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EWVWZ LD, REAKRVHEREDZEL TOERBEEM~DOBY 7 R EFE L, BREAD
BORIIEARTHRY KRE D ERBEINRS, 3. (FREBOERER LT &R,
BMEERENLTOBY T U RROEN~OBITIINEhot, 4. 74— FREHF
FIZRNThH, HEAM~OBY 7 o RROERIT. 777 b, EERTEFHSM
TREL, RETII/NE Do,

A OHYE (Andersen et al. 2006) Tix, AU 7 —iGEE, S viE, 27U —
T v RIET 2000~2003 EOMICHESWIBEOTY S KyFa s V< FOm
FLIBIZ DWW T, 1¥7Cs DREKR T CF REH I TV D, 187Cs O HEHE(RZE (SD) &
wv¥as s 0725062 Bokg BER, VELTH T 04910.07 Bokg IRER, X
X 7HT 0252010 Bg/kg BEE, 7T ¥ 75 0.22+0.11 Bo/kg IREERE, ~—
FT7H530.86+0.13 Ba/kg IBEE, A0 067 Bekg BEE, ntrHRIV5
0.42 Bo/kg MEEZ/RLE, ThbDDOWFEHIEED CF ik, 73 F7H¥ 5 2d 79132
METELVTHFS LD 244136 DA TH oIz EHMEL TV 5,

(3) IAEA OEHEEH D CF

IAEA %, 2004 £ @ Technical Reports Series No.422 {2\ T, ARIZEEN 5 60 xH
IZOWTREETLFERD CF #2315/ 5N E R OHELE{E (Recommended value) & LT
FLHTWD, 2D CF ik, EFEFTOIXKEIHEORE & BEWKOBRITFHERICEH
ThY, BOREE, £V A X BE, BoBREERLICI > TRELZT L EEMENT
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W3, ¥£72, JAEA AHGRLETED CF 1L, TRIVKDE O EEERIZ L - TEBET 5
TLEEEBEHRLTWRNZEBILTNS, |

ARRYFUL, BUHK, EIVA UIFL FAREUL TAUTUA Faly
ADCF#%#, IAEADLVR— M EERLTEIZ AT,

I EDOHEEMEHNIT S &, 199Cs @ CF IE, BEROEEMILEE T/ N IC g
LTEE~10 BREOERBALNLA b OO, BRMESHEZ/H L TERKROEMIZE+H L
LoAEMEREE - T AFAKBELIE, BENZEOA D= AAERIZLTNS, LR
-7TC, SEORMERZETMC Y- - T, ABENTORETRE R R CEDFH
EFHOBRNPOLBZZTY, ERFILLDIFEROHIFEERE, WK LEBEEMNHLD
CF X, BEZECESIFLCERLZTNNERLRWEBAIEE Xz,
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= [ -3 CONCENTRATION FACTORS FOR FISH

IAEA-TECDOC-211 | Recommended
Element - , Note
value(3a) ' value
FRNERIT 2 N 1 3 q)
ERyE 10 9 @)
oA 50 100 ®
A A 0.1 1 @
P k=17 A 10 100 ®
TA YA 10 100 ®
¥ o U h (10) 100 ®
( ) B

XMPHEENTVWAI R FOrF o ADRICHT 2 CRs X 1 RN TH 2, - DIREIIBE L S0 -ALEFHBT 255 TH 5,

{4 CF 13, Pentreath (%b) SHoBLALAOERERNTD 05mg 2 VRRESFAVWTAHRESNE,

R CF it £l LTALERPOFTARO0 W0 RECE-INTNE, CFiZRURERP el TR®an, £y

A R CEBESELTEI LEPELITH D,

@ RAPOT T OEBREIGH 0.2 pphky BHEEL IR %) CREENTVD, ZORETAVTERSNE CFI10.1 RET
Hd, LL, TRHECEHAVEHFTIMEMCH B EFICVRDE LICETHIMNLE,

@ AEERICESENITA =0 AL THBELDF—FEAFTHI LN TEL, EOE OV THRESTENLTNE (%),
CF F193.5x 102 (%d) RUEEHREEglish Channel)l x 102 (3#e). #151E 1x 102,

® =hboiEEENE CF i3 IPSN @ English Channel 07— & & THE ST,

@ o

(3% a) INTERNATIONAL ATOMIC ENERGY AGENCY, The Radiologieal Basis of the IAEA Revised Definition and
Recommendations Concerning High-level Radioactive Waste Unsuitable for Dumping at Sea, IAEA-TECDOC-211, TAEA,
Vienna {1978)

(3%b) PENTREATH, R.J., Radionuclides in fish, Oceanogr. Mar. Biol. Ann. Rev.15 (1977) 365.

(%c) JACKSON, D.W, GOMEZ, L.5., MARIETTA, M.G., Compilation of Selected Marine Radioecological Data for the T.S.
Subseabed Program, Rep. SAND-73-1725, Sandia Natl Laboratories, Albuguerque, NM (1983) 237.

(3%d) HARVEY, BR. 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.

(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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Andersen M, Gwynn JP, Dowdall M, et al. 2006. Radiocaesium(137Cs) in mammals from Svalbard,
the Barents Sea and the North Greenland Sea. Sci Total Environ 363:87-94.

TAEA. 2004. Technical Reports Series No.422; Sediment Distribution Coefficients and

Concentration Factors for Biota in the Marine Environment.

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

UNSCEAR. 2000. Sources, Effect and Risks of Ionizing Radiation.
httpi/fwww.unscear.org/reports/2000_1. html.

UNSCEAR. 2008. Sources and Effects of Tonizing Radiation.

SRR 1999 : MESY & BB ICEERATO ¥Cs BREICEBEEZEALDIERIZ OV,
Radioisotopes, 48, 266-282

E|ET, T, PR, K 1976 k4B, s

FRFF HERAR 2011 : JRFHLELICET 5 IAEA BRI 5 BAEEROREE RS
TRBIRF HREBHROEHITONWT

HWIRZR 1978 : i, PERBEHARK, 24-29 R 32-33.
BT 1973 1 RERIZB DR EDE O £ HiE#EIC oV T, Radioisotopes, 22, 662-673

WEBITHE 1987 F =N/ 74 UV ERTFARBIIEGUCEE S HERIEER . TOFIT BREFM, B ARAR
%\ 34(1)\ 3'9

TR 1993 MENIREY 27— U —X No20, HEEAMORME TR L B, KR
& S SR 2ERT

I TR A SR ESESTIEEET 2007 @ (RBEKSHR & R, ERRSEH
R R, {1 2001 : HEAEF=a—R, 72, 57
FEZMBE 2001 : AEHEAFEEE, 5. 11-20

AfHE— 1996 : MEFEA D ~DOHSEDE 0BT, (RFHIREEM % —, 334-354
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Il. EREEERREOERYERS

AE, BREEEETIMZITO Yo Tk, UTFoAIKERE LK,

UNSCEAR RUkEBEVMEERZEHEER (ATSDR) OBRSEHEICET IBREEI
FIRA S TWA XK, EEMHBF#ESS (ICRP) | #AMREMRE (WHO) MBAEL
TV A ERHINZ . F OMBE G I EET 3 XRERBIA S Betoxs L L, B,
B ORI L5 S OFEREEIC T2 CRIIR SN THA Z &b, BOFERIC
X ANFPEE OMEICRL T, . LEPWE L LTOFERCATIHELE D, k<
HREEZIWE L=, .

Rt BoERL, EEREA»00TMIER2EF 2. it a vk, aiter
A T TAI=ULRTPEYZVRE (TAVVTARDF2UTL) OT N7y
BRI HERMEA b rFoad L, TA 7 7RIS —ZEEICO0NTE 2 DEM
FERFHALTHRMET > ZEELE,

RS, BROEBRICHES £ BB KT TREBIC VL TOFMERIT D
HDTHoT, AKXk, BEHETH B0, FRTHHINIZXL - T, FMEDOERER ENRED
HEROLOTERNZ EIThABH, £, Ml EHROSEEOE RN L, EEEREI
AIEAREBINA LI RZERRNEIBRELUTHELT 7o, 2B, HENH RO
PEWNEFEIE OHORETRINTHIZENERETH -2, &ML DOHEHEDE D
BR AL & OBMRIZOWVW T, Yimik, AP E<IEFLLHERL TRV L2
AitEE LTREtdaZ & LT,

. IROEBEBE(ZDOWT

Bl D L O RBEFRETHIC >V Tt BESR MRS O, RN BT 55
—HEB UL, ¥ T RROCEBI ORI I R R Ao ket IV~X iC
ST, BHES L OMBOBEEET T,

o, XLEHWTH, AF LBAHEDEIC T 5 0O 5 b, @7 —F BT
B HHE G R CIEBE~ D BN (R 2 RO & 5 TR AR L, FIZFH b D HIC ST,
FEFPA Lo SEFAOR UM, KEHENTEEOAE, KERRREOEIME. THE
TOWE, EH L AFREEOEREOHS REAN D, ATHITBNTEE LED
PENORH BT oI ER, FMOBEICRD bOUIBEDYR— MRS b0 LY
LI Xikic S5 E MR OBE 21T o7 BRI Y 2 RS . |
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V. BrsHEao®R
TIIZBWTHIZaZUE (iXavikh) LEELEL O, TRNEEEME R
COWTEKRAFIZEEH LSO TH S,

1. TRkE. HFEEH
TUPAC : iodine
CAS No. : 7553-56-2
RFies 1
PR 1269 (3UHRELT)
FRIROFIERK © 1271 100%
(The Merck Index 2006, KER-FAHHEZEES (NRC) 1977)

2. YMEEEMER
miA (C) :113.6
s (C) :1852
BB (g/lems) :4.93 (& : 25°C) | 3.96 (K : 120°C)
AZSHE (mm) :0.3 (25C) . 26.8 .(90°C)
(The Merck Index 2006, =LA 1998)

3. BHEmE

3 7 RIZIE 108 126 143 DHEAE B 36 EORAMENTEET 5 (Chuet al. 1999) ,
ZD 5 h 14 FEEITAKEOKRE AR T 5, .

120] (P 1.6 x 1074E) LIXRA2 Y, 125 OAJHIT 60 B, 131 OA:5I% 8.0 H T,
FERAPENEZOREFICRELHEZ LRI LD, BE~OERKIIRERTL Y 7%
HizhH SR,

75 USRI RO 2% RSNt =7 AESRUER D T5% M. IEHE RIS EA
RO B RAEIZ L > T2 vRENE & 225, BT 285U R RARY O 2.89% K T 28Pu
Tit 3.86%743, 18l[n, 181Sn, 181Sh, 181Te, 1] BTN 181Xe & W o EE 131 O—#HD[F|
EFERFNOAEKIZES, 3 VROKRMTREIT—REDZERY (initial fission product)
ELTEREN., WoltAEREIND L, ERALITHRIT B MHIC K- THAEL, B %
BRCEERITRTHS BXe k725,

FAEORTRIL 129 CHimZ 5, 129Cd ThEE Y 129Xe THRDLI—HEOEE 129 ORIER
RIIDERICED, 1271 TOEWI TERAET P ATy SHIHIC I o TEEL, il
ENDHBTAAF—E BHBEYy BRESLEER) HIVKRORMEI L IZEARATH S,
Bz, B BRIFHRHICE > THEL, 0.96 MeV D= R NVX—2 BRIT & vy BROET
HEZIND DR ELTHVDOB &y OMEERDH Y HIED 90.4% 128 T,0.61 MeV
D BREF 2B S4B, 7 0 DBFIT L ¥ — 1 85.3% DRESET 0,364 MeV D y i & L.
HBHWT 5.1%DFERT 0.284 MeV & 0.080 MeV @ y BOMEEL LTHHENS

(Argonne National Laboratory 2005a, A#EE{LFFFH# 1996)
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4. Rk

127] 1, FHEEERUCEELAY. Al X BEEA. SRy, EHES., ZEH.
7. FER, TEER., I 28REICRAVWDORD, £, ﬁkﬂﬂ()&b‘\?’~}lx0) %
HELTHHAWVWGNS, BIIIEFRAO ML —3—& LTHWGL S (The Merck Index
2006, AFEHE LEEER 1998) |

5. BRARTOLH - B

FyRIFAMEDO IN—F VIIA O uF U@t 53EEBTRETHH, I VETH
HPICRARITFET DERDEDO—2T, N2/ VvEnROF THEEENRE BIEY (Straub
et al. 1966) ., BARRLEFEET 2 a vROZERMIEITI 27T TH Y, WERK LOE HFTICHEF
TET 5, MR 1271 BEIXH 0.5 ppm, ¥FEE T 45~60 pg/l, £ L CRETERER 10~
20 ng/md THH (BFEE(LFEEIR 1998)

AT RITEL OLEBETEEL (OTRavk, avikh, 3 vEEE. #a v R
W) | EEREILFCITEAFILE LTRETICBITT 508, S Ra IS
WV, BME - BT EMAEMC L BT AR (KT a vbAF L) %5,

L29] P S U E L CRME—BRRMCEET 2, W I LEBREETOT 7 R
RO ADBESREEME LTEREND, £, EBAGT TH=RLE—HT & 129%e
b ORISR T b 128Te, 130Te : ORISTAER EN S (Soldat 1976)

125] L BI] FETFENTOFEETRE, INESRER I Xs 07 ¢V b= A
DS ETIERT B,

FIRAERR 1291 {Z 2T 1291127 WiZ B ARBRIEFR T 3 x 10U Th o7 s, BHERER
LT R NX—IEENIMED 129 OARKICL Y., FOHIT 108 L2 T3 (Ballad et al.
1978) .

REF~O2 UROKBITBERER & AWTBBIORENLREAET S, BRERE LTI
BHEIPLOITVROERE, HAAa0Bb, KWLIEER EHRH D (Cohen 1985, Whitehead
1984) , ABIEENC L5 3 vHROBAERE LTI, BRERERRUBREELE, #HH
DITHH6 OHEK, BEEY-L AR OBRBES L O H Y | KR 1911 Tz iRl -
FIR., EHEHAELZ B CREENS CKERTFAHZER= (AEC) 1974, Likhtarevet
al. 1993. Marter 1993. Moran et al. 1999, ¥XEH#ZET7H5 I — (NAS) 1974, KEHK
5HRBLERES (NCRP) 1983, Robkin and Sheien 1995, Stetar et al. 1993) ,

KEP T, 2URITEL OMEFELEER D L, KIERER, [UIRRAEEXIIEITF R
THEET S, KERFTTO N HEEEREOMEREIII TN EN 10, 1SARKT 14 HTH
% (Whitehead 1984)

SUEIREERE R ORI R 8 D RIERE T A I (ﬁﬁ HEN, F) KU (EHIERE.
FELEE) LEEAAZB LTI+ 5 (Whitehead 1984) , @2 7{bAFADO L 5743 LT
I ATIBMEIL S bEMEEBE LR VI W, IVROIBEIII vROKREBE, BA
W AEFEECEEFELTWS, b L, BARELTEZ X, K& o3 R ERE.
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TERECWE LY., REKICEMRT D, 3 0EOHEDEE TORKEREIZE LIZL D
75~14 ARRETHD (ARC 1974, Heinemann and Vogt 1980, Kirchner 1994) , 1%
Mo 3 v ROERE, T8 pH, BB S, HEERE FHATER (T =y LART
BOBELY) RSB OX > e DERICEE L5 (Sheppard et al. 1995,
Whitehead 1984) . K& b HE~ILE LEEORH 1%L, PRI vFEETI U{LAF
AMOBEIZL D KEA~REY |, Kol 3 URITEBEMIZIIRAACH FAKZE L CTHEEICR
HZ &icie% (NRC 1979, Whitehead 1984) , %RE 03 KU 1m DERIZBF 53 v E
OB REIXENEN 80 ER R B800 FTHY, 1 m ORI ETRET A OILEE S
DED 1~3%TH2D CkE=xrLr¥—4 (DOE) 1986) ,

9 U RITE < OWAKKORADKEMEDFIZE T TS (Poston 1986) , ¥k (4
X ER)IXavEEL 105 EE%SATHAR EEGE) T 103 EE&E%F A TV5 (NCRP
1983) , #AA T, kP o a v EREIL 0.003~0.81 ppm OFEPHT, Z OMEITEEL

(Fa/k) T0.9~810 L72d, MAKATIZ, I VHRIREIX0.023~0.11 ppm OHFEH T, 10
~20 OWEL L 725 (Poston 1986) , MR LMW T, a vEITRE®E L TEica ik
ELTHRVAENDD, IURBE, 3vREL L TORALIZDRY (Burte et al. 1991,
Whitehead 1984) . FEAE¥M) COFI)a UREREIL0.42 pg/lg TH D, FOTIAAIILE
itk & IPEOFERIICEIE L T D (Moiseyevetal. 1984) , 3 E & 3 U{k OS5I
Wi CiIFEh4 %5 (Voigtet al. 1988) ., EE LY ~D 3 v ROBGAIRIT, EHERE~D 3
DROWEELMES>THE - Y - 4F - FLORBLBE LI VROBTICEEREE %
B LT3 (AEC 1974, Soldat 1976, Tubiana 1982, Voigt et al. 1989) ,

6. MR

(1) By
DE F

B8] % hL—H—& LCHERORE L B 3 meicRi S v, PRI E

HHRRECB T DEETHRNIAED 1%RHETH S (Fisher et al. 1965), [ LaFFEIC
BT, FRBEEOERREA 20 4103 v{bh U v a (0.25. 1.0 mg VA) % 1338
MRROEE Lz A, 1 HY 0 ORF I vRIEHHIHEE 1 A EREDK 80~90% T
HY, FERRIBNREINTWS Z ERREBEI N, FRIC, BEA IAERFRE LE
AR OTEICBNT, RRBROMSES v&IZ, Pr—V—L LCHERAOREL
Fo 18] ik 182l ED 97% (SD:5%) THY, ZERERRIRINTND Z & H7RE
iz (Ramsden et al. 1967), Al LHFFRIZBWTC, WA 2 AL EI VEH (L8
A URHOIFEREITHTCHLE, BELL I MbA Vv AIZa vk Y v AaD
VWELA) 5, 15mg & b L—H—ERFRE Lick 25, PRBECRPICRHE S
S ORITFRFN 96 KT 98% ChoTr, 1A IR TIL, 8% EBAWFRH)
SOTWHRERRIC P L—H — 25 L, BRBECRPICENE iz BrE g o &1x+
NEN 9T K 98% TH -7~ (Ramsden et al. 1967),
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BoptE s v E (1291, 125] RN 181]) A EARAER G IR ORG-S N AL B W TR,
FORAMCERET 2 3 U RIIRRE (20~35%) TH Y, ERShickiEa v RORI
X, BFTHHZ AR ENT (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), ## QfER#% 1~2 HEIZ
BEURBRICE D IAE N A HUE 2 v kit B Y ZECBWTE TR W ARRIER & 5 28,
FOBNOHKIITH L T 5 (Ghahremani et al. 1971, Quimby et al. 1950,
Robertson et al. 1975), #lziX, FBEDO I VREZFBLEBSLICBWNT, BRBE~D
24 W[ 3 U RBUAS AR TH > 7 h, BEREICH LT, ZECE T 2 BuA S HE L
N 10~30%Z\ L W\WHENH > (Ghahremani et al. 1971, Oddie et al. 1968a.
1970. Quimby et al. 1950, Robertson et al. 1975),

BN SN g D RO 24 KEFIRRBOAZORER R . 3 U ROWHLE
WL NR FER AR WTREEEE & T % (Cuddihy 1966, Oliner et al. 1957,
Van Dilla and Fulwyler 1963), U2 L, HRICK S 2FUI/NNEROERA LY B
W, ZAE b L—t— b LCHERME I vR 2B O RTFERAERSIC X > TR S5
ERICBNT, FRBBUAZZRIE LICHIRICE SR TH S, —Rmic, Hifts
UREHHEAGIERNICES LBE, BOREEDRE LD L FIRRBGAAZRITIZ
W, FL—t—L LTI (3.7x104Bq LLF) Z2RALEGEEN-EEHLER 84 (£%
36 BRfRT) (ckB W T, FIRBRIUAZRERICET 2845 30 FrfE O FRBBOAS T
BMERH 50%THD, —FThl—Y—2HANESSWHRAEIR 17 LB 3 HE
HRISGA D OB & 72 B ¥ 55 25 RefE) 1% O TFEHERAY 70% TH - 7= (Morrison et al. 1963),
72~96 FHEmOFAEROMIE CIL HrER 284N bL—H—L LT1I(1.9x 105 Bq )
EROBEEINIEOFKBRIZEIT 2 HEME I 0RO 24 R EHBUARRT 20% (6~
85%) Toh ol (Ogborn et al. 1960), —F5, @EHER 74 (3 AEERM) L5
FETIE, b L—V B HANRE% 24 FEOFEHRRBEBUAZREIL 70% (46~97%)
T o7 (van Middlesworth 1954), kL —#—& LT 1811 (3.7x 10¢Bq) % FENRAH
53N EEHAER (48 BFRIEERME) 26 41CB1T 5 24 FFE O FHRRIREHAS LT
62% (35~88%) Tah -7 (Fisheretal 1962),

$EEE AN 12 H BT 258RIchb= Y BFH 3 v REOTUAAL (170~180 pg/H)
CEHRERITE L RFONT AR TIE, RP I R 1 B 472 ) OEIRED 96~
98% T -7 (Jahreis et al. 2001), Cuddihy (1966) I1fstEa vRSHF L% 14
AR DER U RS ERE ISR T 2GS v RO RRBEAARZRIE L
Too AELIL 1B ZIREER G I 4 2 DEERL Ui, IR RS 24 RE] o IR AR
WATBRERDOKN 28% TH o, TOMEIL, FL—Y—& LT 18] 205 IR
P U -BRICB R SN R RIREUAR (20~35%) DOHIBENTH D=0, FILHicE
WAENTZI VR, BORNELRTZ EAREEN, Comar & (1963) 1%, &7
T (BEHEa DRAKERESA) AO B GIFAHCIRYIAEN - 8] 2B NkE X
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NIEEREA L ACBT 5B VROTAAR BB L, ELE0BERTTYH
24 WEBO FIRBEGAZIRIZIE—B L TE Y (CEHREED 19 KT 20%). [FEROBIYL
FTNRRE N7, Pendleton & (1963) XA AFERERE (NTS) ol 0EETENIE-
FIPRCZOBBEFEOPRBRCEHIICEITS B 2HELE (FRBEU2S
EAESGHAD , #ERE 24 A28 2 181 EFIRBBOAL EIX 17% (5~47%) TH Y,
ZHEHEME S vREROIHEN TR LA 0BERR ER&ETH T,

Q@REEH _

I & TORBOEDEEMER TTREINTWS, 3UvERTy MW T L ELT
R ENFERICR D IAZBIEE R, #HREZy Mo bL—P—181] 2 L, L LTEESTD
&L RO 8~9%A% 72 Mefl] CHEMTHEM S, 34~35% 3 R8RS (Thrall and
Bull 1990), FHHREH IR TWET v MIBW T HIEEORE R (78 R CHEE S HE 6
~T%. RAPEI122% K X Nal 29%) BEBELN TS, THALD/ERENL, FL—Y
= L TEEENTT LECNal RO URIIMFFE LT v MEEE» LITEER2R
WENDH, BEGHOBABSEEEVVEALNL TS, AR TE, FLr—3
— & L TCRRS S BRI ERIIKIN EN D (Vandecasteele et al, 2000), h
L—t—& UTHEME R 7R (101 280, #RAGIRERG I Y PATHEE
B ERRIRBUAS O E— Z IR L TR Y . 17~19% (= OfEE: 181 D% &
ELTHARWY Thoilz (Wood et al. 1963),

HERYya—FE LEFEYVEFoLEn ) FryoEaEThy . RFTEERIE LTEL
fFREh TS, BE RFr3— FEARE 9~12%0 3 vEEREH L, 05 bbdh
IS A EIE R TERE LT B (Lawrence 1998, Rodeheaver et al. 1982), B[I]-R
Ry (HEFH) ZHEEIRBERESNREZT v MR 2ETH 3% TH ., ZofEi
BH 24 BB SICHEEF R SN EBEE S VR EZRET 5 2 L TE L, [A L#ER
T, REFra3—F% 10%=# /= NVEKRE LTRSS LEROEITIE 10%3T 5%.
0.2%Hb_UF Lo AEKRE LTHES LEORINIT 5% ThHh-1,

(2) 2%
3 U RITAEICH 10~15 mg S Ei. FDHH 70~90% B IRRICTFET B0, BHiK
Bt A R O DRI I S D BERB R VB B AET A DI vEEFERTS
(Cavalieri 1997, Hays 2001, Stather and Greenhalgh 1983), [MiFH = 7 FKRIEFIIIE
HEF, #950~100 ug/L T 5 (Fisher et al. 1965), MiEF*H = VRO 5% N &0 3 7
k& LCTHEFET D, BV O B% AR vREGH THmR S, RiCFRBRRLE
FuFxir (T ROMIa—FFun=r (Ts) ¥ 7 EHEEETHS (Fisheretal
1965, Nagataki et al. 1967, Sternthal et al. 1980, Wagner et al. 1961),

I kR CHE I vRESHORBLMIZE< B2, fRICBT 270
TRILE ERBRFALEL OB URLICESRBRE EEEL TWD, IVREZERETD
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FEERIRME A B = XL EFFo T 208k (PR, mERiR, TR, REE, LR, EE
ROYFR) %E. 3 vR L CHIRMNEEZZR/ET S (Brown-Grant 1961), 3 77
fbspomIEPRET, MRMAMERE CRETHY, B 5~15 ug/l 0#EE 271, fElEst
HOEFEENITL LIRET D & AKICEBIT 5 3 v{hoRilas &4 &3 85~255 ug
TH3D (Cavalieri 1997, Saller et al. 1998),

3 ko PIRBICHBT ABEE, BEL CiiE+RIEE (0.2~0.4 mg/dL, 15~30 nM) @
20~50 {2 TH A5, HIRES FREHEGLE Y (TSH) TRl I3 & M EED 100
TR, 400 EE2BAFBEELBESN (Wolff 1964), M XXM g HBE & &V
REET I Uk EfE T DI, MR, BRI, REE. LR, BREITRTS S
(Brown-Grant 1961), FURECERYIAE i 3 w{bimid, PIRBUCETRE S 15 FRERA
NEVOEBEIZRIAINS, FRBROIVED S LABKSIEN 90% %2 A, FRERS
NEY Ty RO Ta 2HRT 53 7 bFn L ROF n LB, Hr R0 RPRIERUN
AR E END,

BEXRIVE~NRTEIND LIERGBEE IS (ICRP2002), RIEFRBE~O KM=
7 EOERTEEE T0~80 BICMAE 0, 3 X TR 100~120 BICHRIATEE & 72 2 HIRIGIE
faLR kit 2w FORFEIZHKITTS (Book and Goldman 1975, Evans et al. 1967),
TIRICE T 5 3 7 RBBOAAGEITHRBEBRETIICO>NTEA L, BIEHK6 AT
E— 72T A0, ZORATHRRIBICBIT2EREEEICEEL, HEEEEDK 1%
7273 (Aboul-Khair et al. 1966, Evauns et al. 1967), S-&IZHgHEs o E 4 HEE 5% 1
~2 BRI BIERO e T EBEIZOBRROBHREELVELS, BLEEE 6 H»
ATELE W IREEREEL 2~8 #7777 (Book and Goldman 1975, Millard et al. 2001),
B vRZOROEE L THEAERTHIC L 2BBICBW TS, RHREHB &GO PR
BRICIST DRSS U RIRE OIREATEIRERLITMN 2~3 LHEE STV 5 (Beierwaltes
et al. 1963, Book and Goldman 1975, Eisenbud et al. 1963),

PR, RHEO M o BRI ARLE > OB & BRIRIC & 5 3 7 RBEGAL SN
DTENREINTVD FEERGFH#EHS (NRPB) 2001), HAENRIZ1} 5 KRR
AZGE, HAES 10 BRI TIIEAD 3~4 5 TH Y., BLEHE 10~14 B TRALV-ILVE
TIKT 33 (Fisher et al. 1962, Kearns and Phillipsborn 1962, Morrison et al. 1963,
Ogborn et al. 1960, Van Middlesworth 1954),

BARIE~D 3 EBGARIL, I VBRI L CEFICBRICRIET S, IUERS
FED L 5 RARRREREF (% 1X 20 pg/ A) 21X, 2 7o PRIBEBUAAZIHNT 3 (Delange
and Ermans 1996), @&EBEAIZBWT, 3 viklh (2 7ik7 U 7 A) 30 mg OEERE
AREITHEET VRO 24 B ERBICAREZ# 90% 2> X& 3% (Ramsden et al.
1967, Sternthal et al. 1980), = w4t} b U U A 12 AFRKER Q&G X > THEHEMES
v FEOFUALEEIHER ST, BiER 5% 6 HBILIA (Sternthal et al. 1980) XX B
[El42 5 8 HLAA (Ramsden et al. 1967) 12, (3 v{k7 + U U ARER]) BUAH L-ULE

23



TERZME L, 37k (1.5~2.0 mg /m? of surface area) #NKERKOEE I/
IRIZBWTHRBSHED E O FURIRITUA B B 73 80% /> L7z (Saxena et al. 1962),

KENFFEFEZS (NCI) (1997) X, 1950~1980 FEiis Sz itk a v D 24 BF
[ FCRBRBUAZMC BB 5 7 — & 74T L. RERA IR L FREBUAA L 1950~1960
FETEEEDK 20~40%, BIEIH 15~20% & . FEBIASBEDIZ O TR LT3 &5
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 OB/, FNRIZEBIT 2/ 3 b0 EHER
B2 200 pg/ 2643 800 pg/BIZHML TWAHZ L EBEBELTWA L D Th-o7- (NCI
1997),

(3) XK

FARIRD a3 v{bid, Fui  ikELOXGHEGEGEL LT, 2008, YAy
o7 ) HRIERYIAEND, YA el oT7 ) roayBLEERBRA AV —P 2l
FENDA, ZOBRKIECHRBERO = 0 OISR TH N Rl B eE
N3, 2URERSEERMERNECEZ Y, 2 ViEhoB L CRIETFREERER L, ¥
AunZa7 ) ReE) I—RFureda—FFrul U EREERE, 93— FFud
VERRESLT T (Zo0V3— RFud VBERES) XX T: (/33— FFuiyw
LTI RFR I EERES) 2ERT S,

YAurn7 ) sdEiElEiciTiEENn D, FRBREAFREBRILVECZEEL THRIET S
IOWE IR, a—FELEzY A ns/ o7 VB L EMRmic = aq FERDS
TV FY A b= AL ->TEYRAEN, 2Dzus F/NERY VY —bL@iedd 5, U
DI =B RGN EBERIC LTI — RV A v rur Y R I B
(Ta. T, B/ F—FRFRIVREUITI—RFa ) (COETH, Ty B Ts 2m g
DX VT ERIHIEALT, i~ HHEND—FT, /73— FFrI VRN
va— FFo i lancirE S CEAA SRS, BREEEIRBCRE T, £/ 3
—RFFnil PI—FFrIVROI VM Ta R T & & SICRRRY S M i
HENLFREERH L, 3 VIR EERRET TRV v e T ) HD Ty Ts=H
15: 1 THIHB, BILEVRWHITENIVESIRN 101 THDH, LrL, TR T £
DO OEN, —EO I LM OR A TRRMEICEET S, 3 V{EBERDRv D & B85
Bz L D&V Ty : Ts &Rkl % H 7253 (Taurog 1996),

FORBRARNVE SRR BRI O B AT o IS TE/RIENE O TSH IZ L A HH, H KR
ik BaUEBAR, YrusuFY roaviEb, BRENLOI—FELEY AR S
B YDy Ry A h— R, FRBERAEVELPICEET 200 usar Y
YDERIERRETH D, FIREEAECERITEME S U{bREIC ORI L T
Bo lmg #H2 AL O5REHED I U{kMc AR OBREEIND L, ARRICBITA3—
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FFo= DEENRBEXNS, ZOEETMF TSH L~ UICEFERT, Wolff-Chaikoff
PHRICEALDE ATV S (Wolff and Chaikoff 1948), — DI BRI H DT,
B AED 3 VI RIERE SN EBICE, FIRRIZ Wolff-Chaikoff #1542 B L kL€
VEARRITEBRE LR THEET S (Wolff et al. 1949), Wolff-Chaikoff TR D A H =X A
i, auikEnER O g vR{ERIGAAORENES L, 3 vk 3 7 =R
Wiz X 0 215 sodium/iodine symporter (NIS) R ORHIRIE~L A% L & —F DIEH
FREZ A L TWAAHREMSENR H S (Eng et al. 1999, Spitzweg et al. 1999, Uyttersprot et al.
1997),

FRRBOA TR EZ 2 3 UVEABO FERERET T« RO Ts OREIIEREEN, Bla—F
bR, Fr=vORBESRE, F o= VRSO T 2/ BISRUE D VR F il
RO A7 o BRUHRBEEF =007 2/ —ike Fe Rt uEofasd s Ens,
Tavb Ta~?D 3 U RBBESISIIFE Ts OFERAERBE TH LD, TeidhreLr L LT
DI Ty &<, REZ 3,3, 5-triiodo-L-thyronine (U /3—2X Ty (¢rTs)) ZE4AL,
v MM A T4 ABIEER DK 80% % 5% 5 (Engler and Burger 1984, Visser 1990),
K TO Ts EARFICIFR L BB TIThbhd, Ll (EREMERICI T2 T b0
Ts AR TEEROHMIZE TS Ts ODEBERREZLOLNTWD, ¥k, —FFr=V
a3 v REERIL Ty RO Ts DNELA T 2, B2 vREROEMIL, Ti. T4 RT Ty
DORFEER S VRIEERH TEH L s ML TITONWDT7 4 —FAy 7 OB TFIodH 2

(Darras et al. 1999, Peeters et al. 2001), T4 RO Tz O 3 vE#EILIX, £7-, BRRE

NEEAEE T 2BE LAY, Ba vREEETHRINES g veipis, BRI
DiEndnRMicHEtEh s, BHa vELXE Vo ERMER 3 UREERIC L o TR
Ihd,

S—FFu=r07 7= HECET 28R T X/ BOS ERRBRIS . T4 R T Ts
KREEOFNFNMHN 2 R 14% % 55 (Braverman et al. 1970, Gavin et al. 1980,
Pittman et al. 1980, Visser 1990), Z OIS fT HEERIIHE W FET T 5T
B, 7y FEBEUBOGE YR — MNZEWTHRENREIN TR Y | REEDIT. BiE. -
g R i oot s RERT CRO L TVWS (Engler and Burger 1984), HI$4
ORT 2 /s EBREBRSERY, 39— FFo=rOFBEREEE. B3 vRbEsT
TN o a VBERUHECEE SN 5 (Engler and Burger 1984, Green and Ingbar 1961,
Pittman et al. 1972, Nagata and Yamazoe 2000).

34F%ﬂ:y®7m/—w%®%ﬁ@ﬁﬁ£ﬁﬁﬁﬁﬁ:éot%fﬁ‘ﬁﬁﬂﬁﬁ
ARSI T = ) —NAET ) —VIREEEREERIZ Lo TSNS (Young 2000), #iE{L
ENIERWIIR S vRLEND, BEOLE T TIERIRBERLE - ORIRN A HES T
Hoy, 1BEHI vRERBEEESNLZES (F; e EAFARFLE) X, REMLE
AR X 0 EEICAD (Visser 1994),

25



—RFFu=r07x/)—LEL FusI LEDI L7 o= FRGIRFIETEZY ., B
FHLL MO TLEZB, I—FFu=r0F/Lsn= BSicBET 57071
N A7 27 —FPOREILE MIBWTHELEREENLTHRWL, LrL, 7y MR
WTHE, S7nY—ABUEy p=budz)/)—ERT U RrATR O Y DV
VBN NI R 2T REEERF L AN T A (Visser et al
1993), B DEMIL, VY, T2 ) E R =, 3 AF LT Ly R
B 7 2= KW 2,378 WL _R I RS OFH o 2ahEs I sn ) — b5
EHWEIZ L > TERETS (Visser 1990),

BARE LT a—FFr=AHOEETCRWVEETH D, LL, BRAE T 2RSS
ENF-BREIEERMEBRREEFOMECRBIIAZYV I — FFuo v OB EFERPHL,
WCEN T2 (Meinhold et al. 1981, 1987 | 1991), MIEEEFHIKEIZBOONDIE
BREAMERICBWTHARANREZ 2 L BEIN TS (Klebanoff and Green 1973),

(4) Hi

R a3 v RERFCRPECEETICEREI R 228, 1. R, TFROEICLEE
X3 (Cavalieri 1997), RFEEHIBFE BRI -3 VRO 97%HEE S, FEFEHHE
B 1~2% T D (Hays 2001, Larsen et al. 1998), BRI S/ 3 UROESHNED
R R A BBV TG 31 B 2 E2 bR TS (Hays 2001), L
AL, ZONFEENINR Y BEEZERHDH LB E (Van Dilla and Fulwyler 1963),

Ts. Ts ROREHO TNV 7 v VEBERESERCREBRAETIEHficawmaEn 5, Bt
b OSZWIE, SRR D 2 2R &N BEOEHY VI LD DHEES LTINS,
T ROCR#H ORZWIE 1 A7) O To GG V7 7 2 A4 10~15%TH % (Langer
et al. 1988, Myant 1956), EBEMWICRKIT 53— FFu=RASE0BRHSRMZELT
FEVEL OEBNRBERBAFTTELIN, Zhb0EFARE MoBT 284 2o S
F—RBERLTWRWVWARMER DD, 7 MIBWTIE, Ta 2 U7 7 2 2ADH 30%7A
Iy BRGEOBH W THY . BBEEEIEIT.2 VT 7 AD %% 55, —
ESWEND EHEEEI/NMBIRBTA I - FFu=r OFRIE & Ik E=iT5

(Visser 1990),

3 ofbiie FELAHHRIZ oW E B (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),
I X Tc g 70 5 BIH S S 58I T, FRBEREORE & 3 Y RITUARIZ
Lo TET 2, RIRBREBEETREOCTS, TEREBIZIENTHTIC oW 58508
R&EL 725, PRESEETREBIZSW CIEREMAFRICBSWT, RiLahiza viky
DOFRBADEAAR PRI — FF o= ~DEUAABMET L. FOER, FLREOEAF
ADGAHIZE > THRINENZZ I VDT XA Z NV F 4 B8 LD EFT50 0 DHFH8
HEEINTHD, PLr—¥—L L THERAE2 vFE (DBIINaD) Z@ALHPicRpkesasnik
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R IR E TLESE D R F IZ B W, 5.5 AMBRE L =PIt R EEDH 2.5% M5
WEh7- (Morita et al. 1998), WD —7 (FOWED 48.5%) X, &5 7 EFEEO
EIOLHTER TR o RAREGEDKN 2.6% X FIzaWEND & v 5 RO
%ﬁ ORI RE TTHEE B E 12 BV C Hedrick © (1986) (XD #EINTHDH, HEHY

. FRBEEEBEETERE ISV TR vF ((120]Nal) BOR5E0 25%2 41
Hiff"ﬁ'(‘?LH":F' W E s (Robinson et al. 1994), IER TSR VIAATEIUERD
A PoWERIL, BEAAEREMNT Sz >0 THiAd 3% (Crout et al. 2000, Vandecasteel
et al. 2000),

av{kiie MERPICLEREI N D, BABRE (FRIBSAVECHEREEZZT O
HERESRETERE) I —Y— LT 1B it a vEEsRELEE DA, 4 B
BIEFER LZERPICRGED 0.01% 08B S iz, RSP E— 7 EERRS%E 1 RE T35
B Hiv, EER 24 BERIZ 7z » TRBEPIZE D 5 /e (Bakheet et al. 1998),

3 kit e MERPICEE XD (Brown-Grant 1961, Mandel and Mandel 2003,
Wolff 1983) . 3 UV LM DWEHL P ~Dorikit = v RBERROEE LR ThH 5 (Mandel and
Mandel 2003)., = 7 RHEIC B O CERRERS COREEEMNICHFE L TV ANIRE S
NTHWRWVHE, BELIR/INRTHD (Brown-Grant 1961, Wolff 1983),

WHEEOI VYN I— RFo=r (RCTORFREE) ORHAZWMLANAD A =X
LATBIZHRE S S & Bbihd, e+ 2820mAE, FRREEOREKRL -t

MIMEEI UVEERE L. KBICRT M I v RZBELEERNSE LR, B
WIRHEEEFHRE T B W CHHE g v EDIEFE PRI BIEMENT Li-#RL. 3 vk
MBI E BN ~BEEEE SN2 BEEEBEMT TS (Hays 1993), X2 OT v D)
MEEN G, b P RIBPHEIHRBEO RS S SR T ARRBE LN TS (Hays et
al. 1992, Pastan 1957),

7. EEMME~OEE
(1) ISR UVERIEEE
B~ DMK VBB SV TOWREIRRE 6 adi» Tz,

(2) RizEE

A VRIS OBLEEEIZ DOV TIX, invioRBRIEDOBE D5 D2, in vivoEhrE B0
WEERLS ooz, aUEA I VA L, KCRER3—F (0.1~10 mg/mL)
M, = R YU oEMREERLS1T8YIZ B W TERFEME AR X 97, = 7 A Balble 3T3HEIZIS
W T EERIATEME 2R &2 dy» 72 (Kessler et al. 1980, Merkle and Zeller 1979) , =7
BV U LRULIES a v a v 3% (Drosophila melanogaster) # F VM /= 451 BIE
RER T, 0.38 mg/mLAOLXIE0.75 mg/mLd 3 7{bh U o ARARIZEBNT, BREN
FRERMhofz (Law 1938) . EEE (Saccharomyces cerevisiae) W -IERRAL R
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(His*) RBRIzBW T, LIIEREMZRIR) o7~ (Mehta and von Borstel 1982) .
AVRRTI—F VAL EERTHY, RAXIF 7 AE (Salmonella typhimurium)
TALO4BRIZB N T, BB KR CHEBRINTERERLEREFL I EHZ BRREINT
VW5 (Han 1992) .

