03 mg/kg RE/H (T4 ¥
OFEE &) B HEE)
¥ NI T NS LTTEZMERE W I ERMBORBREENS LRI TE Y, KRBRIZBWTH 22X
WL B ERBRAE R D EBMEO B A A U2 HEZRD DI RS2 R LT D728, BRI 2
AFELVEWZ IOV TO/RE 10 1 XML TWZ2RW0,

b. XA S > (EPA/IRIS 1993)
— 27

QFMNAM

a. Al;AMEE (EPA/IRIS 1989)
Y ONGAVAAN

b. K&V > > (EPA/RIS 1993)
R S AL TR

(5) EFSA (2009)
HZ > F o HEMEER (Gilman et al. 1998a) ([Z31) 5 B #MEIc £33 %, LOAEL 0.06
mg U/kg {KE/H & L CW\5, LOAEL 0.06 mg U /kg &/ H | R EMR%E 100 (K
7210, fiz10) Z@EA L TW\b WHO #XFf L, TDI % 0.6 pg U /kg {RE/H L HH
L7c, FEMEM 7 RNENRE DO Z B R OB S N eI~ 72 2 £ /v 5, LOAEL
225 NOAEL ~DaMd, #ilgPED BB M DIREE ~DAMERIZ OV T, B2 5 IR
DOEAITHE /2N E LTV 5D,

120



© 00 I O O Bk~ W N =

e e e e e T
< O Ot =~ W N = O

itz 3
& CHEAL T A EE

(6) EMNEICHITHKEELEDRE LOROFM (BEEFHEE 2003)

2011/07/26

1998 D ETRREEF B S /KEMSNKEHEMAEZEERICB W TE, & b EERBMICE

T DT T DIED AL

T 5T =I5 THD .

)R ABPERT IS 1 ST
WD, BB BB L ISR L OB RIS S 7 L 07— 4

BT 5 b INE R EMHAFZEOfE R (Gilman et al. 1998a) % J&ic., LOAELIZAYER

5 = LAKFI T0.96 mg/L (1£0.09 mg U/kg K&/H . #£0.06 mg U/kg A&E/H)

LSz, 551 7=LOAEL

Lo T=,

LY A WAV SN 58 i | i

I HESEARER100 (FEZ210, B AZ10) Z@A L. TDIIX
0.6 ug U/kg KE/H & &7z, LOAELTORE /D
RO VICLOAELZfEHA L= &

AL TH D=5, NOAELD
IZ & BIBMOARHEFARELEA L o7z, £, B
SR V@?&ﬁﬁéfﬂzﬂ;ﬁ I15H TH Y | BIEROEEE L O B Eog
B A 2 2 & O RHEFEAE G

2002 E D EFIF BT B W T, 19984FE DM L 0 3 L WA LIS S Tuvie )y

ST-728 . 19984 DAL

CHEWTDIEZ AW CEEMiE 2RO D Z L@ Th 5 &

ST,
V-7 WHOEILLDHUZ7D TDIIEIZL DY A7 3l
AR LOAEL N EEEY TDI
(mg/kg fAHE/H) (ug/kg K=E/H)
WHO/DWGL 7> b 91 HE#KEGHER 0.06 100 0.6
B3 (—kK BT DHHET > FOBEOIE 10 (FE7E) X
O YGBHIEEE A7 R M & B T o £ M 10 (fEfA7)
) (Gilman et al. 1998a)
(2008)
EFSA (2009) v b 91 ARMSKEGR%E 0.06 100 0.6
ZBTLHEZ v N OBEDT 10 (FE7E) X
Az JR A E il T o & 10 (fE{AkZE)
(Gilman et al. 1998a)
EPA/IRIS UHF 30 HHEIRE&KGRAR 2.8 1000 3
(2004) LI B BAERHAERD . T 10 (fiz) X
BREOEENM (Maynard and 10 (faf{kz)
Hodge 1949) X 10
(LOAEL f#
)
V/STEV/N 7> b 91 HMEKESHE 0.06 100 0.6
BT HHET v FOBEDE 10 (FiizE) X
Az JR O E il T oo & 10 (fEfAk7)

(Gilman et al. 1998a)
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#V-8 77 OERBRICEBITH NOAEL %
| B | RERAE T RRA >k NOAEL LOAEL B 5 EE -
B B (mg U/kg {K5/H) (mg Ukg mgUkg | (L& HERA
P {AE H) {AEH)
EOILY/Ex
M| 7 | 4 M7 va—2@ EOE | 1.1 FEfgz ™ 7 = | Ortega et
£, SD | ks | H (2.2) A, W] JVIKFAY) | al. 1989
S
D | 440
i | U |30 HIFEEE | PREOERES, KERD 2.8 g~ 2 = |Maynard
£ 6/ | &G (BG4 T1RIZHIE) (2.8) [E. T. &]|//A<Kfi# |and Hodge
- 1949
@
| 7w b |91 HE W RARE B/ NFRR 0.06 fEls 7 7 = |Gilman et
2 SD |fkk#h: DTG AL RS YL [A, E. T, |/L"KF¥ |al. 1998a
st 1 PRANE S O D IE Wi
15/ B~ DS OV INZE R
b, JRAME MARE D22 ha
1t (0.06)
M - PRANE bR D/ NERIR
DEW, R—~ o FEHNE
JIESJEE K O R R e 1
fn (0.09)
#i | vYE |91 HIH % PR O F B AFHY 72 KE:0.05 |fHEEY 7= |Gilman et
| NZW | fokss It (IRTTZEt, B [A. B, TI|AAAF# |al. 1998b
WE e AN NEIN AU i) JE - 0.49
Q| qome (0.05) [A. E. TI
LH2E s PRAE O H B TR 72
M (BRAARIE, o
INFEIR DIETE) | R Bk
k. ZfE (0.49)
T |91 A R SR 72 S PR 1.36 e 7 = | Gilman et
NZW | ok $ 5 (1.36) [A. T] JLARKF | al. 1998c
I BIEOE N (BER/IAR 1.36-40.98
5-8/#F Al BEWRAGR 2 0 O R D& e (W]
~DZENL, BEHIOELI) |
A BLEE (40.98)
fH Z v b | HEEoKE SR, R, RIRIE. ez FLL 11 Hilin s < = Domingo
O SD |5 A s, IRERZZH (11) [T] v et al. 1987
Vi3
10/#¢
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| 7w b |90 HREfOK | 2aRIREKESR) (REM) % £ #E ™ Z o~ |Lestaevel
@ SD | &5 5 MENRER OB (oK - (42~ 7 |et al. 2005
Vi3 40 mgU/mL) (%H1Lhisis ™ =/). (Houpert
28 T=NVEVIEREY T D (A 1LhElz | et al.
73 REM BEIREFE 23 E V) 77 =)L) |2005)
7w b (159 HEK | REIRIEIC X DA FLiHiE Y |Bussy et
SD | Kk#E EVBEERORES (B 7 ="K |al. 2006
e 121 7K ¢ 40 mgU/mL) piiLY|
v b 9 ABEUK | N = L AT T — AR F{biEEs ™  |Racine et
SD | &5 BRI 2~ DR OBES 7 =)Lk |al. 2009
1k TRBL~UVZEE (K e
14 7K : 40 mg/mL)
A | v TR R 6~15 | FEEMY) - F BTN/ AE  NOEL<2.8|2.8 HEfg ™~ 7 = | Domingo
@ | Swiss At & Tl HEnamEl, 1 B472 08 |[Al W, E]1 |/ Kf¥ |etal.
e | HROES EHE DWW, FEEOH 1989a
20/#% m (2.8)
FER  REIR T, SN FREE
e RSB D b5
(2.8)
A+ ~ DA MR 13 B4 | RIS K D R EMW AR 2.8) 0.28 2.8 Hefig 7 < = Domingo
® Swiss | ~it% 21 IV KFNW) et al.
i3 A ¥ Colill | FHERERE o). [NOEL<2.8 |28[T. El 1989b
20/ | OG- REMWOEFR, WEERD | [A
KT (28) 2.8[W. El
| U R | RRBLRT | ERRRERE ORI, EE) 2.8 Wil 7 7 = | Paternain
@ Swiss |60 HfH MOIRIKE (2.8) [T. El VKT | et al. 1989
R | AQECAT
25/ |14 H~FZH
Bl
SRR 1%
5
A T A | RECRT 64 | AERFH TRV R E %o | Bigv 7 = | Llobet et
@ Swiss | HRIfOKEE | W72 SEALEED TR D W 11.2 | VKR | al. 1991
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ZZIBWTHIZZ NV = AR UL O, FNBEHET LV v =T A TH D
BNZOWTXRETICHRIHE LIZbDOTH S,

1. nHFKA. RFELEF
TUPAC : plutonium
CAS No. : 7440-07-5
Ji+f5C5 : Pu
[FINZAE & : 238Pu 238.05, 239Pu 239.05, 242Pu 242.06, 244Pu 244.06
(The Merck Index 2006)

2. YBEeEiHER

fls (C) @ 639.5

v (C) - 3,235

BE (glem?) :19.84 (25°C)

8L SRR SR

Cal P FREd 1998, HEM(LAY - SHIREEIL 1997)

3. MEHERRE

TV b =T AORNRE LTI, AR 232~246 O HOBHM LTI Y | FRIZ R
DEWHO L LT, 29Pu (] 2.41 x 1044F) | 2490Pu ()8l 6.56 x 1034F) | 242Pu

CEEY 3.76 x 10542) KON 24Pu CEE 8.26x 1074) MH V., TN HILT X T a Ak
T HHSABERETH D,

Z O, 236Pu (HAEUH] 2.85 4F, o BURHA) | 238Pu (R 87.74 | o STAR) | 241Pu

GO 14.4 4, o KOV B AHA) | 243Pu (G 5.0 ], B AGHHE) EAMFET 5 (The
Merck Index 2006, {54 - $E1AFEHL 1997, Argonne National Laboratory 2005)

4. B

TV =T NE, BERREE, TR iR, ANREY DR, ORI OV N T e SR
DFEEE LTHOWOITWSD  CEIEERM bR 1998, L&) - SERFEIL 1997)

JFRIF OB E L CiE, BAKIE TR S A IRIRHE 7 7V IRELO R T H 5 MOXBREL

(Bb7 Vb= LTI ORAEYW) ELTBIETV b= 208 HWLRTWD

(Makhijani 1997, ATSDR 2010) .

29Pud, FEF 2RI L TR A Z L, W e p R+ /38 To< bivd
TRV F—REROK) 35D 1 27325 (DOE 2005a, ATSDR 2010) .

288Pul L, M ANFH ML OB EMEEKO L 9 REEENORERIR 1B OER E LT
A TS (DOE 2005a, Koch 2005, ATSDR 2010)

236Pu J U22Puld, BRIEM OVEMREIF O 7V =7 AJED FL—H—& L THAS
LT 5% (Brouns 1980, DOE 1997, Kressin et al. 1975, ATSDR 2010),
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239PulE, 1945124 T EZRICHE A =7z (DOE 2005a, ATSDR 2010) .

5. BRARTOH - BE

7"/1/ F=ULTEY T B O—2>TH Y . I IH O 2RO FRALERIZ K - T

HEonb, R JIBEFORAFTIE, 25U OSRIZED 2 5F 72133 >OHE+ 24
D\_@¢ﬁ%ﬂ%ﬂIE&Néhf%Wuﬁiméhé (ATSDR 2010), 2003 4Rz
RPTH 1,855 DTNV R=0 ARFIET H EHEINTEY . 1,370 ~ ATET I3
TEATOMERHBE BRI H D 2 E N LI/ > T D, 2003 FRFERUZEBIT H 7V b=
T AOAFERIZ, MRFORTAFT 70~75 FUMAEEHEE STV D (Albright and
Kramer 2004, Clark et al. 2006) .

RAENEEFERRIT, 1980 T T LA, ZNE TOM, 7 b= MRS TA
THNCERE PO S, 131F 10,000kg D 7L k= A& KEH L T2 (DOE 2005a),
AP THREEIND 7V E=T LDIFE AT, 1980 HFITHK T LI KRB ER S
DOFEHERE T L2 D TH Y | 238Pu, 239Pu, 240Py KN 241Pu %D 7L b = AR
R ERIC LY SN Tw5, (Clark et al. 2006, DOE 2005a. Eisenbud and Gesell
1977. ATSDR 2010),

289Pu N RKIRICAFET D 7 T VHAF N ORI S50, ORI BB IR TRV
Wb ETH S (Clark et al. 2006, Lide 2005, ATSDR 2010), £7-. HARIZIE
DD 244Pu WFAERN TR A KDL IR CTHET S (Clark et al. 2006), 77 U B DR
VHEFIE TR 20 EBAERINICAHAE LT A7 v RERIEFIF D L 9 72 RERIRFIFN T ED 7 v
r=o 2034 L= (DOE 2005a),

BREPICBW TR IR SN 5 70 b =7 ARMKRIT 29Pu THY ., RNT
290Py CTH 5 (DOE 1999a),

BREZTIA~D 7L b= AFAEJE UL, EO KRB NEERR, feidfims g L
=i, N THEOFTH IS O JBL, Jﬁ%bﬂuiaﬁﬁ&z}*; VAT A Y N —TRIESR . B
PR OV AL B, BRI S B L 7= S 3 b D (1 I BE/RR o b ) B s A

(NEA/OECD) 1981), HHEHIH EINT-T )V F =0 2Ok EIL, KB N R
i S vz miz T/ & (ATSDR 2010)

KEHFITHHE S N7 0 b =0 Ak, BER OFRKSOBME N LS I X0 3k
HICEET D, TV =T AN —ERERICAD &, L OHEREWR I WS T 57X
e B OO Rndd{ CAMIENE T 5 2 &7 % (ATSDR 2010)

ATSDR O#HMHNT 07 7 A L EHIT, T k=7 AOKRNEIRE & BB 5 R
AN B AR L7,
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6. AREHE
TV b =0 LOmEEREEIL, NI E Y (B PuOg) & EfEMEALEY (] : Pu
[NOs3] 4. 7V b= b — 7 = fippkiR2 (plutonium citrate complex) ) D 2 >D—fi%
P72 OILEMITERZ Y TTIThiLTW\WD, L L, RN TITIRD X 5 72t
HOBERN TV =0 LOBRERICEEL 525 5, (1) £EHIpH T COMKZIRERIE
EfREPu (IV) OO TREEMHEOR Y ~=—%24£ U5 (2) b A X FEREICRBIT 5
TR FEPEE ONT B B ONEARAE D D OWINRIZE A2 5.2 5 (3) PuOedM R S 7= BERIR
FE OB 2R i R NSRRI 2 #8000 & 5 W BRANEERS SO 39 D s PRI R 288
ZHZ L5000 Lz, WONS (4) [FIALIR O LT RE - MRk 35 1T DoRE 1 D KRR B &
TR iR ET Ak (radiolytic fragmentation) DOEIGIZHWE L 525, T O Dk~ 7R
BRIX, BRSO D A CTIERHIC KB SR WS 7V s =0 MEEH O mENE
ZHELIED, BMASINT28PuO D mEENREIL, FIERARL 7 X (>1um) 28D
W N ZI72239PuOe D MEENRE & 1T G e > T D, A SR EEFS L 72238Pu0q
1%, 239PuOg &t~ THi D THUEIZ I S AU, EITHTIE & B+ 5, fke LT, 2
FED RN AR D[RR 72 i ~DOHIHAILE X, 239PuOg & LE_T238PuOo~ L 1 2 < WRFE L7214,
Il & B hs (B B, B ~ORMIChbIE2HE (ZH60HFREW) Lili~Df&E (Z
LoDTRDR) ZELLTHAD, THLDORR, RRDMEBEVELELTND T L
D, B E AW TOE B S VT ARTERBR TR STV D (239PuO IR EE 1% 13~ D52 253 R
T, BPuOMRHERITE . B, MWE~OZENEHE) . WA ZI229Pu (NOs) 1DH)

N

e, i, REIT8PuO L AR CTH 5,

Enr

(1) YR
H (&% mollusks) IZEBINT=T N F=U LDt MIEBIT BRI OV THFZE S
TWD, RABREN, BT 74— RE DT VT DA XU ZAGIRE AT T O TER
BE 72239 PultU40Puz e # ~ X B 1 (winkles, RHEHO—FE) (FEes LW
E24,) XX A (cockles, A M HDO—F) (BS54 K OLME14) #RO#E
B L7 (Hunt 1998, Hunt et al. 1986, 1990), & H{EHL X 3172239 Pul ON240Pu® Hi i
DOHiPAIZ6~16 BqTh o7z, FEHORKDBEILTH £ TEYERE 2> 5 L 72 248K IR
Y TR E ATz, WU S 72 HE P O EIE (WIER) 13, BL2R S 72289 Pufk (240Py
ORFERPPEME & T X TR SN ERE LG A IS RIS HREED L L U THEE
ST, BFIT WIS =7V h =7 AR OENIEE T L& HW T4 S 4172 (Durbin
1972, Talbot et al. 1987 % TN1993), W& SNV FHRINERIT, ¥~ ¥ H A 2 0
L7-#BRE C1.7x104 (#iPH : 0.2 x 104~4.9x 104) Th o7z, VA 2R OER L=
PeBRE OHEE EHWI R T, THREICHEH SR AT &% 51.1% & T#l9 2 Durbin
(1972) OBFEET /MZES L4x104 (BRRTx104) THY ., 7THRIZHEH S 72BN
AN EZKI2% & THl9 5 Talbot 5 (1987, 1993) OFNEEETT /LIZHS< £1.9 x 104 (B
K3.9x10%) THo7-,

2 REET NV b =T BE 7 R R RO L CIRIRIE T L b= AR 72 D
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AR T T 4 T3HIZBWT BYE LB VBTV b= KRR &R DR L
T B OB ITRIT 2WINEZRE Lo R, & ARS8 A M SUII A MICHlE Sz
V=0 LRHEE L 6 HBIZ T TV b =T A FIRNTES L7212 ORISR O
Br & OB OHERICEES & RAOERESNZT IV =T AORHE SN WRICGRIZ2 x 104 5
59x 104 OFFH TH ->7- (Popplewell et al. 1994),

W NS O DB DO AT, JR~DO 7V b =0 At EO AW FRIT =42 U 7 NZH|
REFOENAT EORIEIZEESE, b MEMIZE T 2 EEWRINENfE S TS, 2
NOOHEEIL, WA SN2 TV b =T LORFRIE~DIULHE & FFRIFIILE LTV =T
LORIVRIZET HET WMZEDSREICH > TWD, v — Y VEOEFERICL 571
h= A« 74—)LT7 7 NIEFE L7- Rongelap B 34 FEBFNZDOWT, 7V =7 ADJR
R EORE E WA LTZ TV =T ADWAE & WIUZ BT D2 AEIZ DN TT — HZ fiffT
T5 L. HLERINE (RFL TE mESDELZLOL L) 13K 4.2x 104 (G : 1.7
x 104~7.1x 104) & #£7E 4172 (Sun and Meinhold 1997) . Mussalo-Rauhamaa © (1984)
. 747> ROZ v 7 AN (Finnish Lapps) IZBEWT—ED 7V h =7 5O ANEK
ORHFENE (FIZ N T A OBEEICHR) OHEEWL TV b= LHEEEE 2 0E L
T, TN b =0 LAOFENARTEDOIIT 21T, IHEE ORINRZK) 8 x 104 725 9 x 10
EHEE LT,

TN =0 AOHBERIUZOWT, B FUAOREH. 4 XK OHE L2 DT > HEIZE
WTHIES LTV D, THHEDIFFEDE I1E, WIS N7V b =0 bz B8 RFri Rk

(- P, B4 ISR T D70 =0 AAMEOKRMIC TV =0 ARPHEEZ 12
b LTHEZIToTWD, B NUAOTREHTITIHLE ORINEEHETE T H 7201
“HE[E)IKEE (Double isotope techniques) &V HiL T2 (NRC 1992) , Z Dk
TiE, B BICH L T29Pu (VD) OREKFREOR N F G K U26Pu (V) OREEAKFERE (X
1%238Pu) O FFIRN$E G- 03T v MR IZ 35 1T B R O [N AR L O LR FFE (retention ratios
for the two isotope ratios in tissues) K OVRHI~D ZRFEPEM 3R (cumulative excretion
ratio) 7> HIE(LEWICGRAHEE Sivlc, WL, Bt B TROBIRED0.22%, #HE
RO B B T0.011% & HEE Sz, 29Pu” = Rl (239Pu citrate) XIXHARART MMIEIN
SHT229PuD 7 = P A HESR RS O i G- S TR~ —E & v FO I, B
EOMBECHIE SN EHEE L~ E | T b= AOELERINE X, 7V b=
AT UL U THRE SNTZ5E1380.24% | BIRAT MM L TR E SINT-5E1X
0.14% CohH->7- (Ham et al. 1994) .

b NS OBREFETITON AR ORBRICIN X T, 7 ¥ A X R OFE A O - HEE T~
IRENIAR AL RRICE T 2 70 b =0 AOELERINESHE ST D, ZhboRk
BRRE AR S A 5 2 ZIRFIZBET 2 L FO—kiufim 2 SXFF LT D 0 (1) — iy
2. TNV =0 L7 = UBREOWINEITHEBEE O T LD < MR ORI EIZER LY

(PuO2) OZENL Y ZWMEAAH D (Sullivan 1980a) (2) FEIZKIT D7V =T L7
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T R K OHBR I OWIN EHE DL  IZEGED01% KM TH 5 (3) MRITRINESE
HMxE5Wm A H %5 (Bhattacharyya et al. 1986, NRC 1992) (4) #HAEWRICRIT 5%
P, BRIV =0 AOEIBREICS L2038, BN (BE) ©10~1,00015%
(Sullivan 1980a}2 1*1980b, Sullivan and Gorham 1983, Sullivan et al. 1985) (5) %)
T v MZBW TR ZIEIFWINEZ RIS, $KRZIET v b~ =gk (Fe3t) &5
IR B 2 ) &% (Sullivan and Ruemmler 1988) (6) /L v MIBWT, FHEH
E}E (surface dusts) O 7L k=7 AOWIEIT, #5-57000.001%AKiW T %5 (Harrison et
al. 1994)

(2) 2

HILERBOLPIRE LIt MCBT D7V b =0 AOENGAIZET 205813 s S
TV, b NUSNAOEREE, A X LT 2 O > WHEICB W TIThOL 2 ar9Etix, Hib
EPORINSNTZT N =0 LR EICHFRE B0 (=90%) T52LERLTND,
MR LA E B (n=4) TITOvcdBiiL, 239Pu (VD) O REEHE O Ba 5@ R 0 & 5%
46 A Tl RN AR EDOKI90% D3 F# & IR/ E L BASITIgR O 7 v k=0 L (fR
B fif ftotal burden) 13891.2 (&P : 0.7~1.7) THDHZ LA RL T (NRC 1992) .
TV b = SRR K OEERYE & % ARG S LT A X TIE - TRt 1~4L Sh

(Sullivan 1980a, Sullivan and Gorham 1983, Toohey et al. 1984) . 7 v F N~
ATIE1~8 & & TW% (Sullivan et al. 1985) .

(3) K#

AERRIZEBNTT IV b =0 A, BRGNS Z R EROHEZ 7 E Y T
v REOBEAEROERIZE YV R@# & D, TV b =0 ZIKER T CII~VI Ofikie
THET 203, KRIEOAERPSM T CiEEB{biRkEIZPu OIV) T& S (Gorden et al.
2003) . HPEOPH 2BV T, Pu (IV) A A TN HEERE OREES RO 7L

= LKLY (Bl : nPu [OH] o) (2K EE 5 (Taylor 1973) , Pu (IV) 1%,
TNTIv, sa7d )y il hFrAT72)Y) | FBaxORSTEYVNIEE VST
A FREREFRHEINE % o 27 'E  (physiological proteins) & #H &K ZHE AT 5 (Gorden et al.
2003. Lehmann et al. 1983, Stevens et al. 1968, Stover et al. 1968a, Taylor 1973) .
Pu (IV) -+ 7 27 = U CEASEROMEEEEITRE S TWRWA, Fe III) -~ T &
7 = U AR (Kd=1022M) X 0 ZEMENMEW L 5 TH D (Aisen and Listowsky 1980,
Turner and Taylor 1968) , #ER & LT, Fe (III) O h 7 A7 = ~OfEE1E. Pu
(IV) RWEDRRE (FF A7 =0 20) #ET oI e b2 5, B OSFHEBUIR
RELTINVEI=DLD N T AT 2 U ~OfiE % S5 (Turner and Taylor
1968) , 7V =D NFIELZ LRI BEI T RTHLARY VR FX VI (B 7 = 8,
) & bHEAEEREIERT 5, Uik 2D 7 = EEE G IR D2 E BEEEITZ L€ k1015
M. 100 M<T#% (Taylor 1973) .
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(4) Het

WIS 7 =0 LOFEMICET 28R IE, WIS 7V F =T LD EREHES
WToH DTN (EWFRER > 9F) LBk (BT >204) (ICRP 1994a,
1996a, 2001) (23T HIERFHIDHERIIIZENZ £ 2R L TWD (Leggett 1985) . t
MZBIT 27V h =7 LOYE R ORISR DT —Z T, 7V b= L - I A
IT 4 7 ADOKFET /L (mechanistic models) OPFIFIZEELL TWbE, 2 HDET L
I3, BRI N ZAMEOBEENRE, BiRE L EE R TV = U AR ORI A X1k
TN =— 3 v KOB0~1004F & HEE S 405 LI Z2 BiE 7 o = 2 O - &2 Tl L
TW5 (ICRP 1972, 1979, 1994a. Khokhryakov et al. 2002, Leggett 1985) , #Z/&7¢
FZAE D ZHMEOPRIE S Z 5 v 9 Z LT, BRERRICIIERAR RIS N7V k=
TAIHTITEDL ETREND, LLARNL, WARE TIE, MEchoffk~n 7 v
F =7 AOMIEIR & 72 B LS LR+ OB EA Lo i 2 & o, M T otk

NP BN BRI A 5.2 5,

b b CUH289+240Pu & & A T2 RISV O ELH: 7 H [IZ 38 T 239+240Py. D R HJETE 1
NEIZE S 7= (Hunt 1998, Hunt et al. 1986%181990) ., 236Pu (VI) mEg/AKFEH (CUX
239Pu (VI) [REE/KFEH) Zb bIlCROKEG Lk, 70 F=7 ADRFP~OYEI K]
D24 T HBER SN (NRC 1992) , Priest® (1999) 1%, HEFEMIZIRA L7=7 /L b
S LEROBRLZE NMZBWT, 7V =0 AORTHEMZBILZE LT, 4 XK OFE~
DT > W TIT O IZAFZEIE, BROBIRZICRN SN2V =0 AFRPICHEE S LD
Z L AERLTWS (Sullivan 1980a. Sullivan et al. 1985)

7. EREBME~OLE

BT, TV h =T AORKRORERIC L DRSS, D MiE R, ik, FEs. k.
RN, RSEIMRER, foE. U LooSER, AR ZEGIE M OV AE ~ DR QN RS AN BET D
3o T,

(1) T

HERT v FTR, IV b=U Ay o UEHEL.2 x 104 kBq 238Pu kg O BA[RI5E IR 1 &%
Hilzk v, BREEH2AR E TIC45% T Lz, 3.7 kBa/kgD 51 L AT ITME SN T
W72y (Fritsch et al. 1987)

(2) HIEE~DEE
T b= A7 T U EEE238Pu 174 MBo/kg & SRl O &5 S BA R T » T 1k
BTADRENELE ZILT- (Fritsch et al. 1987) , 5,300 kBq 238Pu /kgx= &5 34727 » b
TIX, MED W 2> < DIEEIZRE DR RN BIEE ST, 17,400 kBq 238Pu /kg% $¢ 5
N7 v FTIE, /MEOREH M & Of T MR K D2 ORRE 72 MR B BIEZ S
7= (Fritsch et al. 1987) , 5,740 kBq/kgZ #5- S 7= flifkZ » N Tl KipoERiE L &
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FEOAME TP ERBMN2ZRD Hiv, ZOREIIRE%SH THhRd bz (6H TliEl
X))  (Sullivan et al. 1960) .