3 URET MY 7 (NalOs) ik, MIEZ AVW-Amesi B, < 7 A/ MERBRIUT Y
a7 ¥a U E RS BRI B W TEREM AR X2 o 72 (Eckhardt et
al. 1982) , I UVHEBEET M) U AIHHBREEREEEZ Do THEY, MEZBW TyiRFERE
SIDNAEIME A RMIE S Z ERRENTVWS (Myers and Chetty 1973) .

8. E+OER
(1) REEE

BURBICEE LIE iR, F=1 ) 74 VRTHRENEROBROHGOKEHM LT
BEEENEA, ThHORTREIL, HEHEa vE TR, BRLERR U 7 TO v
BAOEIT< LB LTz (ATSDR 2004a) ,

(2) 1BitER

OEREKO | BB L<
a. FRKIEHEETEEICRT HRE

R T RIZFRBER L THIREBEN S Y | FRE TR SN2 EZR i EN25 Gy
FBID5EPRBBETR2E24ET 5, M100~300 GyOHRRBEREIZL Y. BEIEPER
JRESRE 2 BEHeT B Z LA TE 5 (Maxon and Saenger 2000) , F R IEHERETLHERE X 1L
R EE OB, IS SO BREOBIR AW LN S, 5 & 5 BuHTEEIL370
~1,110 MBgAS S8AIH) 2 %0 T 5, 185~555 MBqO 513 HRIRIZ % L TH50~100
GyDHHBHILL 2 b= 5F (Cooper 2000) , BAOHKHMEI YEOZMHIE TIT L
DORVEIEK BEOLOREENTEY | SEBR2ME K Tida~15 MBq@D1231, 130.2
~0.4 MBq® B3I TH 5, T bDORET, 1BIRBILIE LTERENMN10~50 mGy K
U60~130 mGy® HARIRE R4S T 5 (McDougall and Cavalieri 2000) , La>L7%
Bo, BREACZMIZEEWERENSHAWVWSLNA TV (Dickman et al. 2003, Hall et al.
1996a) .

B F RIS RER 2 OEF D 0.15~1.1 GBq @ B #HIF< THE SN T3S (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.
1984), BER D7 4 0 —7 » ZHIFETiL 1951~1960 4| FUR BRESEETOHENRE © 1911 Th &
ZTIBE 1254 (KM 106 4. B 19 4) ICOWTIIFESR I3 7 AOREN G
STz, BERATIE 180 BRiEEAE 16~26 4Ef] (EH 214F) Wwbhic o TiThhk (Fjalling
et al. 1983), HEm Kk UMER% — B S W2 IRS TSIz A 2L B W iR la
BEOIN—RRREEE S, B HIEL L 75~1,400 MBq OfH ChH-7, i
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R R IR DS BRI E m 2 5 0.2 em (2 3 2 #EERE Tid 2~5 Gy ORI RARR IS 212 H
B L. BIFIREES FRROERBIZH 2HHE TIL3~75 Gy oY 42, BE24 &%
BEEOWRE 24 TEINAY T LAMIEN L2 | BIFRIREAETTHEE L R S (5
RO HDOEMERBIITHRE SN TR, TOBE 240 BT AR, Thfh
140 % U} 450 MBq T 7=,

B MG MR VROBRNIREOREFIZEICET 2HA L LT, MIRIRE
CHRFEICEET L2085 5,

AT T IKIREIBRIBR O 7D @ 1311 B %, B Tt R IR S T OEFIH
HEahik, 3 il onT, FIRIRFEETLEFEEAE CHEPESRRIRE. X2 KB EE
OO T DIz, 1811 (1.5~3.2 GBq) OEMNEEEZIT-EZ A, 3~6 M A#%IZ TSH
SZARMEIZET L MIEPEAREEA Lz (Huysmans et al. 1997) , 1B JGHATIZIL. BF
b IR AR e hifE R S 9, BERBEREIIER Th o,

FARIRRBI AT 2 s g DRIGHRE PARBERUECHR L ORELY BFEL
HFENH 5, Ron & (1998) DEFFRIE, iz B OAEZREINERE BT HBAD
ERFIZ DWW L. R XIT 181 SRR OERAREEZ ST =8E L XFIL T
5, Ron & (1998) iX. #AME 24— FFET, XKED 25 IREREETERED 1 jHEEE
IZ384) B FRIBSRETTEE (91% 07 L — 7 RIF, 8% N hEtkikeht: M IRRE) ohF
35,593 Bl (79%ZctE, EHHER 46 5. 20 RKEL T 3%) Z#X&IC, BAFLTCEIZHNT
W& L7 (Ron et al. 1998) , iz 5 U fRE L 385 MBq (5~95%tile: 111~999 MBq)
ThHol, 7L —7 AFIBFIE T 2 EH8E B EI 370 MBq, S EHRSETRE R K
BRIBETERRIZIS 1 5 IR S MU BT 6290 MBq Th o7z, BERFFH (1946~1964 4F)
2T DIRAOREERED B BE BT XX 1990 43K £ TOHMICRAE LB Az 2T
FERT LT, DSAFET OREFESIT 1958~1985 BT L2 KEORTHEICE I HDOTH
5o BEXIBRAT Y —c Lo THEL., B BMRELZ )85, fiRRE T
ABRNEBRMFE I FND & 8 OFAREEZ T EREZXA L, BT
e (SMR) 365 (1B, Fif, UFRBREMSOFRAEE) ZLicfii L, Z 0%
TR LY, MOBRORE L AR, I & RARE - ORERELFEMT 5
TEMTED, TORE. 2,960 BIDOBAFLENFFTE i, £0 5 HO 29 FIAFRARAS
ATl B BMREE 2 - BE IRV Tk, HRIRS AR5 SMR BFEEIC
EFRLTWE (491 (EEERE (CD : 2.45-8.79)) . FOMOBAITTITOIR A
st LTI b a8 iR dro e, 1811 BEMRIE XL B P ARG EZ 088 (B &E
) WBWTh, RS AILETSD SMR ZHREREI ERLTWE (3.94 (CI:
2.52-5.86)), B FEREELBAOETEHEB (1~4 F, 5~9F, 10 FELU L) HET
e, FRIBAACHT S SMR 3RFE# 1~4 FOHTR E 22 (12.3 (CI:
6.38-21.61)) 2%, 10 FLUEOBIZBNTHERE LTRER EAPROLILD (2.78

(CI: 1.38-4.97)), &BEFOFEERAOZEEFRCBT 2HHEEX, ICRP (1988) 05
BURRE E MBRIEDORIZESWNTEH Lz, FIRBRICIRIT S8 EIL 50~70 Gy Th-oTz,
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1] FEHFHRE (PRIBREORAL LT Lo THETHE, BIREHICEITS
FARIRDS A0 SMR XL < MEOBEIMZE-> TER L, FRBESAOELCRICHEEY
BOTEEENTR I N, SMRIZ5.6 x 108 Bq LLEDO#E (7.05 (CI: 3.05-13.95)) K
UM R B PR BRPETS EEE (18.88 (CI: 7.58-38.98)) iZBWTHEbHEL o,
OEFED B A SMR & B B#EFIZBWTAHABRZ LR LTWE (BBEBEESA : 155K
% 1~4 € (1.42 (CI: 1.04-1.90)), HfidsA : {8%% 1~4 £ (149 (CI: 1.01-2.12))
RO 5~9 £ (141 (CI:1.02-1.89)), FEBHEY L MERMA (G CLL) : #85# 5~9
£ (2.10 (CI:1.14-3.52)), UL, B LA DOIBREEHZ B W CTHRIRIAMARR (i,
fii, WBETCRKEEE) OBRAD SMR LEBRBEO LN EILL - T, BARTRR
X925 B OEENFSLVWOIEAID EFRFTREZMERT 2 Z L3 L <k, Z0Ff
FEDFEFR MG, FIRIRBAETTEERIE L LT B BREMIE T2 Lk, &B8ARET
T PRIERNWIERTRE IR, PRBRADKECEILR LEL>Thok,
IRFERTDEF R TIIZWREE Th s T RIRS A DBEREENRT 5 Vo BHEILEE
THILIZE T, BRIEB AT FIIRT 2REBOMEIEHEIC - TLE S, 181
BFERYO 1~4 ETHERBBAE ) A7 BHLNIEBR L TWD Z L2 b, H
FRPABCOEBEMHMARE L <EL, FrthoBRRERIZHESE L TWA AR H
AT EPRBRENT, TOBFEICRBAMMOFRHEERE S LT, BRI ARINEE
DR VIZEREER (mGl) ZERALTWAZ ERNRT LN, BREHE TEESREC
BT DTG HSTHE & FIRBRRE L OBFRE, PRV X203 2{bipimkiFiEic s
THEBIZEDECDERHD LB 2R DD, iz, HEHFHEERITT
RIS TTEEOENOREE LR ET 2FRENRD 5, BEERROHRESLS
HIeBEERO T BRLVERETOHLHASRLONDG, KEOEEK bRARTE
BRI LT AEHEMR 55 (ATSDR 2004a),

AY 2T BN THAME ok — MIFEREE I, 7 —T 2% 51%) Xik
HREE RS EE PR IRAE (42%) 18R T Il Rk %) 783 10,552 Bl (85% ik, 4
i 13~T45%) EXERIT, PAREERTEEINZ (Holm et al. 1991), F-H#¥ 5 Hkt
BEIX 506 MBq Thoto, LL, ZHFIBEEMIZE > TEL2ERKEL, FL—
7 AR T 360 MBq, FrEiEREEiM: B R IGIE Tid 700 MBq Th oz, #HEREICRIT S
B ERETROAIL. 30%A% 220 MBq K (F# 150 MBqg), 38%#% 221~480 MBq

(F# 315 MBq). 32%73 480 MBq (F#J 1,063 MBq) Tdh -7z, % 14 (T
1958 FELUE) M HLBEFETXIL 1985 ERE TR BE LENAKZSWTEIT L, BA
HEEHIT 1958~1985 FItBITAA Y = —F U BABEITESS 4O TH D, SR LR
Bk (SIR) FHEfiASA (1.32 (CI: 1.07-1.59)) RUBEMNA (1.39 (CI: 1.07-1.76))
THBIC LA L TWi, hEEFEtEERIEREIBWTY, PR TS L—7 R FRE
FOD 2 FOBRBEZITTHER, [MiBNAD SIR BEFRIZEF LT (2.14 (CL:
1.20-3.52)), 10 FAEFEFIZBWTIE, F (1.33 (CI: 1.01-1.71))., & (1.51 (CI:
1.06-2.08)) BRUM (1.63 (CI: 1.10-2.32)) ™ SIR PAFICLF LT, £BED
e RAORIEINC B AR EIL. ICRP (1988) O&EHEEE L REHEORICE SN
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THEH L, SIS T A HEEERDRIE &L, FRE T 105 mGy 48, B T 250 mGy,
I 70 mGy, Bi&T 50 mGy. FlET 50 mGy TH Y . MITBEN b0, HHEE
BN THEBERBIMIED Shizdofc, RIS, PRBEBAO SIR THEAZ EHZ2HD
Ao 7z (SIR 1.29 (0.76-2.03) ) , RIRARIE B _x¢ L 181] PIA 165 (FLHRIRE 14%.
FT 3% & HRIRANVE U FHFEE 2%) 230 BE Wi, BDAFRTERIRXFE L aF
—FEAWTHELL (Halletal 1992), SMR i 1958~1985 EizBiF B A 7 = —F
VRRBEICESOTEE L, BT #IIE<BHSER 1D 10 2L B Uiz 8Kz BIT 5
SMRIZHEICERLTEY, @084 (1.14 (CI:1.04-1.24)), HE{LEMRA (1.28 (CI:
1.16-1.45)) ROUMEHEMN A (1.31 (C1:1.01-1.66)) Th o7z, T, HTHO 1 EMT,
AR A D SMR b A EIC EH LTz (11.45 (CL: 2.8-33.72)) , HURARA A D SMR
73 480 MBq B OMRER: T3 221 MBq REOBRERICHE_ TR 4EE o iz b b
LY., BABRBEIIBWTAERREMIIBD Lo, ZOUFEORKREMNL ., PR
BERETOEIEISR TREED 1 XK 2Z T2 ENAY R 7B LERTHZ LRTRER
e, AV ARZ BRI 3 18] OFE5 LV BANL ZORREBMKTHEIZ, W
SOPDARETERERMRABHELRLOIZLTWS, ZOFREEERL T, NARER
NI CELEFICEREERTFOHEMNIZIBD OBV L2, ZOWRTCRERLEL T
Wy 181 PIADEFIER B ARAER IR CRICHFE L WA AEEETHS, AN
FEob PR BREES , R IR R LR R T B ANA U RAZ7ER & Bbn s (Ronet al.
1998),

BET 2R Iy F72 FINIZEBWT 1950~1991 EiZk AR & 2h— MFENERE
S, BB EERETLERETR IR 2 S = B 7,417 B (83% ik, YEHEM4ENS, 57 m% + 13,
SD) #xt&ic, BARBBERUVRCESREI N, EHREHN#H#EIY 308 MBq T
HY. 220 MB RS 49%. 481 MBq #2 17% ThH-o7c, BEHIRIT 146 (74%) »
b 20451 (18%) Thot, A 77 FRUBT m— N RIZRITAIRAFETHEETE
58 AT ZEHERE (IARC) RUFWHO 0OF — # I2 S\ CEH L, SIR Z@mA XA T
T 0.83 (CI:0.77-0.90) . HIRIEMNA T 3.25 (CL: 1.69-6.25) BRUVINEM AT 7.03 (CI :
3.16-15.66) ThHol, BN AKLTCFERAICBNT, BEEIEICHEEE NAFREE
FICHABRIEOHEMNED RN, —F. ZhbDBAd SIR RUSMR iTAEIZ
LFORE IR OReholc, ZOWIHDOHERHS, Hall & (1992) U Ron & (1998)
OWFFEAER &8 LT, PRIBEETUEERR CERED B X< 222 LBAY
AN ERATBZ LR ENT (Franklyn et al. 1999),

1946 ~1964 FiC FRIRETUHEIETRIR E LT Bl L K2R\ EZ T LERE
1,762 f & w5z, BARBERELUET RN BEREE I N7 (Goldman et al. 1988), B
BRAMIX 17 ERITH o7, SMR R SIR 1L, kAR~ Fa—k vy YD AQBY
HEW, BE, MR, ABRBRVWBEERUVETEEESHWTEHLE, ak— Mk
FhT ) — (BERIBBERE FUEAE 1o 5 1911 Bghpeik 0T 1911 fERRRE) KitoTh
Lz, 19 BEMEEERC BT 5 SIR 1L, WTFNORAOREEXIZZ A —FI2B 0 TH
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FERLERERD Do 7, 1311 BFRIEREC BT 5 SMR i1, ﬁm‘:ro)ﬁ@ﬁ%;:ﬁ
WTHEBEZRLER%#DE (SMR: 1.2 (CI:1.1-14) 10 f), MEBRECECE
SRR b hiotz, BEOIFIL 4~370 MBq B TH -7, Ron 5 (1998) @Eﬁjh
LRIERIZ, 18] HMEERICBTABAET Y A7 BFHMEEN TV 5, Goldman &
(1988) DIFFRIZHBWNTIEN 2 YN/ E <, Ron & (1998) OHFFAEF & bkt 5
ZEIEIEEETH D, Ron & (1998) DHFF & [AHERIZ. Goldman £ (1988) DO#EERIZE
WTh, B PADEREES I BEF BT 5RAREED LERED bk (ATSDR
2004a),

b. BRIENAIZHT %5

BEE e U RREIC LD EERLHERIFRBRCAT200THSD, L Lais,
HOR IR DS A DEIRRTERIC AV 5N 5 & 5 R A SHRB ORI v RIZRE L%,
MERMRDRIEZ ST, £ OMOEHERABNBEINTNDS,

HRIRDS A DBRETRFICBT 5 181 O NBREICHE T, BEEBROKTAREET S
FEERH A E X4 T& 7~ (Ahmed and Shalet 1985, Handelsman and Turtle 1983,
Pacinietal 1994), EFEET, ME5E, SRRRRIBECR Ve (FSH) OmyERE D8
NS TR 8N 2 R LA RAkSE L CBHRRRTE & vl it 2 7 RORFE L 1.8~20 GBq
OFPHTH >z, FRBERSAAR T 131 BIH %5172 103 4 0OBEDOFET, HERE 10
~243 R (F¥H 94 »R) MBI N $HAOBE THFEOET LifE FSH #EEO k
FRO LI (Pacini et al. 1994) . Kbk 2 7R OBREL 1.1~49.4 GBq O#iH T,
SEHREEIY 6.2 GBq Tholr,

Wichers & (2000) X 25 & OHIRRMN A BEIZOWT 18] BITARORFITR THED
PR A U o, RSB 9.8 GBq TéHh - = FSH, %ﬁiﬁfﬁhn“\}b% »(LH).
A EYBRUPFRMAF O OMGEEITRERDO LNV EFRICER > T,
IRE% 3~6 A D E—7 IEE L RER 18 2> AN TORER L~ ~DEFIZ 2T,
FSH O8N (300%) & LH Ol (100%) BV v BRBEORLD (88%) ik
7= RFmfy N E — R L, FSH ov—7 L~ (21 TU/L) iXIEE®MA (1.8~9.2
IUL) OLBEEZ, 4t B OREEERE L~V (22 pg/mL) IZIEFEHMA (75
~350 pg/mL) O TFE% TEl->%, LH OMFREZIEFHE (1.6~9.2 TU/L) OB
NTHole, 7AMAT B OMIBEEREIRER 12 KU 18 1A T, BHERiL~ 15D
HECE T (50%), LHLANE, BEFEHFER (10.4~34.7 nmolL) WTH
T, ThbOFERIT B OF L~V ORENFEONDIMERRICEE S RIT ¥ I iBk
AR D, ZOREORERRAL, MEHLE 22 FREMEHEIT o 708 1B OR%E
P TORVWEREOBENRTbRL TWianWZ ¢ TH B,

FLRIRDS AR O T-DITIRPICERED B IZREERE L 1%, £XERRIRE
BRI TESE UL LW S BEREFNRHRE S TVWS (Green et al. 1971, Hamill et al.
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1961, Jafek et al. 1974, Russell et al. 1957) . LU, ERPORHEOBEH R EES
& BRI, HEHME 2 D RRE L HAIROBERE L OEENBRE, 1 TRED
REDELTWD, THHEDEFICBIT5BEERL0.4~28GBq Tho, b LIRIRD
FLRARAS 3 U RO FUASL ZRRIE5 D RN 12 M LIRICBHARBREREDO BIL 25 X
5 &, REROBFAROBRBICK T 2HENRTFHENS (ATSDR 2004a) ,

SERAT 2~10 & (TE8 5.3 F) DMz FRESARERR O DI 191 B Lz EE
oW T, 70 HIRFNZ BT HERROBRKRENTOIL, 2 flOHARBERRENT

(Casaraetal. 1993), L EDBRENLD 3L OLRD I L, 141E7 7 no—NEE

(tetrology of Fallot's) (ffi@hfjrikse, L=|HREAE, AO0FEEKX, KEIRESE) L2087
Eht, . 2 LIXEHARECEESNEDS, FTOREVLTHOLR BEEREESR
L7z, B0 18] igaEERIT 1.85~16.55 GBq DO#iBH T, FHEREFERIT 440 GBq Th o
fro EHEROATHBBHBET 110~200 mGy Th-ol, FFEORENZIERIO 1~60 H»
A (E¥ 165 2:28) i8] BHE AN 3THOBETHEINTWS, BREEI 1.1~
13.1 GBq DfEBHT, FEHBRERIL 3.67 GBq THh -7 (Lin et al. 1998),

58 & DITIET, 8 IO BEKRIEL 2 floTHAKENHRE Iz, B BRE2%i) -8
FOFAEROHAERE T, I RFZ2ZT CBoTHRBREADORE TR | IHRFEHE
< v F X BBEOFER & ORIGEW TR B0z, RN AIEER T 18] H
HH& S0 e VR O IRR IR I 5 A R RRGT CIE 32 8 DEBE DR 6T Hl D H b,
8D ERIKE L 4 ORISR R Sh o (Smithetal 1994), T, ILEFRL
723540525 2B ERED LN, 2AOHIRIZ, BN IEEREZTTHhL 1
FELHNICEENTEY, FLOLERERFE THE L (1 £ TIXEERBIPRRHEE
BT ERRBEBERETAZLN, ) 14 THLERENED ¥ 7w, BIBREH
PRiX 2.8~9.2 GBq. FHIREZEEIL 5.5 GBq ThoTr,

Goh (1981) i, #IE 6 DHAMIZ 3.7 GBq @ 1B A2 Z i -BE P OEFN-
RN, EEOHBEL LT 8 228 BiCERED RRIRMSEETESRE L2851
Yl

BALOBFERER & LTk, Bhattib (2010) 25, 1970~ 19864F 2 frlifaiasi (181
BE&72Y) 2R /NENARE BELEFE) 1254780 278 — b #20055EF CEBE
L. PRBARALIME GRERENC X D) 2R Uiz, th, PAME, FEEH, BEIFOD
FiG, BEIPOORE., (bFREORELRELI-LZAS, 206Gy TOHEX T X2 (RR)
1X14.6 (CI: 6.8-31.5) Th -1, :

de Gonzalez © (2011} iX. Surveillance Epidemiology and End Results (SEER)
DA BE THIRBRIEERRI BB AN -7 20 BRLA LOBE 5 FATHR) 647,672 4 2%
BRIz aR— MFREERE L, BEEIE R RIE 12F (6~344F) TEHONA (EEH
A) VRZERBRF LT, RIUBIRTOIEHOBAERE, 60,271 (9%) BEBOHE
FERANTIRE LT, MEBRIEREZIT b o T5% 07280 RR X, IRA
VHIREDONAD 1.08 (CI: 0.79-1.46) D LRFENBAD 143 (CI: 1.13-1.84) FTTH
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oz, BRI ADKNBIEREZEOE —OBN A0 Y 22 (AR) 1X7% (CI: 1-13)
LHEE XN,

1950~1990 FIZFRBBAERE LT B IZL AR EZITEBE 1,771 # (21%
Bik) BAHIZ, BAMBERUETERFBMMHE SN (de Vathaire et al. 1997),
BEFHRE 10 ERTHh o, WENEXY 227 (ERR) . 5, {REEOSEE, &5
B DREHHBREZEH L LT BT AR ERTA L TET AL L (ZReT
VB RRETENTE), RS B BEIL 7.2 GBq (3.8~57.6 GBq) TH Y. FHECRKT
HEXIHEERE 0.34 Sv (0.13~2.8 Sv) L3t L Cu e, st MBEE LT 1~0.19 GBg @
131] % BEDONARBEAD & FEBXITEBE A0 ERR 133% 5 U B & H3 1
MTHico>hTER Lk, 3.7~7.5 GBq B#EZ31T 5 ERR 12 4.0 (90%CI : 1.3-12.2)
THY., 7.5 GBqBHEEHICBITS ERR 1249 (90%CI : 1.2-18.5) Thot, ZOH
FEITHBR/ NI WY A XD TH DN, LTV REARY 1A XD Ron © (1998) DO
RICBNT, HRBEETCEERR CIRRED 1311 (3235 385 MBq) #ik&xhi-H
FIBWTHBXIEBERAD SMRBE LR LIEE WO HREXFTIHLDOTH- T,

c. DHRIRSE

Hall & (1996a) DHFFETiL, 1952~1977 FIZBZW L~L 0 BILIZgE< U, FRER
P ORBRMBIERE Th - =&tk 1,005 4O RRB/NMEEERIZ OV T 21T -7, #
BRE X 1991~1992 Fir FARM/ MESIOARZIC X D st s iz, HBREET B X< R
TARBREBROTIRREOR W VS 74 —BE 7 U =y 7@ L T ik 248
A ORI, 5 I B EEOFHEIL 0.95 MBg Thoto, HIRIRTIRIL
SRR RN, BEHERE L ICRP (1988) OHBBRIEORICESHWTEH ST,
SEHFREL 0.54 Gy (10~90%tile 0.02~1.45 Gy) Th o, FREIMEE SRR L
1,005 & 107 4 (10.6%) & HRETE LM 248 W 294 (11.7%) TROM-T-, 131
IR U iAot RIS S ST & 5 RR 12 0.9 (95%CI: 0.6-1.4) THY ., #Er5FH
FEER Do, BETRIBEMA Y 27 €701, FRB/NEE O EMCEE
IRAREEMAALMNZ Lz (ERR0.9/Gy) . Hall b (1996a) iXRRIFEEICH Rt
U RATBehofBEAE LT, HREEMNSEER (F : RF AR5
F7A4—RBZ2EZIIZ) THHD, BUHEI UV RICEE L L RT3/ D
B ARIRBEE TR LRV BTV S,

AY=—F RN THAME 24— M ER S, 1950~1969 FiZ FURRE B
BWI DTz DI 1] Fe 52017 /- BB 34,104 1 (80% &M, 1~T75m%) ExZiz, HIRIRE
NAFREERHRE S iz, BHINIT 1958~1990 EETH 7= (Hall et al. 1996b),
HHFIZ 20 BT TH o 7 BE 1T 2,408 #1(7%) | 10 BEART TH o o B4 1 316 #l (1%)
ThHol, HIRBBAENTRERESZ REIN 01X 10,785 # (32%). HIRIRHEEE
KT, FRBHERETLHERE T £ Db OB A TEME I N - Dk 23,319 # (68%) TH-
7z EBMHIEILTERTE 5~39 FHI T, PWREERRE b FLNICER I ERRES A
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XM BEIC A L T WD B 5 2 E M BRA Li-, EHRERBURR I
WIREE S EBE T 2.4 MBq RUMh O EBE T 1.6 MBq Th o 7o, £RFICEIT 5 BHIRIE
~OBSTHREIZ, ICRP (1988) O EHFHEEREREORIZESHTE N Lz, Bk
IRIEEEE  BF IR T 5 B RIHRER 1.3 Gy, EOMOEE TIL0.8Gy Thoiz,
B, EREOBEETRE LENARERIZESHTSIR ZFEHLER, ZoRARAER
AT =2—F U BAREIZESW =L O ThH A, TFERHEFIZ 67 Bl FRIEIEENRKEE
St ED D5 4241 (63%) ARRKBIERSR T VI RELZITES TROLME,
SIR ITEHEDOH THEICER Lz (2.86 (CI: 2.06°3.86)). Do FRIKBE
BECBOWTHRD b T, FORCBOTHHRESAOFEE 2ZBRERBERR
HHIT, BAD B RS LIETNSFEEL CTOEReER 5 5,

FIRIRLIA OISR - BT AR AFEAELN Hall & (1996b) ¢RI C=wm— FEAWTH
Xz (Holm et al. 1989), FD YK, =R — Mi 35074 BloBESA2D, 31%
7S FFR BRNEEBE Y | 42 %53 IR IR EE TLHEEEE L 16% 5 R IR ABIR TREER W L TR 8%
PE OO T 181] BB 55227 T B%OBEFEITZH ORI ERETE
Rhotr), FEHRRESHHEBEIT 1.9 MBg (0.04~36 MBq) T#h Y. FIRRIEESTE W
A TIE 2.6 MBq., HIRIEHRETTEELRE WV EE Tit 1.8 MBq, FOMOEEOZETEKN
BAH T 1.5 MBq Thotz, HRBUADOHASWERBIZBITS SIR (1.93 (1.62-2.29))
REBIZERLTERY, UV 8E (124 (1.03-1.48)) RUHEMF. (1.34 (1.11-1.60))
HERIZER LT, #RZAOHRAD SIR X 1.19 (1.00-1.41) Thol-, FIRENA
@ SIR (LBBMAM 5~9 £ TOAFEL LR L Tz, AEREEHRBEEFZRD bian
DT, ZOWFRIZBWTI, Hall & (1996b) O#HFFE&EIXELRY . BHBREDCHMIZHE
Rl £BEFETSIR BT I TEY ., FRBRBABNTBIRESZITEEBELSE
T35,

RANEBWWTaRm— b ARLY /N NEAME aR— MFERER XL, Pk
MR BRWT DDz B HE5 %2517 18 BoREOLHE 789 #l (74% &) R UM
SURESEROCERBBE LS -BE 1,118 Fl (68%LctE) 2x&iC, RS A
FAEFRZ L Uz (Hahn et al. 2001) , 2 5HAZHHRE 2 72 DiX 1958~1978 4,
RIRBEEIL 1959~1978 SE Th o Tr, WEREIC ST DFIHBHHL. FEEITE R R IRIE 385 4

(49%), FIRIBREOTET L A2 L 327 Bl (29%). FIRBSSHEIETE, HIRRMHE
TLHERE R OVE Dt 199 il (25%) Th o7r, GEES. FEEBILFRIRAS A SN U IR
BT BRI B 5 BE RS U, BEFEIRA (1989~1997 4F) U5 RHET 13~33
HERR R BBEET 9~33 EF Tho I HEHICB T 31 B R EHREDO T RIEIL 0.9 MBq
Thole, BEREFICBIT D HRB~OHSHEL, ICRP (1988) D5 HUuRtE & BEl
EDRIZESHTEHEI N, FHRINERIT 1.0Gy Thotz, L L, ZOEIEZE
FROERIC L > TEBIL, 0.6~1.2 Gy RPIRTH o7z, MR, FEEEROHE M TRE L 28
AFRAEEICFESNT SIR 2HIB LS, FORARAERET 1980~1989 £0 Fg VEE
HFEPABREKIZE SN2 S OTHD, FHElIRdE, RS5HET 3 BIRUXEHET2 M
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DERBBADFESI N, SIR 358 T 53 (CI:0.5-15.1), xBEFET 5.3 (CI:
1.1-15.8) T# o7, RR GHBEEL L =&E8) 12 09 (CI1:0.1-5.1) ThHol,

RRRAADY RV IBERRCER IS L-vo B X< SRERICEELTY
Rhotz, T DOFTR CHERAEL VA, BAERNSEFIVENRTHS (1,058 FH
35, 0.28%; #¥&5EE 795 #iH 2 i, 0.25%) (ATSDR 2004a),

1946~1967 ££12 18] BrAR 5 2311 /bR RO 20 BRI OB FEH BT 2 HRR
DERRIZ OV TR X 2 d— MFERER X117z (Hamilton et al. 1987), *&EEIL,
B DMk G- 52T 7o B 3,503 #il, HRRE L LT 8] SR 5cEE. R, B2
WL Z I Hft &< v F B 5E5RE 2,495 BT 1,070 D R TH T, BH
BT &N D 1986 £ TTH o o, AREFIEMEL MO THEHRPICBT o F
WRIRE CESOFHBEZRFE L. HEFNERE LEARAZEIR L TREBERICL Y BiF
Lz, BEHOAREHFICBIT 2 PRBAOHEIT, S5 SR ERHRE. PRE
BUALEIA R BARIN TS FRBEREEPOEE L HERBRERICESHTEEL
Tro RIBEBBOTREIX 02~04 Gy (95%tile 2~3 Gy) Th-oT, EIXEIL63%T
hotr, 34 FIOFHBHE S, 5B 19 FIIBEHFICHRBRESEBHFI D
STBETHoT, 25 16 HITERBASA LHESMENT, 0FIZEETED S H 8
Floske 58E, 6 FINEMEETEDI L 5 ARG TH o7, Z OFRHRIT 131 BEEN
FURIRDS A AR BE 5 X B WRIEEZTRT 5 LD TH M, BERLMBHLO
EIXEEEMICAEE Tl o, Shore (1992) X Hamilton & (1987) DORFIFELE R
1 E=—0L, Hamilton 5 (1987) DBRIZHT 2 & EFRE & R GRE LB LS
T, AWFEEGT CORMRRNEAO RR 2.9 (90%CI: 0.6-15) L&EH L/, SEER @
1973~1981 FIZBIT BT —F CKEMRRHSEALT (DHHS) 1985) (2F-3<
& . Hamilton & (1987) DT THEE SN FRBENR AT ST HITH B2, ZHHREER
5L OB TROLNEDIL4HITHY (Hamilton & (1987) OREEETIE, 55 1
Fi2S 2 EOWRB TRAE L L8445 LT A) ., Shore (1992) i~ L 4LiE SIR 13 1.1(95%
CI:0.3-2.6) TH 3,

Hall & (1996b) &R U =dh— MIBWTROBEFRENSER X i1, BEEHAMAS Hall
5 (1996b) OWEDD X L2 8 EMEME NIz, Zhizik 13 BB 5% Rt 2
ETBIS W BRBAARES T, BERIEE 2~47 EMTh o7 (Dickman et al.
2008), 1211 #HANC SRR X BN 22 0 - BB 1,767 Blb B S, HRRAA RS
IR B IMBIIH RO BIZ W THA Lk, B RE5RNCEHIC X BB EZ T
RVBE R GRS AN T B 2R EE2Z O TRV BF B TL, H
RS AD SIR 1Z 0.91 (C1:0.64-1.26) THY, ZOHIZHEITSHRBOEEREIT
0.94 Gy Th oz, LA L, 13 BERNCERIC X MR 22T 72BEICRBIT 5 SIR i,
9.8 (CI:6.3-14.6) ThoTr, ZOFEMNL, O adk— MBI HTRIOFR (Hall et
al. 1996b) , 7z 121 BEAGEHIC L 3 FRIRA~O KRR, FRBSAOHR Y
AT EBEELTHRNEWIERERTRFINL, ZOWEND, X BBEEN=2 bo—
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NERBRWVESIE, X GREEN 8] H5BFONAGRRERICEONTEEER L 4R
M4 BEEREHTHI D LBRREANTE,

d. ZDfth
REOKHEZ VRO ~OREEIL, FRIEEE TIRESRARICALE AHTE
WL LV EE LRWIEES ., FRIRIREERDIER & R i OB ERLEL b 12 b
THEEMENR D D, fl& LT, RERIER6EE ORIz 181] % 3.7 GBq Z - ALIR 4%
8 MABOREZ, MRMEOHRBIE L UTEEO RRBUWSEE TIEL BIE L ZERNH 5
(Goh 1981) ,

Ron® (1995) DOMFFRETIE, ERFIE 2a0AmgiE < o2k — MFE (BUIZ[RE
LAWY HPOFELORRBBAY R 7220 T — A RRA LTINS, bafk—
bR, BEHARE, o0 RPKIRIERTER. BARIER) O 15EsRE CHAM#EIE< (0.10
~B08 Gy) LicF &Y (BL < FREEmme. sm) O 7 — ViR Tk, $9120,0004 (#f
i < BER958,0004 . FEHRIE < #4061,0004) 03,000,000 A5 BURIRA ATOOR D5
— & 15T, ERE, ERR/Gy: 7.7 (C1:2.1-28.7) . BFlitxr V) X7 (EAR) (10,000
MNEIGy) 4.4 (CI:1.9-10.1) . 1 Gy THARIZ 88% ThH o, L HE0.10 Gy
DD FIRRBA Y R0 L OMEBENERBIZA B, #IE< YEOFEBBPENEEY X
7 BEL, 20 T S e U A7 1E8® Bivian, #IEL 2> 5 304ELIBEIXERRAS
AR, AVERRTHLEESONERO LN T\, KEBHKNROLHEEICET
5%8% (BEIR) VII (2006) TiX, ZOMEELBRL. BioET VERR/Gy =
0.53exp[-0.083(e-30)], %M=D E5 /1 ERR/Gy=1.05 expl[-0.083(e-30)] (e= #HIE < BED
E) EVIIERBEHIZICEAIBALY R ETFTAEZREL TS,

@F v/ T4 VRFHERFTRE

F ) TA Uﬁ%ﬁ%%ﬁﬁ$ﬁﬁ?§:®ﬁﬁ4ﬁﬂﬁﬁ§b CLidh D 25 ACIHIA) (2B L7
T OWNTOMERET LN TS, —HRIC. FHRFERERRBESAGILESAT
&5ﬁﬁm&b‘_n6®ﬁ47®@%i#ﬁ%ﬁ@ﬁﬁﬁ&é(%E%tﬁﬁkAﬁ
8% LHEE X NT)  (Mazafaferri and Jhiang 1994) , UL, F=x= /74 VEF
R EBHEHBICBEINT-TRENADOEREREA THoBMOFLEL TR S
HEAS AL, RATEZZHDOLY HEMWTHS (Harach and Williams 1995) ,

1986 FDF = /v ) T A YRTHREEFH L O EHEOKEE, ~FL—vDF Y
HIZE T D FREES O REEEMABRE SN, 1990~19954F I F S irF /L—
(231 520,7854 DB EFHHREROMTIE, FRBEHOREEN1,0004 470 4
~228THDHZ EERALIZ LI, BRI TORNBRENL Gy (1.3~1.6Gy) 2#Bx15
EHERINEHIELDEAT, BEBEXPED DRI o7 (16~22/1,000) , BEBBREOR
R, BERIBRBEOEDIZZEINEENOTER IN 20T, PRIBEAHEN] Gy
(1.3~1.6 Gy) ZH 23 LHEEINTHIROIER Tk, FIRRS A ORESED1,0004
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Y- 025~62%4, HAHWIIEHEMDNI3~50%THAZ LALLM LE, FRER
FEEREBID 5 HT~12% D BIE, 5~22% NE5HIHEFRIRIE (nodular goiter) . 7~64%
P EAEEME (benign cysts) EBMrahiz, FRBBEN0LGyRETh-=LHESH
TR T, BHESERES THRBIEAXA LN ho T, H0~25% B IRIE, 0~8%
DSEEEIME R IRE, 75~100% 28 RIMEEEE L 2 S iz (R BERIBEO IR R E
& A 7" (cystic-dystropic types of goiter) ) , BFHFEDOI UHRIZHWWT, RHFIUE
DRFEME D SFMEH S - (Astakhova et al. 1996) , RFL— TIHREHFI IR L~UL
PHURE FE 7> TEB LT, TEBRUEFEFD S BH30~80% (FH61%) TiX
—HRODORD 2 U EBREN100 pg/LRWETHY . 10~50% (CEH26%) TrE50 pg/LASH.,
0~25% (F¥I9%) TiF20 ug/LRKM Th oz, THHLOERIIAFH KO 3 v RERE
N50~70 pg/H (T EHLRVHFFEDIAY YV DORERZ1~14LERE) L0 RWAS
DRV NABZ L ERLTVA (B 2HUE T TN26%, 50%) . X 0 B o EFER (2000
FEER) 1T, RIL—VOREERIC LD I VERSHEEF =) T4 VETHREH
EHUFEMR L TWA L SICRAD Z &R LTS (Ishigaki et al. 2001) , fhoH
RBHRE27u 5 L08R (# : the Chernobyl Sasakawa Health and Medical
Cooperation Project) HFE7-, 1976~1986F DM IC_F N —I THEENT AIZBNT,
AVRREZEDORVEBEEE —FHL-ERBEOEVREEEZIRL TS (UNSCEAR
2000) . Lo T, FUERZHEIBRINEFRBEEHRRICHES L ERERD
D, FRIBBADBEZHIZETAZKERT THA0H LvY (Gembicki et al. 1997,
Robbins et al. 2001) . .

2000 FFLAED T2 8E 21, Davis 5 (2004) O v 27 OEEA— 2 DO % RRITZE
(1991~1997 -, JEH] 26 4, ¥ 524) | Cardis b (2005) ORI N— b7
DREEAR—Z DFEFRHRFIE ( (1992~1998 4F., fEH 276 4. X B 1,300 4. ERR/Gy
45 (2.1~85) ~74 (8.1~16.3) ) , Jacob & (2006) D_FA— LTI T A FD
Tow PHVHEEE (A 1,089 4, 1,620,000 4 OF —# L L#, ERR/Gy 18.9 (95%
CI:11.1-26.7) ) 2 &EMH 5D, ¥/, Hatch b (2009) X LB TENTHIEL LET
Eb D 20 FEOBTEAIGEA RO HUE 1,494 £, EHLS 1,088 4 R &iziThh, A8
TRAWS P=0.12) . FRBBA YR 5 (ERR/Gy 11.66) BNA LN &3 5H
LEndoiz,

B BRESEELEF =N 74 VET HREBI» O L AERCRE L L
MED IR OREFEIREE & A THES B 2 5 A 7 DI R HRRIT 23T oiz (Petrova et
al. 1997), HMOMHBROEE, FEBERECMMOLTFHEORER Y, a2 VEIUADRE
TR 5 R, B2 vROERRICHTA2FECEL TR, ZofRaE
ROFRCIIBO CTFRHETH D, LOLREE, AREE L BERECESZH TR
We—DIEERETHY , TN/ TA VRTHREFTEROR., B2 v RS HEFRE
BECRSWTHRVESLEZENS, HEOHMERZLTIZR&T 5,

BRIV T, 1982~1990 FDHBEI T, NI N—iNZ BT 5 755,297 iR
DANTBFHE S iz, LotEOR S B 2 7 3 L Mo B ERERR I i i s < 75
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PXNTHWE 2O g TH 5 Gomel & Mogilev IZFB{E L, oo 40 ot lhaY
B VE RS T 5 Brest & Vitebsk (CEEL T, ROERO 3 172V — (BE
E, BHAGERUSAER T OBEORT £28 0 TRER, BERREY TS
WIKEERIE - APEHUREYE « FMEEAFR AR U REHFT 23 O HLIE OFRTE) A5
Ehiz, F=nN/ 74 VBEFAREBRFREOETHH 1986 FELIE, RHMEOE M, FiaE
e (higRHFEEE BUN) &7 L7 For2RE) RUNHRPEE OEMBAERIIE
SPEFRLUIHINCEB AN T, KVBLAcmLZX S icBbis (Bimoi 2T
O|ELRN), BRERT EHERPRBERORAERS Fr 1986 FLIF, M58
Lic iz T, Koo mLzL s icEbhd (BmoRiHENMETO®E
3720 K DR OIGRUIIR & RIERIC, ERAEROIERFETRIIEML T 5, LM
HLTWRNE I ICBbik,

BT O— & L Cah— VAN ER I/ (Petrova et al. 1997), X1 —
T ORMSTREE R S LTI, SOTHBRIE R AN TWARWHIRICEE LTS 757 4D
LR & EDRBOHNT BT STz, 5 BRI LA~ TG e il B 2 Lotz s
T RPEEDOREE (25~30%) 1 4~5 @M o7, HRIRICBET SR
BiTH7 PG R ORBRIIBHUROILIT & Ll L TR 2 fi5m 2o 7 (7 40%)
ZIE (KMP~Er ey b-yr) ORBRIZIERMROIIET 6~7 Fmhoic (18
~20%), MOBHRORE, FEBREMLOLFYEORER L., a vRUNOEF
BERFICREL 52 TEEN, BEEa vROBERIIHT2FSIBE LT, Zo@FEE
HROMRTCIEIBO CTRBAETH B,

RGN —V BRI I T4 FCBTBF N ) T4V RFHREBEFTERE O TR A
DANERAFT —FRUFBRET —4 %, RIFYOA F I TRUBT T ADE D &g
THE, NIN—VRET I FTATORRBEAICIIERTORENH 5 Z EBFERIN
7= (Paciniet al. 1997), TN —I RV 74 7T 1986~1995 FiZ HRIRAB A L 2
WX /ARRO 21 R OEER 472 flE 3t & UTFh Uiz, iEPicgsE sk
NREEBI DK 98% A3 Z i E EN T e, HREEL, A 2V TRBT7 T AD 2 g T
BB B W SRR O 369 Pl (A # U 7 219 IR 7 5 A 150 ) ThHo T,
RIGN—- 7T FA FTEPETIF, A ZVT- 77 REFREEDEEIZLD, N oh
ORESAPBD NI, TN — 07 T4 FEFIBITIZEAENRSBUT THHDIT
KU, AFVT-75 v RERIBETI RN 4 BUABRICREL TS, A ¥ V775
ZIEFMEO LB (2.5) 13, _FN—-0 7 T A FERAFED LEBEER (1.6) L
DERICEP T, RIN—T 7 T A FREGIRED 94% IXFLEEA AT 5% DS IERRR A A
THBIDIZR L, A ZUT-75 0 ZAAEFIFEY 82% PHENRA T 15%BERERATH
of, RIN—-U 7 T A FEFAFHEOFRBRPE AL, FEDONRRKIRS AR O
RTHDIHERBNIRZEN, A2V 775 AEMARL OERIZRED N, T —
-7 TA FREGEET, £, PRIBECRE GTIFRRBAVAFIF—FERYA S
R7 U EDO L) ORERBAZ VT 77 AEFIIELY bERoT, LD
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B, RIGN—IT 7T TERAREEAZ YT -7 T AEFEE TR - 2 EF 5
(FARBBARER) FHELTED., BHBER DR LB —20BE TH D AIREMHEA
b,
B OSBRI S VR~ OBRED EOREEFB LT LIREAHTE S, Fo/
TAVBRFABERFHIZL - T04~32 Gy DI H LT T~14EBD 534 DF L
(1993~1994 1) DMIEHYA 1/ o7 U UHEEGANE S, FiikfizgE LEF
EH T 80.6%., B IZIREE SN0 To i BRAET 16.7% 2R S, Hifffli & #E K
B 181 S BORMIZIE, FEAREQCHENRE LA, ZOKRIZ, PRIBAECHKEE
BICPRBOKEME S VREREXLFLET 5 REEEZTRE L T3S (ATSDR 2004a) ,

RIGN—HFEE T 7 TAFICBTDRERUNASTETEHEICLD L, 1986 F 4 5
Tz T4 VEFABEBH DL OAREDERMH I TS A FRIZFEL L EE
WZRIRB A ORAEREBEME R LTeH, B TRFICERO 7 —7 TIIFRENA
DA BTy (Cherstvoy et al. 1996, Drobyshevskaya et al. 1996,
Prisyazhuik et al. 1991, Tronko et al. 1996), ~F /L —3 Tk, 1986 FiZ 1 FHOH
IR A BE OBEINAS 100,000 £ % 2.46 4 TH Y F B L= D% Gomel T, 1986
FIZ 100,000 &% 0.24 £ TH-oDH, 1991 (2 100,000 4 125 &0

(Drobyshevskaya 1996), U2 74 7Tk, FLEbEHE (5 EUT) O 1FHOR
IRER S AFEA T, 1986 FELIANE 100,000 £ 0.05 ZRETHo7-0H 1992 FiZix
100,000 & %1 0.43 & L7227 (Tronko 1996), 1994 FE(ZIXFPRBMN ARERITF =L
J 7 A Vi T & < . Chernihiv T 3.8/100,000 £ . Zhytomyr T 1.61/100,000 4,
Kiev T 1/100,000 & T3 -7~ (Tronko et al. 1996), Jacob & (1998) XV T4 F
DORARBBREL L br— L LT, 1991~1995 FDORTINA—V KT 7 T4 Fick
T 5 BRI A D EAR ZHESH L7,

FRRBRAS A Y A 7 & R~ OHEEMRSHREOBRIIEE L 20, HEi 2.3 (CI:
1.4-3.8) /10000 A% Gy TH oz, _

FIFATE 55 —F ik, T L 2HEBREE B, HEFEL~OHEERE TRRIR
WAV AT DEREEL Z L HBIALTVAN, HHBREOHEIZIIZ L OFHEEX
K5 (ATSDR 2004a),

RIS A B ORI, HbHE s VRICEET ORKRBAV A7 DORE S
LRk, BWEMETHEONEHAROREEREIZIL TWD, T2k, SEEIE 0%
5, RRBRARBEDR—RT A v ki D EHIZARE L TiIThh i Uiz FR RS
AT ) —=/4 (Astakhova et al. 1998) DEE 3 VRXZ ORELELUERF
OFRKBIEORLIFE VI BERAZENHD, HAOBREIEEZAEEIZLTND

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

ARG — DR ER G E LIERSITRRIFFEIZB W T, /DNRO AR A & Bt
I OEENTHE XN (Astakhova et al. 1998), HHFREAR 15 mFEHOL/NRD S
B, 1987~1992 FIZFRESA LIFEZIIC L W EEZE SN EEFIR, = O3EDR
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&L ofc (131 #5107 #1143 Minsk State Medical Institute records i TitE 3),
FIEHNZ LT oD BIE~ v F LTz, Typel fBEIX, F=1 ) 71 VEFH%
EBAITHREIC L A0 BRI WL E B 2 il (RF— 3 dr 3 RO
@ Brest, Grodno J2UX Vitebsk H &) MO EEAIHE L. Fih, B R UE /LS
BE 2~y FEEZHTH D, Type I WBEEL, Fxv ) 74 ViEL OB
< BEM (Minsk, Mogilev ZTF Gomel) *#F1p T — T OEMENSHIH L, EE
BB L30T, WK Z L IERARRE - v T X8, S OICER, MBI RO/
HEREE~ o FIEEHTHD, BEURKEE~ v X8 AR, %élz?‘—‘iﬁ HE
TOHRREERHAEOT, A7V —=vIBEERa v —AT 30T, BERERITLL
TO=Z2IZ4EENT, bbb, (1) RRENENGMASZ ) —=27 ; @)%Iw/
TAVIREFARETN R EREERZENIC L AEADER ; (3) HBOMEIRIIF
R R R e T PR IR AR 0D W EME A3 3 B F DL DSEIRIT & D B SN TEM L =87,
F 2V ) TA VBREFHREBEITFELRIZAT L —DER 200,000 £ 2 5B EE L
AR 18] IR R AR ERER O EEHIRIC BiT A4 ADOFRECHBOHTHE (B3
FOWFED I AZEES BEEITZEE LR W) M, ERIREERENEN S i,
FIHEBNRAENRWESX, FCBAILLID#EIES L EBEINT, FliikE Pk
MR EIIFIEIC S £ D BRI 7 L TRk U7z, JEFIEE R S BRRE I 334 B HUIK IR
EDFH, REHIEE 535 mGy (SD : 848 mGy) . Type I %t #f 188 mGy (SD : 386 mGy)
B R Type IT %tHREE 207 mGy (SD : 286 mGy) Th-oi, A v Xtk (OR) 2EHT 5
2. BRI SRR o0 RRBEEL T ) —TBRHE L, FERBRABRSE
R AHEREAMIL, BEHLT TV —0.3 Gy KME T 64/107 (59.8%). BEH T
FY—0.3~0.99 Gy ## T 26/107 (24.3%) RUHBREHTFITY —1 Gy YL EHT 17/107
(15.9%) Tdh o7, Type I ABBEIZXINT B oML 0.3 Gy KifE T 88/107 (82.2%) .
0.3~0.99 Gy BT 15/107 (14.0%), 1 Gy YL EBET 4107 (3.7%) Th-oT=, Hind 3
OR t¥. 0.3 Gy RRiBEE IhBE LT, 0.3Gy LA EET 3.11 (CI: 1.67-5.81), 1Gy LI F#¥
T 5.84 (CI:1.96-17.3) Toh -7, Typell XBEEZL Lo Y (RREHMER I3 504
B) L L7EEED ORIX, AR Thofr, BEOWNZWA S Y —= 0 FTEEZBWTIL,
0.3 Gy RTHREL LB LT, 0.3 Gy LA ERET 2,08 (C1:1.0-4.3), 1 Gy PAEEET 5.04 (CIL :
1.5-16.7) Tholr, BROFBREICEBNTS, 0.3 Gy BB LT, 03 Gy Lk
ﬁif 831 (CI: 1.1-58) LAETHoT. TNLORBERMD, HEHBIZFRE LRI
ACRTBRYZ ) —= FiEOREETET S L, FRBOBSHEENFL—
0)/] VBIEBWTTF =) TA VR TFARETFRBICZII SN BRIBRPAICKTSE
HRESRNFTHIZEBTRESNE, £, ZOFEIL0.3 Gy %f@ﬂf%ﬁﬁ”ﬁﬁﬁ 5
iigol, LML, BEEHIZBON TR RERFBEEENRS SO, OR BHITIE
WWAFEETHS (ATSDR 2004a),

1986~1993 4FiZ FRIR A A & BBWF S o T — D 4 BERM O/NB 251 4 % fftfh
L7, fﬁﬁ]%%ﬂ%h@qif]EF’H(E?:@E.%EHJ&LTJ@%U IELEE DA, BB
BWTHEE OBEEXRE® bz (Drobyshevskaya et al. 1996), FEEZEL, FHFR
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B B E A 1 Gy (1.2~16 Gy) LI HuET 81~201 A/100,000 A, 0.1~0.5 Gy
DRI T 14~55/100,000 TH -7, BbEWREAEEZERD DI Bragin T, fHx O
KRR A BN 0.8~20 Gy (5 5.6 Gy) EHfEE SN, AlEPRERECREMHE (F
3 0.005 Gy) 23395 & 7- Braslav Tid, FREZERX 9 A/100,000 AThHoTr, I
(2 3 AR SUIIE IR TH o T2/ NRIXHRR S AJERID 53% % & DTz, = DOEREEDS
L LIz FRIRE &I, ERo/MR (55 1.4 Gy) 23 LIS 2~3 {F LH#EE S iz,
Ll FIRIRAS A0 52% 23 FKIRAE BHEE 0.3 Gy Kimio/MNRIZBWTRZE ST
B, 84%5 1 Gy KO/MRIZBWTREI SR TWD, 0.3 Gy KlO#EIE< 5%
INRBABEDDS B, SEAMO/NES 38%%F HHTVWD, ZhbDERNS, £40
ANRIREBR BT < T L CRICESZMERE W T LR ST,

77 FATONRRET I8 BARBOEEFIZE T 1986~1994 iz FRRMA A L3
NTIER] 531 Bl & WRITIRIT LI ZA, 2O 5B 55%NF =) 74 VET IS
B OFEMFZ 6 KW Th o7 (Tronko et al. 1996), /MERTY 19 BRMOBEEEIZE
VT B RRIRDS A D ERIFEAZRIT, 1986 FLLATOH 0.05 A/100,000 AH D 1992 0
0.43/100,000 iz FE U7, A (/100,000) 1%, F v/ 74 Vi biEW il T
% < .Chernihiv T 3.8, Zhytomyr T 1.6 . U’ Kiev T 1 T& - 7= (Tronko et al. 1996),
FEAT L T IEBIREIC 31T 2 IR IR R BT 0.01~1.5 Gy EHEEI I, EFDOK 20%
PR < BRE 0.01~0.05 Gy. 80%7% 0.1~0.3 Gy K ThH o7,

NIV =VTHY I T4 FTH, MOTEGRDEIRE STV MR CIRH:
3 RRZIENENTH HHIRICBOT, SAEFRBABADERLEERELENP-TZ, =
NoOERD, FRBEFOEDICEBHRARBELEAZ Y —=0277"n s 7 A
SRR, FHEPERBAAOEYHRICEEEEX EAREENH D, Zh b i
WRBITAOADFHLUGORKBRARAERTZE L TRIFEAEEEHENE > TR
(Nikiforov and Fagin 1998),

*7o. 2011 FIC V7 FA T ERFA—VOERYUR IS BUT ThorBaxisg s
FTALUTD 2D aiR— MEFEOBERBREEINTNDS,

RIN—DF =)V ) T4V RFHRBHFEEHEILEF (LR 18 BT OF L) &%t
BIZ, 10 FRICHBINERZ V—=078ME 11,970 & (BMELH 3E) ot
A RIS A DRI E (Gy) 4729 O ERR % B 1 L 7= (Zablotska et al. 2011),
AR 7 V== T CTRRBBAERA L, VAZERBFNLETETS B 2L 5
PEREIE TH O . BEFNIRER AR TTNVICRERER ECL A EEZM
Z T 5, #E< BEO4STREE 0.0005~32.80 Gy, E# 0.56 Gy (SD=1.18) , 1 {E 0.23
Gy Tholr, BEOHRBRAZ UV —=0 i L AHRBAA EfEERRE) BRELE
Bl FIEIRAZ V—=2000 SERETIZHIIRSA 876 (FLEMSA 86 Fl, JEH
BA 1B BRERENE, Gy SV DERRIZ2.156 (< 5Gy) kU492 (<1Gy) T
Botme WITBOEBMENEL Y X7 BEhoTe,
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¥7o, Zablotska & (2008) X 2001 % COBRT, =¥ FFA > b & FRIROMER
HERREEL LT, ERR % 2.07 (CI:0.28-10.31) E#EFEL T3,

DI GAFTOF N TAVRFOBEEFTEHIIEE (MR 8 RUTOBL) &3
BT, 1 10 FRICHBEINERY V—=0 FBNE 13,243 4 (BMEH 4 H) 2B
ARRIEAAD Gy %470 @ ERR TR EAR Z#EH L7= (Brenner et al. 2011) , #I[E
AT V== T TRRIRBAERN LTz, VAZEBEREINZEEELTH BILILLAN
I TH Y, BEFHIINER CHRAEEENTTNMCREERER SICL LY
Mz TW5, #HE BOSTMITIFEEAEN 0~5 Gy O#E ThH -7, 2007 £ T2 2
EEMNMS 4 BEE TORRBRAYZ Y —=r i X 2RRENRA (BEFRERE) BE%
BERLZE A, BRBAAIT65H CRLEAN A 61 41, MR A 3 Fl, HURAREIREN A
140) BgRahi, RELU A7 3B L, ERR X 191 (CI:0.43-6.34) . EAR iX
2.21/10000 AE/Gy (CI: 0.04-5.78) Th-olz, .

2. 1998 ~2000 FEIZfTONEBYIOAR S U —= v VORI, BRIESAD ERR
%525 (CI:1.70-27.5) L#HE L TWS (Tronko et al. 2006) , 1, EKESAD
W\RIEAY 2273, DL ENnE 00 20 F I bENWTWAZ EERLTWS,

QN2 74— FEER ,

KEEREERPEE ¥ — (CDC)  (2002) iX, 1944~1957FThF T b
MEEHEERD N 7 4 — PR O MIZEE LT EERICB W T, PR BRER
D7 Au—7T v TiELIToT, ZORETIEIANY 74— FEERERRE D O #iEE T 1940~
1946 A E NI HRES 41L& & Lz, BRIERRETEXIZMZ TRoM-
T RS, BIRIRERLVE CORENORIE N, FRIBEBOEZIEH ORE)
BRUMAHEII OF8IT, 4 ¥ a— i ilBREoERDED L B a—
o TE LR, BRIBWEREL V7 +— FRESERSEEHE (HEDR) <H
RENTBEBERAETTNVERAWTHEE SN, BMESLOEERLEEEDOD R MHE
HRE—r (il INTOHEERE, BIRE., o CN#ESNZEEDOHER) OF
HMiIA ¥ Ea—lt Lo TR/bNE, 3,1914 DEME THIE Xz FRIEMIEGRED T
¥IE1174 mGy (SD :224) TH Y. 0.0029~2,823 mGyDHEFE THo7r, HTH KR
BEN]L GYRBRTHo=OERERNERD 5 b3 i244 (0.8%) DA, 2 Gyl ThoT
DETE (02%) OHATHY, HENBROFRBBREMMEVERI M LWz,
I ORBEOFEE R ANV EIRER T 2, BEZEIHEN RTINS YD . YL
BROFEEFZORTIZERA2BELEWVEREEZZT T, AEKISERIT, XEE
F (M. WmEgEE < AP, ?mﬁﬁﬁ\Eﬁ\wﬁﬁﬁﬁwmme%meoﬁﬁmw
AR RUOEHKFEMTIRBIZ 2V THE SN ERERFEETF V2ROV TEME I L,
BFARIRAS A, BUIRRAEED. AR AREERIE THER O F R Ik se o ERE (IyEH TSH L~
OER, Zv—72F, PRBEOAE MFEFRI 7 v Y — 550, SiFREBELS
¥5—¥) | FRIBRERVR FRIBSETEE ST #5807 @R EOEFEIFR
bivic, ERETNVEMHOWTMES (RBEF04%) PHLEE S NZREREZ
-0.000+£0.018/Gy (95% 154 LR (95% upper CL) :0.013, p=0.61) TH v, BRI
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IREERETLEIE DR A BE T, PR ORRELHBA L 2N ERXRWEani,
BHBEETNMIESINT, FIRBRBA, PRIBFES (WWFThosA47Th) | RS
KT, FRKBWSRETLEE, FRRA AR, FIRRE, BIFRE#EELEEORER
HRHEE SNz,

Boice & (2006) id, 194453519572/ T KEN T 4 — FEEAEHLE s 5>
L ENTHEETYICRE L-BUEREZRRIC, BIORERE & PA L OEEE K
MLz 195052000 CORARTT —F #ANTT > F NN TEIKIRE
HIXDSMR & DB Tz, FOME, EXARTHEMNORI AL OREITRD L
72T, &N ADRRIZ0.95(CI1:0.93-0.97) L{&L | £ D EREAIIHAADORRY 0.84

(0.56-1.26) &fKD o772 Th o, TOM, FIREI A D334RRIZ0.84 (0.56-1.26) |
ZHEDI A A 1,2334 ORRIZ0.99 (0.92-1.06) . AMIFE (B4 U L Bt F K & <)
4924 ORRX0.95 (0.85-1.06) ., /HNRAMAKETIZADORRIZ1.06 (0.78-1.43) TdhH-7-,

Hoffman & (2007) &7 4 — FOBRERS RO FIERAZFRBEEZRITL, K
HHENER EOAEEERESHRICRBAHETHRVWO CEERBNETES - &
EEFEL TS, LoT, ZORBIIFENRRZNZ EE2RTHOTRRL, BRTER
WERBIR I ARETE L LTINA,

ATSDR (2000) i3> 7 4 — FERTIEORERICSWT, FHEOIRRE (R
B, BEET) LLRECIKET BRI ET -7, ZORETHE, 1940~1952
FEOHB T T+ — FEBRIZTWT S w F o TR & 7 72,154 2, 1,957 98
A, 1,045 RIRFETHIZE T 2 iEFHORBESKRTT I iz, ARF TN HEIIILIRE
THFOER (BEESS) CESWTHSORBEAT I —D > b—2ilaBInlk, ¥
T, I bOT U TR S 1945 £ OHETE 1311 iR X HEDR A L§# %787 (CDC
2002), BF@ AT TV — L, (KEE (£FE= Y 7 ® 1945 HEDR HEREZE D 50%K7H) |
HEEE (50%L Lk 75%KM) . PEE (75%LLE 90%ER) . &E (90%LiE) (Zh b
D— & A VAR BEET B A 2 YRR R CDC (2002) P THES LT W)
Tholz, B GELERE OMEHRIIZERER VAT ¢+ v 7ERETFATIHEE L,
Bt & s iGRFi, SLIROMR|. REOER, BHEOAME, REOBE, BEoit
IRIE, ERRCILRRETCESA TN, HLEWVIREE L HEE XI5 1945 FIZisksh
PRI S L TR R L S D LUV DIRER S 194545 1 H A5 1946
# 4 A 30 HOMMbEREZFMO L, BEBREIT I —ZBNT, LRETCOHIE
OR (B& ¢ LTEREREEZHER) 11 19454 T 1.1 (C1:0.7-1.8), 1945~1946 =T 1.3

(C1:0.82.1) Tholc, BERBIT IV —TORRBETOMIE OR 1L 1945 £ T 0.6

(CI:0.2-1.6), 1945~1946 4EFT 0.7 (CI: 0.3-1.7) Thotz, “hbDOFERE L, I
RECERCHBREETLERELLS B BRBICEEL TWRWZ EVRBRINE, SERE
BT AV —TORHSHROFIE OR X 1945 T 1.6 (CI: 1.0-2.6), 1945~1946 &£ T
1.9 (CI: 1.2-3.0) Thh., BEHisnies 1 BREICEEVEEENRB I,



@3 — v VR T S5 R—ERE

T IR—EFERER, ~— v VFERDOIBOERFHEHT S E TO2 B B ysrO#IE
<EZITTWEZ EBRFER SN~ (Conard 1984) ., Rongelap 5 E644% (1.90 Gy) .
Ailingnae 184, (1.10 Gy) RUUirikBR150%& (0.11 Gy) Thot, HE I
FAR BRI SRS E TR CWEEE <) 12, Rongelap&¢8.3~20 Gy (F&
& ChEAE) | Ailingnae T1.3~4.5 Gy, Utrik&¢0.3~0.95 Gy CT&H -7 (Conard
1984) . EEMFMET R /T ADO—BRE LT, WhWA7 IR — - ak— K EREERS
BEEBRITHACERERENF<GN, B, R, WEFEAIH] R R E O
BEME LS AN MR BREROBESFII < BRIPIELFE Db, #HIZ<hH105
BB L - 1964FE T  EH TP RIBRBOESIB RSN B L3R 0| HCFEH T
%< Robole, TAOIKALIRBERN. BEKERCHRRBIESOREF 2 ZAT
UZ= (Conard et al. 1970) , 19814F, RongelapB D+ EHFIZHTH A7 V—=2F
T, 77 R —ERYFIFERBE TH o T &b D83% I RIS ERK TREDOME (F : i
EPTSHEE >5mU/L) A& eNBREINTE, ZO/MREMIHEETIE GyE/ X
SRR EE =T T, FRIBEEREIE TEORESR & HRIRMCH B E I Fin
EEHITREY Lz, 2~1058T25% (8~15 Gy) . 105ELL ET9% (3.35~8.00 Gy) .
Ailignae B O#FIE < FIC BT 5 PR REEER TRERERIIFII ERA 1058 A L T8%
(1.35~1.90 Gy) TH Y. Utrik B TiX1% (0.3~0.6 Gy) Th oz, FEHIXH (7
Z7 R —FEEIg, Bz ) o = Rongelap & X) TIHREREHEH0.3~0.4% Th -7 (Conard
1984) , 1964 DIFIERFEHIZ, £FMZ T r 77 ATHMBIC L D R T 2 BRRE
HOFEMMMRHS>MBH X 51272 o7 (Conard 1984) , FURIRRE OR BRI T H R IR
BETE (F: MFEPTSHER) & FEEFELFBBESENSONE, 198145101, 10
LA EEIE < L= Rongelap B EDT7%. 105 LR DI < CIXBE D 13% I H iRk
i3 Roh oz, AllingnaefEADREEL, 10LRATICHIE L/NRER T29%., 10
LRIz LRI T33% Th -7, Utrik$EM Tid, RRIBEEI O RBEIT105ELL
AT < Liz/NRERT8%. 10 HIEL LM T12% Th o iz, XL H
(1%) &E~_THEIEL L~Rongelap£F (6%) Tid, FRBEBA (ZCHLERAL) ©
REBFES LA L TND XS Thol, 19944FICHRKIROBERRA S LARTOW I I3
B ak— b OIE #1174 (Rongelap®474 B U UtrikD704) . R TUT T K —EBark
WV o BREEDEBR S O FE )T 4807 A JUITALE T S Majuro & 2V /- Rongelap B B
4T/ L CEmEN (Howard et al. 1997) , 1965~ 1990512/ F T, #IE< BRIz
BT 2 FRBEESOERBILIEL 2 DH3~8%TH Y., BiEL 0 LT3R o,
LA L., 194FEDRBEFERE TR, FEERLZVW 00, RSV RREERESE
PR B (12~33%) . FEHIX<HE (256%) Tigd bz (Howard et al. 1997) .

1954\ Zf T 7 T A—EEBORKBE TMIC X » TBILZRE Li-~— 3 v Vi
BERIZEBWT, 1980FERICHE S - RIS HIRASES, #AME ok — M
Ko THERESINE (Hamilton et al. 1987) , Z OMFEILEERE)H112~589< 1 /L
BT HBOEREZERE Liz, 28— MIBLAFEDT T R—EERUIFICHOER
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Tholz (HAWIFBERIZWE) Z ERbhoTNAT 2664 TR EN, £HBRET
1983~ 198545 {2 fib &0 e[ HE 72 FURIREERIIZ DWW TR b, WFER IS X SRR E BN
TR TR R EDRE bz, PIRIBHEHEIX, RongelapiE2321 Gy (FE5
B b120=A V) |, Utrikis R32.80 Gy (EBRHEN5321<A /1) Thol LH#EESHh
Tro BOME (FEEROYIIHEBE (prevailing wind) (ZBIT AE) 2 biggtta v
RIBEL TN EERNICE LN TE D 1250 ERbAESRICEENTE,
HEETHIE L PR 0O R BRI RongelapB7337%., Utrik)52310.3% TH -1z,
LD 125 DERDEEFEIT0.8~10.2%DFHTH Y | #L B - 128 DRAE
AT EEI 2o T, OREHO BT, WXL Ao EMORERIL, &
HED2E (Ebon, Mili) ORBERIZE ESNT245% LEESINT, RYRT 4 vy 7 H
RSP T S KIEFRIBFEE O ORI T 2 R O ZERRAFNICHETH Y. &
PECIIORM3.TIEE D o Tn, T OTTIIVTIRERET S DR CEFMICH -7
HERbEETHY, BERIEREF»H100~ A VE2 Z &121/3 (OR, 0.3 /100
AN) . FRNEEIZIOEES Z&£i21/2 (OR, 0.59/10F) Thotr, v— ¥ kS
DRURBEHESO U 2 713, 10054803 < 5 Z £121,100 BMNBIEUGy/F L T S vk
(0.0011/ AIGY/HE)

1993~ 1997 T T — T v LR TRIANRELFRBREBORZ 2 77 AR
EhE Xz (Fujimori et al. 1996, Takahashi. et al. 1997, 1999, 2003) , Ebeyes
(KwajaleinBBHEICH 0 . EX=BEN DI04 LOME) DERL 3224 DORDH
ERTakahashi® (1997) X > THESh T3, FHlllCEHOMZ . RIRBEBSE
BARCFHRSIMIRZ BBV b, BHEEFIC RS ERE N5 2 #E FRIRUH R
BERRELNT, 77 R —EERIED1954FLIRTIC A NI ERE8ISE D > B, 266
£ (32.6%) NPRBEE S, £0 551324 (16. 2%) DA AR THh o Tz,
FORIRAE (A PTRE R U S R ) ORBSREE L Y ETtE» o, Ll
Hamilton® (1987) OHFFLCHIE I X 51z, i n[#2 kSO A5 L THEEMN
oo (il el fE/e kb : &ME17.7%, B1E9.3% ; £55EH : ME35.9%., F#:21.0%) ,
WFRIZ L Th, BERETH L 0 EEERIM (19584ELAT A EN-EF T, HE
REENR2~IEE N, BORAEF —FIEH SN P AT 4 /&E']Ja/\ifﬁﬂawwj:
FEERFRERIIXT AR, Fil, RO =RENSDOEBEOFE RZERZHLMNT
7= (Takahashi et al. 1997) , B 72/ 7 A0 L0 H L@, RRBOMBZR
BERGRE WERET,7214) . FRBAALEY (T, Ty TSH, HirA/ns a7y :/#;t
&) B9t (B 1,0504) . 2 UHEORKE (iodine status) (R = vk, #HERE309
£) ORERZFEIR LT (Takahashi et al. 1999) , FAZEHN&IZIEIMajuroD{FE5,263 A

(CX =R 5194801 /L) . EbeyeBDERL 6104 (1924 /L) R UMejitiEE
3484 ENTL, ZDOWFFE (1993~1997F) OHRAET,2214D 5%, 4,766 4 (66%)
PEERROBAEETYICIRE L= TRREO S B EHRTH - o, FIRREES O RRSEE (il
MR CHE SN 8L K0 FRsfEmsotz, KO Tt 1959405
BOBERO M L VATCAEENEE TR OBEENE 27 (183%, 3,15144 11407
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F7o, 1993~1997 FIZEHENFEPRRA 7 UV —=0 7l F5 AT, 7,72140
HMBEDPRRBORE I NEEERECEREIZ DWW T~ L (Fujimori et al. 1996,
Takahashi et al. 1997, 1999) , MEHOHY A s u7 Y VHEkL, WEE 2,700 4
67 Bl (2.5%) THHE SN (Fujimori et al. 1996) . ZOHEFEE. oL (&
EERAD 10%) TROHLNEHDE~T, Bir=d (Marcocei and Chiovata 2000,
Takahashi et al. 1999) | FEA2 S & OMHFRR BN ITON 2 o7, &6
W, AREIZBWNT, Fifkr 2 LRt e URRE - OBECFHIIXIThh o7

(ATSDR 2004a) .