(3) EiEE
TV R =T LS DR OBEREEMEIZOW T, In vivoEhiER & OV in vitroikBRIZ B
TGN TWD,

BB 25T D in vivoiB B E R ARE X, 7V R =T AONEBATRIC oD FR I
FERE L CY R R HE A M2 2 L2 —B L OURLTWS, TV b= A& AR
T LI VRO AR —CY R FE NBIE ST 5 AT Ot f i #231.9~19 kBq
239Pu/kgRE & 72 DR E D 29PuO IR ER L 7= R T 1 7L (LaBauve et al. 1980) &
WA D fifi B far 25340 kBq & 72 D AR E D 239Pu(NO) I BREE LT 4 =7 A ¥/ (Brooks et al.
1992) ([ZBW T, MH U >/ EROYEIREE OB BEZ SN0, Tk VIRWERET
ITBIER X7 o T=, IfERR~ D5 23370~9600 kBq 239Pu/g & 72 A ED =T 1 Y /LT
DIEFTEHRI0OH DF v A =— AN LA — O T, BT 72 Y o L5 AH B D 1Y
ma@iz s (DOE 1976), 13 kBq 239Pu/kg (KED29PuD 7 = L Feth % H RN 5 L
7o~ U ADEFEHE CY AR EE OB BIEE 17z (Svoboda et al. 1987), HF M
D bR T OITEGHITH - 7=, Nk~ 2|2 5230.026~0.74 kBq 239Pu+i L
< 13238Pu/g (DOE 1976) X174 kBq 239Pu/kg {A#E (IAEA 1976b) & 725 X 9 72239Py
XE28PudD 7 = PRI XX B b RN B ST T v A = — AN AR X — D
FAA% T, YRR HEE OBMABIE Sz, 29Pu0s X1238PuOs Z 4% 5 Sz /A A
Z— 204, 29PuEB8PuD 7 = U A FRIRN I G- SN Tc N DA Z — D F I N TY
R EEE N E -7 (IAEA1976a, 1976b), Stroud (1977) (. #IHAD238Pufifi fif
EDKI5.2 kBqd 72 5 LLD238PuQe-ZrOghi 2 W ABREZ L7 U 7 U N LA Z— Dl
AR CY R OBENRE LML Z & 23 Lz,

238Pu02 X 3239PuOe D =7 1 > b e | I D kA5 23 € 41 155550 X 13580 Bq (K
22X 1324 Ba/kglKkE) LA T ClRE L~V AT, fiila~ra77—v (PAM :
pulmonary alveolar macrophages) (Z/MEDFHERE N D Hi17- (Talbot et al. 1989) ., %t
HERED~ 7 AOPAMIZE T B/IMEBARE 1 X0, 1% A0 Th - 7208, 238Pu0s X 13239PuOq
IZHEEE LTz~ U A CI/IEHE O B — 7 [TgEFEX21H TENZE N3 R TB%IZE LT,

PR 7 A AR & S A OMEBIE Z T 2 RO TV DIEEL L L0 b
VEME L~V T =0 MG A IR OG5 ST > ORI Tl Yefals
FEBHE OB BIE STV D, 28PuiEtE L ~/173231 kBa/kgiRHELL ETH 5238Pu
(NOs) 4% HEEENE G S ic~ 7 Z OREEMING T, Yea AR5 5 5 O BaE 72 BN 381
2 X117~ (Pomerantseva et al. 1989) , 370 kBq239Pu /kg{KE D239Pud 7 — iRl % &
RN G- S VT2~ U A ORF R T, & 5% 6~ 181 THH AR OB O YN A Bl 42
7z (Beechey et al. 1975) , 370 kBq 239Pu /kg{KEE D239Pud 7 = gt % kN &% 5
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SN~ T AOREFEAME ClE, BB OMEE OB 8152 27 (Generoso et al.
1985) , HAFED SR XM & AR BB LT L 7=, LU, 150 kBq 239Pu /kg{A & T
RN G- S/~ © A Tl AR OFERITAE T2 o 72 (Searle et al. 1976)
WA 7o FF e & RS ABE OB Z 512 2§ DI+ G L~ (22~74 kBq 239Pu
[kgiRHE) T29PuDV = Z RN G Lo~ U A I N LA X — Tk, MHEMIEY
720 O YR B B SRR RIS A B e N3 @I22 S vz r > 7= (Brooks et al. 1979) .

TV =0 MIRERE S~ U A TIHEESENBIE STV 5, AZRCAT4E HIZ3.7~
18.5 kBqD239Pud 7 = PR W EE L 7o~ U A & Rl L7z iff~ o XA T, FE AR ESE
NS 7= (IAEA 1976k, Liiningetal. 1976) . F1itftoif~ v = & 55 u‘jﬁ@
MECTH . EMEBOERBIER I N, SRR O239Pu (TR SN~ T AT, R 120
R4L & 72~ 7= (IAEA 1976k, Liining et al. 1976) , Pomerantseva® (1989) [, TC@E
H12~2218120.925 kBq/gAELL ED239Pu (NOs) 4 & H[EEENE G S iz~ 7 x|
WTHEMEBEN I S 72 2 & | 1.85 kBa/giRH 4 1R 5% Lt%#/}:ﬁﬁ’ﬁ%ﬁ?ﬁﬂ@k f;ot
ZeEWmE L, MU XIZBWTHE T R =T ASOIRFEIZ K o TEMESEED I S
T35 (Searle et al. 1982) , 740 kBq 23°Pu /kgﬁKE@Z%PuO) U T PR A TR R G- S
Tz~ D A TIZINREMIE O BEZE 72 3EIR N 51k & S dv, *ERREE & b~ TUEARENV S i)
LTWe, 7V =0 LAOFERNEGZICERBIFE (128) &h3 25 &, RS BREZED
W COBEMEESENFHER ST\,

T s =0 DMEE D D DaFITHRE S Vo4 Tein vitroaBRRICHE W T, BEnEtE
BRARIZ— B L CHtE L s ST D, Qe REEIL, b FRIEMm Y o RBRE VY o3
#EK (DOE 1980h, Purrott et al. 1980) . ~ 7 A'H#f, ~ 7 AHK10T1/25% U 3T3il i
¥ (Kadhim et al. 1992, Nagasawa et al. 1990a) . v A =— A/ LA X —H3KM3-1,
V793 N CHOK- Lk (Griffin et al. 1994, Nagasawa et al. 1990b, Welleweerd et al.
1984) THE SN TN D, WK ESEZHIT, 7V b =0 ARG L FARMMm Y o~
/NEK (Aghamohammadi et al. 1988) | ~ 7 AH#K10T1/2 % O8T3#fldkk (Nagasawa et
al. 1990a) W HNZTF ¥ A =— AL A —CHOMlatk (Nagasawa and Little 1992,
Nagasawa et al. 1990b) T#ED HIL T 5, Bilbaon (1989) X, 7V h=T AT LY
B RREM Y S SERI/IERN B SN D Z LA WE Lz, T OMOBMEO B R T IR
EIZE, B P RUONA A X —Hilakk COBIE 12298 2 (Barnhart and Cox 1979, Chen
et al. 1984, DOE 1980h, Thacker et al. 1982) . F ¥ A =— A NLAHX —V79-4 L}
V79-379AMINERE TODNA —EHUIWr (Fox and McNally 1990, Jenner et al. 1993) . 7
X A == ANARAH—VT79-3T9AMNE TODNAEE (Prise et al. 1987) W~ A —
Z v koA Ty RHFEEE TORKHEIIEDIK T (Robertson and Raju 1980) 235
ENTVD, TN =T LFFRAXIF T AEDOW L DOPOEIRIC & 5861 JRAE AR
TixMETH -7 (DOE 1980h) .

(Z%]
T b =0 LMEE O R D ONEEIE IS K DT AN 2 B FEER OB E 2 D
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Do

239PuQo 7 1 V)L & W ABRER S 7= MEWister 7 v kTl EMREE OF AL, itk &
0.45 GyLA L2 BRI L, 6.6 Gy THRI90%IZiE LTz, £72. %< ORI REIL, Mt
1~2 Gy CIRFR 120 A% b R &7,

7 = Fp2s9Pu A HEIEEN G S - MEC3H~ 7 A 2B WL, AFEROBD X, Bt
B2.93 Gy HAAE 0, 42.4 Gy TREEM T Lz, 72, B EIL6.93 Gy Tl KMEIZ
L7z (Oghiso and Yamada 2006) .

8. Eb~DEE
(1) #LAM

%lzm7bﬂmmmme@7wk v LE%R O G EF IS D 2 — b PNE B kR

7% (Brown et al. 2005) TlE, 180JEBIDOANASLTREL LT U AT 2B [E LI=E D45

@ﬂ%ﬁk%mﬁbf%ﬁﬁﬁtmﬁﬁéﬁﬁﬁﬁbh\%%%ﬁ%«mm&%ﬁfmﬁ
DOREEHM Z BN THEOMNAY 27 DORIZ2.2 (95%CI : 1.1-4.3) L HEICEF LT
Wiz, 72720, U R ZIFIEK | L CTHFIEM L T8 67, £ 74— 3—TlER
<. WHEDOFEMIC AW i d 5,

JE - IIRERR 2D 7V R = DA ST BRI S Ve T T IR o FE RSB T % |l
ARCEE N AN LD et L7230 AHALD 2 48— MMF9E (Eidemuller et al. 2008)

%, BREAGRE (500 mSvA ) &BIEEZ RS BN AT (1854f%1]) OFRAEIZH
B EnBER (ERR0.76/Gy. 95%CI : 0.23-1.29) NRH LT, 7272L, b=
U AEEO D Mgk TIEH DM, BEHRRFEIIEE L TRy v ARA MR U F U AIZLD
LOTHY, TNV =T AL DBERLETHLINE I NIAHTH S,

FIHIER L 31T DB OFZeE OHE (Kossenko et al. 2002) TiX. BB AZKT HERR
1%0.65/Sv (95%CI: 0.3-1.0) . HIMLIFIZRT 2@ EIFEAERIT1T AFE Y72 0.85/Gy (95%
CI:0.2-1.5) ExNTW5b, ZO#%D#HE (Krestinina et al. 2005) Tik., BN AITKE
75 ERRIF0.92/Gy (95%CI: 0.2-1.7) . HILIFIZKS 5 E4134.2/Gy (95%CI : 1.2-13)
L7 oTWA,

KET S MO T N =7 LTEOR FIZETe8014 DO K4 4234 D ERMEEI
P2 SRR RR & Ll U 7-AF9E (Grossman et al. 2003) TiE. 4o FREICE
WTHURIRDS A DIE 7>, AP e OV MEARTHER E DR AU, THIS DB 2 K&
CEESTERLTND EHEINTND, EFHELIT, BEHENBEE LTS ELTYH,
N FERTHA D EHEFRL TV 5,

(2) #BKRE

FEEFsEIE, 7V b=y A e hOBEIIREE I 2 &0 ) RIER 22 EIL A SR E L
TV, TV b= A KBRS RRRE & U o NERO YRR & oSOV T
WS OPDOIIZERH Y, BERICER b RSN TV S

KE= w7 MM Rocky FlatsD 7/ b =7 i @ﬁ@%(%ﬁ%%ﬁ%ﬁ%&ﬁl&)
PG U798 (Livingston et al. 2006) TiX, SlIBL7=7 Vv =T MMEEEZ D H b,
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B M O AR B A3500 mSvAT & HEE S5 304, FICHMEHREH3100 mSvATH & HEE
D174 K ONEEE L O R < BED 72\ O FREE2144 128\ T AT R, INERHR B
KAEIL Y o7 ER D Gt fR B K OV IMZSRE DBk 2 i~ T, YufREH OB 1T B SR &
(ERRICEY IAENTZ TV b =T A5 Do F BERR 2O T IEIL168 mSv) & IEDFHE
Ndo7T= (KVI-1) 23, ANERRE S ITMEN R~ 72, IO HBBEE L 3 >OEMICE
WTHBEBRALN 2 oTz, 2721, MRE DDA IIEL A T < #
X< ETHELIZEGMEDO R WSEETH D | BURABEE T 5 2 E M2 40 E ) DR i% 5,

100 ¢ T Ty T FEIT 5

=
\
e
el
fa— I'|I
2
Er B}

number af color junctions
per 1000 cells

—_
T

0.1

2.1

5

10

100

bome marrow dose (Sv)

[ VI-1.Livingston

Rocky FlatsiZd 5 7V b =0 Lfix DVEZER 2 xR I2ToN 24178 (Brandom et al.
1990) TiE, AR EAT40 BqDO N TIEIREKRREEHEDO LANBIRI A TN D, RO
T TEOEE (60 kBa#) %5217 7214 O @R O YLt R RE (38/cell) 23 mlgiEERE (740
Ball b)) RO U 27 2L L7/ REMED &V,

727 OMayaklZldh 5 70 h =7 Afiiag THAIX < L, MNARTRE2315.5 kBg & #EE I 41
TWAIEEB ORI Y /3BT, 7V h =7 AOWNEHIREICHEB L 72 Yo R B E JE o
BN EHE STV b (Hande et al. 2003, 2005, Mitchell et al. 2004, Okladnikova et
al. 2005) , [l CyRRICIXITZ & A EIRERE L2\ TV b =0 A58 K OSSN IF 55 8 (HE
TERAREMRE~2.1Gy) DV RERYLEIREE 2 5 L7498 (Hande et al. 2003,
Hande et al. 2005) TiX, 114D 7/ k=0 AESREREE K P14 ORIRES . 440
SIS N 5 75 ONZ 544 DA IRF 12 B W THEE YL KR OB X Z N2 12.9%.
0.2%. 0.2%. 0%. QRN ZERE OHEITLNLN3. 7%, 0.9%. 0.1%. 0% LA E
(ZH T2 > T e, JIEE BT 2 EROCERR 2 3B X Tl A B 2R AHERFR R0, 57235 b i
TWDD, RREDEFNEL oo BRI 28 2 2 0BT E S b S i,

Rt CHIE < LIAEZEE TIIIE L o o B b Yo R B BHEE O B S-Sl
HUTUW D (Hande et al. 2003, 2005, Mitchell et al. 2004) ,
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[ VI-2.Hande et al. 2005

W UBkG D794 /5 72 D Mayak D 7'V b =7 A3 a4k — b TiTbh iz ke
(Okladnikova et al. 2005) T%H., 7V b= LADOHME (0~15.5 kBq) & U >/ ERY
BARRE B OEDIER (r=0.45~0.50) 23538 biL7z23, 4.5 kBq2i7- ¥ TZ ORI
bl -oTn5,

KEET 74—/ K (Sellafield) OZBRENTH O @E 44 HEE TV b= AAfT
296~1480 Bqll I1) & xtHEEE ([F0 Bq) OfFT (Tawn et al. 1985) Tik, ANIZHY
FNTTIV =T ARERREFRIENATR B 2 20% 818 L 72 AT W T R FA K OFE 5 FR
Yo KRB OBENRFEIC LA LT\, F72. ZOREZOI0ERIIH L e sagii
EZT R o, 10FEZROFREICB T AR THO TV b= K583, SR <
B K O IREEE L E 244 Ofis (Whitehouse et al. 1998) T4, ®IFAYL A (R B4
DBENEEICE -T2, TOFERIE, ENIZIEE L7V b =0 L 03&E M AT iE L2
FHR A RET 2 WO E —E LT\ 5 (Whitehouse et al. 1998) .

BB, 7V b= MMEEB R TV F =7 Lokl FICHIE < T D AIREMED & D B
BCThD, TICAE., FRIUIEGRAIZ N LR T b= ACRREWRIEL L-%E
DIEEE8Y (HEEARNAME0.78~1.5 kBq) DU L/ ERCITRAMREE ML STV
Do WX LIEBRERE TR, 8RR 500/f0 4 7 0 SEEBETh 7223, 20
FLa O BARRHEMIZ B 5 S A E 134,000/ 0824 72 0 1{8TH - 7= (Schofield 1980,
Schofield et al. 1974), — . RFEMEHAEI N~ Ny X U HBIO TV F =7 AME
BT, YRR HEE £ 0.185~15.4 kBqO#PHD 7L b =7 AMEANATTE L ORI
B & 2372 fHBHREFR S o0 5 720> 7« (Hempelmann et al. 1973, Voelz et al. 1979)

=
==X
iA
gl

(3) ZFDHhDEE
bt RTlE, 7V b= LAOROBEIC L DT, FFEDIRER~DRE  AFE « 4K
BT AT -0 o7,
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9. ERFHE%F O

TARC 200113239Pu  (239PudigFEIZIL, 2#40Pu~DIFEZE L EHEND E SN TN D, ) 1T2
WT, Z—7"1 (B MZXLTRBPAENSH D (carcinogenic to humans) ) (2575 L
TWb, £72, B MIBWT, 29PuxT 2 Y LOWRAIZL DA, FFI&DS A K OVE A
DFERUT 573 TH Y | 29PudDIRFEITIL, 2M0PuRCH O FINARDIRE S5 & ST 5,

10. £¢&0

TR =T BZOWTIE, WEHIES EMBRACHRBRZRBEERSH L3, 7V =T LD
FHHIILT LM TIER, £, U U SER RO B 1ok 2 B2RIGREGRO T — %
ITAFET D5 HIIC R D THEHRTH D L ITFE R,
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VI, AL
1. kKA. FFiL5HF

IUPAC : americium

CAS No. : 7440-35-9

JifF7% : Am

AN & - 234, 237-247 (FRHEEH O[RIALA 243Am)

(The Merck Index 2006, AR L FEFEH 1998)

2. YBEeEiHER
fls (C) @ 1,173
W (C) : 2,067 (cale)
Ca PR 7R 1998)

TAV T AIANLHHMICETHY . ZEEMBEIIFLE L2V (The Merck Index
2006) .,

3. MEHERRE

243Am KON 241Am 1, I T AT 4L 7.38 X 103 4F L (N 432.7 45T 243Am 1 o A,
24 Am |$ o ARE N Ny A% T 2 R CTdH % (The Merck Index 2006, A ER (L5
REHL 1998),

4. AR
241Am KON 243Am 38 H 72 BRI C, 24 Am (3R IIC bbb D CAE LS5
i 1996).

5. BRRTOH - BE

TAVVONIEY T o nHFEO—2>ThHD, NLtHEThHD, RETO 241Am AP &
LT, BRI D OMEHERE T, FE»D O, FABLERE CO M N AR
K OVHEF L DR DO AEFER VEEENEZ OGND, BEPICHFET LT AV VY
LDOREST L, 1950~1960 FRIITON T RABENEFERIZL DD Th -7 (EPA
2004c., ATSDR 2004), &5, Fx=v/ 7 A VJETFHIREFTER., METEHE-F
SNAP9A ZE) JJi & LT B OBREE, ISR EHE B-52 /BB /') — 7 RO thule
BEIESE DB 72U & % o BITE, U TERE T¥7 B4 U2 SR O & A £ 241Am,
908y, 137Cs, 238Pu, 239Pu (N 2490Pu ik B0 THD (DOE 1997a, ATSDR 2004),
REPENAZEERIZ K DARIRE O 241 Am [ TR TRt S dv, 2 ORI ER TH o
V77T R~ & Cnb (ATSDR 2004)

21Am 1%, JRFFAT, EICHEAM, gFkEO=T v Y VR OBEK TR S TWS

(Rosner et al. 1978, ATSDR 2004).,

201Am |3 241Pu (Y ¢ 14.4 4F) OREEDAERT 5720, 241Pu OfHITER E LT
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24Am 21725 LTE Y, 24Pu OEHIZ O TIE, 24Am IZOWTHEE L2 TR 5
72N, 24 Pu OF AR OFE AR SN D 241Am 1L, 7T0~80 F- DIz K& & 725 (EPA
1976, ATSDR 2004), FO#EHR & LT, 1980 £ F Clifrbn - KABENEERIC X 5
21Am OB LE 2035 FIZIE— 27T L, ERkE fE L 28 b Tl EITHE > T
DI HERDND, MAM BEEOE— VI Y, 241Pu 2MEIRE L TFEEL T 5 (ATSDR
2004) .

RIS T AU 20 MIRFRWE LS L. SRR 1T L0 "k
NIEFRmAKIZHEFE T 5 (Essien et al. 1985, ATSDR 2004), HziEibaE 1XE LR & £
~DOEFIZE VAT D, BIERE L7272V o AFRKICK D Ek EIcRES D, Hi
EWDIERIC LY, 7 AU >0 AFAKOERED B KREAFIZAD ATHREMENH 5, (McKay et al.
1994, Walker et al. 1986, ATSDR 2004).

[RIARIZ 241 Am {5 5 THED & RO /EH T S v 5 ATRetE DS & 5 (ATSDR 2004) .

IKAEAEWT KD BUA A SATHER AT L <ITBYIRE DR A OFIRZ AR LT, 7 A
U0 WY S, KBOT AV L, WdEst> 2 7 b Rgdik
ORIREN D DOIVERE ISR L, &7 5 (Fisher et al 1983, ATSDR 2004), 7 E: e
ZOMD RN BEREINTT AV T AOREZIE, B L TRt n D, FELM
B S VISR & o T AR O FRRLI, 2 Am DOTRE K OHERT 1~ 0 TR [E s 212
#LTW% (ATSDR 2004) .

H L, B EERECTZLGAE, 7T AV U AI RS L CER FOLHEICEEL,
JE S OV DAE R QN AR R L0 BBl S D ST RETS Ge SO 30U P B ZE i AL B
S D& 5 MU AR LT o/ N EMWIE, 24Am (Y L &85 2 &2k, T A
Vv ANIEREND, SO, /NHALEIL, ESLaa—T O XD 2 BWiEEO BN
BREFICHEINT, BEMZ VT 00T AV VU L ESBIELAEEND D, U MR
THO 24 Am [FHATZREO 241Pu LRI L CHL RIS T D5 2 20 n, [EEOERSICBITS
2Am BIT AV U LE TNV =T AW EROR M L MBEHEOREORRE TR END,
HGHERE T O 241 Am OKRE T 18 RSt F) ITRFiSh, 22 TR LS
L., v o E8OBIZEE LTS (Bennett 1976, Bunzl et al. 1995, Vyas and
Mistry 1980 : ATSDR 2004), L2L722n 5, T AV U AZGLEY 7 VU I
R KHICRATT 2 Z &N RS TE TR Y . KREOEDFTOESZATFERT T, #F 80
~3,000 m A E~OBENRD bz, T AT ATIE, A BRWEITIH FAKRT
FEHEBEOBEINTE 572D, T AV LAEGHRSMHEGEEE S L, kd 52 &
DA[RETH %S (McCarthy et al. 1998a, 1998b. Penrose et al. 1990 : ATSDR 2004),

TAY T LFEYORZ B L TEENGIRVIAEN, ORI OEFNAZEATT D,
2Am TYHYL LR | RO B ICUEAE T 2 W RetEn 6 5, 241 Am D H3ED B DO
INEEATIEIZIRV Y (Bennett 1979, EPA 1979, Nisbet and Shaw 1994, Romney et al. 1981,
Schultz et al. 1976, Zach 1985 : ATSDR 2004), 326 OWINEIL, {b5FE, 151t
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T R K OBREE SR OB TR SN D, L HIEO 241 Am OREHIT, BIEmE +
BOFHIZE Y 2 HLL EOERH 5, WIS TIZL v &<, 7T AU U ADEER
AR ORI B2 AR S0 DICEEREE 2 RT-TAEMP L EENL THETITLY
R, B2 L TRINES N Y 7 RN K ORREABITT 50015, —ANZIER
121V (Bennet 1979, Schreckhise and Cline 1980 : ATSDR 2004),
WG YY), TSI OB A EBRL, R AET L2 ETT A Y VU A ERT
% (ATSDR 2004) .

KAEEMZ L DEGARIE, B, BUAALZOKIBIEM., ZFHi, KEE W74 < OHEK
(CRIFT D AR D D, AICBIT DT AV v U AOAMREITIR . MO A& T
2KV (DOE 1996 : ATSDR 2004), 241Am OEEN, Ny 7 772 RL-~UL XY 3H1IFE
E W BEFE AL oy it T 3N S VT AR ZE T A DR EE DS RREE O IR L D 10 5L B2 oR
L7zZ &Emd o7 (Emery et al. 1981 : ATSDR 2004), t F2EET 2 EAEY Tl
—RIZ, A TATiRbEm<, TOENIFEIL., EICHMAR, AT EKTH D

(Chassard-Bouchaud 1996, Fisher et al. 1996, Hamilton and Clifton 1980 : ATSDR
2004), ZNHDWEDZL AZOWTBATREDHRE SN TWD, AFATREZRFAEILN D |
E MIEDZEWEEHTIZ, 7 AU U LIEVRESNRNE N D ZERREBEINTVND

(Bulman 1978, Jaakkola et al. 1977 : ATSDR 2004), 7 A U > v ADOAYEHE 2 B4
LT OWEIL 72y (ATSDR 2004)

ATSDR OFMEFEHT 07 7 A V&I, 7 A Y 27 AOERNBEIHE & #EPEICBET 5 R
1 52, % BEBR L7,

6. {KRNENRE
(1) R

W RERICAR D 2 < OER L FEIERIC, B P ERGIC LEERBRIZB W TH BES I GED
0.1% A5G AR X CTIIEHFICAD Z EBNRB STz, LR T 0.5% < WIS b
AREME N B D (ICRP 1996 : ATSDR 2004),

TAY Ty LAERE IEEY) AW T, B MIBT L7 AU U AOWRIIZDOWT
FHARBENTND, A 84 (Bites, &tt24) 2, #EEH 7 U7 (Cumbria) &
7 74—V K (Sellafield) DJ1-/ifiakir < OWE CTHILS L7 24 Am (FY 2 ~ X e i A

(winkles, B HO—F) NREOKREG SN, &5 372 241Am O RHEEIX 18~76 Bq
(0.15~0.63 ng) ThoTo, &GH#%. 24 FFERAIIC 10 B, &4 ORDPER ST,

WY S VT2 ETBEDEIG L, RO BRI S U7 21 Am PR fE & & Bl s s &
E L7236 ORI T E & OFIE X0 #id Sz, 241Am ORI THlEIX, Takada &
(1984) DWININT=T AU >0 A0 SN 556 OBIEE T WISV TR Sz,
8 4 DAL R T, B G HEHED 0.6 X104 R FrofE%EFE72[GSD] 0.1, #ilH -
0.4X104~2.1X104) X% 0.006% T -7,
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2 B HOREETIX, Ao 84 TAKROFHO 14 (BE64., LtE24) [ZRL
i BR 75T 10~25 Bq (0.083~0.21 ng) ® 241Am (2 X 2 e 5 S 7= (Hunt et al.
1990),

ZOFER, BEATEEWRI R, RS EEED 0.8 x 104 (&iPH : 0.4 x 104~1.5 x 104)
ThoT-,

b2 o0RBEREZRAET D&, BTEARIGRIL, BEHHAEED 0.9X 104 (P
0.3X104~2.5X104) XX 0.009% TH V. BLOWINHRILFERE TH -T2,

X5, AIORBRD 84 34 KOHH 34 (BS54, &M 14) IR URBRESY
FWT 3 B H OB S vz, 3 [EHORERTIX, #EH 7Y 7 (Cumbria) I L
— 7 7Z A (Ravenglass) TEREEIN/=H /L H A (cockles, BH M HEDO—F) 23HW
S, &E SN gEEIX 15~17 Bq (0.13~0.14 ng) TodH->7= (Hunt 1998),

ZORBROFER, FEIEERIDERIT, HEBIHEED 1.2X104 (#PH : 0.3X104~2.6X
104) X% 0.012% T - 7=,

b7 AU 7 A (AmO2) 22V TIE, FHUZ X VR ORE LIc/EXEICET 55k
HENWE SN TS, £105kBq (0.88 ugAm) ® AmO: 2 & H T 587 3 v 7 ki+%
BEHL 7256k, B 8 B THEE HUHEEDR 0.15 Bq X 0.00014%75 K H I HE
SN/~ (Smithetal. 1983), F£7-. % 156 kBq (1.3 pg) ® Am Z &4 L 7= Mo fl
WEIZHWDER 2mm ORET ¢ A7 2 82 8A Lz Tik, Bk 16 LT 24 B 0
#HHPZROT ¢ A7 ZPRM L2, Zo#IEF, RO 0 24 Am Pett L, BEUGTEE DK
0.11 Bq (0.7 ng Am) X% 0.0007% C& ->7= (Rundo et al. 1977), 2K DT 4 27 D&
0w & Rt & O IO RFERGE I, BB iR REE M O T O AHLRI Z» i dhiE®h 23 BafR L 7=
LD EEZ LT,

T AU LOWILEII B G EO 0.1% A5 & WV O EE T AR, v NS OEE
HeHWERBRTHELONL TV,

Ham & (1994) X, ~—% &> MZ24Am (1.6 Bq. 0.012ngAm) %&fiEL7-7 =
FRiik & BEEN e 5-. X% 241Am (250 Bq, 2.0 ng Am) #EA LU0V HHa 5N
H L, gL O —HACBTHT AV ABEEREOREICEY, ~—F& Y O
fBETOT AV U NRINEZBRE LT,

ZORER, TN WHICIRE Sz 241Am OIS BEIX, H5HBEDR 6X 104
1% 0.06% & HEE iz,

T AT LAOFEEIZE T AWINEIL, K, ELVEY b, AKX T v FTHIR
HRTWD, ZNHORBRTIE, WNEOHMBEICHW LN FIEIZENEN R D3, &
BERMEMPHLNCIN TS, —&IZ, BB iR E oI\ THEIRE T A
U ¥ 07 AOWIUIFER AR (BRER T 1%AR0) 2 EARSIN TS, K, ELEY b,
NEAZ =Ty MZBWT, FAEROWRIERIT, pERE i3 % & 30~200 5@ <.
HIZE%, Rl & IRITWICRIT 2D 35 (BvE Y b TIEHZAE 30 HE THRINEIX 4

157



© 00 I O O Bk~ W N =

W W W W W W W W W W N DN DN DNDDNDDNDDNDDNDNDDNHE H =
© 00 3 O Ot A W N H O © 00 00k WD H O ©W 000k WD~ O

2011/07/26
%) (Bomford and Harrison 1986, David and Harrison 1984, Sullivan et al. 1985),

T AU T AT, KIEVEORERYEE T = U OKER E L TEIENL 2568, .
FEMW), o0 s UINFEHAED X 5 RBn T TRV IAEN L2556 . REROBRINE L
05 EEZ B2 (Bulman et al. 1993, Ham et al. 1994, Harrison et al. 1998,
Hisamatsu and Takezawa 1987, Stather et al. 1979a), HEFIRIEMENEWT AU v
LA OWINETT A VU LT T UBRIED 1/4~1/10 THY, £lo, TA VU LY
T URREEOWINEILT A U v U AMEEEE D 1/3~1/6 TH -7~ (Stather et al. 1979a,
Sullivan 1980a, 1980b), 7 > FTiX, ZFEBRG O OXKEME (surface dust from a
weapons site) IZHKT 57 A U 27 AOWINEL, 77 A U ¥ 0 AR SUIREEREE O 1/10
~1/50 T - 7= (Harrison et al. 1994, Sullivan et al. 1980b), E/LEv NI, 7 FD
5 [EEDT AV AERINL, FBENEDONTZ, T v MIOWT, iR L v Z2jGIKE
N OO FEJERF L0 BRRIBIRFIZT A U >0 LARIGERBHEINT 5 & B 2 617z (Sullivan
and Ruemmler 1988, Sullivan et al. 1986), Fe3*}x TN A U 7 A% [RIRFISHEE D BREE 3
L, BREINTET AV T LORNDTLET DR LD, HILEIZIBWT Fet3 2 LD
filfi X U Te AR LR LD B D EFE X BTV D (Sullivan et al. 1986), HLE D
WAL E DT A U 27 LOFEM 72 RIG AT K O FTZRBIZI & 2> TR W8, ERE Tl s
T UL N UEBEAEAERDNZ < LK TIZ Am3* RN Z e F 2 b7z (Webb et al.
1998).