FRRIRRE BRI RS R T 2 R4 3L R VWD E 2R LNZ L, —F.
REIVHELNOHEIIEFAN CRENLCEERIVERZERALNEZ EERL
Fro R ANBRERE DFI21% DR F 3 7 Fi222~45 nmol Ummol 7 LT F=> (25~50pg
Ilg 7 L7F=2) OHREATH T, ZIIRPHME L 3 v EERCRERI40~80 g I/
H (KE60kg:IRE) IZHH T3, FEAHVAVRSIRKZLTHWAHEREL, 3 0FE
BASCH Y FERORCEERE E Ol T, FRBROEENLE S, a vRRZ UL
AVRTHOIA—TONTIZEN TS, FIRBIER ORG2BEEOR G 222 fE
TRV, FRIREEB R D RE DS EERFIII vRRZ—KH I — 75 HE
(2 oTz, HKBROFHREITER., FRIELEERHL M, REDOIUVERRZER
B L7#EHTALEL S (Hermus and Huysmans 2000) ,

1954FE D X = BIEEBETIX, v — v /Lif B OB LI E Y 150 km»>5500 kmiZfif
BT AEECHIHEETHORER AN, TELOREERR R & FEADBRREE
ARG b8t HEEHIT BV TIIMEMRE LA Thh T 5, 1992
FEORRIBRRE OEEORE T, L3 THELHTIT A 7= Rongelap 5 B B i
BIIRATL5~40 Gy, T ¥ HT3~200 Gy ThHo L ABAINTWS (Dobyns et al.
1992) . B CiE. 10~35FEHLE Tz A0 D22%H kISR O FEHT 220, 164123k
JRAM AT AR o T,

Simon & (2010) X, v — T ¥ LHEESKTa v R 2 ks REREOBHRKIZL 2
AL . BERETEE <, 1BERTEIEL < A FHIRA TER 29 mGy (6.1~1,600
mQGy) . BRI R ITFH 124 mGy(17~9,200 mGy) & =iz E L=, Land 5 (2010)
. BEBRHECIZ LY AR, FRIBXA ., BBA, KBAAREOEMAA LI,
v — Y VEBDER 24,783 A 0AFEIZLE B ERIAETHEIMENDIE A
10,600 Flizxt L. BRIz X ->T 170 4 (AMfE 7.4, FREE 50, § 6.7, KB
16.5. F DD ERR A 90) MBRIZKET 20 & FhE TORARB KU BEIR VII
BT DRI LT B,

1982 fE iz~ — > % VB ORT < BB 250 4 R OERIE < 358 1,303 4 & 1 &4k
MEHRIRIE L2 SN0 02 FAM LI 24, HIES EHTHAMEIF (3.6%) &
OHRAE 7 ] (2.8%) . FEMEIES BRHETHAMEGS il (0.5%) RUMRIE 14 5] (1%) 23R
Lz (Conard 1984), ##icHe< FINIRHREOEREM Tk, KX Conard (1984)
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DFEFHRER URERIZR o708, Wl LI- OB OENZ L » R FoRREY
ERDLT NIRRT, #lxiE, Howard & (1997) O3R4E Clx, Lblg L= BT
SEHONRAUNE 4 6] (1.8%) BRUPRIE 1 4] (04%) & 722> T3, Takahashi & (1997)
X, v =¥ IVEBRER 1,275 4 (EIZ Ebeye HE) 2R BICITo-BEER S U —=
Y7 7R ST AT 1993 RIS R S T A K IRIE 22 Fl o Z B oUW TREHE L 2,
F 0D O HRBREEEZHE ST BT CBIT2HRBBAORBEND | KKK
KRS A DORELT 1.2% (15/1,275), fARIERRE%Z b 2BEFIZH T 2 FIRER
NADRERET 12% (15/123) LR INZ, ZOWEOBHAZEICE. 7FR—F 2
MR BA LEEREIE T e — Y VEBICEA T — U p VBB ER 3,709 4
DFRBIRBA Y V—= 0 TORBRPBEYAEN TS, ZOHMMIZ—1 v LFEGTE
ECTHEBATFL TVDIALDRBLEZ 60%bHE L 2> TWDH, #iD Takahashi o
(1997) DM FE L ZDEFREDKREZMAEDLESLZE T, F—FIUT 57 O RK
JRSADPFEEEIL, 2D 55 2% BIESA LW S, Kt a v L
TV X VERERIRT DRRRAAOHEEEZZ X BRIV SROREBHEROM
REGEHL SR TRY ., BT, PERTTE—aR— FOREN A BEHBENE
MARLTNAZ EBFETOND, i, SR FEERRBIELZERT2-0D0BT
WS 1994 HiCBRM & 570 EHEFIRBELZ R T2 D OB OES R H
Sl LV —R. HROMPICEREETLS L5 k-7 (ATSDR 2004a), L9
BIEOMETIE, v— VY AFERBICRBNWTaE URERZIEORBER Y BV L 2UR
BRENEN, CHRERLL2IPRBENAMBRIIHEL G L 5THREND D
(Takahashi et al. 1999),

GOEIAC #: 1 d 4]

W ONOEFERIETIL, BIORKROBE & FRIBESEROBRBIC O VW THRELTWY
5o NTSHOHEN TRET HIHEBEE 2R — AT, NTSIHBEED 2F:— Mz
THEREBE TR O o FRIB/EEORBREIZIZIEN RV EHE X7z (Rallison 1996),
L L, #ill & & 2 HFRE OV TBIAL O FRIREHBELZ RN T2 & BEHRE
IIENEEEAE SN & ORICIXFMER e o A, FRIBIEEEK & OMCIIHEEARH - -

(Kerber et al. 1993) ,

Gilbert &> (2010) T, 19504ERI TR AT M OERBEOBIUHIIIZ L 5 E
HOFELE | 1973~20044EF TOSHMIKDSEERT —# OB LIz, 15K TOGy
Y VERR% H % FifpE TORFHRBEMBEINHRIT L, 15 E CORBBRETIE
Gy%47z Y ERRIZ1.8 (95%CI : 0.5-3.2) |, 55%. 16 CORBEREIZ OV TITHEERH
BERERIIA bR o, THIXI973~1994F TOMGT L FREDFER Tho1=M, F=
NI TA IV PEOHMAEIAFETHERE 2o, FHSHUE G IR DRI L THB
L. lowaZ RO EBADR, 1EE CORME ERRIZ 2.2 (0.4~4.3) |, 1~45%1%1.1 (0.01
~2.3) . b~147131.6 (0.56~2.8) L WFNLAEBICELHE LKL, LI L, EFERI==
aPANFETHY, REREOFEFESCIIBIZ L 5B ARR LT —BH 05
B, EERRFHEC T — 2 Z A VAT EY & LT3,
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1950 SERFIHIZ NTS iCiiva Z KRR NAFETE THo T EEE (Fis 11~18 %)
2,878 LB UL LTT VYV I EEOEFES 2,132 A5G L Licadk— MFIES
Efi X, EEERRBEOHBEL R+ 0 —7 v 7RMNER S, #8EE 1965~
1970 FFiZE B X7z (Rallison et al. 1974), £7-, 1985~1987 (25K X7z B HFH
FIZBWT, AV UFABFROZ - R NFE 1,962 £ R TUT U Y 78 1,160 4 & X8I
HR#E 21T 7z (Rallison et al. 1990), UM 3 U EHREITH 2L Z - INANFHOWERSE
Wt L. BERE. HFEDOSL L EVHROEER,. BEHAWXIZEEEICBIT 51K
RSB OBIT S EEOTER 2 7 EEBETE BRIRA~D 3 UETOASCEE L i Ei
B RABRITREICE SN TEHR L (Kerber et al. 1993, Simon et al. 1990), FEHH
RIBRNGBR EHEFEPIL = # #E T 150 mGy (5K 4.6 Gy) , R 3FFE T 50 mGy (X 0.84
Gy). 7UYFH#HT13mGy (&K 045Gy} Thotr HOARMEIHIETHERAZNE=
A= PEEFERA L. ZAISIE OFTREER D B BE L T BT ES<,
Tr. BXHEN, BT UHFZTERTHPIEL LTIEARYY), 1965~1968 EDIFFET,
4,819 4 76 LI Al fE R HIRIRHEE A DY, T 55 22 45 RE (204) BRUM
ME (2 &) Tholz, FEORBREI=Z - FH (19.71,000) OFRT Y S HE

(10.8/1,000) XV Edoie, M2 FID 55 15 FIA2 & -2 FFE (5.6/1,000) T
THIHT YV (3.3/1,000) THoT= (Rallison et al. 1974), 1985~1987 iz Ik
JRAEER 125 BINFICRO b, £D 535 65 FINFHEY., X LIHFEMDH L 5 FIR
RAMEL U&7z, 5 BIORABEZ S ORBROSEIZHE S -, BIOIME L
ZHOBHOFEEE SRS L AR O o BAMES Il (Bt 12 F0BRANE) BE
W, MBI AEEOREBEIIRETCH - (=& - 258 48.6/1,000, 7V V'
36.6/1,000), EEORERIZINTEHENRZ DO TR, 2 Z-2 TS 2.8/1,000 B
7 U DS 4.8/1,000 Th-7- (Rallison et al. 1990), FHEMERRIRIEIL 2,473 £ D
BWERE T 56 RIZEDH LN, FDHH 38 ANFEEMEZHI S (s NVIRE 28
& . IRETIIEIEEIERTZE 10 &) . BYEIRAE 114 (EMM:IRIE 8 &, SLERRIGAE, RIAMR
ARt =L b VHIRBIES 1 4) ROILESA 8 £ ThH -7z (Rallison 1996), HiE
LRI E N O RIFE20ET A &, FIEBICH LARRHREERSED L= 55,
SRR UL N AERM TS SR>, FREIEMORBRIT, 025 Gy #
BB APE L 2 Z T BT 21~24/1,000, 0.25 Gy FhihiE < BT 4~5/1,000 TH -
7o Gy B2 Y THEEE S D ERR 1. 314 7.0 (95%EH TR (lower 95%CL) :0.74,
p=0.019) . #&% 1.2 Jower 95%CL<0,p=0.16) . 23 AJE 7.9 (lower 95%CL<0, p=0.096)
Td-o7= (Kerber et al. 1993),

REBEFREIIBNT, KED 3,053 BT 5 FRRBADICER PHEEES
NTS 25zt &z B HEEHIE<KREL R L, FRBEBAFRCERICET HT—F
X 1957~1994 FEOLKBREMERGEE ¥ —0 5, FRBEBARBERICET T —#
i 1973~1994 £ SEER 75 AF Lz, BRCBIT A UIMIZIT 5 R HET
NCI (1997) ESVWTHESN, FERARIARE 43 mGy ; 0- <1 4, 126 mGy ; 1
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~4 £, 100 mGy ; 5~9 £, 67mGy; 10~14 %, 44 mGy ; 15~19 %, 31 mGy ;
20 &, 11 mGy & &2 o7, B I FRIRA A 12,657 Bl B O IRDS AFET 4,602
pin@ED Lz, KEICRT A%, B, BUMRTCHICIRBT 2R T RRURHEAER, H
HAYRME, I BOEBHELOBEAE 2R —  2EE L LT 8] #EEgI<KBREL D
BB CIRAT LT, £0E < BERES A b B4 UIHIE < BER 1~5 R LI
1~15 BHEESTTCERLEGAIIRWT, FELHEREER (BRERHEY Y 277
V) EEED bR oT, UL, X< HER 1 BAMOBICROT, FIRIRMN AL
TICOWTHRTT B &, B o0& (ERR 106/ Gy (CI: -1.1-29, p=0.085)) Xii
M Z e oBE (16.6/Gy (CI:-02-43, p=0.054)) TEWERR AT S, BREBSA
TRESRIZOWTIRITT 5 &, BT &L OBRE (24 /Gy (C1:-055.6)) THL ERR #4319
Bhi-Z &b, AR THRAVWEBEEHERMNDTR I NZ, ZhHOBERICIE, 12 Ak
LLRETZ 90 mGy 2 iBi1R 5 RRBEREIE 22 2 4RE BV T 2 o TR 9
FOFRBBABRBD N ERBEEL TCD (Gilbert et al. 1998),

@RURLTILBITE 7T 0 AOKRRE

de Vathaire & (2010) X, AU R 7 T ic 7 7 2 ADEER (1966~1974 4F)
WX AHEC & FRIEN A (1981~2003 EICZH SN ISELANCY =5 229 ER)
VAR & DOEBEER~DIERRBHEL TR L, #E<REIEEREOMBIEIEL
EREREICL D B 8Cs R PORIHIE K OFE N GIEE Sk, 15 BAEmOFR
JRREIL 1.8 mGy BE (0~39mGy) THY, EFD5%. D 3% T 10 mGy L L
Thol, BE LUV, HE, Body Mass Index (BMI) . FHEE, HiREIE CHREs
H&.1 mGy BEZ N 20~839 mGy BECTU A7 55 5.7 (Cl: 0.8‘45) . Hm P1E : 0.04
Thotr, BPBAEYA XFHBAZR & 116 (1.0-132) 20 X YIRVELES
Hoht, '

O. ERxHLE% o)
IARC (2001) TiE, M3 2 EiedkmlomauniHettEa v#E) wowT, F1r—71 (&
Mzxt L TENBRAMRSAHME) 0B L., BEIIEESOHERIZED 74—V 7T 7 M2

RS NREIOIREC L R B RERA AT O W TS AR BB & LTINS,

10. £&oH

F v/ T A VRTDFBEBEEHFHIC L DIERMISOFDERICET 238X, 1810 #
IEIZ X B BRIRDS AU U R 7 13g0E RIS B W 7 L — 7T < (0~4 5. ERR 7.43),
B K BERAR DI, I AR GHEC BRIRE, PRIRIERAH D LB & 0#H
ERbotz, £, BUEZOWTORE TRAETEOREER TRV (BLZETiE
WWESTEWRARALNS), (FRIHBOBRDFEROF ELO BIIREOE iERs iz
NMIRETHY, BRENSERBNA Y R 7 & OFAERIGERA RGO, B EER
PMEVIZEEDO U R BER-TNB ERESRTWS, BHOT—F T, FRIZU X
IR BT AREHRIECE (FRIMEE) 1X Cardis b (2005) @ 0.2 Gy % Brenner
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5 (2011) 049Gy RETH -7, €FET1Gy H- 0K 2 ZE0BREY 27 (31D RR)
BH LI, BIRITICE > TRHELIEWVWI X Z78NBHE I TN D,

F ) T4 VEBHIROFELTWMIRBIZLDFRBEPALY R 7B 50W0IE, b
b ERBIIZIDVRRZTHANL TREVLNHE L WbA D, BEMICITEN TR,

—ReiC, HURIROS A THRE S SN ERE i, BB SIEL O0ZTH B, F/NEH
O BEHENE L, LENALOBERREVWE XIS, FRIBEEOR EICEE
T 5. TSH Oofginix. FRBBAOERETCHEEELLNRTWS, £z, TSH #l#
CARFAIRTH S a vET, BIARTLENAD, X2 TREBADRRET &R52
BHEINTWD,

IARC (2001) iT & 23H3AMES ATSDR (2004) OFE (AL FMCA
bzt NOEEWROT —4, TORICHRENEF =) T4 UV EFHREBIFR
FO LY ERBNREFWEOT —Fh bk, BEttEa vE L RRBPA U X7 L OB,
BARTIO/NREZ RS E LIS < OMEICB W TEBERSEEINREREB Y, RRIBEEL
LT1Gy %=y DERRIT2ELLLE (RRIZ3FLL) oELdgiExhTnd, LT,
B, 100 mSv 22 5 VLV OBRICBWL T, FEENCEE LHEIRLTWS, —
F. 100 mGy L FOZEIZBWTILX, —fOFIS (Vathaire et al. 2010) Z R\ T, 5
FHNCEE LI IR ThRNY, '

Tl ~~Z& ERR DR & X2 2 RERNSRE O D X, BRI v ROgI HEH#
EWZR T 2 N ERME, EAX B ESCIEEEN R RRIBBAD R UV —= 0 FIE 33
Wi WOMIEREICB T HBRA L EEL2ERTLE. HDHV-VUTOREIZEBWT, ERR
X, MOBERIIZEZ Y R OEME L THSININWTHA D EERTH I Ltk
Th, BRAURZ % LT hvERe2RRBERELHEET S0, BRIV TR, #%
HIRBLA - TW D &k 22wy,
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V. Btk L
ZIREBWTHIZEY Y ALRRLEZL DR, TRBABEFMEE ST APpENIZONTK
BIEFICRFELEZ DO TH D,

1. tXE. RTFLES%H
IUPAC : cesium
CAS No. : 7440-46-2
JRFF% : Cs
JFFE: 132.9
RISLfAE & : 134Cs 133.9, 197Cs 136.9
KERDIFEIELL 1 133Cs 100%
(The Merck Index 2006)

2. MIEEEMER
mhe (°C) :28.5
e (°C) : 705
B (g/em?®) :1.90 (20 °C)
S8 RABRTELN . EEOHHER
(The Merck Index 2006, ATSDR 2004b)

3. BsifEE

BICs IXEV T LD ANTHEMESEEOD L >TH Y, Y 30 £0 B AEH KT, RN
2.55 43 13mBa (m IZELZEDOREREZEWKT ) ICHRET S, 13mBa i 0.662 MeV
D yREBLUTRER ¥Ba &2 5,

134Cs P XN H] 2.1 ED B HUIRETH 5,

By ADELRKBEFHERAEL 11 EEAS TS (Argonne National Laboratory
2005b, The Merck Index 2006, ATk EE# 1998)

4. Rk

B1Cs 1L, BRBERMOERSOOLE ST, BMICHOREBIZELRD DT, yEEE
LTIE, ERIJEKHANDBRATWS, /hE, IER, Yy AT, FIIBEERTEOM
DERAGS, WO T ABREZRETA7-O0 yBIRE LTRA SR TEY, y B
DHEx VT L—ali@Re LTHFIAER TS (Lewis 1997) , BCs (I TERS ¥
A7 57 4 —ROEERBFNCRBT 28k a7 FoE@bic bR ST 5,

BICs VERIT, AT IRB ARRICA WV BN S HEHE Y — FORBSRER E L CORKERMESRE
ST EREI Az (FDA 2003) .
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5. BRATOST - B8 : ‘

187Cs Fr (X 184Cs D L 5 R AMEEE L Ot o e G, KEABRgEEE: (1945
~1980 £ CHHi) . 1986 FEOF =)V ) 7 A VDL D RFTLHDEEBEHRO EH R 1957 £
DHEED V1 ¥ Ry — )R COBEHOER L LT, BB K Eh Tk,
et o v a3, BRI L D EKT ALY Bt #Eic b3 350
CETANEBET D, WIELERIAKIFTDOBIEE SV A2 RET SR DEELRE
BKTHDEELLNTVS (ATSDR 2004b) |

U AOHEFCOBRE I EFICTE D, —KIZ, BT U AILEE, BXLE 40cm L
EICEEEET, TEER 20em UWIZE -T2 (Korcbova et al. 1998, Takenaka
et al. 1998) , FICET VAL F L DKMTRIAF—RENZ LT LY, Ritic X 58R
Bk E EEEEBRD S, 2L OEBERERIC L ECYHEEM ~DF o7 ADTGAT % |
B3 22 LRTRECH D, LHLAERD, HIANARRIE ("3 X5, 75OV RBRY
7)) TSI ADBETEIMEL, BRE U THER COBE &~ THAHH
K& 2o T3 (LaBrecque and Rosales 1996, WHO 1983) ., ‘i v Ak, £78E
B ORCYETRE W & » TH-SRIARIC B IR L, A B L TRPHBIEN X3 (Sawidis et
al. 1990) 1A, (R LI-EOLHRIC L Y HE~BTT 5,

6. EARE
(1) B

AEE LS E LTRIEBRINZES VAR, ¥ NRUEBHOEEE TSI I
B, MBEHEOEYTLARE N TROBRBIZISBREIAAZ EE2RTARELTT (1D
FEBEPEEENE, Q) ROFEEEIHEFEL D 4~10EBV.  B) KR TOE LR
i 45~147 B (Henrichs et al. 1989, Tinuma et al. 1965, Richmond et al. 1962, Rosoff et al. 1963)
ZRH D, Henrichs 5 (1989) X, WD PiCs & Vs BIEASHEERALZEOERL
TERART T 47 10N (BHES A, ZKHES A) T, BV AOEHRINES 78% & HiE
L7z, b MEBRFIC BT 5 2 OMofE Tk FIEHEOBE TRAOER Lz 7 AD 90%
PLEBTR D Z EER LTS (Rosoff et al. 1963, Rundo 1964, Yamagata and I'washima
1966) | -

W7 4 —A T 7 MRF OFEOERIZ XL 5 Y0s 0IRINE 3% % TOHBETH Y, Zh
WF DRI FR LB ABRETH B 2R LTS (LeRoyetal 1966) , F=/L ) 7 AY
B FAERBREROBEET +—A T U b CIERShRicED oo PCs 28
B Enic, BEEANROLEORREE & FHLY v A THE S iR e &3
&, HAR., 1BRBE~OBITEIX, TNETNBLE 40%, 50%THY, HFRInERMHIC
HETAHED 1 BYUZD 0 PCs FIREDORK 15%08 30 RIZBiT+ 3 L tFE ST
(Johansson et al. 1998)

AEMED Vs (R VAL L) REERAREINTEELTY NT, VT AD
B RIRULASHE iz (Stara 1965) , V'Cs R UMM UL % & 1R CAEMD
A RERLT (CFER 093 ym) 2 EEIROES ST v TR, PCs 0IRIUE 10%
K5 TH-orr (Talbotetal 1993a) ,
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(2) &%

MYty AMEEMEREDBEELT-E b T, B AOEARERNSANEESH
Tro PCSCl B OWE S cWBHRE 2 AT, B5% 1 BHUNO ¥es o2 L~
BWEBOR 2~3%IZEL., 20T &t PCs MBI S, MERE2 4 L OEITh
TeZ & &R LT (Rosoffetal. 1963) , BIMERTEH, WEEEY U AMEEHORE AR
B, RN THENY—ICSmTA 2R LT W, ETy bTRYCs (kYD
AL LT) OBEBEO#SHE, £ < OEERKRIC P Cs Bom L, BRI CRBRENRL
(Stara 1965) , ®'Cs (b 7 AL LT) ZWA, BOKRE, IEPENFEIZE-T
BEBEEINTTELTY PTIRLUBRER 1 BO Y Cs O9F R F—VICIAEREVWRRES K
Rdrofr (Stara 1965) A X &= AT PCs (b T AL LT) OBRHEAREOE
5%, B0 AR 2829 L (Furchner etal. 1964)

Ty AXRE BB EE LRIRA~B{TT 5, b MO & RIBRETCETRER
B YCs BB I TS (Toader et al. 1996, Yoshiokaetal. 1976) , &3/ AEEF IR
RARBEEVRE LERIROITNE LV (Toader et al, 1996) , FEIRETHE XITMIE L TV iz
Ay b R TR R OBEEBIABEN ERTINTEY , HEXREMNSD
T ADOREREINS Y2 0JiE1E3H 5 (Bengtsson et al. 1964, Rundo and Tumner 1966,
Thornberg and Mattsson 2000, Zundel et al. 1969) , #FlxiX, &/ 2B CHEIE< L, 7, H
B IR U 2D R o 4T, HRATD 54%I272 0, ERIITICRE T &N
SWENDHD, ZDEEDRE~OBTIIHMBE S mSv ZIXDNICTED . BILHRE
TR E2HIEED 15% TH -7 (Thomberg and Mattsson 2000) , L2»L., B ERIZEBN
T v ATREEZERT A5, RILTE., BEM-PIAR LY HEBHEEATHMEY (Mahlum
and Sikov 1969)

Ty AEISOREL AR L, AHTLR D LIS, EFHEEES LY A%
HIRED ~R N RE%. Y POEHAER TIIREY L 0 EHET PCs LAREN T &SR
SNTNWAN, AT OREM D PCs IEITREKAMICBEY EZ B 2 T (Vandecasteele
etal. 1989) , F7o. b ML THEIVARKREHIN TS (ATSDR 2004b) ,

EEBREIC T D PCsCl IR NBEE TR, WAITROBEOFR L RER P'Cs @
BRSNS — o B ORI & 72 D (Boecker et al. 1969, Stara 1965) , “hbD I &n
B, P'CsCl @ & 5 22 M TRIR ST WEABIZE L T, BE~OHEZEITZ OMm
ORFFEREEDFEEUL TWAEES S LnbivTa (Melo etal. 1996, 1997, Nikula et al.
1995, 1996) ,

(8) AU LLOEE

W SNz U LAY UL LRRRETEZ &5 (Rundo 1964, Rundo et al. 1963)
AV oAb EIDLAL BAAVELTERIELKERLLSHITHATAIIEBTHY, &
BRIz X - THIIRAICIRYAENS, BV UARS Y UAF ¥ IV EMN LEGEGETH Y
TALEBAETAZENRENTEY, 7 M VARV ZOFHEECECE < HKRNE
FWIZBWTH IV LR 52 &HTESD (Cecchi et al. 1987, Edwards 1982, Hodgkin 1947,
Latorre and Miller 1983, Sjodin and Beauge 1967) , ¥ 4 7Ok & &, &7 AOBHENT
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B YT AERTEIETH S (Blatz and Magleby 1984, Coronado et al. 1980, Cukierman et al.
1985, Edwards 1982, Gay and Stanfield 1978, Gorman et al. 1982, Hille 1973, Reuter and Stevens
1980) A3, —MRBVICHIRRHN ~OREEIERE @XOROEREFILK : Cs=1: #8025 £V
b RS~ DO HEil % (Fx OMBRIZ I T 28X OB K : Cs=1:0.02 KiE~$9 0.2)
DIFHRH VT LABEFMERE L (Leggettet al. 2003) , FERETIERNO S U v ALY
VADIEE A ERERBICEET LD, ZOBRELTHI VAL EY Y AOHER
FAMRNARTRELS Y, LEX-T, 2F0OWREEE LR 25, L2ALERXE, i
BROMS ~DlmE, MR & BRI U 7o ik ST E R oM omik T, BV U AR
W B IV T AEBRETDE DA LD (Cereijido et al. 1981, Greger 1981, Wright
1972) ,

(4) Heit

b N CIREPEEES T AO X BRI R TH B, PCsCl #HERORS S
ASUTITRBOBE 7 ATk, V'Cs @ 7 H BRI R R S SR EED 7.0~17.3%
Tholr, REEBEFMOBMERIZ25: 1~10: 1 ThH-7 (Rosoffetal. 1963) , ""CsCl %
HEROAZESINTEHERART V7 4 7 4 AT &5 4 BRICEREI N ZEEET — 2 5
LR EFEEDOIEMERN 457 1~8.75 1 1 LBEHEN, BEEEHO 4 BETIL, HEilt
ENR—BLTEL., REEFEOHHEL B WL BaEd -7 (Tlinumaetal. 1965) , b kR
FICBTAH 7 LAORRUEBIEMCET 52 < OREFERICEIE  Leggett 5 (2003)
ITEHRPEIEZ 086 LA Uiz, P'Cs O RIZET 2RI, KEPEEBRE
VF =) TAVERFARBROFHDO 74 —AT U b2 L CRE L-EFCET 5%
OWMFREZZTATHVD,

FEy M, BEH 2.5 B UPRICHEIO VCs (RNATT RO 50%% R R U - gk
L7- (Stara 1965) , BR#E#% 60 AMOUEFB L TR : EZEOLIZ 2~3 : 1 OFHANTDH
v, ZOWEH (60 H) FTIEEMIZHHO PCs (ARANTROT N THPEEh 7,

t FOEFIZRITEE ST AOHEEERIZ, [MMANOHFEHICL> THESR TS
(Henrichs et al. 1989, linumaet al. 1967, Lloyd etal. 1973, Meloetal. 1997, Richmond et al.
1962, Rundo 1964) , #ilz1E. *Cs R P Cs CIHFRENTFRREER LIRS T 47
10 ATiE, FIRIDENAERTEDR 6%IFELH Pl (L3R 03 B) &, BV
D %ITHEFICD - Y LRtz (FHELFEH 90 A) (Henrichsetal. 1989) . &%
ABH4 ANCEDD 5 —oOROABR TR, MCs R YCs OMERFFINITTFH 135 A ¢
# o7~ (Richmond et al. 1962)

PCs OBEHEEIIER L AN IRTET B, BEEERERE EBIETL, £/, A
M R TRRAB O A&V (ATSDR 2004b) , #EBRO 7 4+—A7 7 MZEA¥T 5
YiCs ZEATERBEZBI L 7-4£M TORERRIT, LD 1555 BB AD 10050 H
ECHEESZXDOHHHEERERMERL TV McCraw 1965) , F=/v/ 7 A Y EFX 15
BAFOBEHEOEFELHE CHORBEOHKLEFHHEZRL, 1REOH & ANLEADH
110 HOFEHE TH -7 (TAEA1991) , ARELM 110 AD 4 FE OB TIE, 5~14
BOF LD TR OEWHEEYER 20 HASRBD b, BL TABEL LD - 72 (Boni 1969),
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FEOBEWERICBIT A HEENEEYITIE o7 (FEHMEVRAOEEET47 A, 15EF
T 67 B, 30~50 BT 93 B) , Melo & (1994) &, 7 F DAL 7 =7 T CsCl
&:Pﬁ%ﬂl‘?ﬁﬂéé:hf:ﬂﬂ)\?aﬁ@?‘ﬁ%i@ii:’iﬁﬁ% EERNCEELERNBA L ERE L]
~4 O ROWERHIITITH 24 B Thotr, T~NI0BOXBEUEIR TIL, MR
I 37 B Th o, FEMRPRAOBHOHIEHEBITEFNEh 58 B RTU83 A &
HEENT, ThiZR L TEEHETEAOEMTITENEN 46 ARTR66 A TH o1,
Melo & (1994) DFFFETIE, MAZMEERL T RTOEHER KL OHRT s AW
B & R EOBICEWEBMER RS,

Fio, By AOWHISHEID U T ABRIC X > TET 2 el b5, PCs 218k
REE LT v T, 70 U AREIMOEREEE (B T AI%ER) 2527858, v
TADZ YT ZAN 120 B THoFDIEK L, B Y U A% 8~11%EN L - EEHEHE Tk
60 B & 72-7= (Richmond and Furchner 1961) , BEHIB%Z LT20 B#. H U 7 AGEME
BE25zbhiz5 s MB35 PCs 0FREaFmRIRENER 252 50775y bD 12
ThoTr,

7. XBRBVF~DER
BEHEE ST AT RE L BB E TAR STV SRmIUIBH TR 2o T,

(1) EOMBIC kDX

O mRE - AERE~DOEER

BALB/C <7 A{Z 20 kBa/L ¢ 137Cs (137CsCl; 30 nM) % & ieficklk % 2 MEAHZEL .
MR AR L TAESENER< TR, BERLTL 20 kBg/L @ 187Cs  (137CsCl ; 30 nM)
PRk ERE 20 BRIChE-TIRG L, 6 BE2S 20 8E £ ToOHBE DTS
BREEIY, —BH7%2D 765kBy/[ETh-or (RiZw7ADEEEZ25g L $H-—HY
70 3.06 MBo/kg EEICHAY), 137Cs iXERE . B, BRE SOV o EMERE 2S
Lotk 2 2IERR T O LTV, BIMHR TRV R AFELBEIND) o/ (Berthoet
al. 2010), A LEM CRERIGETFIIE A, 74 b LT =0 k4 5 B85
&, BEV VARRISD T v fURIZRT ARG, ERAFERE T —Hr—1 U Xy b
ANTUT = EOREICHT ARE S v 7Y URIGEOEET X F TR, 137Cs ZEEL
Li@hipl 2 ba— @itk Uizt = 5, FEBRMNE{LIZZ2 o7 (Bertho
et al. 2011),

Q/INRDME & Wk~ DES

Sprague-Dawley (SD) #:Z » b (10 #{) 2, 137Cs % 6,500 Bg/L O & TE LK
Z3MRULizbVBoRE L, M LROEES LEMROARBE~DETR
ORERSIIBE IR o, ZORRE, 5 v F 1Y) 150 Bq it L, F=
N2 T4V RFHBEBHEROBRMSERDOFE LTS AR LEHRENT
V% (Dublineau et al. 2007),
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QP REARR~DER

Wistar DMEFES & Mo, 137Cs % 38 A ML 84 AR, ki L, 137Cs OEURTE
BARFHL, TRENRT v P 1IN D | 288 Bq RUN460 Bq Thd, ZhbOEMIT,
BREIAMK, v MR > 7 AOREEBINERRIS, WRATEIR 27 2 AV iTHxRR%
Tolcd 2, BBICLLDIEEBPEEIN, TOREBEENRFED LN (Ramboiuet
al. 1990),

1B7Cs it, BHEHIIK I XD FIEMER TRIDENDZLBHDH 2 b, BCs iRiE
BT v FOFREEERICKIETREN, &—7 74— FiTHE, EhCEBoE S
NERIENTVD, SDEET v Mo, ¥Cs ZE ek % B BERX 7 5B CIIRE 30
HE & 90 BHICA 727 4 — N FRERUMMEHRAZT o, 20k 2 DH &I 400
Ba/kg 1245, TDR, A—TF 07 4 =N FITHIRFRREBIAR NP0,
—77. 80 B&ITIX, WCsiZz &V, RERBEUHRKIEROHREPFTRIIHI L, P
B BN BN LA, 2 b0F{kiT—BMT 90 A BIZIXEE L T,
BICs 1< T v MW TBLKEBTFHHEL L 2 A, 90 AZICKBRERC T
0.5~4 Hz OBEH A FOHAMEML T, ZHLDOFESABFEA T, M
BT W0s BEFFIC B L MRICE S EMRANLTWA, BHe LT, BCs D
REIC LY BMT RO THRMER~DEERBE SN LitkD, ZORERE
W, Fr T4 VERBETER/MERT2ELFARETH Y, S MIRoEROF
HHREREELZEZELRTIRLRNWEEELIITIEL TS (Lestaevel et al.
20086),

@EERB~AOER

PR ONTHIE < X 2IEERE~DHELFH~272, HlikEBoa LT
2 — ARE A~ 137Cs DBHEMROBEOLENRFTEIN TS, SDET v MZ 9 234
M, Fo i 7A VIRFIIFREREH L D15 Rl ROBEREHE L~V & [FERD 137Cs
EEK (150Ba/7 v NMA) #5207, B 07 7 A AW RCME B2 VA7
—VBRETEA R D o e, A ERMIZBW T, $OBEGTREORMAT(LIBE
AnEn, 2 LAT o=~ LB REEBIBEINLTWRY, F V) T4
U CEERNEEITC 22T 0 LR LA T, o LARTF e — A RE~0EaTEss
Ty (Racine et al. 2009a) .

OERADEE

22 Al CBA & C5TBLOMERE DM~ v X2, 137Cs (s v AL LT) D
BELUTRRL, AREPERF~<Lh TS (Ramaiya et al. 1994)

T OFEERE, HEBEE, 1TRABEETIER I ERER RS %, SEETORAE
Bhbied, HERSERTR, A&, 0.37x100~11.1x 104Bg/g fKEDSHE LY
NThotn, RRIGEE (5HEB%) 130.1~3.0 Gy ThoTr, HE~DWICsH RfEHE
230.1~1 GyE T, ZRECE LWMETEZ3|EEZ &hholc, 1TE T, K5HLx
PERE L ORI EBRZREDIEVIRD N 2oT, 2HBERRS#, 8HEE T
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Bl U7 EBRTIL, WEE5EMN1.85x 104, 7.40 x 104, 18.5x 10¢ Bg/g AEMIHAEL X
NTHD, FHEORBREN1.40FT3.50 Gyn#HE5# (7.40 x 104, 18.5x 104 Bo/g &
BERY) CRUBFEOFERECED LFH2E B U, BE 33/ (Ramaiya et al. 1994),

®F Dfh

AMERTVWBWICSIZET 2BMERD 5> b, LEPEL LI bR > TR
X, E—S U REAWEEBRTHD (Nikula et al. 1995, 1996) ,

T D1995EDMTTIZ, 12~14H B OMEHEE3LDO V' — 7 VR EZHER L. S 58
Wi v, HEMER6ICIZ0, 36, 52, 72, 104, 141 MBq WCs/kglEE (FHFiu. 0, 7.4,
11.2, 14.0. 16.4, 11.8 GyD B EIZHY) OBCsClE HEFHARAES. Uiz, &EA
BN THSIAETIcEMMIEERICL VT L, Wik &S5 INFHERT~TIT,
HE LI OGO B L\ TIER R Uiz, Ml Lo, BT, S&iEE30
B, Bx DB TRERCEREEAEESh, WCsORFFHE L BHIBEORAESE
& OBICHEERBGESED bz (Nikula et al. 1995) . RIEEHHAENT~24 Gy T,
EELERNEISEE IR (Nikula et al. 1995) ,

19965 DME L, 1995F#HE . RUELOLETOBEREREZ LV ELHELOTH
D, MAELLEONEERIL, EANCRKTH -~ (Nikula et al. 1996) ,

(2) Rz :

LY AR EFNEORGESEOBEIIR SR TWAR, bk v aike MNEEY v
SN CRAKBREEESAEICEMEETEY (Ghoshet al. 1993) | <=7 ADEHMAT
HRAERT R O/MEOIBEEE R ILICARICHEML T% (Ghosh et al. 1990, 1991,
Santos-Mello et al. 2001) , HiEtE T 7 AiX, KIBE (E coli) REBEPQ37RTUPQ35E M
808/ mET A MIBWT, ELVWEMEAZRTIEYFREWEAETY., REEM ORI
b B TDNAREM F R Z 42 h5 7= (Olivier and Marzin 1987)

T AREHERAED in vivo BRBRBSEIC W TUTORERH B, =7 AZBNT,
PTCs (MfEtE Y AL LT ORERARS QEMOBERRS) L oREHEEL, YCs
B A WA S R (23 FFRE/E To 195 AR ICL3 b0 BB I TWAS

(Ramaiya et al. 1994) , BT REZ22 REEMUHBRE (R03~4 Gy) TiZ, M ORELIET
EHERFEORINIARE Thotz, VCs keI vad L) DEERARET, 28
FREHBEDNH 3 Gy D<= 7 ZFEEHRICB W T MEGEEEOF B LEmARE Sh T
% (Ramaiya et al. 1994) ,

R E N PCs BIEN DS y BERGE 05~4 Gy BHIN/EE 14 HOMET ~ F b
DRI O MEH T/ANEEE 0F B GREICHEB L) 8RR 5z (Koshimoto et
al. 1994) , M8 PCs BRI S y MAEBR IR =2 4 P TIR, BRMIRICI T 54
IR ARV E 03~1.5 Gy O#E CHREICHE L TN L T, SR BRESE (025
Gy/4y) BE#OEEFREL, RHEREE (1.8x107 Gy/y) BRIV 10EEN
HiRE e (Tobarietal 1988) , ZNODHEEIMFRIZLEZbOTHY, BV ARKE
X B DTl oT,

74



U AOKMEERME I Lin viroi B T HBEBEEERH D Z EBREINTND, BHE
NI PICHRIR OB 2 B Uiz b MR U > RB3RiZ B8V T, 0.05~6.00 Gy DR B & T
BB L-/ERED LSRBEII T (Baasemand Ali 1991) , X7/, b hEEEY
ANER G K RLE (Doggett and McKenzie 1983 . Hintenlang 1993, lijima and Morimoto 1991) |
F v f =—ANARZ —CHOFNAE CYAERE L ik E5TH (Arslan et al. 1986)
BERENTND, BT, b FOBFTORAERERO/MEOFHERE (Kamiguchi et al,
1991, Mikamo et al. 1990, 1991) = 7 AHE ML T ODNASGTIKT (Biedermann et al. 1991)
DFRBELHFEZNL TS,

8. ErADOER

b MZB BV Cs~ DRI S REFEREICET 5 RER X%@ﬁiiﬁbfm&mo
7o PVICs~OROBBEORICL D, £HFE (FREHRR, HLER, LOLER, HEER.
B, Ao, EERCRED | B, PR - AR - BE ﬁﬁ@%ﬁmﬁw%#
AAEIZETAEREITEM - BIECEDL LT, Rohbhhotz,

BOLEMRREE LT1987 75 PND A T =T IZBWT FEE- & iz PCsCl
PEERABERIEIZ L 5IIERICL 5F403H 5 (Branddo-Mello et al. 1991)

#9 112,000 ABEIES DB =F U L7 %%0), 249 AW OINTHIL b oo 2 &
DR &, D5 B, 129 ARHEEL EoRNTIHIE B - &n0) 855 L HM
Xt 50 NIABRIC X B3l EERVELEN LT, IREEREN REFME LV 79 A4
REFEELTABIN ., BEESTE S0AZ, 2K, BM:, T2 SSMERERL
b '

KRR 7 20 ADB&ZLIX 16 : 4. FHERIT 269 5 (FEMHIE : 6~578) Th
ST, 1EE AL ERMEEOREENMESRENICEEL TV,

TAEA EfiTF I 3 - 7o Al B RREE BRI BRI L 5 HIE T 20 AOFIE < SEi,
0.6~7.0Gy LHEEEE LT,

BE<BED 0.6~1.1 Gy D 4 Aix, BRIER, MEREMNRE TERREERD LN TN
W, LU, 1L.0~7.0Gy DI 2F TR LT EIND 17 AL, BERE,. B, 5K
FHERIEL LW OIBREOERN D, FEMRT, B, M, #E, ik re. Rk
BEAENBO I, 5T, FICHEI<ERNTE» o7 4 APEEBILIMIZEE L,

(Brandfo-Mello et al. 1991) , F£7~. BRERHME 1 728 OBz 9 NMTEEFESEHEI LT

(Branddo-Mello et al. 1991) '

FIRBEHFE T, AREA P DICTREMT LIoiFE N — 7 DOME (Gomes et al. 1990) 12 &
X, BEE CIIOEANLM - BEXPBEII TV 5 (Branddo-Mello et al. 1991) ,

1948 £, M7 7 VML IZ % 5 Mayak Production Association i3 >/ B DRz SLEFFTHE D 7=
DOV =7 ADRERBIE L, 1949~1956 £ THHMEME 2T F v )IIKFi Lz,
X 1950~1952 4ERHE R Th otz bbb, FOFIRD 41 O OER., #3 FA%
HEIZ, TF ¥ )| 2R — "BART ONTo, MBER TR, NOKRLTENS v BRIZXL D5
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f
WEE BT, FRENFAPELEES Z LT XD, 137Cs 2,98y 72 ¥ 0 b E
DNEHEIE L BIRD o7z, REFERRAIE 1950 ERITUAE -T2,

TFx N zmd— MO, 1950 FLENCAE TN 788 25,000 ADA U vk — |

(OTRC) , ZHiZ 1950~60 FiZEz A L7259 5,000 A& MZ k=R — b+ (ETRC) ,
FEBPIIE LEFEHLDR— 23D 5, HIZ<BREOHE I HIE LK
X< &4 7 Techa River Dosimetory System (TRDS) M XN T3, FiLd
RIEDHHTICAWGNTE 2000 FN—Va URBRERBEINTHLEDZ L THD, EHF
BATRBHBOBRENSR I, & 0.47 Gy, 5 0.04 Gy, TR{E0.01 Gy LIEE S
NTWa, 203 bREFHES B 55% %2 50505, £k, REEH (RBM) RE%s
&# 2 Gy, ¥#0.3 Gy, TRIE0.2Gy LH#EEL T3,

# 50 FEDEMZ L V. Krestinina 5 (2007) TREBAADOEHBEE (Wi 5 EBO
WL BBR) (kB Gy %720 D ERR # 1.0 (95%CI : 0.3-1.9. p=0.04) . Ostroumova
B (2008) TIXLMDINRAD Gy 4720 O ERR % 4.99 (95%CI : 0.8-12.76 p=0.01) &
U} Krestinina 5 (2010) T RBM B&2IC L5 HMFE D Gy 1729 © ERR % 4.9 (95%CI:
1.6-14) CHEFEL T3, Zikd, Ostroumova 5 (2006) @ TRDS2000 LLEiD T F ¥
JIl 2R — RO G LR OAE Bl RIFFE TR Oiulz Gy H72 9 OHEE OR 4.6 (95%Cl :
1.7-12.3) &EEL T 5,

%72, Tondel & (2006) i2 k9, F=iV) 7 A VETHEEBNFEL 2 HEOKHICLS,
A x—F N 8 MNOKEERETY (137Cs) IREE & BB A DN E ORE 2 HEE T 55
BT, 1986 FIiZA Y c—FT L OP THLRMIC LB U AFROWH Lok 8 Mz
EET D 0~60 mOER 113 77 7,106 AR R L h, BAEMKIZ LD, HIREFR T
LEfE BCs DTV ENTy Thn, FEACBREENEIVLTONE, BOERBN
VATADT —ERX—RILLE yBOGHSTICLY, BVUAL FMITVARTGUS /D
BIENRFETHY ., FHNZYOH#E nGyh) CEZHELON T WCs FHNHFLNI,
i, WHEHERAEIC L > THIHEN y BREOIFERRS N,

AT 2 —F OB ABET —EZ 15 1988~ 1999 EDRICTER S = AFEHE 33,851 4
AEN, MR v B, ADBE, 1988~1999 EDMiIAATRE, 1986~1987 FE DM A
REIZLVBI LT, Bttt A2 LD Mantel-Haenzel RS2 (MH-IRR) %4
L7, 0~8 nGy/h DEEIC = 22 A Y R 7 1%,.9~23 nGy/h DT 0.997,24~43 nGy’h
DOFET 1.072, 44~66 nGy/h OFET 1.114, 67~84 nGy/h @ T 1.068, 85 nGy/h L L

CDEET 1.125 Th-o 72, 100 nGy/h @ ERR 1% 0.042 (95%CI : 0.001-0.084) T -7z,

b M T 3B ESECSWTIR, P PAD S 7T =7 T RER. B X 87CsCL
BIRICH 25 Flc o TRBEENTWZ AL, T U VRO SR RBE O LR
BEINE, SBEIEL OWEFEILX 176y Thol, EHELREHE TOFN L ERTD
B EFMHECE SO THEEIE BEAHETE Lz, EBARHEEERFS SN2 ok
(Skandalis et al. 1997) , R UEHHE THIT LI AL ICEWT, REGRE OEENSH
M BEOHEIZA VWS- (Natarajan et al. 1998) .
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E MIBWTEREFEESENGED 2 HEHRREL VR RE L EBEIIRE LR
oo MEEHER D LMRE L EEOH ZBREFEEREICOWT, BREREICLIBEWVICET
HERG 0T

1986 FDF = v/ T AV RFHRBIMNFRDOBAERE TH~DOEIOHEL N E5FEE
W2, BCs T TIER AN HEOHIRICEIRTNA—DOFELIHE (BiH41A) @
RAEM Y L RERERATE ZAE, A ZUTOFED 10 AOKRIIZ AT, REEREHE
Eobd i LEXEE XA/~ (Padovani et al. 1993) .

187Cs |= L HI5HM 550~1,500 GBq/km?2 T&Hh 5 #s, (F=x/b/ 7A Uds 70km) @
Navrovl'a DF &b Tld, @8 TOEH L EMIZERF X7z 137Cs JEREDS 0.46~2.8
kBq THHZ ¥ bhofk, EFAREBHEWNE T ICF =V 74 VHIEAEF =L/
7TA U LD 200~300 km Dl (137Cs D HHEFEY: 40~400 GBg/km?) ~HEE L7
&. Stolin 3 (F =L/ 74 U dsb 250 km, 137Cs D HEEEYE 40~550 GBg/km?2) 2
BETAHF EH T EPICER S - BCs EHREIE €41 0.044~0.4 kBq. 7.7~32.3
kBq THo L BEIN TN D, ERITBIT 2 RN 187Cs TIHFR I8 S OBBUC
EBLDOThHok, VI RORGGREHECHOTI EREBGES R, WERE
Riddeh-ote, ZNOOBECEEREBIIHHBICLSDOTHY, EVVABFKIZES D

"OTIX A hvo7- (Padovani et al. 1993) .

Bt T A OBRAEIMEIIEE SR TR WD, BEHEE v T A LERSALED
BEIZS>WT, Fxb) T4 VRFARBHERT 87Cs (TIHFR IRk O E R %4
ELEHENRZENTVS (Romanenko et al. 2009), x4Rix 1994~2006 £ D MIZEREX
Uiz, {BHHUIR o RIS HRIEFE 838 B OMBHERE It & B OIERFERE 131 F, HlB#EL LT
DTG Y RIE O Fii SLIRAE K GE B E DOfEDERE 33 Bl Th o o, (FH R B I LR
LR AE LD R R 2B EEFEREE R (Fv ) 71 VERE) BRD LN,
LRARBRORAFERE L, TEER 1.9x1011~1.1 x 10!2 Bg/km2 # T 97%. 1.9 x 1010
~1.9 x 101! Bq/km?#£ T 83%. FHIGHHIGHETIL 27T% ThH o, Fh, ERABADE
AHEENL 1.9 x 1011~1.1 % 1022Bg/km2# T 67%.1.9 x 1010~1.9 x 101! Bg/km2#¥ T 59%.
TG YL HIRRE Tix 0% Th o 7o, FEISH R thige LT 1.9 x 1011~1.1 x 102 Bg/km?
HRUN19 x 1010~1.9 x 101 Bg/km2H Tt EERBRETCLRABPAOREFEL bE
EITEML T, 24 BEFRIZEIT 5 37Cs Ot EIL, 1.9 x 1011~1.1 x 1012 Bg/km2
#. 1.9 x 1010~1.9 x 10" Bo/km?2 # Rk UIRE R MHE T E4 6.47+14.3 Bg/L, 1.23
+1.01 Bg/L, 0.29%+0.03 Bo/L TH v, FEiHHidific b LT 1.9 x 1011~1.1 x 1012
Ba/km2FERK T8 1.9 x 1019~1.9 x 101! Ba/km2HE CliBE B2 FIE% 7= L 7= (Raes et al. 1991),

9. F&H

Bt oo AORDIREIZ L 28 ERK CEENEILED Thy, BERIZO
WTIE, AEBZRE LA T THEROE THRICOEEELEY, BINE, BOgZiceEs
AR BB, SR, U VSR, BRR. AFRURE~ORE, BB JiEsiA
EfEH TV, TV 7 VEFARERMEFHIZL DL T AOKEMEETHIC
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L0, RO —F U AIZBWWTE2RAT A7 0T EAEPBEINZ LY EERD
L, BEHEICBSITAAREEMETCEA VIV OBRECRREER ZE L TRy & n
HRFRBHo T, .
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VI o5
1. ZRE. RFEES
TUPAC : uranium
CAS No. : 7440-61-1
BRFis: U
FFE:238.03 (752 LT) A
(The Merck Index 2006, SEIR{FEE 1998, FRME&RZA2HEE (EFSA) 2009)

2. YE{cerotER
mis (°C) ¢ 1,132.8+0.8
PR (C) : 3,800
EIE (glemd) : 18.95 (20 °C)
S8 RARER

BRlXhizT 700, AT#EE, BEHEERTOLTIREEERH D, V7 VERILIINAK
BTERBAEND D, HHKRICTH L BRICREKT S,

7 k42, 43, +4, +5, +6 OBELIRETIFET D, 4 MY T AR VEET, K
Beivdn, KFo L7 ok, RO VU VBEER PR ERT 5, 6 Y T ik b —i%
WTRERMEEETH D, BLELFETDHIDIINEBIL=7F 2 (UsQs) THHN, A
Mz Lic A7 vk 77 (UFe) X7 7 VEBRIETRVWENS, EART e
BTDHON, 7= Fy (UDe2) D— 2D TH S (The Merck Index 2006, =
HHE L EE# 1998, EFSA 2009, ATSDR 1999),

3. HaHERE
 RROUT CREHER TV Db OIRBERIL, o BEZTIMERRTH D, YT
RINOFZERLL 28U THY, 77 F /A FRY|OFEERE L 25U ThHhdH, E£RINIR VL
MR Z R OBRERE 23U RUR 28U 0¥, WA RADT FUrRMEEZRT, i
207Ph J (X 206Ph DR E R EFICE RIS,

238, 2350 R R 234U (234U 13 238U DR R OEELIL. ZRE 4.47 x 109 4F,
704 x 188 KW 245 x 15 FETH D, T, RARICIFTEE T, EEHE (nuclear
transformation) (Z& ¥ AR INBFEALEE L -Cid 282U, 280 RO 26U B3HY, “hb
OEFHIT TN FN 724, 1.6 x 105 R T 23x 1074 TH B,

1g DRIKT T 12 25x 104 Bq DB EEZRD, Z025x10¢BaD 55, 48.9%k
2340, 2.2%1% 235U, 48.9%i1 28U IC L B L D THh D, ZOFEERITHFHRFIIBITIAZ2 0 Z
DAY THED, RROY T EIHEY T L0 HEEEREL, RBRO T T 1B
77 K0 b BERTEESEY (The Merck Index 2006, &iEE{LZEE# 1998, Argonne
National Laboratory 2005c).
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4. Aig

238U) {Z%19 B 235U DD 2~A%DIRBERE Y 7 1%, BAERDT-DOERE L LT
Ebhhd, —J. BN 0% LOERNEY 7 0k, Rl Z2gZiist & LR T HilEkE
RERBIIHVLNRS, 285U OESR 0.2%RECHLILT T I HHBOb#., I 10,
TN T AEEFDZ—Fy ik, Vv A A2 —7 O R UM ZEEOK RO
TOOEYPEERREICHAVWLNS,

7T ik, BERXITEHOBMIAELD D OBERIGICHWEND, Fi=, V7 Ak
A, EEOBRME, RETERTRTEORE I TNCEURE R UK TEOE A -
LTHwens, ZBLY 70, BERUEIEO 0Pz 7 ¥ —ilffbh s KB RSUT
D7 47 A OB ERIZTEHTHYORTWS, EVZUET 2= 7 A0
Haota#mEE3BHRTHWLNRS, RILY T UL, AT =7 EROER -l
&5 (EHELFEE# 1998, The Merck Index 2006, Argonne National Laboratory 2005c¢,
EFSA 2009, ATSDR 1999),

5. BRATON « BEY

UL, RRICEET A LET, HEROEAFIZH B E5ARHA THRD b gz
W2~ ppm EENTWND, UF L, BLOBELIEEL, BV IF oL RRE
OBZFEET D, VIV, TIF /A PR T, RARIKGFETHIRETEDKRERK
FEEFD,

77T 22 DRICERHLNTEY, 05 HD=-o (2347, 2380, 28U)MRHKRR
\ZIFET B, 284U, 288U, 238U DMz OTrfELLi, £ 4 0.005%, 0.72%, 99.275%
T 5 (ATSDR 1999),

6. E brAOBRRELRER
(1) XK= :

BREOREH T T DN THREEINTWVWE L DL, Hirose & Sugimura (1981) &
X HEREN T 1979 FEICE A RIE Uiz b o (ERTEARAE 24415 pg/m? (10.7~68 pg/m3) )
& 1980~ 1981 FZ O IEXTHNTRIROHTEZ Lz b o (CEXEE 14210 pgm3 @ (3.7~
36 pg/ms)) ThHd, REMBENERY-VOUT VBEIAETL L, HEANTORE
EX 0.14 mg/kg, 2 < TR TOREIT0.20 mgkg THoT,

(2) sEXK
RVFLIZBRBEOKEKEET=F ) R (FRE 20 ) 2RLT 035, RENE
Lo 2EOBRKRKEDEK 1873 BED S H, EETFRE L7z 0.0002 mg/L vV
VIBE R AR 34 B (1.8%), KEAKEEEHEEME (0.002 mg/L) 2BELED
DX 7ehots, ZOZ s, BBECERMBKA LTI KEKRD Y T AEERBBD
12.0.0002 mg/L Kk EBZbh3,

ERTIRTIN TV DFEA D EEIA 170 BEHZOW T, 7 7 iR (R TIR
) ~0.021 mg/L Th o723, 170 FP 6 3 CAEKE T B EE B Lz (&
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A5 2000), UL EATHREINTHOEHAVEE K ZBOUZ U #RELZE D
A (ARG 2011), EHEMT 58 #BH 26 BB T o8B AN, BEXTFBIL

(B T IRAE) ~0.988 mg/L Th o7z, A5 83k 5 H 2 3B (0.001, 1.241 mg/L)
TUZ AR aEhi,

Shiraishi & (2004) k. XV BEOSWVIITOKRERE LTS, AREHOKEK
24 Rt F L (2880) REOTRMEIL0.0071 pg/L. (GG : 0.00066~0.104 pg/L ). E
PEDFHBA VBB 22 APt DY T L BE O REIX 0.0252 pg/L.  (#EBH : 0.00107~0.344
pg/l) T -7, AEEORBAVEEIK 14 3Bt0 7 F L EEOP RAEF 0.602 ng/l. (4
B : <0.00019~7.48 ug/l) &, EEOCLDICEARATEWREDOLORR 2> TWD, R
CARBII/ANGE « 1WA (1999) ik THRWEERTWA (EFE : 0.0004~8 pg/L. #4E
PE : 0.015~16 pg/L),

EVI-1T FRR20FE KESFHR (K (WEKEKE)) FHE (mg/L)

AR | B | <00002 | <0.0004 | <0.0006 | <0.0008 | <0.0010 | <0.0012 | <0.0014 | «0.0016 | <0.0018 | <0.0020 | >0.0021
#iE 1873 1839 16 11 2 3 1 0 0 0 1 0
| et 443 442 0 0 1 0 0 0 0 0 0 0
LAYk 144 141 1 1 0 0 0 ] ] -0 1 0
WTFA 904 878 12 10 1 3 0 0 0 0 0 0
2O 380 376 3 0 ] 0 1 -0 0 0 0 0

AAKEHS (2010) OREFREZMIT U THER.

(3) 2R - 1%
£ VI-2 (ZEEBNIEWEFTNAAEERR & LCTEM L TWD AAREDER ZH
ER AN EEDE T OREXR LTV, FOHFICR, EEaPHEED LIS
CVBEORWEANRD D,
AAOM, KHB, FHREOXEBIE 7760 Y S BEDRERT 2.28 mgkeg Tho7-
(#ilH : 0.17~4.60 mg/kg, Yoshidaetal 1998), +IEZ A FiC X AETARWAS, BAH
TERPEL, FOEABIE, UV UBEROBIEIZ L3200 EE X BhD, lOHE T,
AAR78MAORE HES145E O Y F L REFIRMEIT 1.7 mg/kg (§FH:0.080~14 mgr/kg)
THY (Takeda et al. 2004), THEZ A FIC L AFEIHZ VRV, FhLOHMETH IR
AEHI HNOo/HF/HCIOHIZ L A BN TToFRICHE LEL O T, BSEETHA,
t FOYLIRI X B BRI F LD T I L OBEHICHOWT, 2 FEROBHEERWEEX
RETBOREBITONTWSE, VT OEHE (bicaccessibility) 13X, BHIEIZ L - T,
B&ETIT 4.1% pH2) RT10.1% (pH1.4); /MIGEE T 10.3 2TV 13.8% (pH £H
bb 7.5) Tholz (Hollriegl et al. 2010), /DB TIIMT AL Y &4 T CTHRIEBESEE
Elol T UREVERLRPTVLDLEEEINTND, LI L, HEBEROBOEE.
LD I 1 THEL L7 7 5 1 0 bioaccessibility 13 1% ¢ - 7= (Frelon et al. 2007),
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TEEH 7 Z 0 bicaccessibility IFEERIZ X o TRES BRDHEB I LD,
FVI-2 AXRERESGOISEEE

=E (FEH) V5 RE mgkg A (M) V7 B mgkg
Zils ()R 0.34 L Pk (B4RIR) 2.21
I (FIIR) 2.21 TEha (8 5 11.3
ZIlE (BERR) 1.18 ANE (RWR) 0.58
EZHRA (RIEFR) 1.67 FikcE (REFIR) 8.88
ZRE (RKR#) 0.18 e (RBFR) 10.9
ZEAE (LELR) 0.48 FRsE (WAR) 21.1
&AH (REFR 0.33 v an (N 310 0.036
"A EKER) 0.078 FE (JhHEiE) L.75
FANWE (BER) 0.13 Fa<a kb @FARR) 0.858
RAhE FREA) 0.041 AL—F (EHRR) 2.63
ERPIEE (FERR) 3.47 AL—t (EHRF) 2.92
TERNEE (FEER) 4.69 Fy— bk @HARE 0.736

EERERETRT BAEERETOY S SRE
(http//riodb02.ibase.aist.go.jp/geostand/gsj lmainj.htm])

(4) WNIREX

BEF 5 (2007) X5 BERE 27 OB S A LR L 250 pm KO NNT R F
A MDY T RERRIEL 0422 mg/kg  (#GFH : 0.2156~1.53 mg/kg), i, LI EF
. HNO2/HF/HCIO4 2 X B2 R e fT o RICNE LERERTETH D, A XV AD
N AF A M7 T 2D bioaccessibility tE, /BT 20.7~45% (n=4) & THEZER
HERE o7 (Turner and Ip 2007) A, ZHb N "TRF R MRBHZ L > TRERITS
DERFEOLDEHEEIND,

(5) &Y
Q). 10 MR-E ) |
Kuwahara & (1997) 4RI T 1985~1993 4EicfE A L7~ 125 A& D 28U &
2 1B (Bakg) #85 Lin, £FO—EBE2RVISIZRLTWS, ZZITRLTHS
BEXAMFOEEORETCORE TS D, ZORICHE SN 2880 R R 24U BIE
RREIZAEHBEE (MU+28U, Ba/kg). VI UBE (ueke) ZERELTHELTH D,
BRERCBEIEVWREEOCY I VBRI ENLTH S,

#VI-3 BROIS VIEE

28U mBg/kg | #UmBgkg | U &8t mBoks | U BE pg/kg

¥ X 1.6 1.7 3.3 0.13
=R S 2.9 3.2 6.1 0.23

AN 1.7 1.9 3.6 0.14
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AN 1.7 2.6 4.3 0.14
L DER EEvaL ] 2.0 3.0 5.0 0.16
28y 2.0 2.1 41 0.16
58 (BT 5.6 12.0 17.6 0.45
ARNF T 4 1.2 1.3 2.5 0.10
BN — A 37.0 48.0 85.0 2.98
I -4 0.3 0.8 1.2 0.03
a3 45.0 52.0 97.0 3.63
EIEE 5.4 7.1 12.5 0.44
WhiIg EoFWy 0.6 0.9 1.5 0.05
L 28uvg 1.1 0.8 1.9 0.09
g 1.7 1.7 3.4 0.14
KT b F o 2.1 4.3 6.4 0.17
WoBE - HR EEbEE 0.2 0.5 0.7 0.02
AF TV v A 1.1 1.6 2.7 0.09
AR O —F 19.0 15.0 34.0 1.53
AR Phr—* 15.0 16.0 31.0 1.21
ER& > b 0.8 0.7 1.5 0.07
liififE ] PN — 0.5 1.6 2.1 0.04
MepE N Z — 0.2 0.1 0.3 0.01
< =WV 1.8 2.9 4.7 0.15
ZEM 1.1 1.2 2.3 0.09
< 3AF—K 1.8 1.9 3.7 0.15
Z¥E LRIE 9.7 12.0 21.7 0.78
AR 96.0 93.0 189.0 7.74
KT (F2fR) 5.0 5.9 10.9 0.40
KT () 6.5 7.2 13.7 0.52
IR (FERR) 2.6 2.8 5.4 0.21
i Y 0.2 0.4 0.6 0.02
AT 0.3 0.3 0.6 0.03
A ava 1.9 2.1 4.0 0.15
nwWhZ 0.3 0.3 0.5 0.02
TV H 0.3 0.4 0.7 0.03
HTFL 33.0 36.0 69.0 2.66
FREGRT R A LA 1.2 1.8 2.5 0.10
A LA 1.3 1.2 2.5 0.10
ZEH2HAED 36 5.4 9.0 0.29
BIoNhAED 6.6 7.6 14.2 0.53
B— 0.5 0.8 1.3 0.04
k= b 0.5 0.7 1.2 0.04
FOMOIFE | KR 0.3 0.5 0.7 0.02
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feEhE 0.5 0.5 1.0 0.04
e p LY 0.6 0.9 1.5 0.05
i eV 0.8 0.9 1.7 0.06
w0 0.3 0.3 0.6 0.02
EES 0.4 0.4 0.8 0.04
R 0.2 0.3 0.5 0.02
H3E (R) 1.1 1.6 2.7 0.09
B¥ (X &F) 5.4 8.5 13.9 0.44
xwH Y (FEW) 28.0 38.0 66.0 2.26
el dh 4.8 5.8 10.6 0.39
EXRt -] LNz 0.7 1.0 1.6 0.05
FL LWt 11.0 18.0 29.0 0.89
ZOE} 0.3 0.7 1.0 0.03
BRLBT 0.6 1.0 1.6 0.05
HEREE b () 210.0 210.0 420.0 16.94
b (%) 380.0 420.0 800.0 30.65
iy (ERR) 150.0 160.0 310.0 12.10
OUE (4) 790.0 1000.0 1790.0 63.71
UGLE () 820.0 1000.0 1820.0 66.13
OUE (RE) 4,300~5,900 | 5,300~6,800 | 9,600~12,700 476.00
ZAE (Edh) 1,400~1,800 | 1,700~2,000 3,100~3,800 145.00
Dy 1,900~2,100 | 2,100~2,400 4,000~4,500 169.00
BIOY 480.0 530.0 1,010.0 38.71
ThALE 320.0 370.0 690.0 25.81
EDALEN 72.0 88.0 160.0 5.81
EEMDY 150~590 170~620 320~1,210 47.60
»E® 89.0 140.0 229.0 7.18
DYoL 42.0 52.0 94.0 3.39
BRM 470.0 490.0 960.0 37.91
AR - ok LD 12.0 14.0 26.0 0.97
v — 15.0 19.0 34.0 1.21
Mgl NZar Ak g 2.3 3.8 6.1 0.19
o) 27~88 59~88 86~176 7.10
B 1.0 1.0 2.0 0.08
AV 2H b= 4.1 3.0 7.1 0.33
ani SRAE 1.0 1.8 2.8 0.08
=P A 0.7 1.0 1.7 0.05
ER 4.7 46 9.3 0.38
i 7.8 10.0 17.8 0.63
3% 57.0 59.0 116.0 4.60
WL 51.0 92.0 3.31

41.0
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&Hip 6.4 8.3 14.7 0.52
SR EDNLES 3.2 2.9 6.1 0.26
IR¥:2 8.2 9.0 172 0.66
frabil 15.0 15.0 30.0 1.21
20 30.0 38.0 68.0 2.42
HEY 410.0 450.0 860.0 33.07
HEY 1,100.0 1,200.0 2,300.0 88.71
T 34.0 31.0 65.0 2.74
nE 220.0 240.0 460.0 17.74
ke 8.2 10.0 18.2 0.66
e (1| 17.0 24.0 41.0 1.37
S (T 8.6 7.1 16.2 0.69
MEIED 100.0 100.0 200.0 8.06
%R 47 0.7 0.8 1.5 0.05
SvFarsI—F 3.2 5.0 8.2 0.26
] 0.4 0.6 1.0 0.03
KA 3.3 3.4 6.7 0.27
A 1.8 3.3 5.1 0.15
A= 1.8 3.3 5.1 0.15
IR R 0.7 1.3 2.0 0.05
B0 1.8 3.3 5.1 0.15
¥ 23 0.4 0.8 1.2 0.03
FukAF—X 2.6 4.3 6.9 0.21
FubtAF—X 12.0 13.0 25.0 0.97
FOfth B 0.1 0.1 0.2 0.01
Hl—— 22.0 27.0 49.0 1.77

92



@BEFADTS ERBOAR

Shiraishi & (2000) 73 1994~1995 €EiZ/K A& THEA L 7= 336 BRALD 7 T 245047
BRIZEAS Lz, Rnk 28U g (mBy/B) 28 VI4IDRLTWA, ZOERITK
LIz U EREZEIC, VI VEE—RARE (ug/B) Z5E. SbIKRAYF
Y ORIEHRZIRE LT, 240 BT 250 ZHEF T NCERBRE (mSviEE) 2EHL
THRELTH B,

FZVIBIZRLIZE

=

AR —

LTS UBENLRTYS o—BBEREDH 1/2 SiEiEE.

14 BRANMENLERINTWS, T, T, F¥E., WHEZOHEDEEROFERN
DK EW (ENEFN 2~4%),

EVI-4 BRECSEOYS U —HERE

—AERE | U ERE | USRE | FER % | UrLOMHS | Uk ooEm
g/H mBq/F ug/H BERE | RE mSv4E
mBqg/H

P S 198.3 0.194 0.02 1.4 0.399 6.69E-06
ftL D E 88.3 0.340 0.03 2.5 0.699 1.17E-05
FEEL L5 0.016 0.00 0.1 0.033 5.52E-07
WHIE 66.5 0.325 0.03 2.4 0.668 1.12E-05
R Hk 31.9 0.120 0.01 0.9 T 0.247 4.14E-06
SR 17.9 0.008 0.00 0.1 ' 0.017 2.79E-07
H3E 68.4 0.591 0.05 4.3 1.215 2.04E-05
i 121.7 0.053 0.00 0.4 0.109 1.83E-086
FEEHE 77.2 0.473 0.04 3.4 0.972 " 1.63E-05
FOMOBFE 167 0.414 0.03 3.0 0.851 1.43E-05
XD 10.2 0.029 0.00 0.2 0.060 1.00E-06
s 5.9 6.870 0.55 49.9 14.124 2.37E-04
it 134 0.366 0.03 2.7 0.752 1.26E-05
BNE 96.1 3.570 0.29 25.9 7.340 1.23E-04
L] 74.3 0.185 0.01 1.3 0.380 6.38E-06
il 42.9 0.025 0.00 0.2 0.051 8.62E-07
FLI| 129.1 0.081 0.01 0.6 0.167 2.79E-06
REH - 14.9 0.109 0.01 0.8 0.224 3.76E-06
ki 1,346.1 13.8 111 100.0 28.3 4.75E-04
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@BEFADYS v —AENR

THETCIHEEINTWAREADYZ U — B Y- VERESFR VIS I RLTWA,
288 (Bg/A) THEIN TV B HOEERIZER L, & ZEROBRWES, 0.59~
2.38 ng/ BOHB THo e, BEEIT~—r vy bAXFy b E (MB), EEE DP) @
PH LB TITbhizbOTh s, MB OBEEOHFR DP OFN LY b B EMSEH
ARG, L. ZOBEMERAESFECLHLOTHLAREERH D, RIZET—
RAROREANZFRE Uiz 10 OWEEORMESMER, 0.967 pg/H Th o, MILIERR
(ZH o1 F CPRILARL OEE T 1969~1970 FEIZfThiIL - WE CIL 1.5~5.9 ng/A L%
LENWY 7 AR (Yamamoto et al. 1974) BB LTINS,

£VI-5 BEAAOBENOOHS—HERE

238 T U
xE F AEE 5
mBqg/H ug/H

Ohno et al 2010 MB 2.38 | AEAE - 6EFTH
Aung et al. 2006 DP .0.587 | AGEKE - RRA 334
Aung et al. 2006 DP 0.593 | KiEkE - /NR 33 4
Shiraishi et al. 2000 MB 13.8 1.11 KF
Kuwahara et al. 1997 MB 14 1.13 ik

AR » 20 A X 2 Hulsk X 2 FF
Yamamoto et al. 1994 DP 9.6 0.77 #, /KEAEET, GM. 1992

&
Shiraishi & —

1995 MB 16 1.29 | KF

Yamamoto
Shiraishi et al. 1992 DP 8.8 0.71 | 7KEZE - 31 #Fr7 - 1981 4F
Shiraishi et al. 1990 MB 8.18 0.66 | 7KF, 1984-87

[l 1969 4, 15 A, *tERHE
Yamamoto et al. 1974 DP 1.02 B, AJEMRE{TIT : 1.55~5.92

(n=39)

[l 1970 4, 18 A, B

Yamamoto et al. 1974 DP 0.86 B, AFFUEHE : 2.05~5.71
(n=46)
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(6) £ F—HIERRE (BLA)

(1) ~ (5) OFREECLT, BAADYZ—RRERELARE Uiz, RECY
oo Tk, BRARADEKIEY I5m¥H, HEFERES 0mg/B, "V AF X MERE
50mg/B ., BRAKE%® 2L/8 LIRE LT,

KEH U7 /RER (1) £V 0.02ng/ms, BREKIE (2) (22547 7% Shiraishi & (2004)
DAEAR L TESRA D PEKOFEEMEL Y 0.02 pg/l. . THEIX (3) O >OWED LY
EOYELHE LD 2.0pugle, ERNEIL (4) X0 0422 uglg. BT (5) D 10 DHEDLE
(T EEME 0.967 pg/ B Z AWV &, —HRERER 1.13 pg/R EHEEINTE,

HELIZEAADOY S —BRERR 6%V EWELDOEINTH Y, KIZHESEHKE W
OIX LN L OBINT 9%, 8EAD 5 OBIIT 4% Th -7 (K VI-1), £7., Ohno &

(2011) @ MB iz L5 6 #iHi TORAELFIZBWTESD +E8PIKO—H Y 7 U BRE
2.38 ug/H PEREIAIX 0.04 g/ A T, LT%DFE EHEXIN TS,

R

| Jirg¥id
=

[ PASy - -}
CREL]

VI-1 BERAD S —BHEEREDOAER

1.13 pg/HD U Z ABEIL 28.9 mBg/RCAYM L., Zh b T I3 EREDREIT
0.00048 mSVETH 5 (WA DK DIEROBLIE (% 2341 : 4.9 x 105, 235U : 4.7 x 105, 2387
4.5 % 103 mSv/Bq {#f, ICRP 1996a).

WHO SCBIAKAKE N 1 BZ 4 o CRERERET (EPA) /#ia ) A7 F#- X7 4 (IRIS)
DU AR, ATSDR OFMEZEN 0 7 74, EFSA OERESR2EIZ. FREER UYL
gL LTOERICETIRENMRZ EICER L,

RE. AZIZBNTL, D7 EAMOERPBBE LU TR LTOERY ug
UXidmgU EFRLL =,
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7. KRG
(1) Biw

v FERUEMMICBTAEEENGCDO Y T oWiE, U7 VIEEmOTEREEII R E <K
¥7 % (Berlin and Rudell 1986), BAEN IV TRROBINE 2T H D,
WHEE T T =Nkfndy, N7 oAby o RTT7 vk S =T, Zhb i3 5 & MUER
Lo F o RUZERMEY Z A3 12, BT T ABME=ZD 7 RO 7 vk y 7 i
1~2 #r&Lvy (ICRP 1995),

SD 7 v k¥ New Zealand White (NZW) 79X IC B BIZFAREERIE, &mEE
600 ppm DR 5 =L Ak EEE 91 BBk s L-RB T, WINEL 0.06%
Tdh ot (Tracy et al. 1992), 0.05~0.5%Dr[FFHED T L AbEWH (7 b =1L 0.5
~2%DIEEE Y T =NV EFIRBOHSIZI AT v 2 EBABRTII HEERINENT 0.038
~0.078% T o7,

UZ ALEMORINE B S X HER L LT, Fi, 08, BEBEERD S, BfR
¥, Fe (IID) A AV XiEX v FuLro ki ABWEEME 75 ORBESIZL T
SDitZ v bdw 7 (V) HALERISRIIEM L/~ (Sullivan et al. 1986), #2R Wistar
Sy FOBEICEOKIYS LIrES0ORSEEY T A OMLAS RN RIL, B S Bictko THIML .
0.03 mg U/kg (KB DALY T = A 5B TITRINE 0.06%. 45 mg Ulkg (REDHE Tt
W= 2 8% Tdh o7 (La Touche et al. 1987), 288U-fEEE Y T = AAKfnpE BEHIZ L -
TERELKE SD T v MBI AHAEERREZ, SKRKZT7 v MiBWTIE 34 %

(Sullivan and Ruemmler 1988), #a& 5 v MIBWTIL 2 % (Sullivan et al. 1986) ##
MU, FAERICB O TIEABRIC ST 3.6 LM LEZ, b eiRER GREEE) B2 %
INEIT0.5% T D8 A E B IZB W T T 4.5% Tdh - 7z (Bhattacharyya et al. 1989),
H B6CF/ANL = 7 A 2B N TH, @HEETOWRILEIL 0.069%, 24 REREREZORILE
12 0.80% &, bt DFERLESHENTN Tz (Bhattacharyya et al. 1989),

T v FRUCTHOHERIZBNT, HILERINEO EANRBD L7 (ICRP 1995), 7
By Sl xBE L2 BB y MIBTARIRNEIL 1~7T%THY  RAT v X0 247
o7 (ATSDR 1999, ICRP 1995, EFSA 2009, Sullivan and Gorham 1980),

b FOMETE, BROBRLEZY 7 ORIEOHEBIZT—E LT 5~6%LL T TH 5,
FHlE D T = SR & BRI L 72 B IR Rk K (10.8 mgU) #ERTE L= B 4 A2k
BDEINEL 0.5~5% (Hurshetal 1969), 77 /EEHOHEKERERLZ 1241280
T 0.25~4%:K7 (Wrenn et al. 1989) , Z DL DOHEIARBRIZEB N TIL 0.5~5%ThH -
Fro BOBDOHFF AERRIZ, 3 ABOREFRELZITH., BORTEEANE DY T 4%
& & R P& 2 L RO HERIGEIE, TRE 09% (0.1~75%) Tholk

(Zamora et al. 2002, 2003), FE#RRFHERN, BRF AT APFEIZBHTHEHELNL TS
(Leggett and Harrison 1995, Spencer et al. 1990, Wrenn et al. 1989),

Zamora & (2002) AFE LD, b bexRE LU T OHCERINEIZBET 5 8E
ORMPT, EHEEXIIREFENE L LR TNS 8 2OBEDT —F OB EHE & B &,
1.0% (0.4~24%) L/ 3d, £/, ICRPIZLAE FF—FDLEa—Tid, & FREFF
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BT VEEROETNICEBWT, AEMEEGHORINELE LT 0.02 (2%), At
{LEMORIREL LT 0.002 (0.2%) ZANSH_ETHBELEENTWS (ATSDR 1999),

t MIBITAY I OMEERNECREEL 52 28N E LTEREEBILITNS,
1 AR OLROBELERINRIT 4% & WO HEERFRH S (ICRP 1995), 5 Ll kot
MMEBREERE LT —ZICL DL, BIEERIUIFBIZLE >TRELSEDLD Z Lidhk
We I TS  (Legget and Harrison 1995), b MEBREIZBIT 27 7 VRIVEL,
Bl 4EfE (13 mRLE), REHR, ~BY7~0 0RYZ U ERE (0.3~570 pg/H) Xit&
WMETKLLOBEROEIGIZFEB I N -7 (Zamora et al. 2002, 2003), Foffi, 7
47 FEWMO 134 i 205 4 @Rk E2N Lo w5 o EEE 0.03~2,775 ng/B)
BT, VI o ORIREIZE L T EIZ X 2MHFEMEEZEZXR P72 H00D,
60 FRART DHESREFEO W ATE L 60 5Ll _E#E X 0 <, 100 pg/ A R OKBEFEREIT 100 pg/
ALl o EBERE L v E&Ed o7 (Karpas et al. 2005),

£ VI-6 BERIEYS ALAMORIRE

BhifE WE MR | VT LAY | BIRE mgks | HIEERINE %
2R B LTy gk 0.8-800 ~0.1
HHE HKREER 0.003 0.07
Mg AHER 0.003 0.8
Fv b A w4 0.3 <0.35
E mEE, 7 v1kd | 20-1000 0.02-0.08
BE MHEE 0.002-5 0.04-0.09
WE TR 20-110 0.04-0.06
iy FHES 0.1 0.17
Hofr T3 0.03-45 0.6-2.8
A B R 0.3-40 0.06
INDBAR— | B FHBE 0.6 0.8
R A et 0.007. 0.7 0.3-1.2, 0.4-15
W 7 ik 0.007. 0.7 0.4-1.5, 0.8-2.3
[ B ERMR 0.003 0.5
LiEl= HiREEE 0.001 4.5
[ W THBEHR, R | S ESE 1.0
&

Leggett & Harrison (1995) OFERZMNT L THER.
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(2) 9 v

Wistar 7 v b Tld, #OBE5 LEWEEY 7 = /WiZHEE DIRERICI I A D . Bl &
BICEH L, FiE ST EAERE IRV (La Touche et al. 1987), B & BF~0F
BS54 2~48 Rl B B~ 2 10ET 3, BN U — 2 1T 3 £ COMMITREER
ZNZEFRY, 0%, BlERLE»bREIZHEELT S (La Touche et al. 1987), £#% 1 H
BIioy ZACBE L7 & ik, BER 1 BRUNICERIZ, BEEO 30%8ERLE

(Leggett and Harrison 1995), FHEIZB W TIXIEMRME ‘313005’ o, VUEER
CHEEEZTER L TEET ADITH L, BRBWTIEE RaxI 7344 FOHNLL T AN
UQ2+ 2k -~ TEHES (Moss 1985, EFSA 2009 281 H),

FRER & 72 o Th BRERR R BUK 28 U TR Y 7 =/ 40 mg/L (2.0~2.9 mg U/kg fK&E
JTH) WZHREE L7 SD 5 » b 35 [ILAERISRIC, FREMBRTOU T /BEE L iR (32,
95, 186. 312, 368 RUR570 H) TRIE L7 (Paquetetal 2006), 735 ik, &AL
DRI H L. BRBBEEICHSOWTO LUK GRS L > TR o7, EERE
1~3 PR IZBIT A REEEILKBTALNER 2,200 ng/lg THY, LBE CH 1,200
nglg T -7, &WT, 8 (K 650 ng/g) ik (1 7>H T 220 ng/g XT3 5 A T 97 nglg) .
FERE (25~65nglg) ROUTIE (0.12~2.1nglg) DIETEENEN o7z, 10 ARET
(T T BB IR T 3,900 ng/g, BT 27 ng/g ik CERL, —F T, HEBIEzR
WTHEFILEIL 450 & 60 nglg £ THA Lz, 19 0HEIORER, 77 BER, KIBT
5,500 ng/g. B T 2,100 ng/g, T 750 ng/g. BhET 300 ng/g X UAERE T 100 nglg
Tholc, VUM HHPRD LI, RELXTHEE TRENE - 54 KT 30
ngl/g), 2B, vF i 8D T v MO A @R L, MEEICERT L L Oo®REN
#»H Y (Pellmar et al. 1999, Lemercier et al. 2003)., #SD T v FOFEIZHLT T 2r~2
— A FEEDAALTERBR T, 8ARBRICKINEE., P, /M. BEER TN, 6 1A

R, PR R ETENED bvi- (Fitsanakis et al. 2006),

bt g TR, FEIEEME D T - T S AR S ., B0 A A R R
KFEY F =K (UQHCOs) L FEfEFE-oTWD, vI=kaWit, UV BE, &
AR F VKR UKEEIL & OBIMERE D, U0 BROX 7 LAF FERBICHE
B LREREEEZM TS (Moss 1985), V7Dt MIBT AENEREIN O ug T
B, ZDHE GE%EH, 16% AT, 8%NFE, 10% 3% DMOMEEITFET 3 & HE
FX#5 (ICRP 1979, 1995, 1996a),

ic BTy 7 i, REEER SRR SRR LR IRMAEgR i A5 (WHO 2001)
B, b MAERIEBITA U7 VEOGAAICET AEEOCERIZZ V., v NTHLEMITYL, B
ALHOT T amicBT 3B Hitey. ERECEAPICREOFTICEHINE YT U8