(2) o

T AT MIMEENDORINEND Z EARENTVDA, RAOBRGER DT DA
IZOWTIEI AR EAZ Y (ICRP 1986, 1994a), LU 6, HALE N SRIN S 7
TAY T ANE, WABRFEIC X DN & RERICARTEERIC L » TaFITHmT 5 LHEH S
Lo BFEBRT, T AV T LAOEBREZICT AV >0 ANERET D GATIXE R & O C
Hole, TAV VLAY U ZBEIRSG LIZKIZBW T, MNEEEN R LS -T2
Fe G- 8 Il DRI S T2 T A U 20 AOSA LRI, 1T 56%. JTIEIZ 29% K OV PIIC
5% Td ->7= (Eisele et al. 1987), T v MIT AV v A7 = UM TG ERYE 2 HiEIRE
NG L7z 7 BHi%, B8 KONl Cld 24 Am (AN A EDOZ T 40% (#iPH : 8~67%)
KN29% (#iPH : 7~30%) T -7= (Sullivan et al. 1985, 1986), JE{LE N HRILE
=7 AU AR, PRI £ 0 BRI HFIRIC A D25, FFIIC 1T 2 0)lalm i@ sh 5 28
FEERITRIN LT T A U 20 AORKRBZRMMED M EST 5 &V ) fEUT 2y, v—F &
v MZT AV V0 AT = R NTRIRNE G- S-SR, IR CIET A U v o 2 ORIKN
AMED 27% (HEEZRLS) Tho7eld, LW BMIZIRG LT A Y v U A% HiF
SRRSO BEE LR Tl IR~ O mITRAENARED 31% Th o7z (RRO#&S : &
AR G- O 313 1.14) (Ham et al. 1994), /N5 A X — TORER 72 LLEGRER ClE, IFhg~
DAMRIZEBIT DR O BHXEFIRNES O L#1T 0.9 TH Y (Stather et al. 1979a) . E /L
Ty hEeTy FEDHEETIE1IRME WO FERTH -7 (Bomford and Harrison 1986,
David and Harrison 1984, Harison et al. 1994)
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(3) K#
TAY T LAORFNTIE, Z N HEDRHEIZED bODIENT, KRN, U R
LEORFEOEIZA A ROV = Ui, JBEFEO NN BE L OBEERIZLD2HD
NEZ 5% (Durbin 1973, Taylor 1973, Webb et al. 1998),

(4) Het

KPR TT AV U MG SN TZiREE 2 BE L7t MZ k‘b\’c\ BET A
U AORFPEENHIE STz, A 84 (BiE64. LtE24) (2, 24Am THEYR SN
H<wXENA ZfRROKE L=, &5 L= 21Am O HEIL 10~25 Bg (0.083~0.21 ng)
Thole, BH5#% 7 HRE O ZFER PR 13459 0.0006% ThH v | JRAUZHEM S 172K
A REDEIETEL 0.07% & F i S 4172 (Hunt et al. 1990),

KEA TV TN —T o 7T A TRIENTYF LT A (ESHeEPH : 15~17 Bq. 0.13
~0.14ng) Z®RAEHR LI 64 (BS54, LM 14) (BT DEEEOME T, B
7 B O RAER PR R, BROEBR LT AU 7 ADK 0.0009%TH Y, JRPIC
Pt S 7= SR RE 1T 0.08% & F i S 7= (Hunt 1998), #8E D 5 6 3 41d, ¥~
XA OEATHZE (Hunt et al. 1990) (Z %ﬁﬁﬂ LTRY, Y hA #EET 503 HIE
DRFHEMREIILDFTO X ~F EHA BRI L 2B L L THiES N, T4 THES
ATz 2 Am FgTREIR, BEUE 7 H L Jﬁ%ﬁ%ﬁ%%b@ S AT CHINE S - E RO RE
EXBITE 2o T,

2IAMO2 B2 AT 517 I v VR FEREREE P ER L IcFHSFHAICk T, Bilian
T AV = AOPRZEE T A HE DS Z LTV D (Smith et al. 1983), FHiktt 5 HHIZ,
105 kBq @ 241Am (0.88 uygAm) 567587 I v 7R F-M@Icdiatt s =, =D HLL
AT O O, 24 Am BUH BRI S e o 7=, RO EU% 8 HEIZ, 9 0.15
Bq (0.00007%) HRAUCHEM X7,

?y%&@%»%y%%%wkﬁ%GF% IS OEMTIE, HEE LRI ST
TAY Ty ANE, BES T EBUNICEICRPICHR S D 2 ERE N, Ty MIT
AU V?Aﬁﬁﬁaiﬁiﬂ 37 = VRN OG- S D & HEEWINSTRE D 30~80%73
5% 7 HECRPICHEE X 72 (Sullivan 1980a. Sullivan et al. 1985), HEi=R DOfE )N
JENDIX, T AU 7 AOWIERPAHRFHNARN 2D HERME O AR fESEICEER S5 &5
Z bz, RIPICHEN SIS REDOEI &1L, $kKHET v F (35%) TIXEkKE T v
r (78%) LV HiKH -7= (Sillivan et al. 1985), E/LE v b TiX, 7 AU > v AYERE
O H[E FRE R O G% T B EICRIUEE EED 35~50%23 R 1 IZ HEitt <47z (Sillivan
1980a),

TAY AN, W SIVTIEERZRICAD & BRERRE & 1XBR 7R < 3R ORI YR
ENb, ZhuE, b hOFIEEEFIKZOT AV >0 ARFRIRN&E S XUIHAN&E S S -8
B OFE RSN TH 5,
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7. RERBVE~OTZE
7’% U0 AORAKRGICE D50, AL MEMERMERERIC OV T, Bk 5
T, lgsmett, R Em kO o HINER, et ARGE - JEAETE, BN, B
4:&%@ F ORI BT 2 Wi 3722 (ATSDR 2004),

8. Eb~DEE
(1) 2fst, ERASERVEESERR
7%)v7A@ﬁm&5’ié%ﬁ A OB ERBR IO\ T, B M2BIT D
. NEEREEE, EFRIR VY oK R, sk e, AR AR MR O R B B
’Té%%%iéw\(ATSDR2MM%

(2) BHIRAME
T AV AORAM, WA OEMEROBGRBRICK D e MRS ANEICEE L 2R
17220, KEICIRTE LIZEEEN 11 BRI L TWDER, ERICEZ2BEICBWVLTHN
ADFTRITERS ST, FERITDN A TIE R o7z, EPAIL, b MIHTERENAMEDE &
B2 DD SR A T L TR0 B S 24 Am KOV 248Am OFBA Y AV KT
ZHEEH LT 5 (ATSDR 2004).

(8% : EHIFHRE)

T AV AOERHEBIIOWTIL, MAm ZE A AR HA T LD E ORTCHER
L7z 64 BEBMEOFEHNZIHONTE L OWEN72 I T 5 (Breitenstein and Palmer
1989, Filipy et al. 1995, Jech et al. 1983, McMurray 1983, Palmer et al. 1983,
Robinson et al. 1983, Thompson 1983, Toohey and Kathren 1995),

YRZIER] DOBRFEERL 37~185 GBq LH#HEE S 4L, ICEALEIC XV 220 MBg #EIC, €
D% 1 HT37MBq 2 E TIKF L7 (Robinson et al. 1983),

AELEP—RRA ML T B & i/ MrOFRED 8lsg S vz, TOEER
IZBRER 11 IR O WRIN T LT 5 (Filipy et al. 1995), #BClix, mE

OB R E P OMEL (peritrabecular fibrosis). ‘B O MR DI K OVE AR O

D& L7z (Priest et al. 1995),

(3) BizmMHHR

TAY T LIONTIE, B FROEREIMICIE O TRA SUIREIREIC X 550, #l
AP X EYE ORI E IR T 2SI, AR CIE, & F ToORAMR A
PRI DN FEBRENY) T O i BME K OB OBEFMREICET 2 @& 13w, B MTBIT S
T AV T AOINRHEIE < FHHITTH LN BB BB T AT RIS oW TR L7z,

Y HRRIZ 11~22 FERANE IR LT T A OBREHILE THEER (oD H 6 A41E S
IZRRAERTO 5 M o #2220 Am ICHNERIZS LTWd) U UoBkTlE, Y
ﬁzﬁ:f” IR CH D s, —BYFA K OBRIR G R) OBERE Y B L CTuiz (Bauchinger
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et al. 1997) .y RO ANEHIE < KOV 24 Am OWHIE < 2 K D 1EHE B ORI EY B,
393, 39. 207. 304, 202. 237 XX 349 mSv (&%) ThoT-, NI Li=64F
54BN T, 24Am (TR T 2 EhR RS BITRBED 5~25% L 72 0 | Yeta R B a 3T
2y BROSTHIE TR LT e, 520 O 1 4 OEER Tt R ESRE 39 mSv
(3.9rem) @ 66%2° 241 Am ONHHHIZIT LD LD THH T,

HHRESEE . 03, 1 (KFEAE) KOEF (10 5%) OFEHTlE, 1EEE TR
DT DIZHWTZRRIEN S | % S I3EEM B E TEVRED 240Am (I2E< L, #ERICE
WA EIT 0.24~3.3 kBq ThH o7z, Hife HMEROYEMREE X, FMBRRIRIC X 2 Flh;
L UTTRBIZ L DI OFFNCBNTHBIE SN b DO ERBREDO L DO ThH -7 (Kelly
and Dagle 1974), #Z 3N 7cMlaB TR 7eBEOREITIKS, FE OICHHAERY
FHREIC R D EBL L Tz, MASNTET AU 0 MK HHEREIGEEREIR
I TR,

ME—DEBREMIC L HMEL LT, T AU T LOAMRARTRIC X 5@ inettE 8
B42b008H 5, Miloxd 2R EN 20 Gy TH D 241Am (FEET A U v U Ak
L O) IZHL[A]C 30 47 MR SRR S 7o~ U A UTEH W T PAM B (21 BITHR KAL) |
INEER DB O SR a3 58D 53T % (Talbot et al. 1989), WD ffifaik 1L 1.2
kBq TH - 7275, 21 A TH 300 Bq (ZAHIZIL T L, RERK T 98 HTH 100 Bq & 72 -
7o 24AmM ~DOREFEH L, EEAICTRITO PAM 1% 241Am 25 ATEY . BHE% 3 A
N5 98 HETOMOD EFRFFITHBWNTH Y OED 24 Am BN R LTV,

9. ERRREEZE DT
HEIX RS- 5o T,

161



2011/07/26
<sHE>

Agency for Toxic Substances and Disease Registry. TOXICOLOGICAL PROFILE FOR
AMERICIUM. U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. Public
Health Service. April 2004.

ATSDR. 1999. Toxicological profile for uranium. U.S. Department of Health and Human
Services. Public Health Service. Agency for Toxic Substances and Disease Registry.
Atlanta, GA.

Bauchinger M, Schmid E, Braselmann H. 1997. Cytogenetic evaluation of occupational

exposure to external gamma-rays and internal 241Am contamination. Mutat Res
395:173-178.

Bennett BG. 1976. Transuranic element pathways to man. U.S. Energy Research and
Development Administration. IJAEA-SM-199/40.

Bennett BG. 1979. Environmental aspects of americium. Doctor of Philosophy Thesis, New

York University.

Bennett BG. 1979. Environmental aspects of americium. Doctor of Philosophy Thesis, New

York University.

Bomford JA, Harrison JD. 1986. The absorption of ingested Pu and Am in newborn guinea
pigs. Health Phys 51(6):804-808.

Bomford JA, Harrison JD. 1986. The absorption of ingested Pu and Am in newborn guinea
pigs. Health Phys 51(6):804-808.

Breitenstein BD, Palmer HE. 1989. Life follow-up of the 1976 americium accident victim.
Radiat Prot Dosim 26(1/4):317-322.

Bulman RA, Johnson TE, Ham GdJ, et al. 1993. Speciation of plutonium in potato and the
gastrointestinal transfer of plutonium and americium from potato. Sci Total Environ
129:267-289.

Bulman RA. 1978. The movement of plutonium, americium, and curium through the food
chain. Naturwissenschaften 65:137-143.

Bunzl K, Flessa H, Kracke W, et al. 1995. Association of fallout 239+240Pu and 241Am
with various soil components in successive layers of a grassland soil. Environ Sci
Technol 29:2513-2518.

Chassard-Bouchaud C. 1996. Analytical microscopy and environment. Current

developments using bioindicators of pollution by stable and radioactive elements. Cell
Mol Biol 42(3):361-383.

David AJ, Harrison JD. 1984. The absorption of ingested neptunium, plutonium and
americium in newborn hamsters. Int J Radiat Biol 46(3):279-286.

Davis A, DeCurnou P, Eary LE. 1997. Discriminating between sources of arsenic in the

sediments of a tidal waterway, Tacoma, Washington. Environ Sci Technol 31:185-191.

162



2011/07/26

DOE. 1996. Radiological bioconcentration factors for aquatic, terrestrial, and wetland
ecosystems at the Savannah River Site (U). Savannah River Site. U.S. Department of
Energy. WSRC-TR-96-0231. DE-AC09-89SR18035.

DOE. 1997a. Evaluation of the anthropogenic radionuclide concentrations in sediments
and fauna collected in the Beaufort Sea and Northern Alaska. Los Alamos National
Laboratory. U.S. of Energy. LA-13302-MS. UC-721. Contract W-7405-ENG-36.
DE-97007-298.

Durbin PJ. 1973. Metabolism and biological effects of the transplutonium elements. In:
Hodge HC, Stannard JN, Hursh JB, eds. Uranium, plutonium, transplutonic elements.
New York: Springer-Verlag, 739-896.

Eisele GR, Bernard SR, Nestor CW. 1987. Gastrointestinal absorption of americium-241 by
orally exposed swine: Comparison of experimental results with predictions of
metabolic models. Radiat 112:62-73.

Emery RM, Klopfer DC, Baker DA, et al. 1981. Potential radiation dose from eating fish
exposed to actinide contamination. Health Phys 40:493-510.

EPA. 1976. Americium - Its behavior in soil and plant systems. Las Vegas, NV: Office of
Research and Development, U.S. Environmental Protection Agency. EPA600/3-76-005.
PB250797.

EPA. 2004c. Radiation information: Americium. U.S. Environmental Protection Agency.
http://www.epa.gov/radiation/radionuclides/americium.htm. March 11, 2004.

EPRI. 1981. Transuranium and other long-lived radionuclides in the terrestrial environs of
nuclear power plants. Battelle Pacific Northwest Laboratories. EA-2045. Research
Project 1059. Illinois State Library.

Essien 10, Sandoval DN, Kuroda PK. 1985. Deposition of excess amount of natural
uranium from the atmosphere. Health Phys 48(3):325-331.

Filipy RE, Toohey RE, Kathren RL, et al. 1995. Deterministic effects of 241Am exposure in
the Hanford americium accident case. Health Phys 69(3):338-345.

Fisher NS, Bjerregaard P, Fowler SW. 1983. Interactions of marine plankton with
transuranic 3. Biokinetics of americium in euphausiids. Mar Biol 75:261-268.
elements:

Fisher NS, Teyssié J-L, Fowler SW, et al. 1996. Accumulation and retention of metals in
mussels from food and water: A comparison under field and laboratory conditions.
Environ Sci Technol 30(11):3232-3242.

Ham GdJ, Harrison JD, Popplewell DS, et al. 1994. The gastrointestinal absorption of
neptunium, plutonium and americium in a primate (C. jacchus). Sci Total Environ
145°1-6.

163



2011/07/26

Hamilton EI, Clifton RJ. 1980. Concentration and distribution of the transuranium
radionuclides 239+240Pu, 238Pu and 241Am in Mytilus edulis, Fucus vesiculosus and
surface sediment of Esk estuary. Mar Ecol Prog Ser 3:267-277.

Harrison JD, Naylor GPL, Stather JW. 1994. The gastrointestinal absorption of plutonium
and americium in rats and guinea pigs after ingestion of dusts from the former nuclear
weapons site at Maralinga: Implications for human exposure. Sci Total Environ
143:211-220.

Harrison JD, Smith H, David AF. 1988. Plutonium and americium uptake in rats fed with
Cumbrian shellfish - implications for estimates of dose to man. Sci Total Environ
68:187-196.

Hisamatsu S, Takizawa Y. 1987. Effect of gavaged chemical form of 241Am on its retention
in mice. Radiat Res 111:334-339.

Hunt GJ, Leonard DRP, Lovett MB. 1990. Transfer of environmental plutonium and

americium across the human gut: A second study. Sci Total Environ 90:273-282.

Hunt GdJ. 1998. Transfer across the human gut of environmental plutonium, americium,
cobalt, caesium and technetium: Studies with cockles (Cerastoderma edule) from the
Irish Sea. J Radiol Prot 18(2):101-109.

ICRP. 1986. The metabolism of plutonium and related elements. International
Commission of Radiological Protection. ICRP Publication 48. New York: Pergamon
Press.

ICRP. 1994a. Age-dependent doses to members of the public from intake of radionuclides:
Part 2, ingestion dose coefficients. The International Commission on Radiological
Protection. ICRP 67. New York, NY: Pergamon Press.
http://www.elsevier.com/inca/publications/store/. March 12, 2001.

ICRP. 1996. Age-dependent doses to members of the public from intake of radionuclides:
Part 5. Compilation of ingestion and inhalation dose coefficients. The International
Commission on Radiological Protection. ICRP Publication 72. New York, NY:
Pergamon Press.

Jaakkola T, Hakanen M, Keinonen M, et al. 1977. Plutonium and americium in the food
chain lichenreindeer-man. Springfield, VA: U.S. Department of Commerce.

Jech JJ, Berry JR, Breitenstein BD. 1983. 1976 Hanford americium exposure incident:
External decontamination procedures. Health Phys 45(4):873-881.

Kelly S, Dagle A. 1974. Cytogenetic damage in americium poisoning. NY State J Med
74(9):1597-1598

McCarthy JF, Czerwinski KR, Sanford WE, et al. 1998a. Mobilization of transuranic
radionuclides from disposal trenches by natural organic matter. J Contam Hydrol
30:49-77.

164



2011/07/26
McCarthy JF, Sanford WE, Stafford PL. 1998b. Lanthanide field tracers demonstrate
enhanced transport of transuranic radionuclides by natural organic matter. Environ
Sci Technol 32(24):3901-3906.
McKay WA, Garland JA, Livesley D, et al. 1994. The characteristics of the shore-line sea
spray aerosol and the landward transfer of radionuclides discharged to coastal sea
water. Atmos Environ 28(21):3299-3309.
McMurray Bd. 1983. 1976 Hanford americium exposure incident: Accident description.
Health Phys 45(4):847-853.
Murray CN, Avogadro A. 1979. Effect of a long-term release of plutonium and americium

into an estuarine-coastal sea ecosystem. I. Development of an assessment
methodology. Health Phys 36:573-585.

Nisbet AF, Shaw S. 1994. Summary of a 5-year lysimeter study on the time-dependent
transfer of 137Cs, 90Sr, 239,240Pu and 241Am to crops from three contrasting soil
types: 1. Transfer to the edible portion. J Environ Radioact 23:1-17.

NRC. 1981. Distribution coefficients for radionuclides in aquatic environments. National

Research Council, Washington DC: National Academy Press.

Palmer HE, Rieksts GA, Icayan EE. 1983. 1976 Hanford americium exposure incident: In
vivo measurements. Health Phys 45(4):893-910.

Pattenden NJ, McKay WA. 1994. Studies of artificial radioactivity in the coastal

environment of northern Scotland: A review. J Environ Radioact 24:1-51.

Priest ND, Freemont A, Humphreys JAH, et al. 1995. Histopathology and 241Am micro
distribution in skeletal USTUR case 246. Health Phys 69(3):330-337.

Robinson B, Heid KR, Aldridge TL, et al. 1983. 1976 Hanford americium exposure incident:
Organ burden and radiation dose estimates. Health Phys 45(4):911-921.

Romney EM, Wallace A, Schulz RK, et al. 1981. Plant uptake of 237Np, 239,240Pu,
241Am, and 244Cm from soils representing major food production areas of the United
States. Soil Sci 132(1):40-59.

Rosner G, Hotzl H, Winkler R. 1978. Measurements of transuranium nuclides in the
environment at the Institute for Radiation Protection of the Gesellschaft fiir Strahlen-
und Umweltforschung mbH, Munich. Environ Int 1:85-88.

Rundo J, Fairman WD, Essling M, et al. 1977. Ingestion of 241Am sources intended for
domestic smoke detectors: Report of a case. Health Phys 33:561-566.

Schreckhise RG, Cline JF. 1980. Comparative uptake and distribution of plutonium,

americium, curium and neptunium in four plant species. Health Phys 38:817-824.

Schulz RK, Tompkins GA, Leventhal L, et al. 1976. Uptake of plutonium and americium by
barley from two contaminated Nevada test site soils. J Environ Qual 5(4):406-410.

165



2011/07/26

Smith LR, Sullivan PA, Laferriere J, et al. 1983. Intake and subsequent fate of a ceramic
particle containing 2.85 nCi 241Am: A case study. Health Phys 44(4):329-334.

Stather JW, Harrison JD, Rodwell P, et al. 1979a. The gastrointestinal absorption of
plutonium and americium in the hamster. Phys Med Biol 24(2):396-407.

Sullivan MF, Miller BM, Ruemmler PS, et al. 1985. Further studies on the influence of
chemical form and dose on absorptions of Np, Pu, Am and Cm from the
gastrointestinal tracts of adult and neonatal rodents. Health Phys 48(1):61-73.

Sullivan MF, Miller BM, Ruemmler PS, et al. 1985. Further studies on the influence of
chemical form and dose on absorptions of Np, Pu, Am and Cm from the
gastrointestinal tracts of adult and rodents. Health Phys 48(1):61-73.

Sullivan MF, Ruemmler PS, Ryan JL, et al. 1986. Influence of oxidizing of reducing agents
on gastrointestinal absorption of U, Pu, Am, Cm, and Pm by rats. Health Phys
50(2):223-232.

Sullivan MF, Ruemmler PS. 1988. Absorption of 233U, 237Np, 238Pu, 241Am and 244Cm
from the gastrointestinal tracts of rats fed an iron-deficient diet. Health Phys
54(3):311-316.

Sullivan MF. 1980a. Absorption of actinide elements from the gastrointestinal tract of
neonatal animals. Health Phys 38:173-185.

Sullivan MF. 1980b. Absorption of actinide elements from the gastrointestinal tract of rats,
guinea pigs and dogs. Health Phys 38:159-171.

Talbot RJ, Nicholls L, Morgan A, et al. 1989. Effect of inhaled a-emitting nuclides on
mouse alveolar macrophages. Radiat Res 119:271-285.

Taylor DM. 1973. Chemical and physical properties of the transplutonium elements. In:
Hodge HC, Stannard JN, Hursh JB, eds. Uranium, plutonium, transplutonic elements.
New York: Springer-Verlag, 717-738.

The Merck Index 2006

Thompson RC. 1983. 1976 Hanford americium exposure incident: Overview and
perspective. Health Phys 45(4):837-845.

Toohey RE, Kathren RL. 1995. Overview and dosimetry of the Hanford americium accident
case. Health Phys 69(3):310-317.

UNSCEAR. 2000. Sources and effects of ionizing radiation. UNSCEAR 200 report. Volume
1. United Nations Scientific Committee on the Effects of Atomic Radiation.

http://www.unscear.org/reports/2000_1.html. February 17, 2004.

Vyas BN, Mistry KB. 1980. Studies on the mobility of plutonium-239 and americium-241 in
three major Indian soils. J Nucl Agric Biol 9:85-88.

166



2011/07/26

Walker MI, McKay WA, Pattenden NdJ, et al. 1986. Actinide enrichment in marine
aerosols. Nature 323:141-143.

Webb LM, Taylor DM, Williams DR. 1998. Computer modeling of the chemical speciation
of lanthanide and actinide elements in the human gastrointestinal tract: Mouth and
stomach. Radiat Prot Dosim 79(1/4):219-222.

Zach R. 1985. Contribution of inhalation by food animals to man's ingestion dose. Health
Phys 49(5):737-745.