(AN L2HD L5112 BIBEEINDINE D RiTbho TR,

(3) B - it

EE P CRIM 7 7 A mic B b S ned <, BRI Z = A F U2 BRT 5,
77 bk, R, 7Bk, BREBREUMES R0 H LKA TERT S (Cooper et
al. 1982, Dounce and Flagg, 1949. Stevens et al. 1980), REESEROLEMIL, BHD
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WERTF L, 20 pH TH KD~ 2z L > THRAR % (BEIRIV 1988), K/ T H
IRBESERIIT REKECAB I, RO pH ITEFELZEE TRy RN, TAB Vi
G T CIRIREBEKE Y =B EDIT L A EREETRPICHREE A 23, K pH <138
EOMHEORE IRk A T, VI =AAF U RRAEEMIBNTY NI EEFET 20
ZRMEBEEA N T XA REMEN H B (WHO 2005),

FoRNIE (FZNFrAT72V YY) EESLIEU T UL, BARERETAEINIZLL
MAZERELRT N, 7T =AU, EWTHﬁﬁF7/R7:J/&FAL FRAM
BTHERNIERY) VIBE LEET D (Wedeen 1992),

T v MR, B SNy T DR ANEE DN R PR S, 2~6 BT 50%
(Durbin and Wrenn 1975). 7 B BILANIZ 98% 238k & 413 (Sullivan 1986), 7 v Fd
FEh DT T DK 95%A25, 1EMLRIRPEESh, COMOBERITITIZL A YED
72vY (LaTouche et al. 1987, Sullivan 1980, 1986), Ei#OBFEIZBiT 5 v T - ok
2 2= M A FORBEEBRTRENAZ ENRFTRIN TS, =X b
DEWEREFIIE 2 BT 50~60 B (Diamond et al. 1989) . 2 % 1* 13 H (Bentley et al.
1985), 3 U103 H (Wrenn et al. 1986) ¢HEINTWB, BODLD T T rOHAIT
N o VEITL 2 2 /=N A L VBT IUICE-S  SHO¥EHIE, 300 & T5,000
HEHEINTWS (Wrenn et al. 1985), 10 =73 — b A > T LEBWI=RoHEE
TiX, 7 v FOFBECFIZEBT 2T ENEIL5~11 1M 93~165 H L Eh T3
(Sontag 1986),

b NEBRE IR Y Tk LCRIRAE S Lis T T L0 2083 R AN B0 24 BRI T
RAPEME X du, # 10%EL 25 5 A cHhit S h b, EEPHIEED 1% BT LR
VW (ICRP 1995), —Ji. #O&RE5%ORPHMHI—RHNIELS . 28ktto 2% & RES &
T35 (Spenceretal. 1990), 3.3 Bq @ 284U KT 3.3 Bq @ 2386.6 Bq #&r 900 mL
DA % 6 BT TEHRARE LEBA. v T OXRKS2IE 2 ARURICEEFEE -
(Singh and Wrenn 1987), ¥ 5 10.8 mg S ARHPEIKEER LR T T4 T 4 4
BT, v REEPRURFIC 25 HET THEr X 417z (Hursh et al. 1969),
bt MIBOTHRREREIIERET 7 7 20 99% T 1~6 HM, #£&91% 1,500 BRE & S h
T3 (ICRP 1979),

BEOEFRLBRIL THAREIZBT 50 7 OEYEMERIAIT 180~360 A LH#E
Sh T3 (Berlin and Rudell 1986),

8. ERMVE~DER
(1) SEEERR
BEBRE ¥ T = AT OFE O R EFE R (LDso) 13, HE Swiss ¥ 72 T 242 mg/kg K,
HESD 7 v T 204 mghkg (FETHV, ETHREIZ LD LDs (w7 R 204 mgkg, 7 v
~ 8.3 mg/kg) LB L TRE o7, ZHIIHEEE TORREIN/NINZ EIZEEZHD
ThD, kb—RWNRAMEERIT, 1B, BFE, FLOEERDT TR, #EETEA
TOWIL T3 - 7% (Domingo et al. 1987),
SD v b (i, 6E) ZHW-kilBEY T =L (204 mg/kg FHE) OHEREO#E 5
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BT, B3 ABICT ARG UBT I/ A7 27— (AST) OBINAERD S
hie, —h., ZOE5ETR, BICEFEREIRES b o), BEEOYA M ha
vETEIA VOEEXIERICELNRD L (Dublineau et al. 2006),

SD 7 v b () ZEERY 7 = 2kFi (89 500 mgU/kg (A8) OHEFEFAFEO#E
HAETIX, iz T, #/HME (micrchemorrhagic focl) 2388 iz, #E5IC X
STHMFZ LT7TF= « REEE, REZ %7 - 7L F7F o8 L. HELE
WREEENEZ_ L eEXLRE, B, Mo T2 R2BEBENRERBD AL
(Domingo et al. 1987),

77 ORERBIINT ORZEOREEL, vIXS>T Y F>EATY ST TUALT
v EhTuvd (EFSA 2009, Orcutt et al. 1949),

(2) BESt - HREEERER
D4 HHEAMESHER (v M)
SD F» b (., 240 IT) Z2HWTHEEEY S =" kFnsp (0, 2, 4, 8, 16 mgkg
E£8E/H 0, 1.1, 2.3, 45, 9.0 mg U/kg KFHE/R) @ 4 @KAEEHES{TON -,
4 mglkg FE/AY LB ERHCOT I a2 —2A@BED LE. 16 mgkg KE/H 55
TIEFRNEE (~~= 27V v ME, EFRFLR~T /v CVRES) o ERBHES
7z (Ortegaetal 1989), FH L. BHR Y 7 = A" Kfipo EFEEE (NOAEL) %
2 mg/kg FE/H (1.1 mg U/kg f&&E/H) & LT3 (Ortega et al. 1989),

@28 HMESESERR (Sv )

SD 7 » b (MEHER 10 DU/ 2R VTHEEY 7=/ (# :0.05, 0.27, 1.34, 6.65,
35.3 mg U /kg fRE/H ; # : 0.07. 0.33. 1.65, 7.82, 40.0 mg U/kg ($E/N) D28 A
AR ERBRNIThI I,

REECIIEENBRECBNTEEIED 22T,

H—EB® bz DX, D 40 mg Ulkg (FE/A #5833 5 MR 1.64 me/dL
T, 2 hr—/dE (L18meg/dl) L THEREERA LN, ,

BEICBE L R ES (D, M. . FEEE, B, PENETFE) RUYAEH
R RENT(LIIRD 5hizd- 7~ (ATSDR 1999, Gilman et al. 1998a),

@28 BEMEAEEERR (59 k)

SD 7w b (HEHES 15 L) ZRAVTHBEEY 7 =1 (i : &K 36.73 mg Ulkg K&/
B, M : £ K 53.56 mg Ulkg (£5/H) © 28 H Bk 5HBRB{ Tz,

HEMES . FIRRIBROKE XDOLHERED (multifocal reduction of follicular
size) . LR DE X DA (increased epithelial height) 23 ® 5t/ (E 0.31 mg Ulkg
R/ A BE R UMY 2.01 mg Urkg (RE/ A BF), BEO Rz, FRBICBT 2204 FOERT
BEORARED bz (ATSDR 1999, Gilman et al. 1998a),
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@30 BEMEAEEERR (YY) :

vHF (MR, £REEE 6L ZRAVWTCHEEY S =Nk (0, 0.02, 0.1,
0.5% : 0, 2.8, 14, 71 mg U/kg 4kT/A ; BEPA HF) @ 30 H MR ERBR T
T7o

0.5% & 5FET6 ICH 6 T, 0.1%FH 5T 6 ILH 4 LA Uiz, BE5FRLL 1 EAREI
EREHIBOVWTEERSBRBO ORISR, BERTEITE 0.02% R 5508 |=E
MERD BT REHE AR BV TIEL 0.02% I SR TR 0. 1% % 53 CIih iR,
0.5%HEHTITOREEDBEEENRD bz (Maynard and Hodge 1949) . /4%
2 (LOAEL) 1228 mg Ukg KE/R EEX b,

Wistar 7 & M ZRWHEE Y T =A<k f# 0.07 mg Ukg/day @ 16 IBEIE K 53
BT, PR EEOEERCHRBEREOE(LNED btz (ATSDR 1999,
Malenchenko et al. 1978),

®30 EMEER SRR (Sv )

T v hERWE 30 B WMEAMEMAREHER T, 664 mg Ukeg AF/BIRERE S
7oy MIBITHETERT 16% Thofr, AN, REICEHEL-BEEDOSH
SETdH -7~ (ATSDR 1999, Maynard et al. 1953), '

Wi 7, @by Z, 7oibv Z0, ZBbv Iy, ZEEY S CEORE
o7 AbEH%E 10 gUkg AE/ALLE 30 BEIROBE ST v MIBWT, KER
PIFBAEINELO0, IFECFRECT 22818 bhvizds- 7 (Maynard and
Hodge 1949), ZOFRIE, BEL L, AEMETH A Z LI I BEERIS ED o
I EBRRINTH T,

Ty FERAWEEREY 7= _kF¥ (7,859 mg Ukg FE/H) XITWEEY 7 =LA
AFn# (664 mg Ulkg (AH/A) @ 30 A MRS (Maynard and Hodge 1949) 5k
ZBWT, EEBEMERADEZED SN BHMIIRIATH 2 (Maynard et al. 1953),

®©Fot (1X)

AXEBRWEZTZ vk F > (7.7, 154, 77.3, 386.7 XL 3,864 mg U/kg KE/H) ®
30 AMIEERE B EEEER) TR, 75 VBRI L AFEMAED b, 15.4 mg
Ulkg FE/BBRGRECBWT, BHRENRD b/ (ATSDR 1999, Maynard and
Hodge 1949),

£ R % VTR T =L AKRI 9,393 mg Ulkg fAB/E XUTE 7 5 VT LE=
A 191 mg Ulkg KE/R @ 30 H R OREAER TiL, IS T2 BB bz
-7~ (ATSDR 1999, Maynard and Hodge 1949),

ARXERWEZU T R Y A 37.5 Xt 187 mg Ulkg (58/A o 30 HFIEAHR 5
HERTIE, FEZ VM ER (NPN) RU'BUN O LEX3RD b8, BAEMAEME
BObanol, ML TN LR L, FEREICBWT, BHAERTRBIC
B HBEOEERTRIENES bz 8, 37.5 mg Ukg KE/RBEFHFTII T O
IR R NEED A Tdh -7 (Maynard and Hodge 1949),
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@3 M AN EEEEERRE (Tv )

SD 7 v b (#, SEAFN) 2HVWCEREEY 5 =A% (0, 10, 20, 40 mg/kg
{£&/H : 0, 5.6, 11.2, 22.4 mg Ukg AE/H) ® 3 »>HRBHOKERSRBRBToiE,
ARBOSBRSETITERELED, 1 A 2BEMTOMECLAR PL AR E L -l
MERE & iz,

BEEOR—1N—FF T FI2ALZ—¥ (SOD) EiX, T _ToOEREFHTERL, A
R AOFEIZDDD 5T 40 mgkg AE/BESGH CREEL R LD, MEOIAVFZF
Fr &y 42— (GR)., I#F—E (CAT) HEHEITLTNETLEN, FA4 508
Y —ABRIGE (TBARS)., Bk v 5542 (GSSG) BIE, A FF o ~AnA%
H—E (GPx) EHIZETED ot

REigo GSSG XU TBARS BEL, &REH TR L ROFREIZH DL THMLE
73, CAT, GR KU GPx FEHEIIBmM L 22 dso 7, SOD fEHEIL, v _TOHBERTHEML
Tz, BBOMMANRE T, ARGPRMECREITRBD bR 2002, 3R
HEELTNTORSHECTHEMRIZFAR 2 BMMLE OIEERAED i, 20 me/kg FEL
rOBREHRTEORENERE L, LirL, WTNOBREBNTL, A MVRIZLD
M2 & A RO R TV (Linares et al. 2006),

®91 B EiREREEREE (Sv )

SD F v b (i, EEE 15 L) 2HVZWEEEY 7 =/AA~Kf# (<0.001, 0.96,
48, 24, 120, 600 mg/L : & <0.0001, 0.06. 0.31, 1.52, 7.54, 36.73 mg U/kg {KiE
/8., € <0.0001, 0.09, 0.42, 2.01, 998, 53.56 mg U/kg{&E/R ; WHO %) » 91
A Mgk SRR T,

FIEBE UITRICHBEMEGENETERRBD b, oS R 5HIC, &5 2k
L7zl (AFiRsEo X/AARE, bzEfafl, FIROESE O LS TN O ERRE T
- OfFRAEIRE Oz bR CEE ) PR Lz, B S RLEEY ST, &REH
(oW, M T, RIE RO/ TRIROER (vesiculation) , HETIE, IEALEAM
WIRER, REEEROBOEIEMA~OEME HMIREDZEREE L UYL (dilation)
BRDb, AEMAERALNR o, FOMOFRE LT, 4.8 mg/L i LoEE
BEOHET, SREREOEAE, ITALRME LMD OE AR ~DEL L VIRME LD
BERDNAERRE D% (cytoplasmic degranulation) 2338 bz, MEZIIT 5 EigEE
LT, 2REHTCR—< U EWEIEE (24 mg/ll THEERL) RUMEDOLF 2 Y
VEHEZ X B EHAL (reticlin sclerosis) (600 mg/L THEZERZL) BFB/HLER, “hb
DOFEIFRTHHELEZ 2 bz, 4.8 mg/L Ll LOBREH TREX/IFRBEESL
7= (EFSA 2009). '

M CTERIC T 2REERRRAEAIFTATHE ), 2R5HETER~0 v T v
EHBICMETOZIRBO LR ol HFE LT, EPBEFENLREILLILO
THRANE LTS (Gilmanetal 1998a), F#., ¥F b1k, BiRIIRHAEIC BT AL
(koo FE MR 7 J 5% . LOAEL 0.96 mg/L (# : 0.06 mg Ulkg #52/R . #:0.09 mg Ulkg
{k#E/H) £ LT3 (Gilman et al. 1998a),
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@91 EMEEEEERR (Y5 )

NZW 7% (M & JE Specific Pathogen-Free (SPF) D, S#EHE 10 L) 2 Hu
THEE Y 7 = AR (HE<0.001, 0.96, 4.8, 24, 120, 600 mg/L : 0. 0.05, 0.2,
0.88. 4.82. 28.7 mg Ulkg f58/H . M<0.001, 4.8. 24. 600 mg/L : 0. 049, 1.32.
43.02 mg U/kg FE/H ; ATSDR #25) @ 91 AEgARERRBThNT-,

MEFOBBIRD LRI, ‘

HETIE, REMEAENESLIERMNE, B, TR, XERCED Sh, TR
BFoOEEOREHEBY ElREsiat, S NFRRGEO /N ER{E) 1 0.96 mg/L%’c‘
SRPSE LK, RIBEOBERERRE CERYT 0.96 meg/L B 5H2 %< 2BERETR
Nz, RMETE., RETER., ¥ 0 AERUCRYE OBERRHEC X DL 120
BUR600 me/l BEBET, LF2 U EHET X 58S 24, 120 BUY 600 meg/L B4
BT bii,

HEcik, REMAENZRAEOEE LT, BR/IAR &ED/NNERRLD 4.8 mg/L LA
LORERTERD OIS, H& B LEEE TR o o, £, KRB IEER OV
HiRH bz, FEOBESHE. & 28kt 600 mg/L ##5HTRO LN, VFI UV
BHEDTELIT 4.8 BT 600 me/L B 5HETID bvi,

£ OO REBIREZEIZ OV TIE, FRBCrRkRiRE R g0z E 4 S
EIR EROBELZOAKRN RN, g/ IEHEDELI (irregular accentuation of
zonation) R UMEAR/DARREREO b, HEOZELTECREE thY, £, H
BEFHNIIRDONEZPBEE 57, RKBROETILLEETH-o%  (Gilman et al.
1998b),

EH DL, RAEOE{Lic#E-S5%H D LOAEL 0.96 mg/L (0.05 mg Ukg {6E/R) .,
D LOAEL 4.8 mg/L, (0.49 mg U/kg fRE/A) & LT3 (Gilman et al. 1998b),

AR CBE I N E@EEMEOERECRE O, ML 2EERBoR W2
XEFETH/ERTHY, ALEELOT v FMRBROKE (Gilman et al. 1998a) & iT&E7:

2Tz (EFSA2009),

BRI HHE Y 3L SPF Tide <, BRBHIC 4 LRV VZIZEEL, D
H2WMAETE L, i, THLSMNI LB 2 ILRFET Lz, &5 6 L& HReHfigsrhs
HERA L7,

NZW 7 4% (SPF. Ht, F# 58 5~8 L) AWl Y 7 =ARAF¥ (<0.001,
24, 600 mg/L : 0, 1.36, 40.98 mg‘Ufkg {E&E/A) © 91 A B SRABITOIE,
ARBR THBEEOTHMELZRRT H-HOEKX 91 ARORIEEINRE i,

ML FRIBCHSIIERD R dso e,

FFig s O, TR D K& X DB, BB R QUAHIE ORIl E T2 6 5
irregular accentuation of zonation Zi¥H 7%, ZihbDE{bik, #BE L OMEMSILS S
HLoo, BEHEBELE -7 (Gilman et al. 1998¢),

600 mg/L (40,98 mg Ulkg /1) # 55T BIHC B 1 5 IRBI 2R TR,
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BN, Mg EREEECRAETEERSZED b, I b0RET, 91 HFDREIE
BB ERETHEIE LRI -7 (Gilman et al. 1998¢c), 24 mg/L (1.36 mg U/kg fK&E/R)
BEFTE, REEHA BV TGERRD b5, 40.98 mg U/ke (A5/H B 57E
RN, BEEEZIIBBANEENHRBHICE~FEICER LT, 45 BRI

B ERIIRD N0, 40.98 mg Ukg AE/HES5REICBNT, 1 HEDRE
BIP L, Fa—X ZoXsERTaA T ) RTFE—EiEEO RS HE
FR U, BHEOR RN SREE 4 BHBIC LR D bz, BERICA-THD 7 B,
REZER Ukl 7 a—2gtb ML 2R, ZFo 0 ERBa AT I
R FF—PIEE O R HIIE ¥R 57, 40.98 mg Ulkg K8/ H #5860 BT,
91 HMDEEH DB, U rEROFE LY RSN L7, BEHK TERIIZZ
o OELITRD biviehr o T, MG ZERIEE fE- T REEOEIRMETLIRIL. W
THhOBEGHETHERD ORI, BOE(LE LT, gz, &R/ E R R R
EEESEEMN~DOBEOENM B TES OELN (apical displacement and irregular
placement) AFED b, FHERIEBEIIESEYMICIIER Tho -0, EERICER
FA IR AR D vz, 40.98 mg U/kg RE/H WHBETHER SN LIL 45 B HiFske
L. #2291 HRFGE L7=6d -7 (Gilman et al. 1998¢), 7z, FFlEzBWT,
FFAmRREE D K/ADAIRL, BEiEHE R Ol E 22 ek & £ 5 IFE#HEDOELTL (irregular
accentuation of zonation) % ® i, T oL, |ELDEEMHITIHLIDLOD,
FAEHABEEIT 2o (Gilman et al. 1998¢), ARER CHES - BEMENI SPF v
VEEZFWERE (Gilmanetal 1998b) L VEBE Tho7zEE L LT, SPF U HF|z
BT DBEO T T ARERFESPF vV XDETN L D En-oTeid EFEELIBHL T
Do _
iR FhEOFEEASRFENO L ORBRAERE R ORE OF G EOMITRE R CIX. 40.98
mg Ukg (FE/HREFOATHEENRD SN, HEELIX UV XFEHWELETOR
B (Gilman et al. 1998b) (28BN T, XV EWERSETHEIN-BEOLE{LEBRA L,
Z DRABIZEIT D LOAEL % 24 mg/l. L7 L TW5 (Gilman et al. 1998¢),

WD (1 X)

AXERWCTHEEY Z = Akfndh (FK 95 mg Ukg FHE/H) @ 138 AEEORE
FRERAS M S 4v, 95 mg Ulkg {RHE/A %53 TiX NPN. BUN, $EREVEZ VX7 RO E
HEBD oD, 47T mg Ulkg FHE/BABRESHTIHRENED ORI~  (Maynard
and Hodge 1949),

(3) BitEERERUENAERE .
WHO 13, BHHEEEY 7 RO RIEE LG XLy 5 v RN DR A M DS X
IR AT LB EREMOEREREROBEIH 5 LO0, TEEIREEY T AW
PROBRLEZEMICBITARNMABEBIBESLTWRNnE LTS (WHO 2005),
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@9 MrARKESHRER (S M)

BEEEFRRETAHAEDICERmINTE SD T v+ (#. @SHEARR) 2HWESsiky S
v (BERETRE, 40 mg UL) © 95 A BSRARERABR T3, REREO 20%E T2
BEIhE, ZhIR L, OFRNEEEORED, OFnEkyEOMN, @FREREEZED
LSRR L, BEECE T L TRk BHEALIREELFEENLTNS
(Berradi et al. 2008),

@1 £RREEERR (YH9F)

7YX (M, FE5FF6~8K) FRWTHEEYZ =L (0, 0.02. 0.2, 1mg Ukg &k
H/H) O 1FEBRREORERBRI T, WThoRS#rB TS iclEELEE
LidEEd b heh- 7= (Novikov and Yudina 1970),

@Dt (1R, Sy b, IR, 2YF)

AXERAWET7 vk 5 (8 mg Ukg RE/H) XITFHEE Y T =N NKF#) (95 mg
Ulkg (KE/B) © 1 FEZHER FE5ERAH) 0BT, REOCEMITFRD bivid
- 7= (Maynard and Hodge 1949, Maynard et al. 1953),

A XERAWENEY Z 2 (31 mg Ukg (K&E/H), AEY T (8,790 mg Ulkg &
#H/R), 7vikv 7 8mgUkg{KE/H) RUELY 7 (4,407 mg Ulkg (KE/H)
O 1 FEIBHRAER SRR T, BRERIINT5AEEENHED D@ EIT 2N

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

FREY T UALEMEREHNE R (~#110 gU/kg KF/R) 12 1~2 ERREES L=
¥R, AX, vUVARVTOYFXFOREEHESR, LOER, BHELRIZIESE A EREEILR
HILTZRUY,

Ty hERAWET vbU T =0, BT T =K., W7 by T RO TEME
TS0 2 ERBHBRSER TR, RKEOUVZUARBEBRLEEE. BEFICLVE
mBEL ko, Ty MIBWTHEMIEREL S X RV KR, Wiy 7=/ Tk
1,130 mg U/kg fKE/H, W7 v{b 5 > CiE 1,390 mg Ulkg (R &E/A Z@8{k 7 7 L ik
1,630 mg Ulkg (FE/H, 7 v{kv T =/ Tix 18 mg U/kg fRE/H Th-7 (Maynard
and Hodge 1949), .

Sy NEFWEREEEY 5 oA AKFIY (33 mg Uke (RE/H) © 2 ERIEARS R
IZRWT, BEOCEME CAMEKEO EAENES Lz (Maynard and Hodge 1949,
Maynard et al. 1953),

3.7 x 105 Ba/kg {&E/H (3.7 x 10° Bg/kg (#£&E/A XX 1.5 x 104 mg U/kg {KRE/H IZH
M) OBEBREIEICHEYETAEYI % 30 HEERLETV R, A XRV 7YX

(Maynard and Hodge 1949, Tannenbaum and Silverstone 1951), X% 3.0 x 1086
Ba/kg fRE/H (3 x 105 Ba/kg (AH/H XX 1.2 x 10¢ mg U/kg (FE/BIZMY) DU F
A 2 FERBILEZS v PRUY XICRBW TRIEBRERE L 1T - IEEs L CHERRIC S A
FROTIMIRHE N2> 7= (Maynard and Hodge 1949, Maynard et al. 1953),
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(4) fAEEERE
OMEgRKESERE (5 F)

SD 7w (M, S¥5E 100 2AVTERBEY 7=/ (20, 40, 80, 160, 320,
640, 1,280 mg/kg f&KE : 11, 22, 45, 90, 179, 358, 717 mg U/kg {&E ; ATSDR #
H) oHEfKRSRABRATHNLE (Domingo et al. 1987),

TRTCOFERET, B, RE, BE&E, BEILH/ R CIRERZELEABZ S, HEO
Bz nEERLE, Lizho7T, LOAEL X 11mg UkgFELEZ LT,

@2 Eri/6 H AMRREERER (Sy )

Long-Evans (LE) 7> & (ff#E, #8858 24~428) ZRWHLEBEY 7 =1 "
AFnd (0. 75, 150 me/L : 0, 25, 50 mg Ulkg fK&E/H) @ 2@HINik 6 >4 Mgk
5#B 1Tz (Briner and Murray 2005),

% G-HARC B T, 150 me/L &5-8 O HERECRERIE T RpC A B INME 23580 b
Tro 2 AR5 I, 150 me/L # 5HET B2 —7 0 7 4 —V R X N CITEE(E (line
crossing M U rearing) 2338 b, HEEEICMOIRE IOEBERLASTE bz, BRI LEE
BO#INL., F—7 7 4 — FIZBIF 5 line crossing & (X rearing QAR & FHREM: %
RLTe. 6 DAL TR, HOTHELE LTESY, HHEACHRAEBS b, Hic
HITHZE LR b, MIFEORBILIIERBOH DL, F—F 7 40— FfT
EhoMERE L ORBEIIES b hoTc, EEDIX, REHNRHNEL 25 &, HiEAHE
BHESER L TIBEREBEIC LA EBH U HERI L T 5,

@15 hAR/9 MAMBREEERER (Sv )

SD v h (i, FHERE20L) FRAWTHEEY Z=/VAKFH (0, 40mg/L: 0. 2
mg Ulkg {E8/H) @ 1.5 2> AKX 11 9 2> B Bk 5382534737z (Bensoussan et al.
2009) 25, WFNOEGHIZBOWTHREICEE L AT onido e,

FHLLDOBEEHETH, FE, SIKERCRERCEIRD N, BE L XKMEY
~DT7 T UOEREET, 1.5 B RBEHTIIERRD bR ohs, 9 ARHTERE
TR HRRRIZ S, 6 & KB TN 20% & 0% L7z, EELIL, BE L
KIMEECOBBTFRE, F o 7EV-VOBEERETD L, 2V ARRRNET S
VOB E TR . TEHEEICEE L COWAIEEEARSS & LT3,

Q@ERERKEEEE (S F)

SD#HEZ v 28 LERAWEBHEY 7 (WY 7 =/1) 40 mgU/L % 90 A HKE 5
REIZ RV T, AFEIREGES) (REM) % £ 5 MR OB 5 i/ (Lestaevel et al.
2005), FIU< SD#EZ » MEEF 121 25 {EEEE 7 T = 75KF#) (40 mgU/L) % 1.5
~9 MAERABRS LERBRIZBHNT, 7EFA2 ) XTI —ERELEE/ T IV
R~ DOHBERFER, RYBRBICL o TRAMREDEEARICEELE
Z %R LT (Bussyetal 2006), £7z. 7 v b (R, BMEAH) (2B 5410
Bt T =Kkl (40 mg/L) @ 9 H»ABEKAKEREFRR T, M= L7 1 —/ G
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R T A OBEEOBETREL-NICELERARD LN TEY (Racine et al.
2009b). ¥ T L L B TRANE~DBERRR I TS (Houpert et al. 2005),

(5) 475 - SEMEHEER
OREBMERR (TVR)

Swiss <7 A (ff, B 57 20 L) ([CHEEE Y T =/ 2K (0. 5, 10, 25, 50 mg/kg
{£H/B:0.2.8,.5.6,14,28 mg U/kg K/ A) 44 6~15 B OREIfRAK#®S L (Dormngo
et al. 1989a),

HEWHIARZ T T2 00R 18 B TR TAFE LR, 2.8 mg Ukg (KE/B UL Lo
E#T, BEHMFT OEREBEMACITIREEOHMNT R EHROEEEOER TAAL
iz, BIRIZE LT, 2.8 mg Ukg (KE/HIL EORERT, KEKRTFTRUIERER
IRBBABED LRAMH LI, 5.6 mg Ukg FE/ALLETHRIEROENR, —E%7D R
EARBRBRERE EEROCHEREZFITIREORE EEPBEIN, 14 mg Ukg (&
E/AU LO®REKT, BFRERLUCBLEZEOHEE LREPED ST,

FEHOIL, B R CRAEFICH T 5 EERE (NOEL) 2 5 mg/kg {KE/A (2.8 mg
U/kg &E/B) Fi L LT (Domingo et al. 1989a),

NOAEL /¥ 2.8 mg U/kg (KEH/A R L & 2 b,

QRALERMERE (TOR)

Swiss =7 A (M, F#5H 20 L) W EFEE V7 7 =L K54 (0, 0.05. 0.5, 5. 50 mg/kg
(R%E/H : 0. 0.028, 0.28, 2.8, 28 mg U/kg AHE/H) TR 13 ANGal#E 21 HET
FFFE RS L7 (Domingo et al. 1989b),

BEMOFT (2.8 mg Ulkg KE/HBET 2/20 #1. 28 mg Ulkg (KIE/F BET 3/20 )
IR D T A REICERTT 5 L S, BE TIREECRE RIS ZLITER
b oiieol, 28 mg Ukg (RE/AHREHTIL, otk 21 BEO—IEY 70 Z@vhio
WAOW NCAEFERCERAEOR FARD b, BEITWARFXT 4 B OYEHIREIC
ﬁaiﬁ CBE B 2o T, itk 21 B 0 RET 28 mg Ulkg (FE/B R SFHICBINT

BB Lz, 2.8 mg Ulkg (FE/AHREHT 1A, 28 mg Ukg AE/BHR S T2
fﬂifﬁ®ﬁﬁﬁ§?f- bivfz, 28 mg Ulkg FE/H R EBIZBWT, 21 BAGFELUWE
ERBAEICED Lk, BERER (BhRE, DEHAH, RRHER) . ROERELEERIR
FREIBEI N DT, |

FHE DT, BiEEERCAEMEE DO NOEL i+ 5 mg/kg fRE/A (2.8 mg U/kg KE/A)
X v{E & L (Domingo et al. 1989b),

NOAEL X 0.28 mg U/kg KE/B &£ 2 bhi,

QERH LSRR (TVR)

Swiss v A (k. S&RERE25M0) 2HBWVT, EREY 7 =1 _KFf# (0, 5, 10,
25 mg/kg EE/A : 0, 2.8, 5.6, 14 mg U/kg {FHE/A) % HECAZE2AT 60 H [BIFREIE 0 #
£ L, ZZBEAT 14 H BEHROB STt & 20 X 7, MICIIaeht, iR, HERTK
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FILHM A U CRERET b, EEOMEER 13 A TRHR S h, SRl fThink
(Paternain et al. 1989) ., AR IIZIIRAFE~DOREEEDRAELICET 25k iT2R
v,

KBS IIZIEEIC Y 7 R EICER L BB bn - 7o s, BRAERE (14 mg
Ulkg AE/H) THEMRIEEROSECRBEOAERBENFRD o, ERERYS
# (28 mg Ukg (AE/A) DA TEHREREPFEIZEIM L , 5.6 KU 14 mg Ulkg
FE/ARGHETIE, £% 0 ADECREMBHEM L, 14 mg Ukg (KE/ ARS8 T3t
0 LU 4 BOECREDEM L2, REEOEMAS, £#% 0 AD 14 mg Ukg FE/H |
A% AHDBE8 RN 14 mg Ukg (AHE/A, £% 21 HD 2.8, 56 BT 14 mg Ulkg {KFE/
HTROONT AEHE 0.4 LT 21 BOBRRET 14meg Ukg AR/ RIRMETH o7,
FHEOIZ, BEE MERGT 2BETI, AW, —BROREBEBERVCESHHOAEF
CHEREREZRNE LTINS,

TOFERELY, BREBRICBOTHLREABRTABESI NI L5, NOAEL 1%
WETERNEZILND,

@R - REEEHRE (THX)

Swiss =7 X (fff, £F58 24 0, £ 120 L) IZBEEE Y 7 = _KFudp (0. 10, 20,
40, 80 mg/kg AE/A : 0, 5.6, 112, 22.4, 44.8 mg U/kg {KHE/A) % 7ELAT 64 B A
ke 5 U, &% 5-8E 8 ICoHE > IE S & 4 A MIASHET X 87 (B 1 Gz U CiE 2 o),
P Ot (BHEE 16 D) WRBRUHE TRENTHILZE (Llobet et al. 1991),

11.2 mp U/kg £E/B TR E E RO UM EESET L. 44.8 mg Ulkg {KE/R
BEHTEEMET L, 747 4 vy EHROEEROGZER{IEAFED SRz, AEEFEN
TRV O THIIREIE T 25 5.6 T 11.2 mg Ulkg (KE/A F 5T B EEOR
THIRTAY 5.6, 11.2 R 22.4 mg Ulkg (FE/HRGRETHRO Gich, EFOCITRBERL
CHRLLBOEEREETHY, £z, HFTERLLEE TH2 L L, WTHhoOREIZE
WTH U T X SRERER UK TERA~ORBIRD o osTc RS T
%, HEOHIERZ, AEBKENTRROBE2RERTELVWARRETERLE (R
BE 81%. $#H®5RF 26~38%), HOERE, FifiR CRHIRRIRECE CicAFROZECIRIR
Bizo»W Tk, EREHETELEMOT — % LB L TRERIRD LN

(Llobet et al. 1991), .

BRI BELEMOFRER KN REENLALGNTNE I b,
NOAEL IR ETER W EZEZLND,

OB ERR (THX)

C57BIxCBA <7 & (fiff, K& G5 10 /T) (ZHEEE Y T =/ (0, 5. 50, 400 mg/L : 0.
1.25, 12.5, 100 mg U/kg {&&E/A) % 15 ERBIRARE L, —23EEE5 0l L 2Tl &
HAHRBBITHNT (Arnault et al. 2008),

BE~- T Z20OTE, HIEBEREBERCMRE~OEEIZD N, FREHET. ¥
T DBBRCE~OREERFHNREEINRDONER, WE~OEHIZFD NiH
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ofr, @RI LD 5 ERERMOROBENHOI., KA (AR,
EE>200 pm) OFE|AIL, BEKTEHEOBEY T 50 mg/L LA EOBRSEETIRT L,
M RE (9 iR Tb 5 mg/l L EORESHTIETARO L, #ic, RS -
DO L E T 3 2> H OB TIE, TR E CHIER e (B2 70~110 um) @
EIEMRER Lz, LHL, WTFhoRs b IRAEICISEESR O bl o Tk,

COREREIY. HOREMOINNIREEE Iz < LOAEL X 1.25 mg U/kg {&&/H
EEZLILD,

@R « FEEHERR (Sy )

SD 7~ b (H, F¥W5FESIM) (ZEEEY S = KFf¥ (0. 10, 20, 40 mg/kg &
#E/H : 0, 5.6, 11.2, 22.4 mg Ulkg {KE/R) % 3 1AR#KEE L, B0 42T,
FNENEEE Y T o KFOR S L EHi2 1 B 2 BETOMEX P AERE R

(Albina et al. 2005), ¥ 5T #, &S & AR S, HR LU O EGIBE3M R
HRIEAE~OREBOBLEICH THN, Y FHITHEROREMOBEICH THNTE,

40 mg/kg FE/BRSHICBWTHHEFEERDE TRA LI, —fY 7= Y OFFEK,
AFEREECFEERREICIE, 2B o7, £, HAERIC—KSZ0 0
MR, AR, BILE, BNREMEUHBICEY 2 BB LIBH SR ot
XLz, REMDOZEIRERR, KEEHRBRTH, B o#BERO N0k,
EELIX, ABRBTHWEY S VREBRTIE., ARIZA M RE2EZTYH, VTV RE
TR EEREIEINAZ L 0nE LTS,

DEDH (Tv k)

Zw b (., S5 16 D) BT 2EEY 7 =12k (40, 80 mgkg &&E/
H :22.4, 44.9 mg Ulkg A8E/H) DOATHCHT 4 HH., EIRMIFE ONEHLEIR O fRk iR 533
B Tl n, REMI OITENZ R EIIFR S LN TRV (Sanchez et al. 2006),

@FnHt (TIR)

EAED Y Z ol B6C3F1 Xix C57BL/6 < 7 ADFE RUBIIRIZR 5 B8R Mg
ZH T3 (Raymond-Whish et al. 2007),

28 Akt~ U2 (9~10 /A ZAVTHMEEY F =LA Kfud (0.5, 2.5, 12,5, 60
mg/L ; 1, 5. 25, 120 pg/L) % 30 BRIBKIERERBR LIzE 24, AEEKELOLZNWE
SRR DR R H b d, REROESEOERII—B LB b o7,
ffE~ 7 2 (5 ML) OZECHT 30 H 2 G RAR %8 U CHEEE v 7 =7~k fi (0.5,
2.5, 12.5, 60 pg/L ; 0.001, 0.05, 0.025, 0.12pM) #fkiEE5 L, DB~ T A
FOHER (7~9 IL/EE) ORRZHFR L TH~ T, 25 pg/L U EOREHOBEW THE
RFEI 22— R IR DA DS, #ER <D A TIX 0.5 pg/L LECRHEERFEEORWE
$4BAfR (primordial follicule) FOBWAB bz, 28 BENZIB W CHRESRH L=t~

1 EhE 15 EREEOKS EH% R UHE S W, BERTH3INA TREMD L B REW % RIFFCER L THH
HEFE~TND, .
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7 & XU TE# C57BI6 = 7 & (5~6 G/EE) Iz 0.006. 0.12. 1.20 M (60. 600. 6000 ug/L)
DEEEY 7 =% 30 HEMABRE L-L 25, TEHNIEDOIREZ 4 > HEKFEED W
+EEEOHENNA LI, FF120.12 M TREERERA BN, BHROORE, EEW
flE FEMIEOALED T X b u S U B ERRBYL bR, TRhbDERIL, A ba
o ZRERERA 1C1182, 780 O EIZ X v f S i,

THEDFTRMS. ARERO NOAEL i3 0.5 pg/ll 2 % bhiz,

HRFOEES 20 g, — B DERKERES 5~10 ml L {KETH ¢, RRIEFAETHD
#AKH 0.5 pg/l i1 0.125~0.250 ug Ulkg (hE/B LMETX 5,

(6) BEEEEE

7 ALE D FEEREM I X D in vive BiEERBRBRIZ W T T O =20 #& 8
HoT,

7ok T = (18.9%D 255U 2 &2FH) O~ U AREANREIZ L DA EEFRBRSIT
btz (Hu and Zhu 1990), BALB/c #fi~ 7 R (£#&%EGHE 5 L) DOFEIZ 0.05~1.0 pg/
FBEOAETES L, 1, 13, 36 B R 60 BEICRafEAsER L CRRMMTb,
BEMI T 0.5 RN1.0 ug/REOAET I, 13 X136 B EICRafybEE o/ &2
EmAA L, & <213 A TIHMEREEEOARREMAEA LN TWD, £, F—R
Mg T, &S 1 H#ED 0.5 LU 1.0 ugMEROME L 13 A D 0.25, 0.5 ZTR 1.0 pg/
REORETRAAREHRECFEREINEZ LI,

N A==y 7 =17 X (Big Blue) # VT4t F o (2380 99.75%. 235U 0.20%.,
BAUHEE) (T2 T D in vivo B TERRERRBRBITHOILTWD (Miller et al. 2010),
Hiby 7 XL > b & Big Blue v 7 2 OWMHIOPEREHPUCFA (RHAE 2 M, FHE
48, BAE:6f) L., THABIEREHE~ Y REZR LT, £Eh TE 28T lacl
BIZFEF2LDDEM DNAIZSDWTHIT LI A, HE (THABOKREEY 7 5B
EiXFh -4 321, 477, 559 ng Ulg ffR) HEHF L CRALEBENHEML TRy, F
REERUEAETIEMEMICERRBME oode, T VBERFE T (50 mg U/L) 7225,
Lo lgE RO B2 R Y 7 =/ (67.0 kBq/g & 14.7 kBq/g) % HE Big Blue = 7 Rz
AKTHEEL, 2 DARICEEH -~ R ERESE, REBDIZ OS>V TRERICHENEEZ A,
oA RBARE (TSI LT L T, 202 L RARERDOFRITITK
HHEPESELTHWD LEZDOND, UEDFKERISLT T VIZBRBESNEHERNL Y/ A
FEREEZ BT HEFBPRIRIE T 2L - DHLZ L EZRLTND,

Mvﬁ}ﬁﬁ@??éwﬁmﬁ%(Z&S\NHQU&QE)%405%&*?E5L\
MERm ASMiFE E MEET TN br R RS L TRIENEFRE L, 24 FFERICERIILE
IR B T/NERBR AT T D (Kundt et al. 2009), /Mg HESER X, R
BEO 0.21%C% L, AR TIE 1.92%, 2.98%. 3.2% & AEITEKFELTHNL, WTho
REIZBOTH BIEARIZESRENICAE Tho Tz, FHORBICRWTHRAGES
O RE H R HEENS RIS AEBIIBOWTREMICARIZBML T, v X
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2RI HARRBR TD LOAEL 1% 2.5 mg Ulkg (KE/ARMBE ThH D LHERM LTV B,

7 7 ALBBIZONO TN DD D invitro BIEHERBREAEN BEIN TN D, Fy A=
—XNAAZ—CHO EMY Mtk FHW i Bz TRAER (hprt E7) RBRTIX, £{LEE
BEv 7=/ (UA: 200 uM) RONEEMEASE (HO02 100 pM) AR TCHOLNEERan=
— L RAHEMRENLELN I ARFERERER I v =—{Z >N TRRERD DNA ##TH
fThtTv % (Coryell and Stearns 2006), BARFREARLER TV H0:BRERLER L
2 e, UAFBRERERETIE, 122 BEORENRARICARL, 1~2HEDHAN
BABREERLERIVDABIZEVE, O BRERLERIVIIAR L ok, 1
7B DFARRKED L S RREREROKFED, BRFERERTRIZES
C UABRBRERERIZBWTAHAERIZELUAIZ X o T DNA B T2 EBRELCTW S
AREMER S D, 7L, BMEH DNAREIZHE T2 B2 Lh 2 EREROE A, VA
FBRERER H0:FRERLERRTVERFREERLERIIBVWTHLIRERIIA LN T
VAR,

i 7 =V kfi# (UA: 1.0 mM) T pBluescript SK¥7”Z7 23 FDNA %7 A z)L
v B (Asc 1L0mM) &EEZHEE T2 L DNASEIRTASAE T, UA XX Asc B XY 6
~8 fEHEIML T 5 (Yazzie et al. 2003), & L. DNA GIBC o BB EEBE ST 2525,
CDXIRERPECEH N 0 h, (LEARRIGH e BRE Y 1XTe LA DNA $5E1MTIZ R
L TWARetEE#HRI L T 5, '

F A =—AN5AF—CHO AA8 Hiffubk i e T, DNA E1EE R XRCC1 OFFHENET
LTWwW% CHO EMS tREZMHWISH{bEFBE Y 7 =V Z KB >V T OREFIIH B

(Stearns et al. 2005), BI=TFERARLR (hprt BEAD) IXMARIEERIIZ 0.1~0.3 mM D
BETHWVEBHERER L., TOEEIIHEE AL LIV EMIKROGF R ERE -, =
Ay M7 vEAIZL D DNA SN MAARRERIE 0.05~0.3 mM O ECHME/HR LR
Liend, AREFERAZ O T, MMlRRORISICERTA DN M 2T, R UHE#HEH
T DNA 23 80E S, FEEFES DNA A0 BINA A S, 24 BEFLER K Y
b 48 BB D TN Lo T,

MY T = DF 5 A =— AN S AX—CHO MRS X B Yk R% /SR Ok
EAMERZEIZ SN TOWMERH D (Lin et al. 1993), R AR ERER (QEFH 2 h+E
ERF 16 h) TiX 0.1 mM CTHREAEKREHEEOAEREM AL BN, ZBEE, BREke
&, QIR URASEZHBARENEEIN TV, 1 M Z 30 B2V BilE

(AEREF 2 h+1AIEEFR 16 h) <TiZ 0.1 mM & 0.3 mM T/MEEE O SR REMME L5
nTWie, Mgk Eo Rzt (MERRE 2 h+EERKE 22 h) ¢ 0.01~0.1 mM T

BB MA A BN T,

LALFEEEY T =/ (0.3~0.7 mM) =2\ THT v EFESEALRAE H e o B 3% i
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(NRK-52E) #FHWiz=2y b7 viA Tk, AHBERCOLERERICEEL T DNA 8
YIRS L CWuvie, —05, VA P AT B ERWE/MERRTIT, S{EmWBEY 7 =1
0.1~0.6 mM @ 24 FFREQAERT i EEDR RIS BT % (Thiebault et al. 2007),

FiLaEiE 7 7 =/ (1~1,000 M) TV MR DNA Z2@8{bAKR (HeO02: 0.5 mM) &4t
WZAERT 5 EHEEEE Y T = A DRAEICKEFE L TE{ELR DNABELZ £ 8-t FuFi-2-
TAXL T 7 (8-0HAG) OEMBA B (Milleretal. 2002), 7L, 4L
w7 =/, (1mM) R H0: (0.5 mM) %591@5@@'(“@ DNA 1§45 Ty,
EHEEROM 2 OMERZTIMT 5 & 8-OHAG DERAIMMENTnAE Z v, AL
B T7=2A0b0 a RCED O TR, EHEBEEREL /N LT DNA HEN5l1ESh T
NaEHERIL T 5,

EEEY T =/ =FiE (uranyl nitrilotriacetate (U-NTA) : 0.01~1 mM) Z2W T,
b MEBEEME (HT29 clonel9A). RREREMR (LT97) RUHBALIEMIE Ay
7oAy M7 v®A BT, HT29 clonel9A #ile & mEB R EMETIX 1 mM T,
LT97 &8 TiX 0.5 X2 TF 1.0 mM TBIERRIE S5 T35 (Knoebel et al. 2006), U-NTA
I LB LT97 iR TORBERE % 24 A0 insie ~A 7V v FIERE (FISH) &H
WTHF L7k 25, RBREAFREHAEIRRICEELTENL, MEEREOEIELAE
WERAE LTI L T, U-NTA TiEEsE, RERTrAA— Y CENRER RN ZEh,
TH R VEETF L CIIREOB|E B LN DIZE L, U-NTA TidkERLholz, I8
AR A5BIET (ape. kras, tp53) ZIE-oTW3 5%, 12 FRT 17 JHREEKICR
TARTEIEIL. THF VAR BT FALLETSE UNTA OFRENERHELTH
Do

9. EbADEE
(1) WE®

1993 FIZHFTF DOV RABF =T LD 3 BIROER 100 AiTBWT, Bklkow 7
A (<0.1~50pug/L) »OHEELEZREY 7 UBERE L MES VT F=r TRPOHME
TATIv (VT F=UfiER) & OBEERE L FTHEOTIE (Mao 1995) 2585 &,
U7 ABROME S VT F= Ak A BIRR I N o, REOHET VT2
AT T BEECOWTIFERERAR (ESHMER) 2Rk, 2EL, IRFOY
YU T RTFE AT oy, RONES Lz 3 #lfio A DE & Rl LT 5 AifEd
TRVWARFEFNEBEARH Y, £, BREORAFNETRELLL DTV 27272,
AFEOMRITIBRENTH 3,

HENL I BB ENZI T F « J AR T HNo—#IRIzBT 5 HPREEHS
HEER304 (7T EE2~T781 ug UL) E7KEK (7T <1 pg UL) TS
ER 20 B IZONWT EREEIKRR ENOHEINBRY T & & FHEREE L OfFE
Z At L7=F5E (Zamora 1998) Tik. RAPEOHES. TAHUVERR 774 —¥ (ALP) &
UBerIsnsnu7ly (BoMG) BEFMTEZELTHER, 2 L7 F=rRUERICE
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FREL o, KEN LD U T UEINTIERAE CEEE 5 A 5 LEmTTTW5S,

B SV AR AN AHE A LEEIARETNET 4T FOER 193 BN THE
KHEFECRED 77 ARE & BEEOEEE 2B LR (Kurttio et al. 2006a) T,
REDY T AREEGHPAKFOD Z VREZBR B L TWEAN, N-TEFA-BD-F =2
Y I=F—F (NAG) ZoOMOLHEOFRICETHIRELFERBELZRE Do, =
L. RBDT T RE LIRERE & OBREIFHENOIIFE TH 7225, BEIFER
DIFZ TN E DT, Fie, FFHHENICE, BRERE LS, ZIEFEREORELDH Y,
ERERMEBEITIZ LW Bbh 3,

RULHFA (77 8E 0.2~470 ug U/L) #ERLUTWEER 301 A & xR 152
AD B2MG, NAG EDFEHEIZE% i U2 B OWFSE (Seldén 2009) TH, RV T U BE
IRBIEEDS LD 8 Z Th - EBNFRREDEIZRICERRERRED R -,

FTAVIRERE=2 AT I v MIOEHET, HY 7 /z%iﬁ (866 K T* 1,160 ug UL) @
FHEREFEHALTHIRETA (KAZ2ZA FEB B A 3~125)) BT 2 EHHREH
&N (Magdo 2007), R B MG XL 3BOTF EHLDAHHAE (90 pg/mmol 7 L7 F =
V) BRUER, ZOMOEETIIEFHEBENOEEZ T L. ZOFFKROFERHDEIE 3 2
Aok, Y% 3mRORY p-MG 1352 pg/mmol 7 V7T F =2 FTRTF LR,

(2) #&MAK

BEIR X, @FOU T U BEORDSCHBIKOEIUTCH., BRAERSCBIEAREES
BiEFETZ LIV E LTS (BEIRIV 1988, ATSDR 1999),

B BB S RO DERO 2R — b b EEATIH Ui 4,590 £ & 8 ARE THE
WEANEEM S A 884 £ K USEHEAS A 644 44 & 5tk Uiz — A » 2R — S (Kurttio
et al. 2006b) Tit, 47V UEHFAHORECLL-TY Ty, T FVEBT VY
LDFRAE 10 FhAijE TOEREXRETC S, BELBRICANNTEERHIANAY—F-EF
TURIZBEFENT, TORKE, WTNOBAEBDE L BBADY AT 0E -7 < (il
L TWipdnin,

(3) ¥DithOEH

KR T RERBWT 4 7 2 FESORHIFFAZ ¥ 13 FRGHA L T\ 5 26~
83 RO FHE 146 A b Lotk 142 AZHBRE L LT, U7 L BIE L BHRK BRI
PHEEREEZR Tz, HPAKOEH Y Z U REL 27 ug UL (WAL 6~116 pg
U/L) T, —A%47=00FHY 7 - BIRER 36 ug U/A (W ALEHE R 7~207 pg U/L) |
PR 7 UEIER 120 mg U/H (A& 20~660 mg U/L) 7o'k,

BT, v oBREIZELT, BRIEED IR 27— CERRTae7F Mk

CEEREBED AR T a AN OREERFNRBMAERD bk, L, ﬁct&ﬂi
HERRBRS BN -HET R Tr, FELIZ. B MZBWT, FiRER T 7 RIS
(LB EEOENRESR L LTS (Kurttio et al. 2005),

WHEED T A RHMEBEICERLUEZSE 1 fllciWTHRESE A VY ARBEIATWS
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(Pavlakis et al. 1996),

B D T = 16 g RNV PTEE L O EZHEICER U B EREO BHEARTE
BE 1A (FE - AEAH) SR ahTnd (Pavlakis 1996), EERIFE&E I LTV
VWAS, EERERE 70 kg (28 L CIEH 131 me Ulkg (2882 LTz, Mo Mg bFAMRE
EH THois, AR 16 FFE#IZIX, mMPRFLVT 2 5, 7T F= b0t
35 LR L, FEESAEINT, BE2BERC X 23 HEFEET L2 s, Ca-=F
LT I L UERRE, BREET N YARU = b=tk A L— MEESBEE IR
foo F L~ MNEEROEITRALSE 5 B B T 3.24 pmol/L, 235 1.18 ymol/L F TR Lz,
BEOE ML 8 ARG E . FnRitEEREEL o7, .

HEEEOBETY o ORIAEINT 2 Z 2128 . BEEFEOHELEEEEERNHEL
T ATRBMEAS R S v Te, BET AHBIRMAE (B(bENICZ LT F =03 —E LR T
FHMATond) b0 LEN, 6 DARICIHEEL. ok, MsttoRBEHERITIED L
Nidiot, WMETAHIFHAEESE MET77=T3I /) A7 7—8, AST RUy-
TNEINNF P ARTFH—EELER) HBD O, 6 MARIIE, FEEOKRE
BERIFRD oo T, '

10. EEREEI% O F(E
(1) IARC (1999)

TN—73: b MZRTBRBAMEIZDWDTHETE RV,

IARC X TE# & L THRNIZERT 29 r 7 v RESITALO&BHAILSENR
)] 22N T, b FOEBAEOFTHMII AN+ THLE L TWE, BB, VI F0D{k
AT OVTOHGEII Thbh Tz,

(2) FAO (ERSEAREELRE) WHO AFIERSMHEMARSHE (JECFA)
FHmELR L

(3) WHO R4 KKR A FS4 8B IR (WHO 2008) BURMBLIE (WHO 2005)

t FROEREBMICHT 27T ORBAMT — 2 IT+D2TD,. UITLDHA KT
A ERTHE—-HERE (TDI) XV EHBLE, LarL., WY REERBR2MH 2
Mol BELESZHEOBVERCREICH L TEB SNk c X 2 EIBM4HER

(Gilman et al. 1998a) O#FERENS TDI 2K/, ZOF v b 91 HEFEERIZEBIT A,
HEZ > b OB RBEE MR coEMIzE-I3% | LOAEL 0.06 mg Ukg AE/H & LT
W3, LOAEL 0.06 mg U /kg &/ B Z AREZEMREK 100 (fAfkzE 10, 2= 10) 28R L T,
TDI # 0.6 yg U/kg (FEH/A L EH L, B, Y SR8 izo, NOAEL
R 02 LOAERL Z AWe Z LIk 2 A ERFREAEAT 248 T e . BT
v 5 OHEEERHIT 15 B T, #0RE L THBEBEE0E LI P E VD,
HRE (91 H) PERATHEZ LICHTEIAEERRELAEE LTS,

72¥, WHO B AKKERERET A Ko 42 (B4R (WHO 2011) Tit, EFICBWT
FTARTOBERLELRTH S DA FE L2 WRERER 30 wg/. THY, ZhZ
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TOEMEREREE LIV, R4 230 ug/LICBEEHBRIDE LTINS,

(4) EPAIIRIS
EPA/IRISiZ, £ (EPA/IRIS 1989) RURA Y 7 (EPA/RIS 1993) =448
LT3,
@ar#Eitts (EPA/RIS 1989)
a gEo&zEAE (RD)

R B ARSI FERS Rro
PSR ER), | NOAEL: 7L 1,000 1 3 g
R DR EME . | LOAEL: 200 ppm (82 10) x Ulkg
30 A Y YX EEEY 7 =A75KF) | (FlizE 10) F&/B
TRENE 5. (LOAEL fEF3 10) **

(Maynard and | ¥ 5 RE:
Hodge, 1949) 2.8 mg U/kg {&&E/H

* HBERE RSB O T UEARR 4T wt%h (T Rk 238/502), 1ppm = 0.08 mgfkg EE/H (Db
DIFEFI L LHER) :

* PRIV T Lk LTREEREN SR MORBREENLLTRENTEY ., FRBIZBWTLAMX
REASMERE RS LIBMO BB ELIERZHRDAICFARBIMEEZ R L TV A8, RRGMA
EELIVENI L2V TOAE 10 MM LTz,

b. %95 > (EPA/RIS 1993)
F—&rL

@ ALE

a. AlisiElE (EPAJIRIS 1989)
B X AL TR,

b. X7 7> (EPAJ/IRIS 1993)
PG S AL TR

(5) EFSA (2009)

H5 v kOB (Gilman et al. 1998a) 231} 2 B &L 3% . LOAEL 0.06 mg
Ulkg (K&E/H & LTV 5, LOAEL 0.06 mg U /kg K5/ B ic RiEEM% 100 (BH:E 10,
T2 10) 2EAL TS WHO 2% L. TDI % 0.6 pg U /g fEE/B & FH Ui, Hi
RY72ENTHRE OB R OB E SN B RERIBMAE 572 Z &5 | LOAEL 225 NOAEL
~DHE, EEMSSBIEORE~DAFEIZONT, B3 EEREOBEAIISLERN
LT3,

(6) BABEICEITAKEELORE L OBROEM (ELEHME 2003)
1998 E DA TR IBERBSIEMEKEEMRAEZEESICB VT, & b EERMDICBITS
77 ODEBAMEIZET AT — 2 3A 0 THD . HE R EERRIIHE ST W RnE
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B, EHBEMEOBOEEBICH LT AKTICBRE SR E Y S OF — X ICET 55
JRE 2 ARMIIFE DR R (Gilman et al. 1998a) ##&iZ, LOAELIZfEBEEY T =/LAAF
¥70.96 mg/L. (#£0.09 mg U/kg {KE/A. #0.06 mg Ukg (A&/H) & S, Bohi
LOAELIZ FREE{FEN100 (FEZ10. AAZ10) ZEMA L. TDIiL0.6 pg Ulkg fAE/A & =
i, LOAELTCORENRE/NDENTH D, NOAELOFH D IZLOAELZ{ER L=
TR EBENMDOATERFIER Lish o7z, £, BRICBT A0 T oo
X150 Th Y . BIMKBOEEEITZ 0 U EORE CELT 5 EETRD bhiT
O, GHRRRERA VD EOFMERFEELER Lo T,

2002 FEOHMFZEZITIVTIX, 1998 FOFHMARFL DV HT LWEIRIZE LN T il
T, 1998 EOFEMBEIZPEV TDI B2 AW CTaEA A RD B Z EABYITHLH E X
7
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= VI-7 WHOZEIZK B3 2DTIDI EICK DY X4 53
FRHL LOAEL BN TDI
(mg/ke #KE/R) (ng/kg RE/R)
WHO/DWGL Zw b 91 HIEksHER 0.06 100 0.6
EIR (—RE IRBTLHT Y FOEROE 10 (FEzE) X
CHRBMEE O R M & dH © oz 10 (fAfkzE)
ki) (Gilman et al. 1998a)
(2008)
EFSA (2009) Z v b 91 RAREIfA#RE R 0.06 100 0.6
RS v M OFIBOIE 10 (FE#) X
A bR HIE B H T 0 E 10 ({EfEzE)
(Gilman et al. 1998a)
EPA/IRIS 78X 30 HEREHHSAER 2.8 1000 3
(2004) WIsi) HERMAEHEER . B 10 (GE=E) ¥
BEOEEHENE (Maynard and 10 (E&FEE)
Hodge 1949) X 10
(LOAEL ##
A
Y/ ST-F) o 7w b 91 AMERAkEFER 0.06 100 0.6
WRTHHT v FOFRDIE 10 (=) X
LRMEBBTOEMH 10 (fEfEz)

(Gilman et al. 1998a)
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R®VI-8 05 U OEFRERICE TS NOAEL F

# | BiipfE | R = FRA > b NOAEL LOAEL s EE -
= X (mg U/kg 4&IE/H) tmg Uke mgUkg |{LEH FRE
P HE/H) 14E78)
sk |
| 7y b | 486 mfrra—@EEOE | 1.1 Eifg 7 7 = | Ortega et
& | SD | #Ak#E | F (22 (A, W] AZokFnig | al. 1989
& Eﬁ A
O | 24
& | UY¥X (30 BHIEHE PEECEEE, KERD) 2.8 fEE 5= |Maynard
m | OB \BE (B 5 TRIZEIE) (2.8) [E, T. &]| /A K% |and Hodge
: 1949
@
W | I+ |91 B HE . RAE B RO/ NER 0.06 B 7= |Gilman et
i SD |gkk#&E DLEFG., ILAL IR AE LR, [A, E. T, |/vAKE4 |al 1998a
17334 RHE BB O OE R \|
15/2 R~ L DN
b, REEHBEOER
{t. (0.06)
M RAE B Rk D NERR
DB, RN—< B
HEJEL B OV B AR AR A 1
A (0.09)
m | U¥¥ |91 BfE HE - FRARE OO ERIEA HE: 005 |mWEEY 7= |Gilmanet
8 NZW &k & M (ffEEiad, & [A. E, T]|/AKkFn |al. 1998b
R ‘ KR O NZERE) i : 0.49
@ | rom 005 [A. E. Tl
#E : FRARE O BB TERR
T (BKATFR, #0
NEER D) RAE ik
ik, E#E (0.49)
-3 |91 A (R R B9 22 i FRAME 38R 1.36 Wit %= |Gilman et
NZW |gkkizs (1.36) A, T Nk | al. 1998c
B FELRBEOELR HERAT 1.36-40.98
5-8/FE . BRfEE LI OB (W]
Rl~DEL, BEFIDELI),
RHEIRR (40.98)
| 7o |HEgokE | LE, RBE, EEE, B 11 Befit ™ % =~ |Domingo
o!| SO |5 o R, BRERZEH (11) [T] v et al. 1987
g
10/8%
| v b |90 BEEOK AERHES (REM) %4 WA 5 |Lestacvel
@ sSh |#%&5 5 REARRFR O8N (BRK - (M@ Z  |et al. 2005
HE 40 mgUmL) (b fEgE > =), {Houpert
28 SoNEVBEYZ DN (H{LiHEE |et al.
2 REM REIRFFRE AR w5 =) [2005)
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Z v b | 159 A | RYIBEIC L MR SALMEBEEY | Bussyet
SD |k#s EWEERAOEE (K 5 =K |al 2006
B 121 7K : 40 mgU/mL) fnip _
Fw b |9mABEK | BANT L RT a—EHE 4% {EHEE~ | Racine et
SD |5 BtR3- R4 DEERDRIE F =A%k | al. 2009b
B FRBRL~AZEL K iy
14 7K : 40 mg/mL)
£ | FUA (HR6~15 | BB - BEEKTFHREE NOEL<2.8(2.8 BB 5 = |Domingo
@ | Swiss |F #% ¥ T whmmsl, 1 AE-0iE | [A] W, E] |AZKFnip |etal
| HRO#RE HEOHY, FEEDH 1989a
20/ m (2.8
BIR: REET. SREE
BRERRED LA
(2.8}
£ | <UA |BE13 A Bl REMER(28) 028 2.8 EtE2~ 7= |Domingo
® Swiss | ~43ihi% 21 . "7k Fln et al
M| AETHE | THREEBHHEOBS, NOEL<2.8 |28[T, E] 1989b
208 |Bnoks | REMoLER, HWERD | [A
ET (28) 2.8[w. E]
A | =T A B ARERN | FIERERROMM,. RE 2.8 Eeft 75 = |Paternain
@ | Swiss |60 H E MOIEIKE (2.8) [T, E] N7kF4 | et al. 1989
HERE | M 2SECAT
25/ |14 B~
HAM]
BAIRE O
=
£ | =R | TEEI64 | AREKTFH TRV RES FTrEo |EgY 7= | Llobet et
) Swiss | AREKER | S ELEHOTRRO B 11.2 | AZkFnde | al. 1991
Vi3 5. (HE 8@ | (RTHREOR-HREIRE (1]
24/ | 2IEHEM | T.REEERORETEROM 5.6
b)) 2 (5.6) [£]
4 | =R |ZZEAET 15 A | B AR 3 A% 1.25 4@k 7 = |Arnault et
® C57BIx |[lgkk#E PR R R OR300 A AR A, E] A al. 2008
CBA | (—##&# B R oD 2 SRR 1= %
| FHHELE TREE50LE (1.25)
10/8¢ | &) HER 9 BERE DRI
oLl 5%
HOET (1.25)
£ | =R | ZEET 30 | BEMD: BEEEHOLS | HEMW IR B~ % = | Raymond
B6C3F, | B~ B — YR BRIEER DR | 0.125~ 0.125~ NSRS | -Whish
HE Rk k& (B : 2.5 ug/l) 0.250 pg/ | 0.250 pg/ et al.
5B HEV - AERTFHEOR W | keffB/B | kelkE/A 2007
IR OB (R I&] BE
7K : 0.5 pg/L) 0.625~
1.250 pg/
kef4EE/B
[£]

A WA neE, IS : BB IERIEAT. ™ & TR ek, 7« R TEAR. & : 408 - B/ v
(A1 : 3. [E]:EFSA. [T1 : ATSDR. [W] :wHO. [&]: BERZLERE
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VII. T4
1. TRA. .ﬁ?lﬂ‘%*
IUPAC : plutonium
CAS No. : 7440-07-5 X
JRF5s : Pu '
FIALRE & : 288Pu 238.05, 239Pu 239.05, 242Pu 242.06, 244Pu 244.06
(The Merck Index 2006)

2. MEPEsER
Fie ((C) :639.5
W (C) :38,235
HE (glemd) : 19.84 (25C)
S BREALE
(AEB LSRR 1998, EE(LAW - #5{RFRES 1997)

3. HATERR
TN b=y AQERLEE LT, BTE232~246 D HORMEN TR Y | Fomil
DORWEOE LT, 29Pu CERME 2.41 x 1044) | 240Pu (38H] 6.56 x 103 4E) | 242Pu
CEE# 3.76 x 1054F) R Tt 2¢4Pu (B 8.26 x 1074F) AdH V., Zh i §_T o i
2T 5BUABMERETH D,
Z DAz, 236Pu (i) 2.85 45, o BUHR) | 238Pu (R 87.74 4R, o BURE) | 241Pu
(EIH) 14.4 £, o BT B R | 243Pu (FHH 5.0 KRR, p BERE) ERTFET D (The
Merck Index 2006, (A4 - $E{EEEH# 1997, Argonne National Laboratory 2005d) ,

4. Rk
T b= Aix, BREN, BT O0EM, ANVREDE, BEHRIRE SR A TR TR
DFEEHE LTHOWLNTWS CEEEY LR 1998, E#LEY - s5MEEs 1997) .
FUHFOBREE U T, BAGF CHER SN A KRR Y 7 B OB D T H 2MOXIEE
(BE{b7 N b= b o5 DEEY) L LTEBEIV = ABHANLERTNS
(Makhijani 1997, ATSDR 2010) .
239PupY, HPEFERIN U TESREZREZ U, WK RBERRTARBH T2 N3
TRNVFE—2EROK 345D 1 24435 (DOE 2005, ATSDR 2010) .
238PulL, EAFHBER OCRERIESERO & ) REBNORERFRFABMOBIRE LT
FIAEHLTWA (DOE 2005, Koch 2005, ATSDR 2010) .
26Py Je (R242Puid, REERUCAEBERHRO IV b= A IED P L—H9—L LTHIFA &
T3 (Brouns 1980, DOE 1997a. Kressin et al. 1975, ATSDR 2010), _
239Pujt, 1945F D TR ERICEMR Sz (DOE 2005, ATSDR 2010) .
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5. BRATORN - B8

T =y AZBY TRk O—2THY, RPFEOENFEAZERE O BAUEIZ L - T
HFonsd, RTFHBREFORETHFE TR, 2850 OBELQFUCIY Z2>Fl =20 iEF2 4
L. ZOHPHEFH 2880 [ZRIN X 4T 289Pu B4R S5 (ATSDR 2010), 2003 A1
FHTH 1,855 hDOT NPy ARFEETH EHEIRTEY, 1,370 FIAIETFHHE
BETOERFE BB IS D Z EMBBHNITR> T D, 2008 FRIFRUZBIF L7 b=
VADAEFESER, AT ORTFIFT 70~75 bU/FELHEINR TS (Albright and
Kramer 2004, Clark et al. 20086). '

REEEEERIT, 1980 FIZT LER, TNETOM. I b=o ALt RE/TA
THENWCBRETICHEE S, 13F 10,000kg D7V b= A% L TWwWi= (DOE 2005),

HRFCRIBEENDI TN b=T AT E A ETE, 1980 FIZE T LEEXKBRNEER D
OFFHERTHIZ L 20 TH Y, 28Pu, 239Pu, 240Pu R 2Pu D7)V b= AR
(R EFEBIZ LY & Tw5, (Clarket al. 2006, DOE 2005, Eisenbud and Gesell
1977, ATSDR 2010),

29Pu WRKRIZIFET D0 7 CEAPI LRI N2 8, FO RIS EEN TRV
LW DHETHS (Clark et al. 2006, Lide 2005, ATSDR 2010), F7-. BARIZIZ
DB 214Pu BEBENICREROALTETHEHET S (Clark et al. 2008), 77 U B DH R

HFNETH 20 BEANCHFEE LA 7 o RARETFEO L 5 RRAREFFNT L2BEOS L
= L34 LT (DOE 2005),

BEMIIBHLTERELDBOICBHEINE 7L =Y ARMERE 8Pu THY ., KNT
40Py TH B (DOE 1999),

BIEFA~OTNL =0 ARARFE LTH, BEORKBNERR, ERmXicEE L
B, ALHEOFEHERFTORMN, FAFEER T V471 Y h—70LER. BRE0
BN OV ALERIRE, BORBHRRIC M L FMER S S (F IR /B Rt

(NEAJ/OECD) 1981) HYRHIHEENT T F =T AOREZ, KRB R
i S v Bzt ~<T/h &V (ATSDR 2010) .

KEFIZHB SNV =g Aix, EEECEIRAK~OBER RS L HiE
WCEBIET D, =T AR—ERREICIAL L, HEEUHEEDRIFITRET DX
i3BE ER UK RAYEEE CAEMERNET A - & e b (ATSDR 2010) .

ATSDR OBMFN T 77 A AR, 70 b =0 AOENEIRE & BT 28 %
AR CEAR LI,
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6. (kARG

7V h =0 AOBEEIEDIEY, REER LS (B : PuOy) LEMMELEY (B : Pu
[NO3] 4. 7V b= h—2xfEiEk2 (plutonium citrate complex) ) &= ->D—f
MBI MICERE LY TTIThNTWVWAD, LA L, EENTIIRO L D ekl
AOBERR TN b=y AOBRBIZEE R 52 5 5, (1) £HEMpHT TOMKSHRER
RAHEPu (V) OO TARGFHEOR Y ~w—%24£ 5. (2) BFYV 4 X ERBEITRT
BILEFEE IR O EE L ORIRFIZEEBEE X5, (3) PuO AR S
RGBT « B 7 REAFER CNCRBEh R ONRIY & BN &S ¥ 25 RV RIS IZ X375 B ik
WA 52500 L, TN (4) FRLED SR : BERIC R BRIT ORI
B & W R iR b (radiolytic fragmentation) DB ICHEBE 525, Zhb O~
RERIE, BIZK~OBERMECH TIIRICERESNRWEER TN b= AMeEHhOE
HA AL SED, WASH2PuQDEMEENEIT, FBRRKTF YA Z&E (>1um) £
DHA ZFTBPuO D HFEHEE L IXALNCER > TWE, BAIKACIEE L
238Pu0gid, 289Pu02 & bR THED CREICRIT &4, FICATIEE BRICHHT 5, HRE
LT, RO RN D FEE R il ~DOFIRES 12, 29PuOs & H_T238Pule~ & D L IBE L
ek, FFlgE B (&, &) ~ORMIchbics2BRE (ZhL0FREY) Eli~D
FE (CHLDERDRY) ZHRELDHZTHASI, ThODRFR, BRRLIBREZELALT
WABRZER, BEAVCEEEINAERRCTHEZIN TV S (29PuORER ITi~D
FOEBDRIRE T, 28PuO BB &ITE . Bif. HE~0OREN ) . WA Sh7229Pu (NOy)
JOENEE, AR, FET28PuO L RETH B,

(1) iR .

B (#FEmollusks) CEMENEAN b= ADE MBI BRSOV THESh
T3, RAEEBREN, EZ7 74 —A LI T U TOA XY AEREHERR (1 0¥ Tt
&2 PuP240PuzgirX <X A (winkles. BfERO—FE) (BHe4 RV
iE24) ik YA A (cockles, BRI ZHEAD—E) (BtEbARUTLHELE) #EN#E
Ht L7z (Hunt 1998, Hunt et al. 1986, 1990), # 0K X 72230 Pufk UR40PuDHEHAE
DHEFEHIZ6~16 BqTH o7z, BAEHDEAFIRT R E THERE D DEEL L 7= 24K/ IR
Y TR & e, BIR S o TR OB (BRI 13 BES X 417228 Puk (f240Py
ORFERFPEME & T X TR I N ERE LEESICTHRINSEEEO L & U THEE
Ehiz, & BRIV =0 AO R OEREE T A& O TFR I iz (Durbin
1972, Talbot et al. 1987% Tf1993b), & SN/ EHWINERIL, F<F EH 1 R OB
L7 3RERE C1.7x10 (#EPH : 0.2 x 104~49x 109 Thote, ¥AHTA EZROBR L~
WERE DHETE L) WRINEIT, THBNCHEH SN ERNEMEE#1.1% & FHIT 5 Durbin
(1972) DEEEFNMACESL L4x 104 (BKT7x104 THV ., THRICHH En-EH
BAMREEN2% & TR 3 Talbot s (1987, 1993b) DENEE TN ESL L1.9x 104 (&
K3.9x104) Thot,

e REHT NV b= M3y = R LSRR TR L TR TV =0 MER L 25,
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ARG T A T3RIZBWT. EMEL BT/ VBTN =T AKEREEOFERL
e DL ICKIT 2RNEZRAIE LR, BOERESHBIXIZOERICRE ST
b= ARPEEE & 60 AR BN F =T AEFIIRNEN LB ORIBEOR
Bl OBIOEEICES L BOERINETA = AOEH I FIRINEIT2 x 104 >
59x 104 OFEIATH -7 (Popplewell et al. 1994),

RABRUROEROMEN . R~OF A b= APEEREOEHFERET=F ) 7B ICH
BRIEOENRBINTREOMEICESE, b MEMIZBT 2 HEBRNEREEINR TS, =
NEDORTEL, WAESKET N =7 ADRRIE~OIE S MEERLBE LES L =
ADBWEIZBT2ETNICESAREIH- TS, v— V¥ VEDOEERBRIZE 271
h=7 b« 74 —/T U MNIEFE L Rongelap /D 34 JIEFICDONWT, T b= ADRFE
HEEBEORHE LR A LT =7 ADME L RIUIET A REIC SN TT — 2 it
THE, HEBERINE (BFLIE mEALEELOLLT) 304.2x104 (#HH: 1.7
x 104~7.1x 104) & #ZF X #1177 (Sun and Meinhold 1997) . Mussalo-Rauhamaa & (1984)
X, 747 FDZ v 7 A (Finnish Lapps) IZBWT—ED TV b= AOWMAER
CRFRRE (W M TFh 4 OERICHkK) DTN =7 AFEIEEE 2{RE L
T, V=0 ADOKNAWERORITZITV., HEEDORINEEZK 8 x 104 75 9 x 10+
EHEFE LTz,

T =T LDOEEERIGCOWT, b NS DOERIF, A XARTE2 O >HlEHEICE
WTHFREIN TS, 2 HOMEDE L, BINS NN b= LE EER R
(il : KT, B#d) BT b= ABTWEORTIC TV =0 AR PR %%
EbhDELTHTEEZIT-oTWS, b MNIADOZEE CIIH LB OWRINEEZHETE T 51201
—ERpLAYE (Double isotope techniques) H VG TV S (NRC 1992) . =~ DB
ThE, b ECR U TP (VD) OREBAKEEOKROR S R U26Pu (VI) OREEKEH (X
13238P) OFARNER S BT, BB 2 ZREREORALIKEL O 4555 (retention ratios
for the two isotope ratios in tissues) RURHF~DRHEPEME (cumulative excretion
ratio) 2 HIHLEWRIESHET S, RIRER, #8E b CRAKIED0.22%, EA&
BFOE £ T0.011% & HEE X i, 289Pus o R (239Pu citrate) TR ET MEmM
hjz2oPud 7 = B A AR O 5 S hiofifl~—e v SO, B
OB THIE SN BEEE L~k b, 70 b= AOEEERINEX, 7 k=t
by BE L LTHRESREEEIIH0.24%  BERRT MIBEML TRESZEEIT
0.14% THh -7 (Ham et al. 1994) .

b FMIADERBE TITOAANRORBIZME T, 74 A XRCEA DIFomETHL
RENLE EALFEERRIE BT 270 =T AOEIELEFRNENAESRTVS, ZHhb5DR
B IR B 5 A AR TFICET AU FO—RMFEHREZIELTVS (1) —B8
W2, T =T A7 2 BEORNEIIFEEEOCEN L VL, MEEORINETBE L
(PuQz) DZFNLVLWHEANH D (Sullivan 1980), (2) FRERICBITAZ I L h=T A
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T R R B E O RIN EHEE DL IR GED0.1%ARMTH D, (8) ERIRNES
HMEEAMHEMAH S (Bhattacharyya et al. 1986, NRC 1992), (4) #HER BT 2K
ik, SRRV N =T AOLEREICS 58, A (BiE) D10~1,00065% 1

(Sullivan 1980. Sullivan and Gorham 1980, 1983, Sullivan et al. 1985). (5) %h#
Ty MIBWTESRZEXRRELEIMSE, SERZIET v b~O =fligk (Fe¥) &&IT
B4 A 823 (Sullivan and Ruemmler 1988). (6) E/E v MIBWT, EEH
B8 (surface dusts) D7/ b= ADKINEIL, RE5ED0.001%KW TH 5 (Harrison et
al. 1994)

(2) o
HALERBOABBREL-E MIBIT A7V =0 AOERNSMAZET 5038 8HE &

nTHiEy, b NUADEEE., A XRUREL O >EHEICBO T -5, Bk
BPLRINZ TN b=y ABRFICHEE BRI m (=90%) T 52 &2 RLTW3,
A LTTHEAEE Y (n=4) TIiThhzRABRIL, 29Pu (VI) OREEE O BEIEHIR D &5-%
46 H#% T, EAATNEORO% B ERK & FHEICHFEL ., BEMTFEO L =7 Akt (&
B i Etotal burden) 1X#91.2 (i : 0.7~17) THHZ LH#ARL T (NRC 1992) ,
T b= U LARBERUCHEBESBENE S SN A X TEERE  FiEOkEN1~4L &N

(Sullivan 1980, Sullivan and Gorham 1983, Toochey etal. 1984) . F v FRR= A
TH1~8 & &N T (Sullivan et al. 1985) .