FRIBbEEFHE 1998

167



© 00 3 O Ot B~ W DN

1
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

=)

2011/07/26

IX. Fal)DL
1. kKA. FFiL5HF

TUPAC : curium

CAS No. : 7440-51-9

JifE % : Cm

JRF& : 238~251 (EAFRIIDRALAF = U 7 4 247)

(The Merck Index 2006, B L FEEH 1998)

2. PEEEMHER
s (C) @ 1345
s (C) : 3110 (cale)
(The Merck Index 2006, AR L FEFEH 1998)

3. BSHERERUVERNEIRE

242CII1\ 2430111\ 244Cm\ 245Cm\ 2460111\ 247Cm &U\ 24SCm ﬂi\ ﬂé{}&/ﬂ;ﬁﬁ)%ﬂ%ﬂ 160
H. 29, 18, 8,500, 4,700, 16X108 }x 1} 34 X 1044E T, Wb o AREET 2D i ks fE
ThD, Fiz. 250Cm T2 6,900 45 C o AiE M OV B FREE 2§ 5 I T 5,

afit. B, yROZNFNOEKT R LF—1E, 6.1, 0.14 1 0.32 MeV Th %,

XU UAiE, BE, HOKUIRKIZ LV ENASIVIAER D ATEEER & 0 | H BRI
N, —REHICBNTEZLNDF 2 ) T LADOTEHEARNEEROREKNTH S, HIE, 1F
EAEDF 2V T NTHAUNICHR S v BEES U2 RO 0.05% LA FIZIZA S 720,
M AST=F 2 T LAD I b, sk OVEIZZENENK 46% T >ER L. T DOEWFH
PRI ZENZN 20 KO0 ETH D, FED ORI 10%DIFE & A EXEZHICHEES NS,
FREPOXF 2 U 7 AL, FEIZE (mineral bone) OEWNIEEEICERE L., FEEITHT N
2P > < W LT 5 (Argonne National Laboratory 2005)

4. iR - A&

XU NMIANTHHMETLHETHY | ZE LRV TH S (The Merck Index 2006) ,
Fo. BT UHFEO—DOTHH Y REFEBMOFRMEOE&ELIL 247 THS CGEEH
LFERIL 1996), F = U 7 AT 16 DRINARDOFENF HIL TS (Argonne National
Laboratory 2005), [FIFE{KIL 1277 CTa (EAFEEMEE) »D B ~EE L, 1277~
1345 CTIL B 1L S THAET 5, 242Cm KON 24Cm (F AR ) sl B )
P& LT, 292Cm I THHMEER & LT, 248Cm [INEERIFIEIZRIT D EILR DK D T2
DIZfEDILD (The Merck Index 2006),

<BE>

1. The Merck Index 14th ed., Merck & Co., Inc., New Jersey, 9851, 2006.

2. EWEMLFRE BB b IR, RA RS, HRPEIR JLUUE. BT RS AORSEIRE, AIRETE,
WA, 1998, 116-117
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3. Argonne National Laboratory, US Department of energy, Human Health Fact Sheet, 2005
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X. AhAYFHLA
ZZIWCBWCTHIZA hrrF UL LEHE LD, TNRBEER ha v F T A0
MDICOWNWTRBETICTZH LD TH S,

1. kKA. FFiL5HF
IUPAC : strontium
CAS No. : 7440-24-6
Jif-FC7 @ Sr
J 5 : 87.62
BRI DOFIELL « 88Sr 82.58%. 86Sr 9.86%. 87Sr 7.00%. 84Sr 0.56%
(The Merck Index 2006)

2. HEeEHER
s (°C) - 757
i (C) 11,366
B (g/lem3) : 2.6
AL R R
(The Merck Index 2006, AR L FEFEH 1998)

3. MEttERRE

Z b F U LADRNED H B, 84Sy, 86Sr, 87Sr M (N 88Sr | & H AR FUIFAET DL TE TR
A b TFULTHD, b EBERBIERIAARIL 89Sy K0Sy TH Y . ZHHIFRFF
DIEEARCRZLIRIEIT K 5 235U, 238U, 239Pu ORI L - TEMT D, 90Sr &, I
29 4C, 0.20 MeV O B KL 1% it L C OY (a5, 9Sr 1E, fho pERE L&V, H
PE VTR =Dy e L2, LN LR 5, 908r DR TH D 90Y X
K 2.28 MeV @ BRi1 %32 BEEFECTH V| BAEED 0.02% Tl phi 1K1 2.19 keV
Dy BOBHE BT 5, 0¥ 1%, PN 64 H T, XY ZF X —DE 0.94 MeV O B i
% i L C 997y (ZARET % (Argonne National Laboratory 2006) .

89Sy X, 90Sr & [FEEIC 235U, 238U L O\ 239Pu OHREEAERM TH 5, 89Sr (X, 1.495 MeV
D BRI % i LT 89Y ~FRlET 5, 89Sr OEiIL 51 H TH D (Lide 1995)

4. A&
LA hr o F o ME, BRORAHE LT, £72. 2<DOR barF U MMEAmOA
ke L CHWLILD,

IRIEA bv v TF o LiE, fEk a7 A8 R ONEHEICH VW 5415 (The Merck Index
2006, KB LFEEL 1998)

5. BRRATOH % - 188
A rTFUNIT ALY HFETET, FAMEROIINA—TIIAICET 5, @WK
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Hod, BB A Mo UF 7 MIEBRFUIIIFEE T, hoxE s DbEmE L TORTE
ET D, D 0.025%I21FFICKEF A (SrS0y) KA b F7 o (SrCO;) DiFHE
TET Do
A hurF T NI OMEIC IS oM L TWD, BRREFRO SO & LTiE, BBk
FOERY AF, THOFFREREORERELE LT, FIZRAPIZHBENS, BEEX ha
YFULNIANBIEBOBEEN SR E LTRERICHRE SIS,

WAFET DA b F o nd, BEXITEET T ey VOREL &5, E5FO
FAbFREIIIEA b F U A (SrO) THDH, LA brrF U AL, BRDOGFIET
BUEIZEIS L, Sr2t, SrfOHYA A 12705, A MR T U AFIRGHERICEIDIH L, £
D%, MERmERITEMEILE T 5, HIRAKLOCH FAKRTIE, X barF o ALECKFIA A
ELTHIET %, A by TF U NIMMOEEY I & A A A Z{ED, A bR
YF U LDOKFTOBEEIT IR Em WD, RNEMESE RO AR ST LA~ I LD
KPP TOBENEITREAD T2,

A harF Ui, KEROEEFEDICIRD AEIVRFEENS, ZO%, (HRINT-HE
W& & LIcE OB/ IC N S 41D (ATSDR 2004),

6. {KRNENRE
(1) YR

HALA ba T UL EROBRUIIRFICE > TA M T U AZEBER L @EE AL
RPERBFIZONT, A hrrF U LOWINENFHME SNz, FROBRLEA herF UL
EEIRNIE G- L72A P v F U LIZOWTHIEA ha v FULBEOH A LT T 741
(NAFTXAZETT 4) ZHEL, UIEIRE EFEF~OPEtEDZEEZJIE (NT
VA) THIETHINAERILENT, TOME, ROBRSNIZA M F 7LD 20%
(#iPH 11~28%) IZHILEMNDLWINEND Z EN NSO DOREFR RN RENTZ, NT v
AZAPEITRINENTZA b T U AOEF~OPEMHIT L0 | WIS/ S5 2 &0
EZONDITHID LT, ZO o0 FEIRE WG EM A LTz,

Vezzoli & (1998) 1%, iz~ v F SHT@HRELEANT Lo 7V —7 (B 154, &
P12 4) RO o TEEH V7 MRS A 2 normocalcuric BE D 7 v—7 (BiE
29 4, &Mt 18 4) DMIEA bwF UL —REFHHR PR L (B 10.610.6
mmol/L-minute, % 9.3=0.6 mmol/L-minute), AEZEN2WI & &R LT,

ZOFRE T, HAIRNE S O FTEAEISEE SR o 7ol RIGRITFHE S 117e
Mo T, B CRENZWINDEN 2N ERFERN ORI N, ERCRAY O
KRN T DBEREOVEIND BN L AFIRBORFINL, 2 OfE@mITAZI TIE v o
Nh L2, Iy 7 AOWIIE Z i b OABLIREE @H%Eﬂﬁfi UN=EGN @J%%%ﬁ’(x 1\
2y FULAORINGEEHLS DT ENRINTND (Kostial et al. 1969b), —#XHIIC
BYFULNETNT T LOMILHEPNILBOWINA ) = XL EFFOZ LD, AL %mf
A barF U LORNIIAN T DRINORWEIETHDH EEZ BTV (Bianchi et
al. 1999 ; Blumsohn et al. 1994 ; Milsom et al. 1987 ; Reid et al. 1986 ; Sips et al. 1994),
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PR ENRERGE LIZHET, BFARA Fa o F U7 A0K) 15~30% 08 EINI D Z
EPRER, T OMEITER N TRl v/ @ &Pl Tz (Alexander et al. 1974 ; Harrison
et al. 1965 ; Kahn et al. 1969a ; Sutton et al. 1971a)., MEIZBEE L= A ba v F 7 A%
IWDOEALIZONTIE, B hExtgs LEFRAEBETITHBH L2 b00, 7 v FTHES
NTEY, b FOFAERKHICA Fa s F U LORIBEMO A REMERRE SN TN D, 1.4
mg DAL A b r o F U LAEZHEROKRLG SNERAKET » M, K5 &D 19% (£5, SD)
ZWRIN L7- (Sipsetal. 1997), ZDffiidt hTHE I E LTV D (Sips et al. 1995,
1996), LU B RISV HERE O Z v s TOWIRA R S, 15 Bl TR G- 58D 85%
IR S AU TN 3,89 Hiinbd ETlE 8% £ T T % Z & 23072 7= (Forbes and Reina
1972), ZNbH 27 —FDETHEDENZ K LIZHDE LIV, Sips 5 (1997)
DOIFZETIE, RO R OFIRNES SNZA Mo o F U LIHOWTIIEA oo F 7 L
OFEREEIFRE T RS WIS R ET S VT b, — 757, Forbes & Reina (1972) OAFSE TI,
WAL EDHRFHIA b v F U LD 8 RFRIENAR ENOHILENA hr v F U LAEEZEL
Sl HIEFIEICHES T HEiE ST\ b,

A b rFULORINEIL, Ty ORI T EADRRLOND, ZAMKE 14~16 H
DORENZHOKFIZH LA b o F U LAOFBIRTHSr 2 b L—F—FE ST v b, 75
LTCWRWHETy hRY  2fEEOA ha v F U LEZRIN LT (RHBREECIX 5% TH o7
DIZH LT, AT v FTIEEGED 11% 03I Si7z) (Kostial et al. 1969b) .,

HLEICBT DA b a vy F U ARIROTEMLTAIIAHTH L, L LRB L, NAA
B —% AT EBRTH R OVME TR S5 FIREMED R &7z, 85SrCle @ b L—H— & 5.
ZIREIANC AR SN Te DA Z —TIX 37T% DRI S 4L, —JF7, PSR 23 s 5k S 7o
DAL — 2 E LT 5813 20% B3 S 7z (Cuddihy and Ozog 1973), 7 » hinDHL
Bt L7z M & AW T2 in vivo KO in situ /A T TOFEEBIT, 7y FO/NMGTA I rrF v
AMBIN S D Z & DEBENZFHLE 725 LTV 5,

(2) 7

ENOENIZEBIT ORISR M a r F U LOGAATAN T T LELTED . AN
AT EDOK) 9% WNEAEFIIAET D, BEA M TF U LAOFKARRIZE NOFIRE
VDN SRR ST E 72 (Herring and Keefer 1971a ; O’ Connor et al. 1980 ;
Papworth and Vennart 1984 ; Tanaka et al. 1981), HADK AT+ CHEEAMEITI L
TUL80gIZK LT A M T U AIFHK 440 mg Th 5 & 47z (Tanaka et al. 1981),

Papworth & Vennart (1984) (%, t FO'EHIKICIKIT D 0SSy RE KAV T LS
JON19565 4025 1970 4 £ TOMIFIC BT 2 HEHEROBFICET 28K T —F 2T L,
BFITL D 90Sr OEIDOK 4. T5% PN EFICI Y IAENTWD EfEimOT 72, FREHF D
0Sr AT DK T.5% NEEF D LHEH SN D (BEHPRHINK 9.2 ETH D Z LITHY T
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D)o BENPOLDPIHRIZZDEDKI 45 TH D, FlIC Lo TEILTHA I FULD
FAELD IAZ BT OWNT, B ORRRPMOER I~ TEWI R A OEFEHICBN T
RRTHY ., #10% & 5l % [FER DR T2,

AN TLER IR TFULOFEHMICEAL T, DTNEVDRH DL EREINLTND
D, AR UTFULAIEREICHEBAE —IZo/ML, Aty Foulbe Rrd 7 3%
A SOV T LDORD LY RTINS, B SriCa O HITAFER DK 0.3 mg/g Ca
MHEEAND 0.5 mg/g Ca T, 4Filin & 2N 5 (Papworth and Vennart 1984 ; Tanaka
etal. 1981), ‘B ® Sr:Ca lITH DX A T ko Thix Z2eflizr L, FEBOHRIIFERT
DRI VK 10~20%E 0 (Tanaka et al. 1981),

HOAKD A v F 0 AT 28 IZR 6TV D2 EREMWIZOWTLEL T O
RO ENRH D, 30AM, FEA e F UL 3.4 mg S/L #HOKEE L7277 v M
BT, MIEA o F o AEER 8.7 mg/ll Tho7o, £7-. ik MEOR horFr
LRI, I T 0.7, DT 1.2, AT 1.1, AT 1.8, MT 1.2, BT 1,300 725
7= (Skoryna 1981b), Z i 5 DOffkIZk 1T 5 Sr/Ca tiTH) 0.06~0.1 TH-7=, A
F U LAOFIRNE S 1~5 K2 O 7 v MBI /MmO A ~a o F 7 AR,
HEWG. WM. AFfEe, DREL. S, B ML OOIRCHERIX I R CTH -7z, M, /ME, HE
TR, IR O S Clid 1.2~1.7 D72 > 7= (Brues et al. 1969), ~ U ADFEEIZBIT 5
FHARMAE DPRFE LT A b r o F U AR GE A %12 2 282 72l L7z (Brues
et al. 1967),

ORI BT D A ba T v AN DA OEHR S /2O TRLATWD, 3 70H M.
HWAbA b F 7 A 1.9 mg Sr/L OBKICEFE LT v MZBWT, I bR Y
VY—Ah, O 7 e Y —AESDA Na o F T APEEE (per mg protein) (XA kY
JLTORREDH) 5 5 Tdh->7- (Skoryna 1981b), 50~80% DFHMEN A hr o F 7 AiF ¥
UARTEIZREA LTS EBELLIEZLNLS (Kshirsagar 1977),

EROMEF DR Fa o F U LAOHMHIZETLHEHRBRONA TS, MK N7 0B A
F L7zt MR OIRMERE 7y & MAEE 7D A b v o F 7 AREISIRIERE 7 C 7.2 ng/L,
MAEE 7T 44 ug/L TH Y, MIEFDOIFEAEDA va v F U ANMBICFET L &%
A LTS (Olehy et al. 1966), 100 AD#ERE (FEFIRERIZAH) OMiEA v F v
LPREENE B3 pg/L T, MR/ N 7 IE OEE &3P L Tz (Skoryna 1981b), A k=
YFULTE MIERTE NI BIZHEEGT D, LLRBRL, A MrrF U LAREET
DUFH 2 R E IR E STV, Alda & Escanero (1985) (£ 10 mg/LIRE D E K
MiE A PB L FTLEAL L Fa_X— |k LR, 45%D A b o F 7 ARRI S 24
LTW5 Z & %/RLT7, Harrison & (1955) 1%, kA b F U L% 20 L1100 mg
FRINE G- LT= 2 SO E 7 — 7128\ T, 3.5 me/L O M T g0 R A
WL 60%DIEE e Lz, 22 TRETANZIE, ZOREIZIA M F LT Y A
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N2 HBE L TR WEBRE 2B 2 MIERE O 300~1,000 (5 THDH, E0WHZETHD

(Olehy et al. 1966, Skoryna 1981b), 40~60%DIETH L I BITHEETHZ LN, E

E Yy b E U ROMEE R OIE TENZEN#HE STV 5 (Lloyd 1968, Twardock et al.
1971),

G OBEIZEEND A ba T U ATERMEIICEIRICBITENGS, 7V =0 4
HREETT 2 ML OKBIARKTA e F U NIGEE LT F v )Il= U 7 OFR{FEE O
HETIHE, A b rFULORB~OBITIZR DAL R S 7z (Tolstykh et al. 1998,
2001), HaW : BHEOBITE (BIE L BEOERK T D 908r (Bg/g Ca) k) (1%, GEURATICHE
BLIZ 6B &b 6 4D THERICHOWTHIE Sz (Tolstykh et al. 1998), #
1T303 0.012 775 0.24 L TEMRIALS . BWBATRIZRABIZI T 2 RAARORZEICEE L |
RWBATRIT/ R I FFEICB T 2 BARORERICEE L T\ e, ZOZERIL, TR
MOBRBEICBITLRHEOA b F U LAAfELZ L TEBY | IHERQE RN’ TRE
FHIZLE LA M FULAO LY FHAEMENZ 2K L TWDED0E Lit7Zew,

W aEHWTCERTIL, A b FrusahhEza L RRICBITSNS, BIRIZZED
HRIEREHZA o o F UL EER LIRD 5, ~ 7 A TERBREKOFEITIE XM
14 HEHICHEY, ZORMIIKBEOR ha o F o AAMES M LGS %5 (Olsen and
Jonsen 1979), RO A ~hm o F U AAfTRIL, EIE 14 HEH CTRHRICA hr o F U L%
BHLESE, BEED 0.7% THLHDIZR LT, Eik 18 H B TIIRGED 4.5% Th -
7= (Ronnbéck 1986), I 725, BHE~ORGEINEHREERIZITON 56, BIE~DB
TiEmbEm»roTe, RERORERNZ v FTHELNATEBY, RIEEKOBIIHmED 16
H B XX Z I RHE~DBR G TN mE. IBIE~DA o v F 7 50OBTHE D
VY (BE5ED 1~2%) (Hartsook and Hershberger 1973, Wykoff 1971), AR KRHAD
RIRICB T DA b rFoubonpfid, RKgOA M FursAfaz  EEPTICRAgT 5
RHRIZBIT 20 ETWD, v T AT, B (BE) kR OIRE ITAE IR & R oM
FTEELZ 40 ThH-o7= (Jacobsen et al. 1978),

B FTiE A M rF U NI AY IR A IRICBAT S5 % (Harrison
et al. 1965), 12 NDOfEFERLMEORIF DA b F v MREEIL 74 ng/L (&P 39~93
ng/L) EHIE &4, SriCa £ HIE 0.24 mg Sr/g Ca Toh - 7= (Harrison et al. 1965), %
LR ORI T 23T, HPE 3 B E TOMIM D 29 NDORFEEZRZMENHERIL L7
LY > Z RO b a o F 0 AR HEE 20 23 BT EREL S FL7- BRI & 53 L 72 1fn.
HHORELRBRETHD Z LRI (Rossipal et al. 2000), — 5. REBhLE D FEiX
ERDUFFOAN T T LREIE, BHRMED L~V Z 2 T, BT L Tz, X
kT AOTEIL IR E AEAE R L > TR EN TS & Rossipal b IdfEamft
U7, B E W2 Ot BAMB TCORNALOHAER~D X ha o F 7 AT
BT A H 2 LA R LT 5 (Hopkins 1967 ; Jacobsen et al. 1978 ; Kostial et al.
1969b ; Ronnbick et al. 1968), %% 14 H B/ 5 16 H B £ CTOMIM, #okiz b b—H4—
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D 88y ZfEONgREE LI2RT7 v MZBW T, 2 HIREK TR O 24 KFfH TRz L7 il #)
Wi SEEEOR 5% AL X7z (Kostial et al. 1969b), FHTEA kv o T 7 ADfERE
NG 252 T~ 7 ZAOFERT, A LEEREMORX ha o F T AL~ IREY O L
~ILDF) 20% TH -7~ (Ronnbick et al. 1968), #& HEEE DK 25% MBI X
NI ERET DL, 2D ORRITHROREFIRE —H L T\% (Kostial et al. 1969b).,
AW TSI EENE G- L2 s . 5RO~ A Z0RFMIZBITH A b
72T AOMEESIAIIEI TN D Z L3 otz B O E TR L VK 1,000
GEoo Tz (Jacobsen et al. 1978), #FLBHAG 5 HEDOREWMDOHEFLDO A L F T A
EEX, BEWMOK 3 EThs—F., BECOREIILEY & BEW CRIRE CH- T2
(Jacobsen et al. 1978), REiy & HEMW OFIREOEWNL, REMWIZISIT 2RI &
WETERREONZICEE LZFH LWE~DO A ba rF U LAOBGALE KR L TV D D)
H LWy,

(3) et

Z bwurFUuLAORY BHE) OFHR, v T OTF ¥ I BIT 570 F =0
LAEPETRRICBW TSR AR R L, YA ha v F 0 AgEL2% 107
ANZIZOWTRA S VIZ, FE 361 AKX Ut 356 ANDRHEM T, 28 O Pk -3
PEC 28 -, ZMET 16 4E & &7z (Tolstykh et al. 1997), 7=, B OHEHEHE DFE1T,
50 mARLARE D e THEHNREE S BEZE ITIINT 2 Z L b R@di T 2 & Sz, Z 0
MEEE L, BEMBEOLMEITE Z LT WE IO Z2 KB LT\ %,

Miiller 5 (1966) 1%, 56 NAOKFtO T VU ABETICBIT S A hr T v a0EHE
HPERE 280 256 FEEHEE LT, 2 A0 T VT ABIET CTiE, A ha rF U A0RMPEH Y-
JIHIE 9 A4 L HEE X372 (Wenger and Soucas 1975), A k1 2 F 7 AOEHHEH -8
I, FLLTHIZBI DA M FULOEME BIIZEEINS, )7, BE%R O
Michieo> T, KB WPEHEEENBIE SN, Z OHRHEEIIEICHET S L0 2l
RHNEA v F 07 LT — b OHEN & FRRIC, SHEOPEHZ KB L2t D TH 5,

8Sr O b L —H—FEIC L 28 OPEH 9 #BRE T 42 HEM S 108 H H £ TOHIM]
THIE S, P EEIE 91 B (SD : 32) Todh 7= (Likhtarev et al. 1975), SrCls
ZHERE OGS 3 NORBWERA T, 13 HIZh 2 PSP Edix 2 H

(30%) & 59 H (70%) 72-7= (Uchiyama et al. 1973), Fa{l L 7= BEH £ 1T SrCly
DEIRINE 5-1% . Bt H 2 SO CHIZ STV b (MacDonald et al. 1965, Newton et al.
1990)

HILENDRIN SN A br o F U LMIEREERICHH SN D, 7V 0 LNBAMIEE
DUPEFE TBIE SNTR EOPEH L 3 1%, SrCly OFIRN R G- S Lo E 7 L — 7T,
B GBRB BN OHEM E T TR INTZIEE 2~6 & —E T 5 (Bishop et al. 1960, Blake
et al. 1989a, 1989b, Likhtarev et al. 1975, Newton et al. 1990, Samachson 1966, Snyder
et al. 1964, Uchiyama et al. 1973), T 7256, JRIFWINSNTZA o FULOFER
e — R Th D LB s, R OREZOBOAERM D> O A XATE RN 5-% O F 51
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TOBHHEAR b v F U AOE~OPHBIZRIT, WNSHIZA Fu T U AN G X
(TEE M) S WHLE ~iE T 2 A T = XA@X??%TH"“LTD% &7 S R ~D A b
1T LADEBESWMOFHLI B ER T RSN, AFTELHIERELLRY, A b
YF U LOFEPHEHICEHE G L O DR OPEHORE Zf#im S TR0,

A harFUAiFe MER SR CHRE I TV D, SrCle D BEIFIRIN & S- 2 52 1) 7- i
FEZ2 BB C L MERR - I OPREELLIX 0.9 T, MK : IFEORE I 0.6 TH - 7= (Harrison
et al. 1967a),

7. EREBME~OLE
(1) Sl
DT

HEHEA F T A~OREOIRGEIZ L DT R IIHERAIZHN L=, — eIz,
BN TEREN) L0 b B E DB % =TT 0o T2, 9Sr % 3.7 MBg/ H Df
=T 5 XIX10H M, MHlEO#& 5 S n/=7 7 ¥/ (Rhesus monkey) (23T, 7 4
6 BIDIET RO HiL7- (Casarett et al. 1962) , 0.42 MBg/kg (AKEE/HD A k>
F U LESHBEE SNV VIEAIL, BE54FERICAIMFE CTHELE L, BERREIT43 Gy
ThHo7z, 1.0 MBg/kg (KHE/H O EAZI0H &G I =4 v 1 8HIE, B5%40 A LL
P LI ERIB D E CHET L, HEE B AR 1345 Gy Th -7z, F#J0.67 MBa/kg A/ H
DA T LEI0HBEE LMo 2 BHIE, #5% 36 HLURNIZ, FIZBEE L7
DATILE L, HEERREIT4T~95 Gy Tholz, VU T INERNDIRNT & DR
STEFROBWE N2 Lt ZORBRITBEHER b rF o Ao HEICEE LT
A E LTTEeL, EE LTHbh,

LE 7 v MZ 98y Z8EKE LT 10 HH G 2 7o pkBk & BEALE (30 Him) T, A7l
&t 11 MBa/kg (KH/H (#FF 17 MBq) Z1H%& L7-BEALY ClE, A% 5 2 A H A F3H
23 80%F TITIK F L7223, 7.2 MBg/kg IKE/H (#5F 24.1 MBq) Z{H% L7-pkBER T34t
FRIZEIT R SN2 h o 7= (Casarett et al. 1962)

LE 7 v & (87 Hifin) 1ZAK 3.8 MBqa/kg AHi/H % 37 HDMIZ 30 H&H- L., #ix5
1% 29.2 MBq T& - 7-(Casarett et al. 1962, Hopkins et al. 1966) ., ZiLHD 7 > b
IZBWT, 57°H B 9OSy FRTEM: X 407 kBq T, AFRITN 36%F TR T L=, 30
HE®E ST >~ N Tl B CTOEMEIZE Y &<, AR 10 HFE G S
FRERICHERTIR T L7z, LcL, ZOEWE, &5 7z 90Sr OfaE & ] L TuZamn
ST, BERICE G SR EIT, FRMEM I D b 18% KA, ARER DB RS AR L 82% LA
TC. BUABRIZB W THERICEEE L72E RS D Z 2R L TW\D,

QEH~DEE
a. JHILEICKT HEE
1.63 MBq/kg {A8E/H T 5 HHIRFE L7-t%2. 3 0 AROMEEREEICL VT LIy v
BHIM2FED Hi7z (Cragle et al. 1969),
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b. M&EFHFE

10 HELLE 37 MBq @ 99Sr #BRE L7 W7V NLOR T, (AE 1 FoX—2 1.0
MBa/kg K/ H O & Tl d 2 < BUNFRICIRER LI, 4 20 A ol kNI iLm
BRIS/EIZ KL W SETC L7- (Casarett et al. 1962), 10 HfCEIK 225 11 MBqg/kg K5/
HLLE (AFF17 MBq) %R L7-F#H (30 HiS) ® LE 7 v MIBWTIE, ‘B
G 7R TE AR BRI BIVTo, TRRARIC L 228 E, 2.4x 106 X TN 5.0 x 108 Ba/kg (A
| H OB % 52\ F T HEO RER 1% 3.4 x 106, 7.2x 108 Bg/kg RE/H (A5t 12.2 L1 24.1
MBq) OBEER %= F =MD RER ClXb T Tho7= (Casarett et al. 1962), B D fkt
BREIX, DT v MTBW TR 15 fEEho 7o,

#iw LE 7 v b & V7o i apEs R Tl gk & LT 30 HIH. 90Sr %, 2.7 MBq/kg
{REE/H OF &R CIRE L72ET >~ b (87 Hilin) & 3.8 MBq/kg IRHEE/ H Offf & TIREE L /-
Z v MZBWT, BEODERHOIKANENRD bz (Casarett et al. 1962), XL v k
12X VK 2.2x 105 BqPSr/kg (KE/H (218 kBq/kg (AHE/H) % 31~280 HMEAI&E <
L7272 Dutch 7 %X 28\ T, &I O/ MRIBAE 2 555 3 2 BRI~ 20870 b
717~ (Downie et al. 1959),

C. B~ DFE

A G 72 LIEIRIC B 1T 5 BWIR OB EMEIC BV T 11 KO 14.4 MBo/kg
RE/H O E%E 5~10 HE (A5 17 MBq) 8CEHKIC L 0 BELL 7-ERED 30 Hiivd LE
F v MZBWT, 5% 10 AL ERK > TEEREE O IRENTRD 5117~ (Casarett et
al. 1962),

i LE 7 > b (87 Hiif) &M\ T 08y Z Al 52 L-Eikick i) 2 B8R ok
SHRIFZEIC BT, JEIC 2.7 MBa/kg R/ H , 2 3.8 MBo/kg fAH/H % 30 HIH (&5
289 MBq) #KEIKE LTHEE LIEZA, BOMERICBITH2HAFFEADEZ D, ®E
DD B A~DWE OB T 5N, BFORMICBNT, EHENEESH, KA
WA O FIBEC TR U OBRE N = - 72,

PO A5 ORERIC L 5 L, 2.4 x 108 Bq2Sr/kg AT/ H O &% 48 HR#
A4EEL L 72 Dutch 79 ¥ 2B\ T, Bfilaomd (AR{bLie~ ) v 7 X2k - T
PH & L7z Bl e V13 OB R IZ B W TR O FER) & L CERE T 2B Hile) 23580 b
7= (Downie et al. 1959),

d. Big~DF=E

10 HEAEKIZE Y 2.41 MBo/H  (HEMEZ L ZE40 5, 7.2 MBa/kg (RKE/H) ZHELL
T LE 7 v b OK) 19%IZB8 W TRIEFEMEB RGO DIV, ik, AFEHH
HZER T » MIHLEDIER TH 5D (Casarett et al. 1962), MR b F 7 LD
BABROFIELBEBRL TWD EIEE XL D IR,
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e. £IE~NDFE
BHEDOWFEIZIB N TIE, HETZ » M2, ZHRO 1~10 HAETE TIZ 1 BEIOMHREOIZ LY
1.5 x 107 Bq®Sr/kg # 5L T % (Moskalev et al. 1969), =GR HIZ IS 2 RHAIZ
DONWTIE, B TOMEIL 0.1 Gy THY ., WM TOMREIT 8 Gy Th-o7z, IR,
B T0.2GCGy DMEEZZITT-, ZNHDORMT T, BIED 22% M1 L=,

(2) BHEe

DT

CF-1~ 7 A 2908y 2k ifz L 7= 555, HEn110~250H #i~ 7 A D05, GEIRKE > 5
IEEE L CWA~ T AL D HEZMENEVY (Finkel et al. 1960) , REROATFHMEIL, 1.15
MBq/kgiRE/H O EAIRTE L=~ 7 A TIZ1T%FE TEL e o723, 592 kBa/kgiAHE/H
G L TOREBEZ TR olc, IR OIRE Lo~ v A Tik, EFMEE, 1.33
MBq 98Sr /kgfAH/H D5 TlE40%5 < . 148~703 kBa/kg{hH/H DOSrD 5 TlX
26%5 < 7p o 7278, 1.85~14.8 kBq 9°Sr /kgfAHE/H DBRFEE CIXEII 2 0o 7=,

18.5 % 74 kBq 90Sr /kgfhH/H ZREEKR G- ST v ) T v ~ ORER%E O A(F I
(ZHOWTIE, MBS iR LT, AFHMA 2N Z 18 1E30% %8 < 72 - /-

(Zapol'skaya et al. 1974) , EFH L. EFHI#230.01 Gy2H7200.090 £ THELL b &
FHE Uiz, W EIC KT T 2RO 7 1 v M, 40 GyD BASRIHR BT L TRkt
TR (40%) Zx- L7,

SVEDEEFLDutch 7 9 1231~280H M. 1H1[E, ~XL v b T218 kBqg/kg{RE/H MR
G SRR TIE, BBIDRE OB A 2Z > T, BOEBLINIZET L

(Downie et al. 1959) , ‘BREZ > THOHRIZHLE LIz X TlE, FHREel
FEHE LT,

“OOBE L B D IRERBRICE N T, E— 7V ROEFRIZOVTOSrClad H
EICHB LB N R ons-, FaRicB VT, MRy — 7 LV REE130.074~133.2 kBq
90Sr /kg RE/H OREEZ THR21 H 0 b o ih44 H % £ TOWILIIC 7= 0 IRER G S i,
WEMWIT42 H OBEFLD 5540 H F CTlRIF & TIREE S 172 (Raabe et al. 1983, White
et al. 1993) . WEMWIOLEFRITI3mME (14.8, 44.4)1'133.2 kBq/kg (AE/H) TZ
NZN18, 64K TU8E%IL T L7z, 0.074~4.8 kBq/kg A/ H O T, £FERIZHON
TORTREE & AR 2T e 572, 22.5 Gy LU T ONEEJRIUE U I#R & (mean absorbed
skeletal absorbed doses) ITFETCRITHE L 22> 7223, 50.4 Gy TITE RO A
vz, 2% A ORERIL, EIR21 B %) 5 AEEICDHTZ D 4.81~44.4 kBg/H Ol EZ 5
SINTA XEBRE, RO ha— L TElEI7- (Book et al. 1982) , FHA(FH]
MR ##R & (the mean lifetime absorbed skeletal doses) 1328.4~111.9 Gy T& -~
oo AR FY9E (The median lifespans) 13EREBRORER & [FARIZ11~65% L
Tzo ZHUE, 540 H R DMRFHIEFRICA RIS L G A3, Hilnkr OURER TIXEFRN
B RHZEHEERL TS, 2o ORBRITIBWNT, BUNBRICEE L7z 2 DD 37238
UK, B S el VB RIE T o o 7=,

178



© 00 I O O Bk~ W N =

Lo W W W W W W W W W N DN DN DNDNDDNDDNDDNDDNDDNHE =
© 00 I O Ok~ W N H O © 09 0 Ok WD HF O O 090 0tk W+ O

2011/07/26
Pitman-Moore I =7 % OO ZAGGEER TiX, SrCle OFERET 90Sr @5 L7
FER FETRIT OV THEICEE L7222 7 5172 (Clarke et al. 1970, McClellan et
al. 1963, Raganetal. 1973) . 9 72> HlnLAkE 90Sr # 114.7 MBq/ H O & TG-S 7z
MERR I, B BE O MR OBIEIC L0 R OEIRE £ X RN o7, RKIZEmL, H
BRI s B O R B I E @R (terminal hemorrhagic syndrome) % 5L
7= (Clarke et al. 1972) , 0.925, 4.625 }x 1) 23.13 MBq/H OMEIT N Z4, 11, 5
FOVTFZR DT RZ A EICHMS T2 37 XU 185 kBa/ H OBRER ITAEFRITEL
Ipinote, RIS OIREE Lz Filfick i 2 2803 L EE CThH 7223, BEfLR., <
o DORGHMEREIT 6 PHEBE CTRERED Z< bTINTHo7, 23.13 MBg/H D
OSy |ZHEFR L7 F1MEIZ 9 Al E CTHEMFE Lo T-— T, ZTOMEIT., MEOB O
RTIREENICEMPTIE o7z, 512, 925 kBq/H DIRFE = F7- F1 M, 11
FHRIVBDL LA THFZORBECRICEBNTHERBENER LT, LHLERL, B
HARD L H 12, 90Sr OFRE 37 KN 185 kBa/H i, EFRICHEL H X el oie, O
AERICBW T, EHRNAREIL, 0.037, 0.185, 0.925. 4.625 KT 23.13 MBqg/H T
HV., TF1 037, 1.85, 9.25, 46.25 X (N173.9 MBq Th > 7=,

QEH~DEE
a. MREBRRNDFE

E— 7 NV ROEMRBRICIB\V T, 14.8, 44.4 kBqg/kg {KHE/H D 98r %, 4k 21 HH
DOREILOM K OBERL 42 H B2 5 540 H H £ TR L725E R A~O “ IR 72 580
HNRO Hi7- (Dungworth et al. 1969), i3tk x 22 2 FE OB HEMEIRTE D H 1
. ZORENT, MOMMRICBIT D HEER v e F U AOEBENRERICL S HDT
1372 <. BRE~ OB RIS THEIN D FHEHEIEIC L2 IR ETh o7z,

b. DIMEZR~NDEE
0.074~44.4 kBa/kg R E/H % | 1Bz 21 H H 2RI OM KL OBEA 42 H H225 540
HE* CEfE L7- B — 7 L ROBMRBRICE VT, AR, SR M OVEEE H i
Dy (BB DFREFNZRBWT) BBFR® L7z (Dungworth et al. 1969), & HEREOEY)
(14.8, 44.8 kBa/kg (AH/H) TlE, M/ MRIBUDEIZBEE T 2 H PR S O 58 A& D3 R
=iz,

c. MABEFHEE

WL ONOEMFEIZ BT B BRI B W THEMANH 2385 S v T b, BEFLEL 90Sr
% 18.5 kBq/kg IKE/H O E TIREFH 5 L7z Albino 7 v MIBWT, ‘BB AINHIA
AEIZRO b7z (Zapol'skaya et al. 1974), U /B, WRIZAFHER ) M/, & L
THERITRMERN R L Z T, BRRFORE &L LT BEORENRE TN TV,
18.5 kBg/kg AH/H O EOBEFZIC LV . HIMEREIT 2 4FH 0KV £ T 20%5HD L7z
KRBV TN, B3 O OFHE T | EkErE A2 5] & 2 3K/ MR &2 1.5~2.0 Gy
ESNTo, BIMERIEL, 4.0~20.0 Gy ORI & THI 830~35% DI TIRITH L 7e o 7=,
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MR ENL, 0.074~44.4 kBa/kg KE/HDO A fa o F U L& 21 HEH L
SR HC 23T T E 2B 42 B2 D 540 BICHNT TR L7 B — 7 LV RE V7218
PR T HHE SN T 5 (Dungworth et al. 1969), BREREAAAT: 6 42T, 1.48 (N 44.4
kBa/kg (AH/H OFGH T, RIMEKOEEFHRE (FIZHFERIERE, IR IERA RE
Jo OMIL A SE IR E N DN EU] CRARMERAE) . FH EARAFME D B #8 /B ok B Bk i . A
PRI ER SR O B | B AR BERAF R ER MR O E il OWRIEDFE D BT,
Htﬁ Z. 114.7 MBq/H OEfL A kv > F 7 A|ZEFE S 72 Pitman-Moore = =7 4 (%
BRI 2 G AR O & OV U 5 & if, B ERBAME, i/ MR E I DN
ﬁﬁuﬂ%ﬁi XV 3~4/ A THILEL] (Clarkeet al. 1972) ., &HIZ, ZO T N—
D 2 BT E LA RO b,

d. FHEE~NOZE
BOEFICOWTIE, A XIZBT DHEMER b a rF U A~o RGO g
BRIC }ob\fﬂiﬁ‘?"\%iﬂﬂﬂﬁ)m&')%ﬂt (Momeni et al. 1976), #Eik L= — 27 /LRIZ
IR 21 H A ORAM 2R CHAK 44 HEH £ T, 0.074~133.2 kBg/kg DR E D 28r
DG L, WICIXFE CHECHERL% 42 HE D 540 H B £ TREO#& G- L72 (Raabe
et al. 1983, White et al. 1993), FH&EBRHED 10 FZICHBWNT, HEMEMOH 557
DOFEL LT, BEO/NMEBRE, BRBELOEEOREOZE (LR TIRE) |
f)(f,'fiﬁ/ﬁk\ FRETE D EIEEEN S 4TV 72 (Momeni et al. 1976), \_ﬂ% i\ ERR
TOHKGHE (133.2, 44.4, 14.8kBq/kg (KHEH/H) IZRRD LT, BEFRIZIVFEEIN
BB AL, 4.4 x 104 Bq®Sr/kg KB/ H TR SN /- v — 7wﬁ4ﬂ¢3ﬂmﬁ
WTERD B7- (Book et al. 1982), Z OFGHHIZIIT 2 &G (AEEkGEL 4
FHIFCHI 5726 D) 13£0.04 Gy/H Tho70, BAHRRIC XL D EEERIL, XETHET
908rCly % 0.37~114.7 MBq/ H OB THE L, EMFEELHFHRERLAEICI VLT L
7o D Pitman-Moore X =7 ZIZBWTH#H B (Clarke et al. 1972), £
DOHEIZB T D EHIEDORERIZOWVTIHE SN TR,

e. [Flig~ne 2

A XNZBT D EMERBRICB VT, ik 21 B B SRAHOM KL OBERL% 42 B B 73)%
540 A £ T, NFlE~D KRR EBDH 28155 L=, (Dungworth et al. 1969), 1
G B MAE R Lic A XIZH T, B, m%¢bﬁ®UHP~yx&0X%®%
L ANEUNS - 10) oy NN NSV a W el

f. BEADFE

NI D HEEA b a o F U ARINLICHE OR D IREEIZ X DIR~DO BT 2
FiX eI Ty, ® 5 EMERERIZI VT, 20Sr (IZ 7 E W TR 21 H B 2263 Lo
M. F7HEA®% 42 HE2 S 540 H £ TOMIREE L7zt — 7 /L K 403 L 2 [EOIRIC R
PEORAJENRD BTz, L L, AEIZHOWTIZHRE STV 72u (Raabe et al. 1994)
MEHREITICE D &, 2O DMEEIT G T < RO D K PEZE O
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R TITRRO NN Z &0 D) EREAG R~ DR L AEICHBERH L LEZ 2 b5,
A CA XDEMHBRICE D &L 1.6 x 104, 4.4 x 10> BqSr/kg (KE/H (14.8. 44.4
kBq/kg KE/H) Z6HE 21 A B 3LlcB W, £7-8H 42 HE D 540 HH £
(ZHRER L7 E) Tl IR~ DM 72 B D 3588 6 117z (Dungworth et al. 1969),
BEFEFEME R BN R DN R OIRIT DT e B HREARO bz, it B
@ﬁﬁzﬂfmﬁﬁﬁ%ﬁ%ibé R TH D,

9. KE~NDFE
0Sr (2N (WERH) ORI A4 L HEZRE 414 H B ¥ THK 1.33 MBg/H
DO EZIRTE LMD CF-1 ~ 7 2ZBWT, KE~DOEEITRD by - 72 (Finkel
et al. 1960), 148~444 MBq/kg KH/H OfR & TR IS 1.5 Fn F Tl LA
ZIRIE LT E— 27V RICBWT, KEBAD DD Hi7e (Dungworth et al. 1969).,

h. REZR~NDEE

08y &Gl %A 23.13 MBq/H O#EET 9 H A EEEER L 7= Pitman-Moore X =7 % (Z
BWT, #f# L7- 7 0t 7 HURIS T 2 FUR S 28 /s akBRiIz K 0 JlE S, kf
FEEE L i L CHE LU TR R L 72 o 7= (Howard 1970), 90Sr % 114.7 MBq/H Off &
T 3~4 Al R GAJELZE U & LTS L2 Pitman-Moore X =7 # |2\
TIL, ‘BHiftA (Myeloid metaplasia) % L7- (Howard and Clarke 1970), %1
I D B RIE < 1% 0.440~100 Gy OFiPH T - 7=,

E— 7 NV ROERF NS 1.5 fﬁfﬁ%i T 908y ZBMEAICE G LT-WF2E 0 6 2R DL
FIZBWTIE, 14.8, 44.4 kBq/kg RHE/H OME T, MiEO & BERILAESE T

(Dungworth et al. 1969),

i EEADEE

it CF-1~ 7 A2, %8r % 1.11 &2 (V1,147 kBq /H TIREE# 5 L 7= (Finkel et al. 1960),
W~ o 2N HOW T GBI IS AR U, M~ o 22D W TR & O 7L R iz
0Sr G- iz, HPESR HARB O A% 35 AIRFRIZISIT 2 HED RE O A 75
WZITE L 2o T,

ZAREER 2BV TEL 9 H i ol Pitman-Moore < =7 4 12,0.037 )2 T8 114.7 MBq
| H OREED 08y ZREEHK G L ZECO AR D I 908y & & 5- L 71 & 25kl L 7= (Clarke et
al. 1970, 1972 ; McClellan et al. 1963), 9Sr & 5-1ZH AR CHABUTITZE L 72 hvo
7=

114.7 MBq/ H O# & D 908y Z 25 U7 IRR T # 13, ‘BREE AR 2O T2 OIEIR £ THAF
L7Zpmotziin, JBIRIZIER TH-7= (McClellan et al. 1963), 0.037 & T*23.13 MBq /
HTo»9Sy 05Tk, BIEROKRE S, SEOHIG, HAKE, BEEWOHEE, RS
K OVEFEO BB BT 2 o T2,
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j. BE~NDFE

CF-1 ~ 7 A2k} U THEARIA D S AL /0T T 908y 2 5T Afl % 1.11~1,147 kBq /
kg AH/H “CELZ_?”_ (Finkel 1960), 'T@#ici, £JER CREL 5 272, WOKE I KL
ORI OEPREICITRESE T B b R STz, L L7725, 111 kBg
/ kg MKE/EU\J:@/@?% IZBWT, FIZEET 2D AOEFBEIC L AFHRENELS 2o
72

KB ZHARMIIE & L TiX. 9 2> H D Pitman-Moore ‘Z =7 X% 0.037~114.7
MBq/H ® %Sy &4 L7-IREE CHIE L, REDM DI 908y (ZHgEE U712 M & il S ¥ 7

(Clarke et al. 1970, 1972 ; McClellan et al. 1963), 28Sr m@ﬁlﬂﬂ;ﬁ% X, AR
AT %ﬁﬁ“biﬁﬁ)o 72o THNHORMKOHIEIE 114.7 MBq /H ( McClellan et al.
1963) D5 L D BRIEIERIC LV JE 1 LIe S BB IRIZ 072 8 B % 52 1T 72 o 7‘:0
0&%~%13M&UH@&5momf X, REWMORE &, FEEOFIGOHAEREIC
ﬂwbﬁﬂokomnsM&ua%&ﬁbt7&kowfi e st pite iéme@
AT L VI ENED LT To oo, REW OBEFLFFHAE 238 L 72 (Clarke et al. 1970).,
%%%\E_i\#%%kHLVAwT%éO%%&&BNBME@@@%%KKO
DI 5, 23.13 MBq /H D Fy X, if’ﬁ 9 N H OBFERF & CTHEAF Lo T2, A%
9 A LIBERIBR R 2 REE LA T2 B IS BOER Tl o 72728, 90Sr OFERICK L TH
%wabtmiﬁ@am%é_&ﬂm%éhéo

k. EHAM

B OFYFERTREINTND L HIT, 98r OROEIUIHE UTES A DREE
IS5t & 5, FREIAVIZ 90Sr 2485 LB B iT 2RIV T
0.42 MBq/kg R E/H O#RET 5 HFHEG L7 EE (5% 4 408 ORI 72 it &
2343 Gy) 1%, HILJFIZ X > TILE L7z (Casarett et al. 1962), ¥ 0.67 MBqg/kg &
/A Off &% 10 AR OBRELZZ T 7o 2 V8 (HEEF U 47~95 Gy) X, 36 7
HO®REGMEICEREES A O RIE, §PE) (2K ET L,

LE 7 v K T,9Sr OB ~OWIENKART > b L0 @ OBERLIE 26 - 7= Sl 52
M =17 (Casarett et al. 1962), HEFLIE (30 Him) 1% 1.7 MBg/H ., AiRIZIZ 1.2 KT
1.4 MBq/H O & T 10 HEIZH 72 0 ok G Lz, ((KEE%E (body weight basis) ;
BEFLIE X 11 MBq/kg (RE/B LA b, HERGIAIE 2.4 x 106, 5.0 x 108 Ba/kg IREE/H ., MERLIA
1% 3.4 x 108, 7.2 x 106 Ba/kg {AHE/H), 5 H#%. 17 MBq 2 #5 L7ZBEALIEOFE NS
1.2 MBq D JEEHERN TE SR S 23, 12.2 KO 24.1 MBq %% 5- Sz ik o
MHIX, FEi, 37 LT 74 MBq 2 H Siviz, BURTIZIRAE L 72> 7o DlTx L,
17.5% OBEEFLIE CHRWENE Uz, BF 5 < 908y ORI O 22 TFHEIC L 5B AED
BEDEDIFRF L7 TS, LOLERD, @ REDOREIZRT 5 EEREE (B
MR, FEJE DR EEAIEN A, 2 OMFE~ D2 A) OFRAESKRTIX, MIBEEL T2
LU ETH T, KRR T D EMEEE O R AR TIX, MREE L L TE2 -
7= (16.2%IZ%F L 6.25%), #& U T, AERIZEH ﬁé%%@%@%é%@ﬁ%ﬁ@zﬁu
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ETHoTm (FOMOBEMEEEIZITEENA (B 11.25% & AIFE 6.25%% &te), 57
HH”?S 87 HEETRRELZT v NI 407 MBq @ 5 7HOEKATN (5-month
skeletal burden) 23% YV, Ziuidk, kg AREILHET 10 H MG LICHEAL I OF AR O
457D 1 L0, ZOEWET v MBI 2 EERROEWE KL TR |
ZHEEEO T v MZBWTEW, SO T v MW T, BAOBMRIFEF AT
Li=Z &b, BRBEORERNEELRLY bEnrolz,

o> 7 > MTEIT 2 HHifkERRIC IV T, 37 HED 908y O OHEL (fE 29.2
MBq) (ZX 0 F¥EMEEBRIEREN 21%FE THIN L7 (Hopkins et al. 1966), 150 H
B OB OREHHREILX 40 Gy 72572, 224~280 HI(Z/F T 218 MBq/kg IKE/H % %
B LIEHRT X (~52 Hifn) 1%, BHEE M OEE ORENRICESREEERENER S 1
7~ (Downie et al. 1959),

T b, TR, A XKORTH B L7z A KR 2222 BV T, 90Sr 8
MR OSSR, EEORRAERNEML7-, ZOMEICHB VT, 1.8 x 103~7.4 x 104 Bq
0Sr/kg RE/H ZBEAIZEOT LV E /) T MG L, #fiRE L T3.7x 102~1.5 x 104
Bq/ HI#EZ L7= (Zapol'skaya et al. 1974), 7.4 x 104 Bq 9°Sr/kg ﬁiﬁ/ H®D 9S8y ##5-L
727 v MZERT MR O AL, BN 1.3% Tho7o DIt~ 18.7% Th -
72, 1.9 x 104 Bq %Sr/kg K&/ H OFA. FEEORAEIL 3~6 FKy (BUEMIZFEE S
TV 23, 1.9x 103 Bq 298r/kg RE/ H TORAITHRE STV eV, b —ixm72
FPEEEIL, U U NE (8%) . BAME (6.7%) MOVEIE (4%) ThHbH, VA&
OIFRIARIL 300~540 H TH V| ‘BHMEE AL 450~600 H Th - 7=, BRI
®iX, U N AEOFRIFANTIT 18.5 Gy, HILJE OIEIRATIIX ) 22 Gy, £ L TFH
RIEDRIFRNZ 1L 24 Gy Th o7z,

<~ A& LT2AFZEIC BV T, 1.9 x 106~1.3 x 106 Bq 20Sr/kg K/ H Z Al (110
~250 H#RGEE) SUTARIRICH& S L7- (Finkel et al. 1960), 7 X T D {RERFE ﬁi
BT, EMARREORIRNE RIS OREIT LD Lo o723, BRI 5 FELIC
oo T, WIRERRERT N A LN oo DL, EER e B RE ﬂLH%L&
HB3IN72nholzcZ &R0, IR TIREREERY 72 LRI ié@ﬁ%i@@w#%é’&ﬁﬁm
ThirEEZLND, LOLARRL, BDADORERAITBIELLIFEE, 9Sr 285 Lz~ R
K%WT%L<%iofwko%%%WﬁEVAwTi\E%@ﬁﬁﬁﬁﬁ@%(%L
U U RAE) OHBINRA LN, 7ol MR A RAET S 525 HE TIT, <t
BEDS 6%~ T-DITKkE L, @G MERETIE 24% D~ T AN Lz, EfREICRR
AN L B AT O B 3B AN 6 5], BRI 23 4 61, DN ORI B UM 2
Bl ThHoTe, BMELLEE SN~ T ZADFITHHMER b a2 F 7 LADEEIAEAET
HTZEIWZOWT T VAT T 7 4 —IZL > THLNZENT,

A XZBT DHMETIL, EIRTFOE— 7V ROBEC, EREYIMO 21 BB XY HEE
42 H H £ T2/ T T.0.074 %11 133.2 MBg/kg K5/ H % #5- L 7= (White et al. 1993),
EENITBEFL: 540 HE ETRA X ERLU 9Sr/ vy T A CTHEY LB EHRE LT,
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4.8~133.2 MBq/kg fAE/H # B 5- 31, fERE L TR EREOFHEED 50~107 Gy DA
X%, BIEEIC X VT LA, —5 0.1~1.6 MBq/kg RE/H OFFETHR G S, L
KF 1~23 Gy O'BHMEOA XITEEBEICL VT L) o7, 9Sr ZEHERET 513
E. AEORERPITREE Y, FBABEICRYLT o7, 66 FIORED S B, 75%
WERIECH 7o, FOMOEEITECE AME, 12 AREE LU < il RIE SOIR e
ADSFRBD BT, BN T ERRED AL 2 BECORIEAE LT, @St E 0S4 T,
R PERS R BEVE A MR (43 BISELD) . O OO A (29 FIFEL) WO HE A (16
FIFET) IZX VT Lz, BiEOEM) (K 1,156 HiinTHEL) ITHEREIZRD Y A
7137\, BERERIBEOEY L 2,864 H TH D, EBRBEDAREDA XITBIT DDA
FIRFHCB T 5 LB EREIL. 31~116 Gy THh-o72, EE LI, ZOBREEIIRD
IREERE (0.08 mGy/H) ITHARBEZE R LV 25 5E< . HEBEN (1.46 mGy/H) 1
HRRFE R LD 500 f5m0 o720, DADERIZRLZRNWEREB LI, Z0O7H, HIR
HBED 500 1 DI T R LX—ft 5 (LET) B RiF-RROAIEICHT- D18 PEREIL, A
KNZB W TR RN ANEE RS 2o T,

EPEIZDT=D . 08y & 0.037~114.7 MBq/H D& TH 5 I L7z Pitman-Moore
=T X O MNERBR TIL, BOPADREOBAEBIKGFHZE VR RESINLTWND

(Clarke et al. 1972 ; Howard1970 ; Howard and Clarke 1970), 9 »>H i T 5% B
IR UT-HIRICEBEN T, 1ZIETRTO LUV TEME AN SN, 3.7 x 104~4.6 x
106 Bq 90Sy/ H 2 W L7236, U o S KROVEREOIRG B S e, BEcEBIT 25
DI EIL 0.4~100 Gy Th o7z, FHEFHEDN 90 Gy LV HL, 4.6x 106 LT 2.3 x
107 Bq 20Sr/ H Z IR DK ORG-S TV D Fi KON Fo B RIEDN TS ET 5 DIk L,
BHARIZBWTERAUIFAEL TR, FRBIZEWVEBRIIFAZRED, L0 &SWOIRERF
IZBWTHRAE L, B AL B, Vo "OEGEIEHAREIY & F1 LY F AR
BWT, REICHEIIER SN,

(3) Ef=®

A b v F U LZERMAEOBIEEEICET 2 WS IMmO TR TS, L, A
b a T DRSSP RIS B R R 2 i U 2 O BB RO A DI Tt DNA

AHEGET L2 EBMbNTND,

DR bAVFILRERGLKIZEL S in vivo HER

A bwarF U LNZERNMARODYER DRI L D in vive BinmERBREGE 2O\ T
Me—DWwENH D, HLA Fr o F U L%zl Swiss albino ¥ 7 212 130 mg Sr/kg (KT
OMETHRAEREG L. 2 A, 6 RHEZEHIMIaIZ I T 2 YRR (v v 7, LIk,
ANy BIE R OMEEUAR) OBEDS 5 F5HE 0 L7z (Ghosh et al. 1990) , [A4% & (140 mg/kg)
b LIcii~ 7 2R W TII R AR RN 2 FRET, MLV bEETH T,
LV EMHE (440 ~1,400 mg/kg) TiX, 6. 12 LT 24 £ I3 1T D Yu (R HL B
XM ME TR Td o 72,
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@R A YF I LBEHERBIKIZ & B in vivo AR

=7 %12 925 kBg/H XiZZ AL EOfFED 0S8y % 1 F ML LIRS L7/ R, A
MERIZ IV CTYAAAREIWT 2358 HiL, 2 =7 X IXAMFKEIZH 72> Tz (Clarke et al.
1972 ; Howard 1970) .

90Syr—90Y disk applicator (FHHRER 2.28 Gy/4y) % 100~300 Gy DO#E & CTH MR
L7-Mf ICR ~ 7 A Tld, ZFE% I E CHREH DNA A3 b7z (Ootsuyama
and Tanooka 1986), DNAEEIZEHHET S5 N FULATF I VU ORFGAKRIE, BER LD b
MR ST R O ERHIIIC I W TE LML T, BERGEMESFEMI & R CIRS I
HOEELEZIZBNWTTFIVUNLDESTAEN TWZ b, Z OMEITMIEZ
A7k Db b, EEHbIE, BERIZEIT 5 DNA BEEENKSEN T &5,
B IRBEZODNA Y A PREICHEB L TERTEYHNWI Eo—RKE 25T
HTEEREL TS,

F ¥ A == AL AKX —|Z908r-0Y (7.4 x 106~1.9 x 108 Bg/kg) % H[AIEENES
L7cE 2A, BH~OREHNRED LA 2122000 T, KRR (2~224 HE]) (KD
W72 ) O YL REIRT AN L7 (Brooks and McClellan 1969), ‘B #fiffifu 4 7= 0 o Y.
ARG S OG5 (/TR G AR R R DR, BRI OMREE Y 72 © O TE AU #AZ
FEDOREEICFARE U CHIMN U7e, Buta iR A HA J OV & B AR YL AR O FR R B, 1
Bk ORI - TR L7223, YR8 Buimme 7=,

it ICR/JCL ~ 7 A2 3.7 x 107 Bq/kg @ 0Sr JEFENTEAT% 90 HEB &9 < £ T
RO FE N, Mg, U o E LA OVERCElIEE S (Tto et al. 1976)

@R A VF Y LREREMKIC & B in vitro HER

& (Bacillus subtilis) O ZAAETEHERE XML Z VT2 Rec—assay (ZBWT, &
fbA harFonIEtEcdH-o7- (Kanematsu et al. 1980), = HIZ, &L LToD
ECIL, In vitroDNA BICOWT A b o F U LI L H5FEZEBIR O LT, =
DFREFNIERIFME L BB AMEEZ RSN LT L TWA EE X 57z (Loeb et
al. 1977),

BEEEOHDLEEA M FULMEENE LTI B ABRA b u o F T LARME—H
NTNW5D, ZRABA N T AT, FrA4=—ZX LA Z IR REEEMRICE
W Tk Y R 25 #2553 L7 (Venier et al. 1985), A F 7 A (Salmonella
typhimurium) TA100 #kZ W72 Ames SREBRICIHWNT, 7 o A b F v A% S9
GFETCHEREREF R LN, IEGETTEFRE LN T, ZJuLBA T v
ADBELEEMIT, MIRNIC AT A7 2 54 o DM A5 1T CTRISHED & %5 DNA
MRz T 5 2 L ICBE# LT\ 5, (Elias et al. 1989, 1991),

185



© 00 I O Ot b~ W DN =~

LW W W W W W W W W W N DN DNDNDDNDDNDDNDNDDNDDNHE == =
© 00 I O Ok~ W N H O © 09 0 Ok WD H O © 090 0k W~ O

2011/07/26

@R B YF ) LBSHERGIAEIZ & 5 in vitro RER

A e rF U ABEERARITI e MildE AW oin vitroilik TEEEEE R LT
%o, HifiE7e e MDY v 3ERE0.2~5.0 GyDFRE CRRE 32 & YR OMEEN |
5- L7z (de Oliveira et al. 2001) , HE&E) ARG IRN R (BEE) AR A & OUINET R 1
0.2 Gyl BTl ., “@AYAR120.5 GyLl TN L7, $72, BRRYe R E
133.0 GyLAEThF L Tz, [ UiRBR A HEIRHE L2 Y Rz 5 2 A
v 7 v A TEMTH L0.2 Gy TDNAHEE (B HBKEA L tail momentiZ X 5 7Hf) 73
WO, PR EOHEIZIILSENH L5 DI, Bi OARIZHE R DNALIKEL
LA NIEEDOYAARNBEE L T A0 E D Hy EEYFIRE X E — o0k, —8)
JRARYL A RIT B 72 DR DD 70 < &b ZHOLL EO UML) ICTRE L T\ 5, /ME
LB B FARW s B4 U223, 2 O/MZHBUEE ORREIZHES L 728023, 0.3~3.0
GyDOMEIZHRE Iz FY U RERIZBWTHRE SN TWD (Hall and Wells 1988 ;
Mill et al. 1996).,

8. Eb~DEE
(1) FF¥llakr—F
1948 4, v 7 VM52 & 5 Mayak Production Association 1%, Y H O LasEHE O
72D T I b= AOFEE IR, 1949~1956 4E £ THUFMEWE 27 F ¥ I L T2,
HEHEE O HIE 1950~1952 SN K Th 7= & Wb b, T D)L D 41 OF OFER
FI3THN) ZXGUT, TF¥)Ilar— "R iz, RMGEMTIE, oKL LEEN
5y BIC X DAMBHIEL 22T, IBRENTZARELEZE S Z L1tk v, 137Cs, 90Sr 2D
PR TR DN BIE K DR o 72, BT IX 1950 FRITIHEE - 72,
TF v )l ar— MIix, 1950 FLENIZEENTZHK 25,000 ADOA Y PFvar—k
(OTRC) K OXZ T 1950~60 EiZ#s A L7-#9 5,000 A%z 7- ETRC I QN FENHRIE
ALl Eboar—Enbs, HEHEOHEEITITINBHIL ERHHIEIL 26t
7= TRDS ERH SN TW5, BEENATIXHEMEBOBENSR I, k& 0.47Gy, ‘8
0.04 Gy, A 0.01 Gy & BB ELHEE SN TND, 2D 5 HNERHIX L 23 55% % 4
D5 EWS, £7- RBM # &35 2 Gy, F# 0.3y, TR4H 0.2 Gy LH#HEEESN TV S,

Kossenko (1996) (%, 7 F v Jlladr— MIEBWT, BHILIF LK OEED A LD TEHER

DM LTz & LT D, BREERETIX, REELIET DY 100,000 AH72D 140 A
(95%CI : 131-150) TH > 7=DIZte~, BHFHEBIF (1950~1982 ) (Z31F 2 xRt

Tl 100,000 A47-0 105 A (95% CI: 101-109) THh o7z, MBBEEEICE T HROEH
DA EE 0.176~1.64 Gy TH o772, DAL RO, BEBEHOFRIZITRA OGN
o7~ (Kossenko 1996)

MR ~DEEIZ DN TIE, B LEER 0.3~0.5 Sv 2 H 2 2 kB % %21 7= — 10
DN& T, AMEROWA 1/ MO & OFERIER DA 7 & i O FEE D 2L 358
bz A LT\ % (Akleyev et al. 1995),

FICBAE K OB & E P ORI B L2 R TER OV A e 7 0 —0R580 b, FikkE
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EORERIL, BORMIBIT D VEHHBMEN 2 Sv 2B TWAIHAEICAERICEN-T-

(Akleyev et al. 1995), ®%ER~OEFIZIZ, 26 T MRIZ L 2 HUREER O,
T-lymphoblast % D & Y large granulocytic lymphocytes DU/ 723G F v, 30 4R
Fifi L7z, 4 0.3~0.5 Sv i 2 2 i #t & B #ll22 F 7e R O — 2BV Cid, Bk
BB FEN T LTz, Akleyev B (1995) (X, HURBARMERER RN ERIREICH T D
H IR OFIER O & SUZHF G LTV D A[REME 2 R LT, S N ORRIRIIFT R & LTI,
R BRI IR TR S LTS ABE I DIYE (IR, 18MERE SR, MifEE o5 4R
R OVEBESS) DISFEN ., FEEEM: D BE 7L — 72T 358900 L TV 7= (Akleyev et al.
1995).

PR~ DB | 4[] 0.4~0.5 Sv DL EOMFEZ 5T 7o B CHIZE I, 14~20 F [
fEL7c, LOLRDBD, yRICEDTHIIZTE D LDITHRT, A by FUAICK
2 SR B DR~ DB EOREF G L T D0 I TIE72vy (Akleyev et al.
1995).

F7o. TF X aABR— MZEBWTIE, BHA~ORBIZOWTHEFIIICAR TH D &
WAL SN TR (Kossenko et al. 1994) , EIZAM D O y#RIZ & 0 AFERRIZ 0.74 Sv
DB Z T TR TIE, MAER, SRR L O E RILE DI AR EILR
o 7o (Akleyev et al. 1995), EAMEIROF AT E L OREEII R o7, i
D DFEFNZONT, BRER IR & BRI B2 TR Y AR~ DR ED 5 LG A ko
YFULPLOFEITNSWEBbiILS (ATSDR 2004).

TFx)larR— MIBOWTIEL, BE~SODEZEIZONWTORETIZEAEESNL TN
(Kossenko et al. 1994), B2 o o F 7 A X HBEEISITEE SN TV VA,
AFEARIZ R L CTEIZ y BRIZE D 0.74 Sv £ TOIBHIELL LimtED adm— eI
(Akleyev et al. 1995) | 3% & < FAESOREITHAFINT/N I NS DO L IS5, BARTE,
TEPE, FEPEDOFRELOBENMIMR SN oTz, LI LR G, BREREOZTIE, xFHF
FEE i LT, Qe R RN NS e REOMRRE R, TEEREE R K NE DM OFFE SR
I KDL T RO O T RN A BT, 15 ORI N3G IHEIC L D
FETC K OHPERTR I OGO T 2 ZE T 5 & AFIRIC 0.11 Sv OfEZ#HIT< L
TBLDF DIETRITNRFR 252 1T TOR WK IREEIZ L~ 2 5 £ 72 o 72, Kossenko 5 (1994)
1L, BRIEE, VirE, FHET AT M OB R R B 2 XL 2 (55l & 234
FEMRRR BV, BT RaRA > MIKT 2 0.2~4.8 Sv OFFALY bR A L

(Kossenko et al. 1994),

TN AT ONTIE, HEE BRI EN 0.1 Gy 28225 LEEO A (10,000 A
Gy 122% 0.85 N (95%CI : 0.2-1.5)) A iERE 4, BIMRIZ X DT YU 2 7 130k
RO X N3 5 (Kossenko 1997, 2002), Z OMFEAERIZ. 7 F vk —
MZEIT % 908y DIRNARTEDS, FIRFHOFURER: T BHEOBREE J D 100 UL E&mvw 2
L EBIE LTV 5 (Shagina et al. 2000), 7 F )l 24— F DO FFRIZE VTR AR DOHE
INEfER STy (Kossenko 1996),

F7-. K 50 OB XV | Krestinina H (2007) TIXEEAAOHRE Wi 5
R OPIEL Zk<) 12X %5 ERR/Gy 1.0 (P=0.04 95%CI : 0.3-1.9), Ostroumova ©
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(2008) Tix DI A D ERRIGy 4.99 (P=0.0195%CI : 0.8-12.76). Krestinina
(2010) TIi%X RBM &2k 5 AMFD ERR/IGy % 4.9 (95%CI : 1.6-14) LH#HEEL T
W5, ZiuE, Ostroumova & (2006) @ TRDS2000 LLFid>T F )l 24— FNO AL
I73 DRE 6T FRAFZE TS 5 U= HEEE OR/Gy 4.6 (95%CI : 1.7-12.3) LML T\ 5,

(2) BHIRAME
Danish 23 A B Gk & - T2 B F 58I L D & 1943~1988 DO DT o ~—7IZ8BIT 5
FOR RS A & R PERE T 970> B 0D 908y O'F FEA~DWIT L~/ IXBRE 2 220y & 0 5 5 R A
TTW5% (Sala and Olsen 1993), F7-. 1959~1970 &I A a2y b T RO T T A d—
2B 2 9Sr DFE=F Y 77 a s 7 ACNEINT —F 2 LI2EFIETIE, A
MR, FERTF U o oNE, A E Rt AR, T TONEDR AR OVE EEIZ OV T 3
DO ar— FMEE I (Holeetal 1993), 3 2D ak— ML, 1963~1966 F |24 F
Tz A U A7 BE (F5#E T 9Sr 235 LUV T 5 i ERE FICgER) . 1959~1962 4F|C
EFENTZFREY A7 (Gl T L-UVIZIREE) . £ LT 1966 FELIEICAEN TR Y X
IHETHD, TXTONA, BIF, FERTF U 8l OB B E L5 0 2R
AT, 1982 FFLIRTNICA EN T FHZ W T, REIFHIMEM 2R L T\n5, L LR
5. MEAMZEIE A IS K OFER U U o E ST AN BB A R & TR TOR AL
DWNT, BEERE Y BSHEA e rF o L) OmBERIICAEER Tz aR— MIxrL
T, VAZZEINERETZE VI FHLITIZE > TW 2R, &Y 27 B AE En - iz
DEEGEOEN, L TWD0, FEHIIZAE R Chrotz,

(3) EiEE
a. A FAVFIOLRERGKIZE 5EES
t MZBWTA b rF v AZERNMAEDBEGREMEICET 2 ®EIT 20,

b. R FAVF U LBSERGEKIC K S EEEE
bt TR CE D@ mmtET — 4% & LT, 1949~1956 4T v AN #RIE < & 90Sr
O 1B7Cs NI < OB EWIT < O 7 F ¥ )IIOEFNC I T D50 & B PEESEMS & LT
89Sy 5 LT IBFIZBIT DML 3 D, 7 F ¥ NOHIEL < F 73 il & FEG Yu sk D I
BIX<HE 39 BIORMIML Y >/ BRE DT, ZEMIE Th DB OB g STz
(Bauchinger et al. 1998), #(E < BEDOEAFEDOMN 272 » OFEIHE (12.841.5x103)
X, FEBIECRE (5.721.0 x 103) LHATHREICEF LW, 612, 10 fATHIT
KLY 77 0—7(22£4.3x 103) X A THEIEL Lie 7 7 1—77(9.722.3x 103)
(2T, B ORIE Y 72 OBENA EIZE o T2,

10 ROFFIZBWTHHMEAR ba v F U AOFE~OBGAZN EFT 5 Z &%, B
TOMENFHEDLZ LIZOnD, BELL, 2OV T 7N —"7 TBIE Z i A
FRO—RELRSTND, TF ¥ JIOERICEIT S I HEEOHIETIX, T VU 2/ ERIC
BT YRR (CE)RAR K OBRIRGLaR) OBEE (1994~1996 FIZFHA) 13,
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Muslyumovo BRI HITEFED A %2 1236517 525 90Sr HGHENE (1993 FIZHIE) #REICHH
B L Tz (Ilyinskikh et al. 1999), YefRE G OERIT, FEPIT < THHEE (25 90Sr
1EME<8.7x 103 Bq) Tl 3.8+0.8%. #iE < B 90Sr 1HM: 3.7 x 103~1.9x 104, 1.9x 104
~3.7x104 L 3.7x 104 LA E BqlZxf L. £ E4 8.9%+0.7,12.9+1.2 LN 18.7=1.9%
Tholo, ZRMWBIHBBOEELIERIZH L 111 MBq @ 89SrCls ZE A L7228 AV BE K
BUZIBNT, U o NERP O/ IMEEDS, HIER O 1T 35127 o723, Z D% OH0E
T Lz, FH OIX, YR OBIEOIEE CTh 2/ MEOEIE D, BIO invitro F25RT
0.53 Gy ® X #t % gt L7 e o Bl S B EICIET 2 Z 2 A LTV 5,

9. EPFR¥REZF DT
IARC (2001)
IN—71: & ML TRPAMERS LWE
TIARC 1% TV = 7 7¢ B #IEHEZAE (3H, 32P, 90Sr, 90Y, 91Y, 147Pm) | |22\ T,
FEERENY) DI D AN ARG H D & LTS,

10. £&O

IH 38 Mayak #ZEasfEmiT L 0 7 F v JINSHEH U7z B M B 295 G S 7 itk I
(F1Z 208y ONERMZIE < EAMNEHIE ) D adm— MFZED B IE, BN AL O E I (CLL
<) EOMICHEMIGHZ2 Y A7 OEINRINTWD, X< BREOFHMEIZIIT 5
R FNESLCH AABIRIC BT 234 T A7 EOFEEMEITIAR TE 20, EDT F vl =
m— MR DL, R EOHIIITEBWNWTH Y A7 OHINIVRBE I LTS, L,
WTINDOT —HIZE>TH, BHNZFHIFEREZRT Z EILTER,
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Xl. BERERUVISHNR - BE~NDEE
1. BRARILDERE

A > K Kerala, Karunagappally O EHIEFIZ, N U AZERET LT AWICE D
Ny 7 7T vy N EE (HBR) & LCTaMbLNTW5, /5 panchayats (28175 H
%m% LoUL OB Y 4 mGy/ALL ETH Y (IR 70 mGy/FEZ2 T XKL H 5,
HBR (BT DR LZ G4 572D, 1990 {812 Karunagappally & 4 JEFEH
%5w3%%ﬁ%kLtﬂTFﬁﬂV%%ﬂﬂW;69%8%%$ﬁﬂ05¢ﬁﬁ%bim%
AR E TIZ 736,586 NMEZHERT L T, AL 30 & & T 1,379 O M ASERI % FiE Lz,
PERI, BLEFRS, 74 r—7 v THI, S A0 FREERE N T ¢ BYECRERE L. =
‘J‘ N =X HRT V) URERSHT LT e 2 A, ik y BEEL I X DAY AT OEiIE

S LR T AMFEZER < 2340 RR 13-0.13 /Gy (95%CL: -0.58-0.46) T -7-.
it\ PRI E 500 mGy FIZBWTENA Y A7 OHEINEIA B> T2, SALRES
POFENT Cld, BB E EAEICHEE L TWADEPAEAITRD beholz, £,
H M Cix HBR & O A E2BENR O b7z -7 (Nair et al. 2009),

H[H Yangjiang (L) Oy 7 7 F v 2 Rk (HBRA) (1T81TF 2415
PR BT 6.4 mSv (NE#HE< b &ETe) THY . 1979~1995 FDHM T, HBRA IZH\
T 2.4 mSv/AE & R L TR ASETROMEMITBILE S -7 (RR = 0.96, 95%CI,
0.80-1.15), X513 125,079 A, HFET 1,698,316 AFEICDIED | FE1-H 10,415 AKX
DABET 1,003 ANEBlEE L7~ 2 he—/LHUR E ik L7 HBRA &K 2R A RR IE
0.99 (95% CI, 0.87—1.14) LHiE S Nn7-, HBRA &KIZEBI1T5H. #E. I, M. 5.
THEDOIFE, R OHERRONAO RR1F 1 X V&> 7208, A, EIREE, #E, Eig,
g, R, RS, M OSHAXARR DO AV TN EEE Y VN Y 27131 K K
ol WD RR=1 L OFEXEIT ) -7, HBRA IZEBW T, & L~UL H 3K
ERE LTERR AT AT OV DEINGERD e o 7edy, KAHZT X TONAT
RIT—EAICa b — Vil L 0 (Ko7 (F&EZ7 L) (Tao et al. 2000),

FENZ I 1 2 MkRe i 2 KRR S B R AR IR <2 L 2 FFIRIRFE E Iz W T, AJEIZh7z - T
HBRA (330 mR/4E) (ZJEFET 2 50~65 D&Mk 1,001 A, L OUEH L~V Dt (114
mR/AE) (THESRE S-SR E 1,006 ANZOWTHIS N, RS9 25 B &
ITZNZE 140 mGy KTV 50 mGy Th D EHEE STz, T TOREEIPER B ’ﬂ*ﬁé?‘%
BRIIE AN 7 7T R T 9.5%, =22 hr— LHIEK T 9.3% CTh -7, H—FEEO
RERIIENRNY 7 770 RHUT 7.4%, 22> b —/LH#il T 6.6%Th-o7- (FRERL
1.13; 95%CI : 0.82-1.55), FURRIEAR/LE DI L ~VIcE L - 7=, LA L, HBRA
OIMETIRF I U RBEDNAEITELS . BEM O EROAEREE OBENEEIZEN-
7o BEFEDOVE AMEFIRIED RN HBRA TE<L . BZ 6L I U EORWEBEEND
RN EEBET S, ZHOT — XX, EEZE LR KRR & O BRI < 2
FARIRAA ) A7 2 L LR SEDLZERHVE RN EEREL TS, LL,
ZOEI B TR aFBELSI SR TREEN S D, ARG TR, EEZEUZH
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R~ DIEH 72 90 mGy DOERFRIL, FRKAIIHE TE 2R A D U 27 O B
L7 & flamft i Tuvvd (Wang et al. 1990),

BEay 7y b7 1—19,184 ANZEXRE LG ToOHRBEHRIZ X 228120
TOWETIE, AEFERFEWIE < BEIT VY 15.3 mSv, K 78.5mSv ThHh-o7=, ITk—h
FENTIC I 1T DRI TIZHONWTIEL, BT 1y 7 RSB EN T 51280 27 i
WAL, TOMEMIAETHoT-, ENALTSCHRAFEIETICHONWTIE, BT oy
7 R BRI S EOEINI > TR T 2B T2 <, BFEEIT < B E 25 mSv (F
¥]15.6 ) TITHEIIA LN o7, TP, AETIE, 278y M7 V—OHHR)
SIBIZ MDD TWD T, BIFICERT O E EN TS (Langner et al. 2004),

1973 HIZBIT DAY =—FT D ZODORICEET 2T X TOFAZ G L LA
BT, 100 nGy/h Y4720 O Y — REIEE TOEMEEG 6 U CTEMICEM L7228, W
K ONOH R TIIHMRBRENEDFFETE RN o7z, RHIKWIEE 7 L —7 (0~60
nGy/h) =&ML L6, &b EWIRE 7 v—7 (96~366 nGy/h) ZFRW\W=3XTo
Wig 7V — 7 T R TOEMEGICRTT 2 0 — FEOFIICE B 72BN & b iz,
LarL, A, %ﬁ%ﬂ . BIE I U R R B SO T A D e o 7o, By
LT3 THRET L7 2R 1ﬂﬁmmm&f%2~%4EQMT@mK%wﬂﬁ~Pm
(100 nGy/h %729 1.04~1.07) ZaL72h, 55 OO — R 0.99 Th ol
DO T LR THOMERIGERIZ B L T ol ok, AREIZBWTIX

a2y 7 AERERWCTHN D23, AT %% i, NOEEOLTHY , tho i
IRERIIBE ST, o, B B ASAEICEET S K IR S TR (Tondel et
al. 2011),

2. EERBRE

1950~1975 &2 1811 & FV 7= 1RH (% 5-5 : 220 MBq A3 ((F¥) 150 MBq) . 221~480
MBq (°F#J 315 MBq). 481 MBq LA | (5F#4) 1,063 MBq) #5772 A7 =—F O FR
PRFSRETUHESE FB S 10,552 AT DWW TR AL T ERNHE Sz, AT = —F VAEREERTH
RZFEE L, DA ITEMIF CTRLE Lz 977 Bl DWW THRE S vz, ¥ 15 4 (0~35
M) BEFLZE Z A, &KA7Z: SMR 1% 1.09 (95%CI=1.03-1.16) T&H V. D SiH
B AT Thotz, MBI ERBE M- T=DIE, WXL %R0 1 4EH T SMR 28 1.15 T
Hot=, Fr 2~9 R TIX SMR 28 1.04 & Uiz, MBS K OMERERO N A LD
U A2 1L HRIEL % 10 FERILL BI2h Tz > THEIZ BR- L MBS A DR 7 SMR
1% 1.14 TH - 7=, AR BEHER A KL TR AICEBNTIE U A7 O LR EZBD o7,
V0 ERREO 1811 250 72 BE L SMR 28 L 0 &<, 221~480 MBq BEClE Y 27 O E&H
DI BRI T278, 481 MBq VL FEEICIWT Y 227 28 B5R-UT-, fEiTE R BeiE g1
T —T AREBEICHNTEI A7 ThoTo, REFLNEHNED B 512X 58T
FKEANRBDOLNRNZ &G, BT OFENABIITERN DD, BHRALBEOLS
WZiE, BRI < IIDAOBEILCRICE ST HA[REMENH - 72 (Hall et al. 1992),
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1952~1977 4RIZZWr L~ v 181 12X < L, FRIREE OB &M Ch - 7= 4otk
1,005 4 @ BRI/ IMEEITE AU DWW TRME M ThoiL 7o, #EBRE 13 1991~1992 il T
= 2 HURBR/ ISR DUV TR S AL, Fefeffid 1811 903 < SUTFIRIRE B O RIHREE O 720
VY VUERT T T 44— s ) =y 7P LT 248 DR ST, 5 SN
131] #EOAZOEHEIL 0.95 MBq Tho7-, FURIE TN S - i &1, ICRP
(1998) Dfihthe & MEME DRIZEDSWTHEIE S, FHMHEIT 0.54 Gy (10~90 /X
—k XA, 0.02~1.45 Gy) Th-o7-, HARB/INEEHIZNEREE 20 1,005 44 107 4
(10.6%) & FEBRFE At 248 470 294 (11.7%) THOM - 7=, 1B (ZBRFE L 7= ki
WIRFEEI A TE 5 RR1Z 0.9 (95% CI:0.6~1.4) THV . HHFHAEZET R -T2,
FRIZ ZRIERIFERT Y 2 7 B 7 01X, BRI NS R OREEHFROCA B 7o R R A2 B 5 72
L7= (ERR 0.9/Gy) (Hallet al. 1996) ,

X W X 0 RE I O T ENIRE A T DRI E O BBERSR & NERA D RS L
OREIL, BEREOFIEICR T 2 EENRGHLE R~ L, EREOE{bE 725 Lz, 1956
HEIZ, B REOSZL O —A a3y he—/UiffEns —B LN R S & oW
ERBHoTz, TNHOME/BREEZRA L THEZ ERR XAV FHAEEEZRL, 20
Z L ITBREDIFIR O X B2 WK 40% D U 2 7 O EEIRIEEINAZ 726 L= 2 & 2R
T5, £z, FEAOKRIEN 10 mGy OBHBRICHKIZS T2 &, MEPADY 2 7 136ER
ELTHIINT % EfEERfTT b, 2O L oukiE < BT A ImER U 2 7 4RE0E 1
Gy 3729 6% ThHDHHN, Z0O U RATREOIEFERMEIIIANMHEENEK D (Doll and
Wakeford 1997), BEIR (2006) 1ZZ OHELZ L o — L, o HARTOERIRIEIC X
HERDY R 7 ZHEE U298 & el L7z, HAERTO X BogiE <z k2R~ EWE“L
OWTIEEWRERNH D2, FEAN~D 10-20 mGy O EFEEIRIL. [ MLIFE & OVNER
U27@ﬁ%ﬁiﬂ@ﬁﬁmowfwﬁgtﬁﬁ%%@LfmékLfméoik\mﬁ
oo 8] ERYIRICET 2 E IS VTR, DR DR WERIBRA U A7 O EAERHG
Nizn, VA7 OB I TONR ol LTWD,

1897~1979 FAT KT B8k LT B EH DO B REHEIZ DWW T, 199741 A £ TiB
WRRA DT OV, BN RRBERN S 23t S A7z 1920 FELIRRIZ S B ek U 7= U R et
EDHRTRNHE SN TN D, 1920 FELIFEOBGEE TR SNENAETEEIL, £ TOE
BN E 2 DR CR PO INTZb D LREETH -7 (SMR=1.04. 95% CI :
0.89-1.21), L7 L. 40 FLL EOXEE TIE, DASLTEROBIE Y A 71X 41%I2DIE - 7=
(SMR=1.41, 95% CI: 1.03-1.90) ., ZiUIBZ 5 < wAIDBEEN 1921~1935 4 Y
1936~1954 FToh o TN RHEICB T 2 BB OEPFEBIC L 2D TH S &
EZ DIz, RAIOBERN 1955 FLIEOHEHBRHEIZB W T, BDARTE EAOTE
T U AXRON, D OBEHEWIE TERIEER LS W E Bbid, BALSOEEIC
XD SR OV TR I OB G 128 W T E 2 bk HAv7en - 72 (Berrington
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et al. 2001) .

1950~1975 =12 R AR RE TLAEE C 1811 OJRIE 2% 1T 7= 835 10,552 A\ (%) 506 MBq)
IZBWT, DARBERENPTAONT, ZORELOBYGREIT Y 15 FilFtT i,
1958~1985 fED A 7 = —F L N A BER D F0ER Tl 1811 1B % 1 ELLEIC 1,543 Bl A
D3RS S AU, SIR 13 1.06 (95%CI:1.01-1.11) Toh » 7=, SIR OF E 72N Aif (SIR = 1.32,
n=105) KON A (SIR=1.39, n=66) THEZEIN, 10 FEFLZEE T, A
H2p Y A7 EABE (SIR=1.833,n=58), Bli# (SIR=1.51,n=37), KO (SIR = 1.63,
n=30) ONRATHELNZ, LL, BRAU AT OEBERE EHIZEH L (P<0.05),
BHEHEME EHICEA L (FEZEZRL), BV UAREO Y 227 13K 0 AR
7= (SIR=0.53, n=11), DAEED I = 7 RG-S T 18] OBE X ;’c%ﬂz < &k
RERICHE > T ER- Ligdho Tz, HILIRIZWD R D8NG ooz Z L, R & &
BITR A IZH 726 ST R BB R T 72 R Uik E L 0 BN ﬁﬁ‘iﬁb\ L)
RIS B D XFFEMATWD, HRAADIRIHFHRIZ L 2B A O TREMEN B - 7=

(Holm et al. 1991),

3. BXReE

—NEHER LT, T~ —27 O 2 DEFTOBRRIER O X 2 v 7128 1TF 534D RR
B, TUv— I PABGREREE ST SN, TNHDAZ v 7% 1954~1982 - F
TEIF L, 196844 A 1 HIZAEFL TCWeFE LG L L, Eiradk— ML 4,151 A0D
720 ,49,533 U A7 N L Tp o 7o, R DS &I 76.54 A Sv TH Y | EHHREIT 18.4
mSv Th o7z, DAL, &FF 163 EFIN MR S iz, THNEX, 152.2 JEI TH -7 (RR :
1.07, CI:0.91-1.25), HUHBERDADIRKNTZE LBFEZZO6NL Y XA 713m< ol
HISLARS A DA B 7B RIFIEN R Sz (5 ER. RR=6.02, 95%CI : 1.94-14.06),
ZHE, BERORERO TN H D, BB ED D WVITHIEISFEA L. BAY 27 DFIC
B R 572 0y-7-, (Anderson et al. 1991)

4. F )/ TAVVRFHREREH
(1) BARERD A
F )V ) T A VT IR EFTERL DT )L— D 15 5% AT O FURIRAY A 107 JEH] D
WFZe GRERR 107 B1) Tl #E< &2 300 mGy ARifEL . 1 Gy LA EREE @ OR 13 5.84
(95%CI : 1.96-17.3) T, #1E< & 300mGy #iift & 300 mGy LL E#EE @ OR 1 3.11
(95%CI : 1.67-5.81) Th o7, HEF - HERNT Rzl T, HE T, #iX < & 300
mGy Kiii#E & 1 Gy LLEREE O OR 1% 10.42 (95%CI : 3.46-31.25) . #BTik, #E<
%3Mnﬂy$ﬁﬁk1GyuLﬁ@&@0Ri5m3@mw1127m)f%otou
L@ OR OFERMNS | #HUIIC X2 HEREENHZL Iz (Astakhova et al. 1998),

F v ) TAVIRATIEEATEMCG R BILICHIE< L, 15 kA CHARAR D A & 5%
JEL7=_T)L— a7 o/NNR 276 JEFIOFHER R (2> b r—11% 1,300 #1) 25
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1Gy %4720 OFREN A D OR IZ., 5.5 (95%CI : 3.1-9.5) 75 8.4 (95%CI : 4.1-17.3)
Thole, 1.5~2 Gy Tl EMHLBMRERISERNE RGN, 0.2Gy x5 &, #
BEOBINLE ) R FMICAER Y AZHEMA RN, RESROHI B, I UHRKRZ
I G g & e 3 fF O FRIRS AU A7 MR B (RR=38.2(95%C1:1.9-5.5),
bV T AOFEEE, VA7 # K S 72 (RR=0.34 (95%CI:0.1-0.9) (Cardis et
al. 2005),

NRIN—=3DF )V ) T A VIRFIREFREILE CYRF 18 kL T OB 4) %%t
G, 10 FRICBG SN A7 UV —=2 7 3NFE 11,970 4 (ZNEEK 3 &) 28T
Z FRIRAR S A D FIR ISR R (Gy) %470 OiFEI4 ~ Xt (EOR) Z#HEH Lz, ]
A7) —= Vﬁf%ﬁtﬂ%bih%%\%bf:o U2 7 BERNIF A A F LT 5 BT DHE
BIXL TH Y | BEFHMITHNE &K OB ERBFHIE T VIR FRAE R I XD MEZ N
ZTWD, #IEL< EDI3HilE 0.0005~32.80 Gy, ‘F¥ 0.56 Gy (SD 1.18) | 14 0.23
Gy Tholz, BAEOHIRIEAZ )V —=0 72X 5 HFRIEN A R EEMA) MREZIE
BRL72E ZA HIBIRZ ) —= 735 34EH £ TITHURIRAY A 87 5] (FLEADS A 86 #l,
TIRA A 1B PRIz, Gy %720 @ EOR X 2.15 (5 Gy Kiii) K1V 4.92 (1 Gy
M) Thotz, WELSBEOEMMENIE Y A7 BNE»oT=, £72. 450 mGy LLEIZEH
WTC, MEHFEIICHEEZRFRIBENA Y 27 OEINNR A Bl (Zablotska et al. 2011)

I IATDOF v ) TAVRFIIEFTFEHEIEE CYRF 18 L D FB %) &%t
S, K10 EBICBBE SN A7 ) —= U 7B 13,243 4 (BINEK 4 5) (2B
Z BRI DS A D IR IR IR B (Gy) %4720 @ ERR X (NEAR 2#HH L7, #lEIA 27 U
— =V T THIRIEBBRAZERI Uz, VA HERNII VY #EE T2 B IZ X 2NEHE
< THY ., BEIMIIHE L OHBSH ERRFEHET VICEFRER EICX DM EEZMZ T
W5, WIE BEOSHITIFLEALEN 0 ~5 Gy OHFPHATH 72, 2007 4 £ TIZ 2 [HH A
%4@9??@@%%Xﬂ)~“yﬁ’ié$%%#h(ﬁ%fﬁ@ﬁ)%$%EWL
7o HURARAS A 65 1] (FLEEAS A 61 i, JEIEA A 3 5], FURARBEEEAS A 1 f) R S
7gf@$k)2?iW%L\EMHiLm_@LOAB&M)\EARm22MmmOA$
/Gy (CI:0.04-5.78) T& 7= (Brenner et al. 2011) ,

(2) MRBEMR

747y RIZBTA/NEAMREARIIRT DT =V 74 VIR I3 BT EH O
TH—ILT 7 FOEEIZOWNTOREBELIO a2k — MFENThNT, BIEMEE S > T
4:[F 19,000 km #BEN L., 455 D7 (T > FHIBIRIZOWTHMERRIE < SN llE &
e, BIRIRICEA OEIX, ZRICK 2 EFCEFEBRO 7 +—L T 7 hEZBE L THIES
T, PIBHIE <ICEI L Cid, IEAEAICHIM L7 1976~1992 12 0~14 5% D/ 81 il
DEHMPAE ST, FIER NS, F L) 7 A VIRTI3EEFTERSE 2 FER 0 HE
RENEH S, NEAIIBET — X137 4 T2 RBABRENSIEL, /NERALER
LTV DRz @ L ChER S vz,
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TR O 2 FH OV F#EILEET 410 pSv TH Y | st ERIX 970 pSv
Thole, BT 472 FIZBWT, /NEAMIFHFEAEZRIT 1976~1992 4T LH L T
MoT-, 1989~1992 4D ERR 1%, T u b FERMEITRD N7 (7% /mSv,
95%CI : -27-41%), 7 4 7> NIZBIT D EBEORE Z1X, /MR 100 75T ANS 720 /T
8 AR OEBIE T > 7= (Auvien et al. 1994),

F V) TA VRS IIREFTEEZO/NEEMIFEOEMNNB, A3y FF7 R XU Ty,
RAY RIN—V KRG 2— VA ATy hT v Refbiziigo R o0 E»
HE ST, BRIV REEWINER &I, 7ERTE TR L TR e K O JEIRER I 2 & o
B EERRENA Y 200.02 mSv b, FA0.06 mSv, ¥ VU +¥0.2mSv, X7/
— 3V TIHRLEL2mMSVTH o7z, FU ¥ DOFFETER INT-adr— MIESWGRITN
A XD ZA0/NNRAMIFRT —Z X, A XY Z/NERAIET N —T12 L » TS, A
FUR, XU ¥ KO RAYD1980~1990F 4 F vz A b 7= Ao 15,466,845 A
(BT D AR OFHE T, 198041 1H ~1985412 A 31 H K TN19884E1 H 1 H ~
199041231 HAE TN L HART, T N —27 Tho72 & SHI-HIR019864E7TH 1 H
~1987TH12H31HAEN TliX, MEHFAICAHELRERR =1.43 (95%CI : 1.13-1.80 ([
FE) 3 p=0.0025) ZrLTW5b, EIZE OB 27 1IERETHEHE SN EITT
L CHFRBIES, “AEOBMER T, IMRETITAMICHEML, BBRETIEFERLTWS
(Busby 2009)

V7 TAFTIZEBNT, T/ T A YR TIFEEFTHEBCYLRFIC 0~20 % Th - 7 BT
F e wG & LTz iR R Ak A s O SEFIRFIE 3 T Tz, B HEE MR 2 mSv LA
TOBEEZWIEL LIIEFNC T, 10 mSv > F NPl EOBEZHIEL LIZGEFI T, U
27 FENRBENTHS (RR=2.5. 95% CI: 1.1-5.4) (Noshchenko et al. 2002),

F7o. 1987~1997 HZ, V7 T4 F Tk b S EEIG Y S LT 5 Hitlik (Rivno,
Zhytomyr. Chernihiv } " Cherkasy regions) ([ZEW T, F=/V ./ 7 A VRT3 E
FTHECS I 0~5 M CThHo T EERE G L LR et amm Y 27 2H#eE+
B 728 DIEFIR FRIF I3 T T2, 198741 A 1 H~1997 4F 12 A 31 HICHILFE L2
Wr X7z 246 Bl st L, a2 bua—/LRf 492 il & bl S 7z, T o2l £ T
O BFEFHRIIE L BEBIEF R OIS T L3> ba—/L 2 LRl L, SaHENT O 72
DTS OREERE (0~2.9 (F0.6), 3~9.9 (E5.7), 10~99.9 (FH 29.5) Kr
100~313.3 (*¥#) 146.2) mGy) (I bivlz, BilE Y 227 1E, 10~99.9 mGy DL
SHR-EIE < BEOHBRE CTHEEIC EA L (RR=2.1 (95%CI: 1.2-3.7, p=0.02)), Mkt
FRAIE < & U A7 OB EITBHICHB W TE Y@< (RR=2.8 (95%CI: 1.4-5.5, p=0.01) ) .
1987~1992 “E(z At E Ml (RR=2.5 (95%CI: 1.2-5.1, p=0.05)) . Kz AaM g st [ i
REBM S NTIEFICB W T L ViR -7 (RR=5.8 (95%CI: 1.4-24.6, p=0.05))
(Noshchenko et al. 2010),

RI = a T KORY T T A FOEREMIEICIWNT, T 7 A U TIFEERT
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YR E AL 6 ki Td o 7o/hNR & TR IR & OBEIZ DU T OSEFI* 5
g Tz, HEE BRI EIL, ERARFERK (421 N) TF¥10.8 mGy (F9-fE 0.93
mGy, %P 0~390.568 mGy) . xfHE#EE(K (835 N) T 6.3 mGy (HF9# 0.65 mGy.
#iPH 0~265.33 mGy) Tholz, X—ZAF7 A4 H7 3V — (OR1) & LT 1.0mGy K
ZRAWD L, AMAIMmEO OR 1%, 1.0~4.999 mGy I8\ T, XF7/L— T 1.28 (95%
CI1:0.60-2.70) . =2 <7 T 1.00(95%CI1:0.28-3.50) . 7 7 5 A F T 1.49(95%CI:0.92-2.43) .
3MERDHED L 1.46 (95%CI : 0.998-2.12) TH-7=, 5.0 mGy LLEIZBNT, T
JL—3 T 1.58 (95%CI : 0.74-3.36) . 77 T 6.00 (95%CI : 0.45-79.75). 727 T4 F
T 3.50 (95%CI:1.995-6.15), 3 EEHLHED & 2.60 (95%CI : 1.70-3.96) TH -7,
OR OXEMIEET M-S &, AMIFY 27 ITERINC - THERICHEMLE, =
DOEEMIT Y 7 T4 F B A T (ERR/Gy 78.8(95%C1:22.1-213, A p {£=0.005) ) .
N7 —THLA (ERR/Gy 4.09 (95%CI : not estimable-37.7. J ] p f£=0.33)) T
bHoTzid, a7 TlEAHbNEN->T= (ERR/Gy -4.94 (95%CI : not estimable, S| p
E=0.57)), 3nEZEDLETHE N7 ERR/Gy IX 32.4 (95%CI : 8.78-84.0. H 1Al p
= 0.0030) TH 7=,

EFOIT, 210 O RITMRO TR E ORI 228X < DNAMEIE < L RRE»H D
WXL, BICAImE U A7 2RSS ATHEMEZ R LTV D & LTV D P, #at#iic
B BEROCERIX. 77 T A FIZBIT S U A7 OBEHEEIC L D ATREME B RIE L T
Do LTEDo T, RFFRUTTF = v ) 7 A VIR TIFEEFTFBIC L D H#ekiE < o5 &
LCo/NRAIMmBEY A7 EMOA NG 28k L nes S Tnd (Davis et al.
2006)

HY#LSNT, Fxb ) 74 VERFNEEFELIC LGP RbEVOIEL, FU ¥
Y. A=A M) T ROILEGEETH 5, 19804 1 H 1 HUKEX Y ¥ v 2+ /hNE A MR
&R SIVTIEFNT T R TR SN TV D, T L0 BRI - EAIE< L
NRIZENT, BlRORAERIL, IEFEIT/NRD 26 5THY (95%CI : 1.4-5.1, p=
0.003) . FUHMET +— 7 U &GRSR OB O A E 7o/, /N A
YR DL @EhroTe, 12~4T7T 2 O/NRIZEW T, BB AERICHERZITRO 5
Nighote, EOWEBRERHNZBW TS, EIRVAETO BRI < 2SR U A 7 12225
252 EIXFEIESN o7 (Petridou et al. 1996) .

(3) £Dith

6 WFZEAT 3 hF L C. 3~300 mGy @ 8 BtfEDOME TEaMEMIZ< Lz MU v EkicE
DGR OB L2 ER LT, 20 mGy PL ETHIEOBERICBERN A i, D45
BT 2.9% 105 HiI/mGy T 7273, 20 mGy BLFClE. 5 — % SIBE T L &7 i
BIEET VERTNEWV I KBNXTE ) -7 (Lloyd and others 1992),

de Vathaire © (2010) 1%, RV X T TITONT=7 7 v ADEFEER (1966~1974 &)
WX DHIE L EFRARA A (1981~2003 (22 W S 7= IIE BNy 7= 5 229 JER]) U A
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7 O BEE % R B iE e FRAIFZE 2 S0 U 7o, #0E < BR R FERZ OSMNTIE < & Bl
TIZ K B 1811, B7Cs 70 EOWNEHIL < OG0 LHEE Shiz, 15 A O FURIRAR &1
1.8 mGy £ (0~39 mGy) TH V., JEFID 5%, %D 3% T 10 mGy A ETH -7,
HE LV, FE, BMI, FEE, SIREECHET S & 1 mGy B~ 20~39 mGy
BETU A7 28 5.7 (CI: 0.8-45, A P fii : 0.04) Tholz, BUNBIA LV A AR A
ZFR< &£ 11.6 (1.0-132) & K0 sRWBEERA LT,

5. K& - B

Shimizu & (1988) (X, JA « RIRFOUZEHIE < FHEELFIOIE T REPFHEDH 11
HWITE T, 1950~1985 4RITFAE L 72N ASETLCIZ IS < SECREEEDI O RR LY AR (25
ST —H BRRIE L WHER 2R — FINOR LTV D, FEOHIE< HiEfm =~ — b (X
< Rpffs 10 ol O 2 — &2 FR<) Tk, BRSO3 A0 1 Gy TO RRITFET
R CEREZ RS Do Tz, Lo L, #E < IREARHE 10 7R O = 7R — b T REFE R
PMEWZE RR 3R 72D & W AN, #EHFIICAE CTh o7z, AR L, HILHLST
T T RTOMMIT S FHER 2R — MZBW TR TRHMER & & I L7, £72. %17 (0 Gy)
BE & LR U 72356 OHEE RR 1%, A M Thgizs R & 0.2 Gy BA B CTHEEHFIICA EIC |k
F L7225, 0.2 Gy Kili CIIHGEHFRIA E 21T 72 > 72 (Shimizu et al. 1988),

JFIBATFE DT — X I3 Pierce H (1996) 12X » TG iz, BEFIARIE 1950~
1990 45, fifHT S 7= 2R — ME 86,572 L DRIREINL72D ., D HH 60% 1NV &
0.005 Sv & #rEa Al &AL TV 5, 1950~1990 42, 0.005 Sv Ajii#f T 3,086 14:, 0.005 Sv
FRIBEE T 4,741 FONASELT RO H iz, 1950~1990 418 420 1 OEE N AFET 3
BOBN., 9D 8BUNHIMIFIC LD b D sl b#ESN TS, HIIIFLSAD A ([H
FEAA) TiE, 1950~1990 FFDELEIET D 5 B 25% MWtk D 5 FE/ICE Z 72 H DT
HO . NERPHIE L E T OMIZIFIE 50% TH - 7=, HIMHTiX, 1950~1990 4E Dt
FED S BiHD 5 FMITK Z 5720138 3% DA ThH 7=, HIMFEOBIEIE T O K5
DXL Z RO 15 4FEM TR Z > TWD 012Xt L, BENSAOEEIY A7 3% — 0%, B
5HNT HSROEREF RN ALY A7 BNAEEICDIE>TER LTV X ICHZTZ, 30 % T
XL L= BE BT DEENAD Sv U720 OBmEIAEY 27 1%, BHELOLETE
A 0.10 TV 0.14 EHEE Sz, 50 ik THEE S LR BRE B W T IS 0 3 57
D1 ThH-oT, 105 THIXS LERGEF BT HEREY A7 0 TFTHIT LY RHEETHH- T,
T IMESE T TlE, Z OBEOHEEMIX 30 mEIE < BEOMED 1.0~1.8 {FO#HTH
577,10 73% X% 30 1% THUEX K LR BEIZB T 5 1 Sv ¥ o Bilfm@EEIAEY A 7 1%,
B Ot TENEHR 0.015 KT0.008 Tdh o712, 50 ik THHIE LS LIzt R EITHB W T
XINHEDRIBHD2DY AT Tholz, ERNAOBEIY X 27134 3Sv £ THRIETH-
72, BILRIZEB W TIE, MEICBIT 2 0B MEIC LD 01 Sv DU 271X 1.0Sv
D20 55D 1 EHEE 7=, (Pierce et al. 1996),

F7-. FLak— FTO1950~1997 FED 47 £ OBHFAE B W TIL., BIENA TIE
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9,335 LI L., FENAMIKABTIE 31,881 LMLz, ZNHDH B, LD 74T, [H
TERABE D 19%, FENAVMEERE O 15%HETE LZ, EH DX, EENAILTE DK 440
£ (5%) ROFENAMFELFED 250 4 (0.8%) MHUERREIEL EBMRL T\ 5 &M L
7o BEFED AN K DI D ERR IZHRIE S HRE 0~125 mGy O#FiJHDOMREITK L CREE
BMER B D L 9 IcH 2T (IE L HE 0~100 mSv TIIAERFHEANRD bk ho72),
FEOH R BEE S AR 2 R EI S I ABFZE I R LT 28, BrLnaR E LT
WﬁUX&iﬁé%%@%m&k%_ﬁwawé_&\um_ Sk LTWano Tz
BRIk LTt b @< 25 2 & Th D, Ais/efREMEIZ, 30 i THIX LIz AICK LT,
BN AU AZIX 705 T Sv 4720 47% bHINT 5 Z & Th o 70, fBktd 2 sl
B2 A Y A7 & HICEHMICIZ A BT 2o T2, FER AMESETE RO R R D FE
LT 2 30 FEDBHFFAEIF T O Y X778 Sv 47205 14% EF STV B IREEN FRU
FFETH - TV, MEHFEMICHE BRI, DR, Maar, HEEasr0ma. MR ER
RERTRONT, FERAMET —XI1E, T—X BT DY R RN DD, W DOM
DI B & —F LT 2, £9 0.5 Sv L 0 RSB EIZ RE T 2 B B B oD B 21 72
TR 3L, FEINEROEE CEBRMEEZ RT I L ERET LT —Z b0, ERA
@@EW\wi<ﬁ@$#\%5m IR LD RR ICBW TR B2 EE L/
M. Pl L7 IR AR L TR LN D D ERIRE TH - 7= (Preston et al. 2003),

Jis I e QMR R D S8 B T IREIS = ISV T2 R IR 2,452 151, 6 ieRiifi72 - 72 7L%h 2 15,388
FIOFEFER B FEANLDY 6 Akl O RN FUER T < LIeAFEIT. RATRE
DEFER A DFAEY A7 B EEFERE L, & b 200 mSv L ET 50 mSv Ajifi & ki L
AREICV AN ER Uiz, ¥/, 50 %K ERR 1%, TENHIZ<EET 1.0 (95%CI : 0.2~
0.3). FHAEIBIX<EET 1.7 (95%CI : 1.1~2.5) TH -7 (Preston et al. 2008),

6. TF vl

Kossenko (1996) 1%, 7F ¥ Jllah— MZFBWT, B &K OEEH A TR THFED
bnbtk%WtLTW\é WRERIE CTIX, SMR 2% 100,000 A%72 9 140 (95% CI : 131-150)
THoTDITIA, BHRAELN (1950~1982 4) (28 ) 2 %A TIX 100,000 A4 7=
V9m5(%%01101mm Tholo, BREECET 2 REE~ORIGHEREIT 0.176~
1.64 Gy Tholz, BASETROEIMIL, BEFHOFRIZITA LR o7 (Kossenko
1996)

TF X am— FDOK 50 FEDIBHMNZ L V. Krestinina & (2007) 1ZEEA D B E

(& 0.47 Gy, ‘F¥J 0.04 Gy, 9+ 0.01 Gy) 12Xk 5 ERR/Gy % 1.0 (95%CI:0.3-1.9,
p=0.04) . Ostroumova » (2008) (L& ED 1 A D ERR/Gy % 4.99 (95%CI : 0.8-12.76,
p=0.01), Krestinina & (2010) X RBM ##& (5&& 2 Gy, F¥) 0.3 Gy, HH1fE 0.2 Gy)
12 &5 A O ERR/Gy % 4.9 (95%CI:1.6-14) EH#EE L T\ 5, (Krestinina et al. 2007,
2010, Ostroumova et al. 2008)
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7. TOHDE MZHITEINAHE
Sorahan and Roberts (1993) (JSEFIR LA T L, /DNEDS A E/NRORBUZ 1T
B RS AR IR ER L < OB EIZOWTHRAE L7-, 1953~1981 4 d Oxford Survey of
Childhood Cancers O — % Z i L7z, &&F 15,279 HlOJERF K ORI, #EA B & OVEE
Hilk %~ » F RO R EFI 2R E Lz, < OHEEIZOWTIE, itk EIC
FONWTRET &7, FMEIZLE Y not exposed (1 mSv Kiii). 1~4 mSv, 5~9 mSv L
10 mSv LA OB/ LTz, BUNMEEICHIL S LTV BT, SEFIHET 27 #il, xfHa
HTI0BITh oo, PEELTERIZES S & /ANEDABE OIH 67 5] &kt FEEED AL
50 B3, ZhE 6 2 HUNICANBHIES LT\, HEE LN i & 2/NEBs Ao
RR 131 OiE TH Y . FFEDOHBEDOWT DN SHEHFIICAH B TIZ R 7o, i
PEVECHRIT S LI mTREMEDS & 2 BTN T, B/NENADRER Y 2 713 2.87 (95%
CI:1.15-7.13) LHFIFRICHE Th o7y, TOMITIZNR Y ORHEFEMENRH L, T
AEFERRBREDS 0.43 Sv THHBLO T EHITHENT, 20 W E TITBRANEAE LTZDIZ/NE
31,150 il 43 I TH v . *HEHIZIW T, /MR 41,066 B 49 I Th -7z, HILIAE
(T, BT LTV R/ 31,150 i 16 B TRE®D b, FEIT < EREERTIC I 0
Tix. /N 41,066 #ilH 21 il TR 5417 (Yoshimoto et al. 1991) .

de Vathaire & (2010) 1%, AU X T TITOIT=ZT7 7 ADEEEE (1966~1974 4F)
IZEDHE < EHRIRDS A (1981~2008 FFEIZ2Wr Sz iiEeflic 4722 229 JER]) U
A7 L OB A A D IEG R IRAFZE & i L7, #0E < BREIIEEBRE O/ IEL LA
FHRHAEIC L D 11, 17Cs 72 COWNEIEL O T BHEE STz, 15wl O FLRR IR
IHREIE 1.8 mGy 2 (0~39 mGy) TH Y., JEHID 5%, xHED 3% T 10 mGy LA ET
Hoto, HEL~UV, K, BMI, FERE, MREE CHRET 5 L. 1 mGy B~ 20
~39 mGy HETYU X773 5.7 (CL: 0.8-45, [\ P{E : 0.04) Th o7z, DALY A X
RHNAZERS & 11.6 (1.0-132) & XD 5RWBIEN A 57z,

8. T
6 AFZEFT 2 A LT, 3~300 mGy @ 8 B DM CRAMMKIZ< Lzt MY v 3ERIck
B Yt R B OSEE & B8 LTz, 20 mGy LA ECTRIEOMESISERN R 5, D4
Bidld 2.9X 105 i/ mGy T o727, 20 mGy LA FTlE, T —Z BIBET L&~ $
BIMEET LV aRmT e W) KBNETX7eho 7= (Lloyd et al. 1992),
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NG RO RO B4 5 [E BRSSO g 2 R X -1 1R

£X-1 ER=RUVIAHYRE - BE~OEEICHT EE#EZFD RME
i s SLfi
<HFIETHHD>
o #IE 50mGy A TIL L HALZe N,
KEFERHm N2 <HIMHIZET b0 >
1995 o gk 8~15 1 TP 10~20 mGy DR OPIX 1, BRRERL LTS
~2fFAMIRD Y A7 WIS E 5, FENCTEMCHRICS b I LHE 1
N/2,000 ADF-E 6 25N A MLE 2 IET D, dlE Do 1 A/3,000 ALY 1
MLTn5,
<HMIFICET 5 H 0>
BEIRV 1990 FEE XTIy MIT, XLV EAEKIES (6~50 mGy EHE) L7z
F&. BT R LOMFZ I LM%t ) 2713 2.0 & 1.6 (7272 L 90%CI :
0.46.8) Th-olz,
<IBROBFHEEIIETHH D>
ICRP Publication 60 o EWEBRICEB W T BDEKRFTH B VILEREZ T, LEAIIHR & (100 mGy
) ORI TEIERFENFHIE S 5D,
<UNREERAIZET 5 H D>
o HARTD XHRE/NERANCEI L T2 2% < DEFREDORAITIZE T D fif
Hrix %9 10 mGy OIE B E TOMXT Y 2708 1.4(HREAEY 27 2B 25 40%
DEIN) EWVWHET—EH LTS, UL, RREOHFECLIMEL. VAN
INXVHLBZELIIRNWI EEZREBL TS, /MNEBRAOHRFEAERITIEFE ITIK
W (89 0.2~0.3%) DT, FEABKIEL HZIZBIT DEA L TORER A O
ICRP Publication 84 RIIEHLDThEWEAS (80.3~0.4%) ,
2000 o TENHIELE, 0~15ME TONADY A7 IZBT 55D AR #EEEI,
10 mGy %729 0.06% (1,700 A%7=0 1 41) ,
o ZHREY (JRIT - RS OWINME (Ny 7 7o 00 REe@als) &18
LRI B RO (i 0~195%) X, LT L0,
ZHRE OWIRE (mGy) : T ELBBAITR D RVESR (%)
0 mGy:99.7%. 1.0 mGy:99.7%. 5 mGy:99.7%, 10 mGy : 99.6%. 50 mGy :
99.4%, 100 mGy : 99.1%
<HRIBER AT 2 B D>
o o KEVWEH THELRFERDO 7 +— 1T U MIS b I, FIRIBIZHEE 460 mGy
ICRP Publication 94 . B \
9007 AL LI/ NROFPHMAETIZ, FR2 A0 ERR (342K & LT 0.7%/mGy

TH o7,
o HIRIRMN A L FEET O 52 BT 2 MBSO IAE T eno 7z,
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ICRP Publication 99
2005

<HIFEIZET 2 H 0>
o X MEDEMEEHRANC X » T, BRIEHICHIELS - mGy) LIz 15 To¥ &
HOFHE T, At 271214 THoT=,

ICRP Publication 103
2007

<MRIROBIRHEEIZET L D>
o BWEEROT — X5, 100 mGy % TEIDHETid, BRI IIET I/
ThHA 9,

<HAHICET D D>

o AWEOFHERICE LT, MBI L2 78 NOBERBUES 2 — o BFLE
L. FESERAIIC R ROBEZMENBN D, arEOFHICE L T 100 mGy
RIS EOBIEATET 5 Ll s b,

<RI R~ DRI T 2 b D >

o FUBMKIE HEDOT —& 0 b, MARTOR b BURRREY (6t 8~15 ) (2#
I Lc it o BB RS o BIEI X 5K 300mGy.

o 1 Gy M7=V #2541 bk &HE S ammefet 1Q) DK T, BfE 7
WRRESGS DO FTREME Z R TX 72\, LA L, BEOBENFELRVE LTH,
100m Gy % F[EID BN EEZ O IQ DWW\ 7R A ES HEENE RN TH A

\.3

NCRP Report No.128
1998

<HFIETHHED>
o MEKM (ZH#% 2~15) O T, BB UL EE L FHEIC A
ZHAE S HEME (50~100 mGy) 1, FEIEEEEMOBME (150~250mGy)
FOEWE S ITHZ D,

<YK RE BT D b D>

o JRIEMNCIB W TIL, Ml OHEE, YakBEIL, SrEOMIasE, Y ikis
IFRBMEORIK & 72D, 0 X5 IfiiaBEFERTE 50~250 mGy O il
EARA N 5,
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UNSCEAR 1993

<JRPIE L —RICET 2 b D>

o HEOEFKEEICI T X MO MR 2% 72% 1,026 A GRAR 4~7
ko HEEM R 12~43 mGy) 2OV T, BT 7 L —T7 L7 L —7" L ORIZIZ
HIRHFEEORIEICB W TIE, AEEITA N7,

< PRI R~ DB BT D b D >
o JBHWIZS HEOT —XIZL DL, Zhh 8~15 MICKIT HHIX TIL, 1 Sv
M2 0K 30IQ DIXR T A<, 1Sv OFETIL, K 40%\C HEEERSFER 2 # < o
o HEFFIRIENT DR ARD Y X 7 13PN 8~15 M OKIT < TRAET 5, Z DR
(21 Gy LE#IE< LIZIRIED T5% 0558 T 5,
o K VKW HagstE A R~ HIMIE, PRI 16~25 BMORIZAFET D, LarL, 500
mGy DUF O EHEE SNT=FITIIRELRD LRI N o T,
WLIAT & 25 WL Tk, BEE RV A7 OHINTER LN -T2, HEIRE O
BAD 2 AR R WL DI 5 DI, FEEZ S edd, FAEBRE T
LS LERIEZAEGFT D Z ENRTERNE W) BEOKB/RODNIARHATH D,
o JMEHIE < FITRAT 2T, /NI CER L W IRHERZD 2 5L B s g
D) OFAERIT, FH1 AP TIMERME & HIcEVRL EF L,
F2 = AMTH ER LW aRZoREI/ NS, T3 =AM T R
I ES TSy (A TAN
o /NEEDFEAEICONT, PEIIE 0~15 WIC 1 R~ 2KRET L EZL I H L, H
ﬁ%&ﬁgﬁﬁ%%#m@éﬂto%ﬁ@%mﬁifnﬂi%nmLu
o JRJ - RIFM#ERTHICER VT, PEINEE 1 =0 AMIC FENIE Lz & bE
D/NFHD B - FIEITHOW T, FEBRINERED 10 mGy RifO%HG 310 AH
7N (2.3%) . 10~99 mGy D5 66 AH 3 N (4.6%) . 100~499 mGy D
467 A 13 A (19.4%) . 500~999 mGy DA 10 AH 6 A, 1,000mGy LA
L5 6 A5 AN ThoTe,

MZZ TV UNEE] 1, Wbwd DUNBERE]  (F A UL LIEHE 2 BRRIIC
BHTEX S LD REAO/NSET, —RITEH L0 EHERAED 35 Lo/ S X
ML THEAIND L) L#ENAEETHD,

o HEIRFE 8~15 BICHIEL LIz —7"Cld, e (Z 2Tk 1E . TTA
DA E NP DRA ) EERIREEERSIL TV DT X TEET) OFEIL 100 mGy
VU bEOEZZ 80O Tr, IE Loyl & I L7z, BRI
Mo 22 Fla2kR< & BIEOHEMIE. IEFHEERIEIZOVTOTNIAETH-
T2 TNLABEORZEEMEOHPIE < T, BIECHINIT A2 h o 72,

o PEIIT: 8~15 D b fEk7e Rei COFRMEDBME D HflMEIE 110~150 mGy

DOETHY , IEFHEORMEICKT HBEIL. bo LEIHEESNLTND (40

~80mGy) . LL7ais, T_XTOMNCENT, BED 95%CI O FIRiEIE

0%EATEY, BEICEL TS NOH DT,

o F=N/TA VIRTFNFEEIFKEOHAER (< & b8 10 mGy O#FIE< &
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HeE S D HAR) TRIMER OB EMMICIIT 22T 725D 5 b 14.5%I2,
JE O NEPEBREE 20 5 BT AU R T DIBEN L DL (1988 4ERIE D HIAE
RCIE 7.5%) . SHINIEOHRIIN & B L 72 #EAS 18~35% DIEFIC AL S,
2~3 IR TIT L - LHENE N T2,

o Fx V)7 A VRFHREBAFEREOHAEN 342 A 14 NIZFHIEDOFIEINTR
Do, ZOHH T NE, RERBMICH D ERBD BV, o T AT
SPANDIE - E Y LIERRD 2o 7, FAEIEL, 16~25 IR Sz 71—
7 (82%) LV b, 8~15HICHE SN —7 (18.4%) ([ZHBWT, KVEE
BRIz, xR V—T T, BIEOHEEIL 3.0~32% Th o7,

o Fx /)T A VIRFIFETFKEOHAERICEAL, AR L—T D
2. NEEIE, H U R ST E R O PR REEF L, B biLRaoT,

UNSCEAR 2000

<BERBIE S —RICBET 5 b o>

o Fx ) TA VIFFHIEBHMEHYGHE, XTI NL—I BN TFENT 8~21
mSv OMEEZPEIE Lic T E b, HEREO X & 15 Yl T O JEE OBt
TR DT,

<HMIFICET B0 >

o Fx V)T A VRFNREFFROEILL EOP T, HAHHRICBIRR Uiz A i
DY RA7 OHEINE, FHBEEEZ T, BRHBEOERTH AT,
o Fx V)T A VRTREBEHFERIC L 2 EHIPEBRET, 24 T AOFEKL
H/EEE TR 100 mSv, 11 /5 6 T ADBEHES T 30 mSv, 75Y4% L 7= Ml (2 7
FelT TV D NETHEBEREMO 10 HFIZZ T 72fE s LT 10 mSv L7 d, ##
BORKNET M@ e TSNS,

WHO 2006

<HBIZETLH LD >
o fEFEMD Y A7 1%, BRIBHIE < &K LET ER 100 mGy £1F 2 BifE &
T 5, FEIREEMY (k% 3~7T#H) BNEREETHD,

<HREIR R~ DO BICET 2 b D>

o I LIRZMEDOR WK (ZHE% 8-15 ) O O IQIKTD U 27 1%,
WBWREE 30 1Q KA > MGy (BM#IE<) LTo b L<HIATES,

o HJEDREIRFEEREE O BIEILK 300 mGy TH 5.

< EHHIBRE~ DRI A b D >
o Fx )T A VIRFSIFEBITERD O DN OWIGE T, A B R iE 2]
BHEUAN TR, AR ERH D LI1XE 2120,
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XII. ERFRE D%

Alal, B bR AN & EEE SN A RSB L, [EBSHEBI IS B A IR Y
A 7 GRS RIT LG 72 B 22 o Te, TUREBRRFICI T D R OEDTZH DI A (U A
7 EH) IZOWTORFHIN O ThN TV D2, T HiE, B O EYE A
FHEICHER A2 RIET G0 a2 TR E R T3 (BAERICB I AN AL~ E LT
REVETHIREE 2 EAT LBEOHZEMFT LIt D Th o7z,

1. ICRP

ICRP (. 1984 412 ICRP publication 40 (1984a) (2T, FHMLOEEIZ L D%
RICET D ERMEE FIREDE 2 T E2EE Lz, BRI, RN FICHE L SNAHBE
LULTH Y, FIREIZ, CHX VRO L~V TIIRENIEY LI SN2 WBREL LT
BH 5, BEMBIROSKIRIZBET 2/ AL~ oNTIE, FHEERNO 1EMICET 5488
EREYEL LT, ERBL~L50mSv, FRL-UL 5mSv & &hi-,

Lo, 1992 iz 2z dET L. ICRP publication 63 (1992) (ZHBWT, {EED 1 f#
FHOREHIZH LT, 1IFEAEVDTHEMEINAMNAL-VLE, 1FEDH LAk X
NDEDHET 10mSv Th D & S, RBERLOMEIENES ITHELNRWIREL, H D
E REMMAERRRELICHE Y Z 2 2R TlE, 1HEIZ2E 10mSv LV HiX5 @y
THFRE L L TOHRIS NTER L ENDI DD LV E STz, ks, a0/ Mk
T HEE(L ST A L-UE, BN RGEEYS 72 D O ED/ N S WP (B 2 13K
Ay D B LDy HR) 12 Tid, 1,000~10,000 Ba/kg OFPAIC, EAERRLE -0 O
FREAE DS B O R (B 203 o iR R) 12k L Cik. 10~100 Ba/kg O#FHIZH D &
THINHEL TV,

F7-. ICRP publication 63 (1992) TiX, =—7 v 7 AEEB% (CAC) OfEEHE L D
BIfRIZCOWTHE A L THEY | TEERIG| AR TE BB DWW TR 72 HilBR 2 3¢ 1
L2 LI TARVL S, b CAC OFEEHEIZM AL~ LTI, 2 LAENA
LV THhDH] ELTWD,

2. WHO

WHO (%, 1988 4=lZ, ICRP publication 40 (1984a) (ZH-2% | AfHOFEDHHIIZ
BT 2 AD L)L L L THEDMET 5 mSy D@4 & LTW\5D, ZOfEIE, FkZ
S ANV HBRICE AT 5 Z 2B LTV A28, i< Bl 7= il < bl S g5
ELTW5,

o, FRE 5 mSv ZAMALALE LTRIELIS G, 3 URICONTHE, TR
DHPYIEL LIz &9 5 & BRI MR EIL 167 mSv L7223, ZOMIImTE5 L5
2N Z Enn, FRIBEM#HRES LT50mSy ZHWSZ & anTnW5,

Fxv ) TA VIR TFEEF OFEAL . BEHTEWE O L~k B A4 LT
- MU 351 B B TE B ORI BORED S TRIS W b0 X 0 RIBICIEA -7, =
i, RYROBHSICE 2 b0 THY, ZLOAREDTY THLEMEAF L,
SN BO— T DM S AETET B HUR O BURREHERE L~V & — B L CIE R ST
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b ThHhD, H L 5mSv HMEONAKENREH I ND &, Jx OFEHEITL 5mSy XL
DN VIR R D R[REMER S D LR T H & LTV 5,

F72, WHO (%, EEV AZICE LT, SOICEELRTIL bR e LT, R
DX IR TN D,

ICRP 12k 5% &, k% 8~15 WO TIRIENIRE T 5 &, 0.4/Sv DfERE TR
ISR X 5 & &3 (ICRP publication 49 (1986)). & L —EDEEFEN 1 4£LL E
Wwed 5 L. 5 mSv TR DB CIREE L= D 3 X104 DEIE THRAIZRE R O fE
MRZBE S D, LLaRS, ICRP 1%, ZOBBEEREICHT 2 HHARBENBE L AF
fET5LLTWHELTEY (ICRP1987)., b LEDBIENFIET 572 bIXZE OEITEE
mSv LVRV 2 @mNEBZONHT-0, T 5BHIIMNE TR, BIENTFET D0
BODPHER SN D E T, BFENY DL, - ORBHERZZH% 8~15 BOREEMED
FEWRIZ31F D critical group & U HERGRIIRLEORREMEE L TART I ENEEN D,

3. IAEA

TIAEA TiE, 1994 FIZJR I R OB B RREO ALY (IAEA Safety Series
No.109) Z/RLTHEYH ., —FINISERET 2 2 E N EplgFE & & LT 100 mSv 23 LY H
EHEEZEZTOHDLENPNO0H Y, ICRP (ZBWTIE, iIBEO-D0fE L LT 500
mSv (B~ E LTIE 5,000mSv) THDHZ ENERTHD EHRLTND LS
TW5,

Fo. BAOEBEBEG NIV THRETBR ST AE Lo RO R MIEHEIZ OV T, e
T A (134Cs, 137Cs) 1E 1,000 Ba/kg, Mk a o3& (181) 13— &4 T 1,000 Ba/kg,
3, FLRARS L OECEIKT 100 Ba/kg & LTV 5,

TR XD — 2R E O BAAIZIE 30 mSv/H ., TDERICESI1I21E 10 mSv/
ANEREL o> TWS, L, ZOL~Ldr 1~2 Ffk->TH FE SR WEIZIE, fBEA
PIRERRZ B2 H_X&ETHY, Flo, AEREEN 1 Sv 2B ARFLFEERTHL L LT
W5,

DX ANTAET I ICHY - TUL, B EOEEIKIZ X 2 EBERUANOFT X TOR
B b DO ROBBERE A ILICEZ HRETHDHLELTWVD,

F7o. 1996 FITix, FEARLRENE (EREMSHRIZ T 5 B Kk O #RIR O 2 4212 B
T EBRZ L) ITB 0T B AREN RO THIUE, BHOEIZEIZE LT Codex
DIEZHER L= DE /R LTS (IAEA Safety Series No.115),

4. CODEX

Rk PTOBRDHELVTERD 2 -7 v 7 A~ jkH
f& (CODEX/STAN 193-1995) (23T, BUREZRICBIT 574 KT 1 ES RS T
BY RS AFEEITC B E BT 2 BR R AR ISR SN IR D B R
It S, AOEBMICTIBT 5 b OICE EN 5 B MERRICER Shd, A4 FFA4
EIE, BEADORERN 1 mSvAE FBEROHEL &2 LERRNEEZ LN TO DI
# L ~YL ICRP publication 82 1999) ##x % Z LAk 21z, FLHEH & ZhLls T
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Fo. BHBOENTA RT A4 0 LUV OA RS —ER B FT 72 & Zi2, FHo
BEYEIESCIHARMOBRGEZZE L CFROBEELZHEL T\D, ZO/RR, 5K
A AR E S 1 mSVAEZREZ D Z Lidne LTng,
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Xll. BREEEZESTM

KT —F 7T N—T 1%, BRICE TN D A ESE B 5 R RISV
T, 2R CEZ AW CHRERELZIT 72, UTICZEORREZID L5, 2B, HE
EDBALIZOWTE, BEGUCH D EH O TORL TV D,

1. ERZEICEET HRET

RO L LCiX, EATEEIZ LD EERGENED LTV D ST U3,
Wty oh, 770 WRNCTIVR=U LR OBEY 7 U REOT VT 7 (7 A Y &
TAh, X2V TL) | EHITHEMER Fa o F T MIOWTHRE AT o1,

WEt % AT o T B REHIC SN T, R BT K ARSI 57 — 22 L, Mt
MIZE DB HIFE L L TCORENLVEBEICHED CHr ST 7 v &R,
B IC RN T, TifA— F4EEUR (TDD) ORES TE 5 X 5 R B EER O RO 5%
OHAITRWEE ot~y Vb=, TAVDTAKDYNE 2 U 7 AZOWNTIX, B
WZIEWRD D7 FEle, BEEA ba rF T AT OWN T S EBNCEHER R A2 R TIC R D1
WIIELNT., Zb 4AFOBREIZ OV TREBNZEHMIAE R I RE 20 b o I LT,

W E R HOWNTE, FIRBA~OEENRKRE S, FRBNPANDBEINOIWETH
D HRAREIER R & LT 100 mSv ##8 2 D mIC BV TIE, MEHFEMICH B fRE~D
R AUR SPGB D D SRR TR 7Y, HE S v & LTI PG RS R A
IRTIWCEDTERITELN o T,

BT T A2 OW T, BT 0 OB E ORI E L E T 5 &, Bhk
TIL, B O O E OBIUCEE L TR b EEREE L Z I 0N, L LN G,
fERNZREAmAS R 2 I DIHFRITG D21,

LDz L aE 2, (KR EBEHROMEBE~DOEEEICHT M 21TV, O E%E
LFE LD, L, UTACOWTIETDI ZRETHZ L Lic, LLFIC, =DM
2DV TRT,

2. BREMFRICKIBEEEIZONT

AR B D TS PE B DR~ D BB 2 N W Tid, B3R H 5\ T in
vitro EEROM ALV b b MBI MAEEET L2 & & L, EREICR T 2813,
FITHNAMEE LTBND, 2D, EFOT—F ZEHH LT,

b MZBT LA (F¥T—2%) 2oL, BEZMOT. BRI NHREIC O
TOHHROEHER SV S DO, KOTRA - BFEFENEY) 2 b O 23R L TR A
Pl AT O 2 & & LT,

Flo, HBREBERTHEONTET =2 2 —EDET /M L VERRERIMET L Z &
(B LT, EEHERR IV T, BIERS R WERBER TH 2 &L DEZFITHESNWTY X7
FHEOBIEIN RSN TWD, L Lanb, HERIZBT 2B Z00KEN S IXBIEOA
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FEZOWTRZEE « FEERNCE N T DI LT TEP, TOMRILE o2 R OMR G L
W b EEEBETDLE, ETNVOMGEIRETH S EEX DN, XD, KELND
BONERREOBEAICOWTUIEETH LI RETH Y, A RIOR S EFEER ISV
X, EBEOE h~ORBZ BN L, RO REST — X TF & T HHPH Tt 2 i
DELDOLZLE LT, 2B, B MIFICHBARRD D ORGSR (AR T 1.5 mSv/
(R s 1992) | HAEE T3 2.4 mSv/4FE (UNSCEAR 2008) ) <°IE
Wi MEANICHAET 2 BEEDE 0 & O FGH#R 7e & BRI D OHEIE L O F2de 53,
ERPIEL R EDNTHIEL 221 TV D, LR - T, T— X ORIRIZYS 7= > ClifE~
DERNZ L B HSHREIE S DS ORE FD Y 227 SIFELTNWA Z L 2ZE L CThatz i
HZ kL LT,

ARFH OB IZI O/, AR, BAEOBEUSSE S B THEYEIZ X 2 NE#IE < DA
DR EIC T 2 RISV TRl 21T 9 XX TH LN, £DO X 5 A AT T
72K BB 2 B HE D B T2 OIS IEL 2B ATEST — 2 2 AT
P S5 &G o, Fo, ZRULIZUREICE W T, BT INTHBREICOWVTONR
WA VRS20 OFEMBRECRINTREREZHVTID OO TV ZHEDHE
SHEL, £, 2L OFEMBEMIT—EDIED FTRERENOH Y HEh T2
EMD, BRI E 2 VFLCERICEB W TESET — X 2 REEMRE TR £ LOTWEEAICH
STE, KTV—F LTI N—TIZBVWTHENEZEETHI L L L, BEREIC XK - Tt
FRA~ORBEZRETT D2 ENZY LW L, 7o, REHREUIFMBEEICBIT 52840
DHFGRERZHEEMEZ Lo THETZ DXL ) A IZ RS =60 o 72,

TR Z eI DR RR A RIS IS & B R BRI OfEm 2 LD £ & D D BN
HoHM, MR AEE, FEERRE 7RI ORI D A TR EE & o T AR - B B U i
FREMFIE D LRI 2RI DR D34 7 AEEM R BN 2 PR L 220w 2 LT,
WO N E T T — 2 DA T et PR il 6 — EKMELLT OAKHKR & D KUk #igk =
I K DR B A RIIRT I ENTE2HAITER RIZB N TELNTW Y, BIED
BHERKEICBNTENEZRINT 5 2 ST FEEREL B 2 6T,

T — HII TR A ORIINFET 208, €5 Lzl ce+oiik L7 E T, AU —=F
YT TN—TIZBNTE, AT LG RICOW TR 2B, I7ET A1 v Oxt R EM
DFYEME, FEFAEZOAE, HEBREBEEOREDME, KERTORE, EFHICLDHR
MEFEMED S MFEOR 2 72BN D RFHIIZI W TEEIZ LG D STHROE T DV TP
L7e GBSy A &)

ZOREFR, A LT, [KBRETORBE~OEZENL LN, HDHNITEMRETO
fEFE~DELBNL LR o T2 LG L WA R REST — 2 ISk X 57
RN o T,

DA > RO E R T o BRI 500 mGy MBICEBWVTIENA U X7 OBINMRH 5

3T LIS ERRAS B IR v BRI o T LARAE LT 5 AT FLAR B 1 23R U CL 500 mSv 5 & 72 5
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N7enoi=Z & &#fE L TWa Xk (Nair et al. 2009)

QUL « BIFFOWBRE BT D EEA AT L DIET OBEIEXY 2 712250 T, <
 0~125 mSv O CRESUGEIRICE W TOA B R ERENRD Dz, #IE <R
f 0~100 mSv O TITAERMBARRDO LN o7z 2 &2 @®E L T2 3k
(Preston et al. 2003)

QIR « BRI OHIEF 1TI 1T 5 AMIEIZ X AT OHEEMKT U X 712250 T, %t (0 Gy)
B L7e5A ., IRaR IR & 0.2 Gy UL B4 THREHFMIICH EIZ S L7223, 0.2 Gy
Al CITARBET R -T2 2 & 2#HE L T4 Hk (Shimizu et al. 1988)

o, NRIZBEL T, MEOHEEEICARAMLRNOH 2D XETIEH DR, T2/ 7
A VIR TR EITFHRFIC 5 ki Cho7o/NEZzxtR e LT, AMFHO U A7 OBN%
W5 LT b 3k (Noshchenko et al. 2010) 23~ 7=, F7/o, HIRIRB IOV T,
F V) T4 VIRFIIREEBIEHICEE L T, #IX FEOFERNMEWZE Y 27 08 &ho
72 LA L TWD TR H -7 (Zablotska et al. 2011) . & 512, JEIE~DFEIZE
LCiE, 1 Gy BLEOHIXIT L D 234 H L7z 23, 0.5 Gy LA T ORI OV TILE
WENRD LN hoToZ 2R E L TWAIER (UNSCEAR 1993) & o7,

LLEMWS, RU—F 0 77— et LIz W TiE, Bl L 2 B2 |,
WEENTWADIE, O —RAETFEICB W TSI 2 R EEZRW - AEEICB T 5 B
DFEGHHEL LT, BB LZ 100 mSv UL E & L,

B, NRICBE LT, KBRS T VAR (FIRIESASAIE) 2365 &
Zz b,

100 mSv AKJili OFEENZ I 2 B RO B ZEIZ OV TIE, EFE0F9E CTREEEZZN A 5
Nz OREILH D8, BHEHOBT LT —% LHW+25 2 L IxR#ETH -7, Fr OEK
2LV IR EO BB L D R A JE A CHGE LIS TR WATREEZ B ET 5
T EIETE RV, BN BFERE S LT 100 mSv R ORFEREICHOWTENTH L
ITBER LN TV DHI AN L IR TH - 72,

3. DIVIZKBRBEEEIZONT

U7 AT T N T ORNARD EMHAETE TH D 2 & D BALEWE Kk O E i 5 o 7%
PVEZRBLT 2 AREMEN B D,

U7 %, B N EROSEREMICK L TR EEERT, RBREOY 7 2GS KER
M L7cEe MIBET 2EFHATIE, BRMESOREZ RET DR LIFHELNTVDN,
Z DEFRITETRIZH LTI,

EBREIZBWTIE, T3 EE LTEE, FRicEEs2 52, BAEBREL RINT
WHN, OEEBEZ T VOIRRIRME TH D,

BT LTRSS BT y BRIE - T EAE LT25 6 R AR 1 23 U CL0.28v DL &7 D,
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BEFIEICOWTIE, 1n vitro DIFHEMIL 2 AW 7= Qe R B 53R R, /IMERBR, =2 A v
N7 v A . ZHRERRBRCHIETH Y | in vivo RER T~ 7 ZREEHINE 0O Ye AR T D FF
FENRPEINTED, Wb A D=0 E U TIMSHRIZ L 5 DNA #EICEKT %
HDOEEZ BT,

FEMAMEIZONT, b R ONEREBWICET 57 — X IR+ ThY ., Bl TIIY 7
Y OREBEEUC X 258N A Z R T IS DT Ruy,

EBREW) & ORI B W TR B IRWHE TR b/ 228, 30 B &K 55k
(v 7 Z) 2B L EEM Co/NE—RINaE ORI IZE-S< NOAEL 0.5 pg/L (0.125
~0.250 ng U/kg (KE/HAHY) Th-oTo,

Z ORBRIZB W THATHRE S DFEIFEIZIT BT A D Ve o T, IIIE OO\ TR
MESISERN A LI TN DN, [FEMEDS KO FEZRA OV TELNE/ERTH Y FHE
FERICO R RN RBO LN, IOICHBMECO W TCHET2 Z L IXR#ETHL Z &
2B, AN TDI O EMRI E LTI Lo 7z,

WIAR WA R THRO L E2EIT, NZW 74 91 H MEOK G-3RI 0 B IR A O
SRR RO L G ZEfu etk BR/hAE) T Y, LOAEL X3V 7 & LT 0.05
mg/kg KHEH/H ThHo7z, LU, BEBRFICHET XD LT ~OEGEDFERD HiL T
%, Bl&feEirbiniz SPF @ NZW v X% v 7= 91 H RSOk 56k Tid, Bigo
I BEAR AR PR A O FE A I OFE B OFERHFRIET 20 & . 600 mg/L (40.98 mg U/kg
H/A) BEFOHLTHEENRDO LN TN D, %%%iw@ﬁ% ZBWT, IEkunis
BTHEINEBBOELE EbE T, Z0RERICEBIT 5 LOAEL % 24 mg/L (1.36 mg
Ulkg IKHE/H) & i waérwunbhtﬁ%@LﬂAmnuwmgngM@yH%TDI
DOE AN 2o T,

ZDOWIARVHETRD DAL EIL, 7 v FO 91 HRIFOKEEGRRICB T 2 2854
TR LIV BIRAE 02 (MEREIZ RS LR O/ NEIR DR, JETIX, LR
DYEHE, JRANE L O OB ~D N, K OHIIE DZ=faZ ) <& v, LOAEL 1%
77 & LT O0.06 mglkg (AE/H Th o7z, ZORBRTITBEALOZ » ~ (HEKE, &5
BE15 L) VB, BB AR A 2 & OMRIA WA THOI TV D, L7 > T,
ZORERIZE T S LOAEL IC A fESEMAREZ#EH L CTDI Z2H 375 2 EN@EUITH b &5
2Bz,

ZORBRIZBWT, KEZ02H AT < HAEHEFIRAERE B UM B ETEZ2R
THRERITFRO DR o722 & BIRIC IS T 2 R B E00RE B & 272 F SR BIEER
DOHNIRNT LD, ZOT T ORBA~OEEIL, EERBRETIIRWEEZZ LN,
IS OBRIZR T 5 A K OMANENE IRV T, RN | EFIREBICH 5 &l
SNHZ EnD, 91 HEOMEMRERIC L 21BMOREEREIIRE LB ONTZ, VT
LB BN HR S D T L 2B E LT AR HESEAR ST 300 (FEZE 10, R 10,
LOAEL 7> NOAEL ~DO4Mi 3) T2 2 LR Sl L7z, Lien-Tou 7
® LOAEL % 0.06 mg/kg RE/H & L, MMEFELEE 300 #@MH L A, 770 TDI
1%0.2 pg/kg IRE/H & 72 o7z,

k=11
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TDI 12 YT HERED Y T N2 L DR EIL, & L LT 0.0056 mSv/i4TH
D (BE1ZR). +9RVBETHILIEEZ DN, LIEB> T T OBt YwE
ELTComERLYEBEICHI LD EEZ BT,

<BE1>
TDI=0.2 ng/kg A&/ HIZHOWT, {KHE 60kg & L7ZHE. KIRD W T o DIFAEE L 4 [F
NARDORREH SRR A WD TSRO K& &2 7Y 5 &0 £ 0.0056 mSv/4AIZF724,

FZrE RIKAFEE % I yrs Specific activity | #iFEFREL
Ba/ng mSv/Bq
234U 0.0054 2.446 x 105 230 4.9x 10
235U 0.72 7.038 x 108 0.0803 4.7x 105
238U 99.2745 4.470 x 109 0.0124 4.5x 10
<zF2>

RIREED 50 &7 nie & REFEENRRENWTEDOH ETEETHLIN, WTHH -/
NRAZaATINERDO T T ABRE & JRT 72— 2 KON B-MG it &I % Zamora et
al. (1998) OF —HII_XvF~v—7 F—REEWEHATD &, M- Filp - bk 71
L (@R LI TF vy —7 R—2OE#ETIRME (BMDL) & LT 74~82 pg U/
H2S o7,

4. BEHYIZ

FELOFHIRE RICESWTERSF O T T LSO B MEEIZ DN T O U X 7 EH AT
AR, ARRHmAS B @ O — AR ICB W TR T D i E Z2 W = EJEICB T 5
EBIMORERETHDZ EE2BE L, B0 5 OB E ORI, BHARNDORLE
BMOEEEZIE 2 TEHEZITIRXTH D,
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