(3)

AEENIZBOD TV F=0 A, FZMAKRSRENC T R BERUFES NI H
YREDBEEOERIZEIRFTEINE, =0 AIKERS THI~VI ORIk E
THET A0, KIEOABRNEMS T CidE2EEKEIIPu (IV) TH5 (Gorden et al.
2003) , FHEDPH 28T, Pu (IV) A A THERHICERER CARBEEREO TV
F= LKEE(ES (B @ nPu [OH] o) AR ENS (Taylor 1973a) , Pu (IV)
i, TATIY, SaTdiy Bl bR T2U V) | e DESTEY UIEEN
- 7= AR EERREM: & > /X 7 & (physiclogical proteins) *EEEEHERT D (Gorden et
al. 2003, Lehmann et al. 1983, Stevens et al. 1968, Stover et al. 1968, Taylor 1973a) .
Pu (IV) -F 5V R 72 U VEEEORBEESITIE S THRVD, Fe (III) -F5 2
7 = ) EESE (Kd=102M) &k 0 ZFEMERE W L 5 TH S (Aisen and Listowsky 1980,
Turner and Taylor 1968) , #ER L LT, Fe () O FF A7 =Y r~DiEE1E. Pu

(IV) BEORE (FFr27=20 040 #BATHINCERERE5A D, BEOSKERIIHE
RBLLTANVP=UAD TR T2 ) ~OREEEEHD XE 5 (Turner and Taylor
1968) , TV h= U BIFEFZ LRI B I H o FTHBRY ANVREF IV (B 7 = B,
ILEE) & bESFEERERT S, WlRURMO 7 ~ BEASEOREEEHIXENEFNH105
M, 10322 MTH% % (Taylor 1973a) .
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(4) Heitt

B S 7 b= AOBERICET 28T, RSNz b =0 A ERERET
MTHDHIFE EHFERERI>FE) LB (EDENEREI>209) (ICRP 1994,
1996a, 2001) 28T B RFBRIAHEMREIIEEWNZ L EZRL TS (Leggett 1985) ,
MBI 7A =7 AOHER CHBAMRICR LT —F L, 7V b=7 A - ﬁ4
X5 4 7 AOKEFETS L (mechanistic models) DRIRICEML TV, “hbDEFA
i3, BlEISh-2MEo etamE, el TE27 L =7 A BEER ORI YA Xick
TBRY == g VRUB0~1004F L #EE SN A REMZBIE T o1 2 OF 2P L
Tw3 (ICRP 1972, 1979, 1994, Khokhryakov et al. 2002, Leggett 1985) , &7
FZES LREOHERNEZ S L 0 S Z Lk, BERKBICIIBELZLBREREZT L =
TAZHTRED EFHEINS, LAL2RL, WARE T, Mol ~D7o 1
=T ADBIRIR E 72D, TS LICRL T OMBMNE(L-CUEMREED, S ot X
DEEMENRRIC A 52 B,

b b Cik2es20Py 2 E A CERENM OB R T A BRI BV 289+ 20Py @ R HERRE
MNEEZENT (Hunt 1998, Hunt et al. 1986% TX1990) , 236Pu (VI) [REE/K#EE (it
239Pu (VI) BREEKENED) Zbv v i@ b Lk, 70 =7 AORF~OHER R
D224 T HBEIN T (NRC 1992) ., Priesth (1999) 1%, HEBEMITIBA L= K
SUAEBROFRLEZE MZBWT, Vb= ADRPHEREZBE L, A X RUFEL
D > WE TITh ek, BNERZICRN I 7V b= ARFICHERESN S
T EERLTNS (Sullivan 1980, Sullivan et al. 1985) .

7. EREME~OER

BMIc RN T, 0 =T AORBRNEEIC X AFERRR, (DIILE R, ik, HEk, 1Tk,
g, REMARBR, e, U oNEk, R, AR URE~ORBWRICESAIET IR
Hixlz ot

(1) BT

FAERT v TR, ST A 7 U EEEL2 x 104kBq 2%8Pu kg @ H[BIBEEIRE 0
Hie kv, IBEEA2EME CI45% BT L, 8.7 kBa/kgDRGIZ L AT IdHE ST
U2uy (Fritsch et al. 1987)

(2) HEE~DOER

TNk = A2 T o REE28PY 174 MBo/kg Z BRI DR SN HAERT v BT, jHE
BA~DEBNBEINT (Fritsch et al. 1987) , 5,300 kBq 2%8Pu /kg® &5 XN F v b
T, DNEOZE -5 HREICEREDBRIEE X iz, 17,400 kBq 238Pu /kg % & 5
EhicT v FTR, DNEOKEHM & T EERNRECREOSEN2EENEERSN
7z (Fritsch et al. 1987) , 5,740 kBq/kg%&fféhLEJz{z{:? v FTR, KIBoERm bR E
K OMIE CHTERBEMNAED LI, JORBIRBREZIA THERD LN (68 Tid#l
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2ZX7)  (Sullivan et al. 1960) .

(3) MizWiE _
TR = 7 AN E Do OBEEREZ OV TR, in vivoBIRER K& in vitroRBRIZ B W T
FLEhTWA,

EBEWWIZ 1T Din vivoBREEMRBREEIL. 7 F = AONBBITRIZoES BRI
FHEE U CI R EE 2 NEe 22 L% BELTRLTWS, b=y bz R AR
BLIEY AV RONLR Y —CREKRRELEEINTH 5, FIHOMARN &5 1.9~19 kBq
29PwkelRE & e DB O2PuOUIRETE LIz KK T 7P (LaBauve et al. 1980) &
FIHAD AT E 40 kBq & 72 2B ED29Pu(NO) (2 §dE Lz =7 A ¥ (Brooks et al.
1992) 2R W T, mMH U P ERORGEREORMNPBESHER, ThXVEVWVRET
BB IR e, A~ EDNZT70~9,600 kBq 229Pu/gs R AHBEOTT /L
TOREBEZI0OADF v A =— A b AX —OMAGHR T, BREKENRLEAKEREEED
HmAEEE S (DOE 1976), 13 kBq 239Pwkg AE M289Pudd 7 = L Fet & FElRIHL 5
Lz~ v X0OBEHRTRAGFRFOBMAEE N (Svoboda et al. 1987), R4
ERRLEP-TZOIREEIH Ch ol B ~DO2EED0.026~0.74 kBq 299Pu
L < 13238Pwg (DOE 1976) Xid74 kBq 239Pwkg K& (JAEA 1976a) & 725 X 9 72289Pu
N ix2Pud 7 o R T b A IR R S S TF v o = — AN R EX — DT
ST, R EREEEORMABRRE I, 229Pu0 X il2BPul, #H#E5 Sz bR
Z—E D%, 25PuXid2BPud s R A HIRNBE SN LAXFZ—D BV TSR
BAEREEERE - (AEA1976a. 1976b), Stroud (1977) ik, #1HA0238Pufifif T
BE2395.2 kBqL 72D L-ULdD28PuQe-ZrOchi + & WMAIRTE L1 U 7 B A FZ — D
MR CHRAERREOBEENEZ LML L2RELE,

238Pu0, X i3239PuQe D 7 12 ¥ V% | FHAD ML E 3% 2 EHH550 X 13580 Bg (9
2231324 Ba/kglhHE) ¢ RAEMTCRELE- VAT, Mlivsnrvrz— (PAM :
pulmonary alveolar macrophages) (Z/MEZDBERENRFRY bz (Talbot et al. 1989) , Xt
BEF DO~ 7 X OPAMIZ BT 2/ ESEE ITER0.1% R Th o 7228, 238Pu02: X i3239Pul,
IRE L A CTI/MEREO P — 7 [JREH21A CERENIRUB%IZEL =,

BERFMEMRE BRPAREOEMEZIIE T LB T AEEL VLD b5
WIEHE L~ TN b= U MEEHEER ARG SN T - HEORBRAR T, il
REHEORMAEEIN TV D, 228PuiEtE L 23231 kBa/kglEELL kTh 528Py
(NO3) 4% HEIERENE S Sz~ v A ORI ¢, REfkREREORE LEmsE
23N’ (Pomerantseva et al. 1989) , 370 kBq 239Pu /kgikED2¥Pud 7 = - EIE %
IR G S iz~ v X ORIFEAIR T, R5%6~ 1818 TH AR ORE O EE
Zik (Beechey et al. 1975) , 370 kBq 239Pu /kgiKE D239Pud 7 - i & FlR R 5
AN~ AORFER TR, BEtEEEOBEOREMLBE SN (Generoso et al.
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1985) , BRHEDABIIFFE EMEICHB L THEM L, UL, 150 kBq 239Pu /kglAE T
BIRNEE S~ Y X Tk, HEGEOERITAEE TR o7z (Searle et al. 1976) .

LR Fa AN L BB AVBREOBMESIE T+ EE VUL (22~74 kBq 23°Pu
(kg E) T29Pud 7 - VI EZHIRAR S Lice v AT AN LA T —Tik, BRI
T2 0 oY EREEEICHRHZMICAERERBMIBE SN2 d o7 (Brooks et al. 1979) ,

TN =Y LICRE Sy A TIHERESESBRE S TV D, REAT4ARIZS. T~
18.5 kBqD23Pud 7 - U R Ui~ v R L AR Lt~ Vv 2T FERNKREET
REEE i (TAEA 1976c, Luning et al 1976) , Fiikfto~ 7 X L a5f0 U /- RAOAHE
HETY, EEERESEEENE, BHEOPY [KIRBES~ Y AT, BERI2ER
g & /o7 (IAEA 1976¢, Limingetal 1976) , Pomerantseva® (1989) X, A%l
AT2~221H120.925 kBq/gf&ELL E239Pu (NOs) 4 2HEEEAR S S~ RICR
WTEBHEGENRER I Z &, 1.85 kBa/gEEXRE LN ERBIOEMAEE o7
ZEERE LR, U RIBWTHTN =T AADREICL - TEHEESFR SN
TV % (Searle et al. 1982) , 740 kBqg 239Pu (kg B D29PudD 7 « U ERE % FrllkNIR 5 X
iz~ o 2 CIXIPRIE OBREE AR FEB B [ Z v, WEREE & b~ THES $0S D
LT, 74 =0 LOFRIRAKRSRICENM (128) KRBT 5 &, AERETEERED
W7 COBSEENLFER I T,

T b= BMEEY DD Qo IR TE SN TR £ Rin vio R RICEBW T, BiaETERR
BRI —E LTI BE ST 5, REFREIE., b MARMY o ERBE Y 233
£k (DOE 1980, Purrott et al. 1980) ., <7 X FHi. <7 AHFKI0TL2 R U3TIHIRE

(Kadhim et al. 1992, Nagasawa et al. 1990a) . F %A =— AL A X —HFEM3-1,
V793 Nz CHOK- 18k (Griffin et al. 1994, Nagasawa et al. 1990b, Welleweerd et al.
1984) THESIN TV, MIRRASEHEIZIRIL, 7V =V AIZBEE L FREMY >
3Bk (Aghamohammadi et al. 1988) . < v RAHI10T1/2Z 3T HMREE (Nagasawa et
al. 1990a) WZF ¥ A =—ZX A AKX —CHOHINEHE (Nagasawa and Little 1992,
Nagasawa et al. 1990b) TFEH HIL T D, Bilbaos (1989) ik, A F=TAIZLD
b FREM Y o ERIDEDRER IND Z EEBIE L, EOMOBMOBEEERERE
Bk, B FPRUANLAY —HERR COBGTERARLER (Barnhart and Cox 1979, Chen
et al. 1984, DOE 1980, Thacker et al. 1982) | F¥ A =— AL R F —V79-4 K}
V79-37T9AMBak CODNA —HEEIW (Fox and McNally 1990, Jenner et al. 1993) |
¥ A =—ZANLAZF—VT79-3T9AMIEE THODNAESE (Prise et al. 1987) W~ & —
Ty b oA T Yy FHEFAE COREBIEMEDIET (Robertson and Raju 1980) 735
FRTW3, VP TARERXIIFT7AEHONW ONOREKIC LB ETEARLTRAR
TikpatETH o7~ (DOE 1980) ,
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<EE>

T b= MMEEMOEFE N OWNEEIE T X A BBAMEICET 2EMEROBERD
Dy

289Pu0y= 7 1 VL E I ARE S - MWister 7 v b T, BYERIBEEORAEN, igE
045 GyLA L5288 L., 6.6 Gy TRIO%IZE L, $, £< ORESIREL. hEE
1~2 Gy CIRZL2H#E»bRIBENT,

7 EE9Pu A MAIREHEN Y 5. S - EC3H < 7 R IZ BV T, ATERORBAIIE. B
B2.93 GyhbitE Y, 424 Gy THRERNET Lz, £7-., FAEIL6.93 Gy TR AMEIZE
L7 (Oghiso and Yamada 2000) ,

8. Ekr~ADER
(1) BHALE

FE =z v Z RMNRocky Flats D7 k=17 LMk OB EEIZ BT B 25— FPIEHx R
9% (Brown et al. 2005) Tik, 180EFDHNAFETTELFET VAT E2BR LEEOHE
OFREEL % g LTI AT AEta T i, RENHE400 mSvifild T104
OETEHAMZ BN ZIFEOMBA Y A7 OORII2.2 (95%CL: 1.1-43) L HEKERELT
Wiz, 2L, VAR B LTEFAEMNL TE 6T, 7 _——T3k
<. BFEDHMIC REI 2 S0 5 5,

BF RS TN b=T A2 SORERARE ST F YR oERICBE 5 A
FPEERAIC LA T EZRF L30T AR 25— FMFFE (BEidemuller et al. 2008)
TiX, REHHRE (500 mSvAR) &EFEEZERSBERIPAFELT (185441 ORAIEH
BEhBEREE% (ERR0.76/Gy, 95%CI: 0.23-1.29) @B bivi-, =L, b=
DAFEROEO BR TS L0, BOHRIREIIEL LTS VARRA R FULICES
HDTHY, PN 2 UL L DERRETHLE 20 EFATH 5,

EHIER I 1T ARl O#FFEHE D4 (Kossenko et al. 2002) Tik. BENRAICKHTAERR
1%0.65/Sv (95%CI: 0.3-1.0) . BIFIZZ3 2 mFIRAERIILIL AEY =0 0.85/Gy (95%
CI:02-15) &&h T3, #0%DHE (Krestinina et al. 2005) TiX, EFESAICK
T HERRIX0.92/Gy (95%CI: 0.2-1.7) . BILHIZH$ 5 £hi34.2/Gy (95%CI : 1.2-13)
LipoTUNA,

KET T M AND T b= ATIHOBRTICET8014 DER %4234 OERIEEZ
AR R & LB L7792 (Grossman et al. 2003) Tik, YUZHEoERICE
WTRRIRM A DIED, HIRHRIEE R VL ERREOR AN, THEIN EES2KE
L EFEISTERL TR EHEINT VDS, FHELIX, HHEEFIBEELTHNAELTYH,
PIRERTHASD MR LTS,

(2) pERE

WEEIL, T r=U ANE FOBRGHREEZIR I T LWV I RENRIELEREE L
TRV, P P=U A LA BEREL Y VA BRORAEKRE & OBEIZ OV TIX
W DD ERDH Y, ERSEFEBRINTNS,
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FE =15 FiRocky Flatsd 7L b= AR HBH (EERREHHE~21 Sv)
xfg L LI-Bfge (Livingston et al. 2008) Tik, BIBLE7 A b= AMEEEHED S b,
PIER 5 UM ER R 03500 mSvaRTil & fEE S 415304, TACHAERRED 100 mSvRTH & HEE
SND 174 RO O RSB < O 2O BE21A ICB W T, SMRHRE, NITESE,
FiEM U RO PR RE R CVMEEE OBGRE R, REAEREOEEIIGTHAR

(PRI IAERTE T =0 hin b OUROBEIRED W RIEIT168 mSv) & EDHE
Mot (BVI-D 2, SHERE L IIHER R, MEOBREEII=>0HEFICE
WTHEBRERA LN 2o T, BEEL., HREPRLEFAEPCEFELMBER TR, #
B THELIGEREO RV TH Y EIRAEET B 2 AT MM L S RRNES,

100 T T

-
L=J
1

numbar of color junctions
per 1000 cells

st aunl

T T R v 100

bone marrow dose {Sv)

B VII-1 Livingston et al. 2006

Rocky Flatsizd %7/ b= AR OEER 26 ST O BF3E (Brandom et al.
1990) Tix, FEHNAN EART40 BqDO A TIHERAKEREREDO ERPBHEIN TS, KT
HiTTEVIREE (60 kBgt) #3117 18 OFBRE O REAEKRE (38/cell) 2 HIRHERE (740
Bqll k) &k ) R 7 28U EiFwRefEds |,

07 OMayakiZH 57 b= AR THEIEL L. ARANEN155 kB #EESh
TWAIEEXBEORMEMY BT, 7V =7 AORNREICHBE L 2 RakREEED
A RE s TS (Handeetal. 2003, 2005. Mitchell et al. 2004, Okladnikova et
al. 2005) , FIfEE TyiC X LA PBE LRV M =0 ABEFERORSFESEE
EREFHREI~2.1 Gy) DV R AARRE 2R LR (Hande et al. 2003,
2005) T, 11EO7 N b=y AGHEBEREZR C114 DRIBER, 46 0RKISFHEE
W TCbA DA BE B THARAABESOEEIX T £12.9%. 0.2%. 0.2%.
0%. JefafkiNZe E B4 OBEEIXENENS.7%. 0.9%. 0.1%. 0% &L HEIC R - T,
ATEIC BT 2 BB FR 238 R TR B R HEEMGRE0. 5TRBL A TWA R, WEE
DEFTHE A RFi- ATz ), BRI A 2 20T IEY{b vz,
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Ffisg TH#IE< LIEER TitiE L o B b A E R HE O LR A TES
FUYTUVS (Hande et al. 2003, 2005, Mitchell et al. 2004) .

=23
1

N
1
||

N
]
|

Complex translocations per 100 cells
|

0 —#l T T T T T T
0.0 0.5 1.0 1.5 2,0

Plutonium dose to bone marrow (Gy)
VII-2.Hande et al. 2005

B URE D794 672 AMayak D 7P b b= U A @#F s — F T

(Okladnikova et al. 2005) T, 7 r= A0AKE (0~15.5 kBg) & U L <Hkij

GARREEEOEOHE (r=0.45~0.50) RR D LE, 4.5 kB ) T oOBRITE
Thiziz-Tind,

KEET 74— F (Sellafield) OB LIHEOHBMEF4L HEETLV F=U L2AWER
296~1480 BqLl k) LB (R0 Bq) DOKGFT (Tawnetal 1985) Tik, EAIZEY A
ENF=TN b= ARBRKIFAESHNATTRZ20%EE Lz ACBWT, 3BRE R USER R
HRERRFEOHEEFTEICLER L TWe, £k, TOREROI0ER I L 27T
ELS BT R d, I0EROBBRBCBITARITIEO A F=0 258%F, sEgE
 FihE R UOSTREZ 21244 O®Ft (Whitehouse et al. 1998) Th ., WA EE
REOBENREICR o7, ZOMAE, HPUCIEE Lic 4 b= 0 A3 AT
WHUHBREBAT 5 WO RFLE —E LTS (Whitehouse et al. 1998)

PARCANE, 7L b =0 MMEEBB TV b =0 Aol TAZHRIE < 32 AlREHED 5 2 RERR
BThd, ZICAHE., FRIXITERAIZN LERKE T L b= ACBEERITI Li-3EE
DIEXER8E (HEFENAFWE0.78~1.5 kBg) @V 3k TiIREaERERBEIhTY
5, WIE LIS EEE T, “BRERAKIS00MI8S /2 0 FEETH 7R, 0
B O ERRHERIT 351 5% B 124,00041J8 % 7 0 11 Td o 7= (Schofield 1980,
Schofield et al. 1974), —7F, 32EMEHRAE I~y ¥ UFHEID 7V =7 AME
E2E T REAERTHEE L 0.185~15.4 kBqO&EEO 7V =7 MERATE L OICX
B] & A EREN R o0 b 22 o7 (Hempelmann et al. 1973, Voelz et al. 1979) .
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(3) ¥DthnEs
ERNTHE, P =T AORNREICEDET. FEOES~OKE, £ - BERT

BBy 2RI AL Lol

9. ERFHEI% R ‘
IARC 2001/3239Pu (29PudmiREI 1L, 20 Pu~DRB O SEND L EINTWD, ) 12D
WT, ZF—71 (B MZH U TEBAENRSD (carcinogenic to humans) ) 1273381
TW5, £z, & MIBWT, 8Pux=7 2 Y VOB A L5 A ., FHES AR OE R
OFAGIDTH D . BPuDREECIL., PO EH{EDIRE LMD & AT A,

10. F&&
TN =7 AZOWTHE, A LB ANCEBEREEREH D5, IV =T A0

FHILTULHBETIERY, £k, V" RREEORE ST IRRSBREOT —F
ITFETSPHEICESHER TH D LXEALR,
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VIII. A4
1. THE. RFESE
IUPAC : americium
CAS No. : 7440-35-9
FFiE 5 Am
FIALEEE : 234, 237-247 (HERHH DO REALE 243Am)
(The Merck Index 2006, A BE/{LFEFEH 1998)

2. HELPEAER
mis (C) - 1,173
WA (°C) : 2,067 (cale)
(CEME LA 1998)

TAVY AT ALHREMERRERTHY ., TEZMBEIIFEELR Y (The Merck Index
2006)

3. SRR

243Am F OF 241Am i, BB F T 7.38 x 103 4ER 1N 432.7 42T, 243Am 1T o HREE.
MAm (T o Ry BREZ T 5 BB TH S (The Merck Index 2006, A HY LS
FEML 1998),

4. i
21Am K U8 28Am (34 A e B G, 20Am IDEREHE I bbb CERE L
# 1996),

5. BARTOSH - By

TAVS U ARBY 7V RBO—DOTHD, AIRETHD, REFO 20Am FAER &
LT, BRENSOKFEHETY. BFFEALOMLY, BAEER TORLW N AES
BROVHBEFC L SEBMGOAER VEREEREZEZ LD, BREPICFEETIT AV Y
A DREAE, 1950~1960 FERIiTbN T KREBERNEERIC L 51 O Th - 7= (EPA 2004,
ATSDR 2004¢), 252, Fx= ) 7A VIEADBFEERFR. MZEFHRF SNAPIA %
BhAIR & L7 R OBRBE, & SHEH B-52 BRI /Y — 2 5 2 RO thule B S DB5
HIZR LA 8o B, BTE. BUHHERE T2 LA LD BB DIZ & A XA 211Am, 908y, 187Cs,
238Py, 209Pu KR 240Pu iz kB b D THS (DOE 1997b, ATSDR 2004c), KREEBEAEEE
BRIZ & AREE O 2 Am (FHER P TR Eh, ZOREREHEETHO ARy 7 TR
Lyl XT3 (ATSDR 2004¢)

41Am X, BFFNT, ZEGHEM., R0 7YV EUVEKTREERTNS

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

241Am 13 241Pu (8 14.4 ) ORENGAERT LD, 241PuOHBIIERLE LT
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HIAM P HE S L TEY, 241Pu OKEBIZ W T, 4 Am oW THLEBRE L 2THIER S
R, 1Py OESHH OB RAR S5 %1Am X, 70~80 EDORICHERKE L7222 (EPA
1976, ATSDR 2004c), FOFFERERL LT, 1980 £ Ciirbh - RGBREERIZL D
241Am DEIIB L F 2035 FIZE—JICEL, AR EREL 2 AR TEEIZHE - TH
PTBEEDbND, 2 AM BEO P — 7 KRC L, 241Pu MR & LTHEL TV 5 (ATSDR
2004c) .

REFIZHEEINET AV U ARIRFRE 56 L, B UTBERSIs L0 ik
X FEAIZHEE S D (Essien et al. 1985, ATSDR 2004c), #ititFiXE AR & FKm
~OEBZEVAET D, BRELEELAEATAV v ARBAKCL VR ECEEN S, EBig
EWOERICEI D . T AV T AIKOREANDKKFICAD NS 5, (McKay et al.
1994, Walker et al. 1986, ATSDR 2004c),

[FI#EIZ, 21 Am (5 L) D B OER CEFICH 2 h 5 FTEetEd 5 3 (ATSDR 2004¢),

KAEAII AR DOBEGAR L IHERE L IR RE DEMEHOBNERH LT, 7 A
U hEFEMERT B, KROT7T AV UL, REBESWETZ 7 b, REER
CHEEONAEH LIRS L, ETET5 (Fisher et al 1983, ATSDR 2004c), %iFEE
BEOMOBTENOERENEZT AV T AOKRES L, BEEBL THtEn DS, &S
B ST BpFEE & o B AMRIROEEIT, 4 Am OFRBRUHERE R ~0EERH XY
{2 LT3 (ATSDR 2004c) ,

b, BEELENELFES, 7AV AT IEICEREL CEE FO HEICEREL,
ABECKOIERE NZAERBIEIC LV ESELEN D, BRSO R LR
BOH HHIEITAR L T S/NEILEMWIL, 24 Am JFRIEENEETEIZLD, TR
Uy AZEREND, B, NERLEMIL, [ERoa—T DL 5 RRYEHD LR
BEICHAREINT, BEEH U THET AV U L 5BIEHAEERD D, KREERE
T 24 Am [T D 24Py LRIFE L THIEIZET B2 606, EEDORSIEBITS
MIAm BRI T AV ULET N b=V ARTEORE E MEEORECHEETRINS,
MR T O 20Am ORESIE L GREEKELTF) Rl ah, 22 CHBW L &S
L. o HyEso{bmizEE LT3 (Bennett 1976, Bunzl et al. 1995, Vyas and
Mistry 1980 : ATSDR 2004c), LD LB E, 7A VU A2 Y T R EBRIT
HTFARFIZBITTHZ ENRHENTETEY . KEOEDFTOESI R Tid, #TF 80
~3,000 m S E~DOBEHBBEDH NI, T RAT AT, 2uA NMRDEIIHTART
REHEOBEN TE 57D, TA VU LAEFURAHERELES L, B35 8
BEFETH D (McCarthy et al. 1998a, 1998b, Penrose et al. 1990 : ATSDR 2004c¢),

TAV YT AWM ORERL TEEIOR VAT, #HPORMOBAIZEITT 5,
241Am TIER LTS, YO ES/ICibE 5 2 REd 55, 21Am O HEILOR
IWFEATHEIZAEY » (Bennett 1979, EPA 1979, Nisbet and Shaw 1994, Romney et al. 1981,
Schultz et al. 1976, Zach 1985 : ATSDR 2004¢), TS ORIREL, {L¥FE. L8
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¥, EYRERURESEGOBEETRIND, B L O 24Am ORELT, BifpE +
HWoOMEIZLY 2L LOERH D, WINIEBEHESEEFTIRIVEL., TA Y U LDaik
ARRURREZETSHIDOILEERREF R AEIA L FENL IETIILD
E, REBLTRRENEEBY 7 o RBIBTFRUOREABITT D0, —AICHERE
23V (Bennet 1979, Schreckhise and Cline 1980 : ATSDR 2004c),

YNLFREY., TEX MO ERERL, FMEE$TASZETT AV UL EEET
% (ATSDR 2004c) ,

ARAEAEYNZ & AUGAIL, B, BOAABOKBIER, M, KELvwor£E < OEK
IEETATRENRDH D, RIZBITAT AU T L0EWEBEITELS . ADTRSE TIIE
ZAEVy (DOE 1996 : ATSDR 2004c), 241Am OEENR, Ny 27T Fr~ k) 3H7
E BV RS T ER S HFETIE. AR OBERHBHOEED 10 L LS
RLTEZEDH -7 (Emery et al. 1981 : ATSDR 2004c), b AR 2 EEY T,
—jriz, A HFATERbEL., TOENBE L., FiCHLER, MECHEETHD
(Chassard-Bouchaud 1996, Fisher et al. 1996, Hamilton and Clifton 1980 : ATSDR
2004c), ZHHOBBOLE IOV TEBITREPHEIN TS, AFrREARTERN G
K%éﬁ%ﬁ%ﬁm\7%)/WAﬂE%ﬁﬁéhﬁw&vo_&ﬂr%éﬂfw
(Bulman 1978. Jaakkola et al. 1977 : ATSDR 2004c), 72 U 37 ADLEHERIZEY
BT DEE LV (ATSDR 2004c) ,

ATSDR OEFEMFER T 7 7 A 5 i, 72V 7 AOKNENE L FEICET 8%
HM R A LI,

6. FARME
(1) B

IRABRICRAEL DML R, b P2 LERRIZBOTHEREKFHED
0. 1% AEIL XN TR T AS = ENFRR I N, AHRTIT 0.5%ESBIREN 5
AHEtEH 5 (ICRP 1996b : ATSDR 2004c),

TAUVY AERE @A@Y 2HVWT, B MNIBTAT AU T AQRIIZONT
FRENhTWE, HHA84 (Bite4., M 24) iz, HES 7 U 7 (Cumbria) M
5 74— F (Sellafield) ORT HMagkir < OfpRE THER X172 20Am [FHRF < F N 1
(winkles, &% H 0 —fE) BEOFEIhz, #5 & 21Am OFEREIX 18~76 Bg
(0.156~0.63ng) Thot, T5HE, 24 KEhERNIC 10 BE, &4 ORBERE i,
IR X - EREDBIA X, R LEER S 20Am SRR L E2itlINEh b &
RIE LizHA ot FRIE & 0BG L Yt E iz, 2Am OHEFHIRIX, Takada &
(1984) ORI ENET AV 7 ARFRHE SN AFEBSOEEET AVICESHTEHRENE,
8 & D LTI, Eﬁmﬁ%woexuw(&H%Mﬁﬁﬁ%m$m01 i :
04x10%41x109:2m0mm%f%ot4
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2EEDORBRTIE, FIRROSET THARVHRD 14 (Btesk, ktE24) KREL
B 75T 10~25 Ba (0.083~0.21 ng) @ 241Am & L 2 EEEN#E S Sz (Hunt et al.
1990),

T ORER, BRTTHWIEL, B5HEEED 0.8 x 104 (i : 04 x 104~1.5 x 104)
Tdholr,

UEZS>ORBERERETD L. BERrTEARINER, S5HEED 0.9x 104 (FH
0.3 x 104~2.5 x 104) XiX 0.009% TdH Y., B ORIEEZFRRE CH- =,

SHIZ, BRUIORBRO 8 AR 3IARUHH3IA (BiEs4a, &k 14) R URABREE
RNT 3EEORBBEBSI NG, 3EEOREBRTIE, EEA Y7 U7 (Cumbria) ML
—7 5 A (Ravenglass) TEBRENEV NI A (cockles, BEH_HBEO—F) 2HN
S, #5 Shi-EEtEelt 15~17 Bg (0.13~0.14ng) T -7 (Hunt 1998),

Z ORBR O R EATERRIE, 5 BORED 1.2 x 104 (#E5BH: 0.3 x 104~2.6 x 10°4)
ik 0.012% T o,

L7 AU A (AmQg) oW TH, FHIC X v EABE L-EEEICET 2 EHH
BDPRE SN T D, $105kBg (0.88 ugAm) O AmQ: 2 E5HF T 5T I v/ R F2ER
L7 @k, BEZ 8 A M CHEEMEREDHR 0.15 Bq 3L 0.00014% A R Az HEIE X N
7= (Smith et al. 1983), F7-. #1156 kBq (1.3 pg) @ Am * 54 Li-ERMBOREC
B2 ERR 2 mm OREST 1+ A2 2 E A LS ik, B 16 K024 R0
IR 4 A7 BHEE Uiz, Z ORI, RS D 241Am HEEE Y BEULEED# 0.11
Bq (0.7 ng Am) Xi+0.0007% T3 -7 (Rundoetal. 1977), 2 DF 4 A7 OER & #
e & DR OFFERGRTL, AE EE R LG O RRAIRIEELES AR L b0 b
ZZbhiz,

T AU AQRIDEITIRERED 0.1%K0 &\ 5 E 5T A RN, £ P ORE
HERAWERBRTH LN TN,

Ham 5 (1994) X, =—<F & v FiZ 21Am (1.6 Bq, 0.012ngAm) 2Lz =
BRI & e 5. XUt 241Am (250 Bq. 2.0 ng Am) #EA L LB HhsFmig
5L, FEEORHI—FRAZBIAT7T AV VAEHELOERIZLY, v—TE vy PO
{LETOT AV L7 ABINEEHEE L,

FORR, CLoBOLBRICRE Sk 20Am ORITHREEL, BE5RHIEDR 6 x 10
Xit 0.06% & HEE iz,

TAVI T AOQHBEEBEIZBTRRNER, 7F, TAEy b, vUVARVYTZy VTLH
_RENTND, “HHORBRTI, BRNEOHEICRAWOh FERENEFNRER DR,
BEEREABALICEINTND, BRI, BB TR EOBEICBNTHERSNEZT
AU 7 AOWUTIIHFT AR (BT 1%RE) = LA RERTWS, 74, TALET Y
Ry NARFZ—ROT v MZBWT, FEROWITERIT, HERE RT3 & 30~200 55
<. HA#, FiFs & HIDRINE RS T2 (4T y FCRHAE 30 B# CRINET
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4 %) (Bomford and Harrison 1986. David and Harrison 1984, Sullivan et al. 1985),
T AU AL, KEHOMBE XL o UBEOKERE LTERIASEA L, K
EE%, LAV HNEHERRO LS RSP TRV AEINIGEED ., RFROBINE L
A EEZ LT (Bulman et al. 1993, Ham et al. 1994, Harrison et al. 1998,
Hisamatsu and Takezawa 1987, Stather et al. 1979), ELERIAREHENEWT A U 7 Ak
b ORI BT AV v A7 o VBEO V4~1U10 THY, Fie, TAV UL T |
VB ORI EITT A U 7 LEERED 1/3~1/6 T o7z (Stather et al. 1979, Sullivan
1980, Sullivan and Gorham 1980), 7 v b Tld, EEBREH, L ORMBE (surface dust
from a weapons site) KHFKTI7 2V o AQRINEX, 7 A Y v AR SOIEHEE
¥i 1/10~1/50 T -7z (Harrison et al. 1994, Sullivan and Gorham 1980), E/LE v
MEI, Gy bOBFEEDT AV VT LERINL, BENRBEDLN, Ty MIOWT, T
JERF L » ZEER RSO R RRFL VEXIBRFICT AV 7 ARREREINT S L E 200
7= (Sullivan and Ruemmler 1988, Sullivan et al. 1986}, Fe3*} U7 A U 7 L% FIKE
WROBETSE, BlREANZT AV UV AORRBTLET AR ELRD, HEF BN
TFeBiZ L0 X B {ERCRISICE Db D EEZ 5T 5 (Sullivan et al. 1986),
HEFNLWRIREND T A U 27 AOFEMRRINEERT R UL FETZREIZA 5 s Tl R VA3,
MR Cliy o B R RY VEBESESENE L, HEETIE Am*RE2nt B ohik
(Webb et al. 1998),

(2) #%

TAY /WA&:tfé{[:‘f"-ﬁw‘o'Eél&éné TEFRENTWAD, BOBBHROST OS5
[CDOWTIERBAREANE W (ICRP 1986, 1994), LALANL, EbEHLRI I
TAYT AL, MAREBC LSRN L FRICERERICL > TR2RICoMmT5 S HRlXh
5, BMEBRT, TAY VU LAOBRBKICT A Y U ARERT SBPTE KL CIFET
Hofe, TAV VUL VBEAEERE LE7ZICBNT, FNEHEENRLE)-
Fefe b 8 FEB ORI ST A U 27 AOSTTRER, B 56%. IFEiC 29% K U A
I 5% Coh -7 (Eisele et al. 1987), T v MCF A U i 7 Ay o B X RSERE & BEE]
ﬁﬂﬁﬁbt7H%L%%&@%ﬁf@%%m%Wﬁﬁ%@%h%hA%ﬂﬁ@ﬁ~m%)
KR29% (G : 7~30%) TdH-o (Sullivan et al. 1985, 1986), HEILEMLLIRILXH
7‘;7;1 U Ak, MRRILHEIC & 0 B ICHTERIC A 325, FIRIZE T 2 FIELR BRI RS
TR Lt?% U2 ADEKHRIREEBRSTICRET D L WS IRy, v —FE
vy MET AV o by o o BERBRNES SWEER, HBETIEIT AU 0 ADORIEN
BAMED 27% (HIEEEEL) Tholohl, LR HBITBA LT A Y U AxHEHE
AR O#R S LSRR T, flE~osHm R ENATED 31% Th-o (Bafks : i
NRAEEDHZEIT 1.14) (Ham et al. 1994), /~Ab R 2 —TORGER EERER Gk . fFiE~
DAMEICBT AR OB AEIRNBEOLET 09 THY (Stather et al. 1979), £/
Ty bEeTZy hMEDEBETHIRKEWIBR TH-7= (Bomford and Harrison 1986,
David and Harrison 1984, Harison et al. 1994) , '
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(3) KM

TAV Ty AORHNIE, FU NI BEDESICL DL ODIENIT, KBE, U B
%@%@®ﬁ%@4ﬁ/&0§1/@ﬁ\%ﬁﬁ%@%wﬁ/ﬁﬁ&®ﬁﬁwgié%®
- MEBZbLNA (Durbin 1973, Taylor 1973b, Webb et al. 1998),

(4) Bt

KPRETT AV VT AMIERINTEHESMEERLLE MIBNT, BRT AU &
7 LORBPPERESRIE SN, RASE (BE64. kE248) (T, 2AmMm THERINE
F=XEHA ZEOEE L, #5 Lk 24Am OSSR 10~25 Bg (0.083~0.21 ng)
Thol, REH 7T HREOEHRFFERPHEREITH 0.0005% TH 0, Rplcgeit Shi-g
WHSHREDEAT 0.07% L E M X’ (Hunt et al. 1990),

HEA TV THL—T S XA TERENEY NV H 4 (B sERE : 15~17 Bq, 0.13
~0.14ng) #BOER LT 64 (BHESL, & 14) 0BT 3 FEOHE L, HHR%
7 AEOEHRER PR, BO#RLET 2V oADK 0.0009% THY . RHIT
BEMt X 7= I AT GE BT 0.08% L B XA /- (Hunt 1998), EBREDO S H 3413, F<
#tﬁ4®%ﬁﬁnJHmnaﬂjﬂm)K%%MLTBU VNI A Z1BET 513 A
ORPBEEREIILRIOZ =JH B H A BIRIC LB L LTHEEINE, YK TRAEX
uis 24l Am FETRER. ﬁm&7Hﬁ_W$%m6$b6ntﬁ¢rmméht FEIBRE
ERBITERD oI,

21IAmM0; 2 B8R T 5T L v 7R FEEXERBEN LZEEFEHcB T, Elahik

FTAV = AP ET AHENIN TV D (Smith et al. 1983), FHiE 5 HBIZ, %
105 kBq @ 241Am (0.88 ygAm) #2ZH T 57 I v 7R TREICHE S iz, £ AL
IR L DO@EIZiE, 24 Am SRR ST, BT OFIRE 8 AFEIC. $90.15
Bq (0.00007%) AEHPizHEE X iz,

Zy hROEALEY %%Fﬁb\t?ﬁ%ﬁ@:‘r’h% INEOE T, HIELEL VRIS hTE
T AUy A, BREE LEBUNICEICRPICEREINDS Z EXRENTE, Ty MET
%)/7Aﬁ%ﬁﬂﬁ¢1/@ﬁﬁﬁﬁﬁn&ﬁéhék,%ﬁ%mm%%®SWQmm§
BE% 7 AR TR S (Sullivan 1980, Sullivan et al. 1985), HEHkSEOIEA
WDk, 72V AOWIRERHHHICEN D, HIEOFERIZER TS EE
Z b, Rpicgit SN RINESEDEISIE, SRBT7 v~ (35%) TRERREZ v
b (78%) LY H{Edo7= (Sillivan et al. 1985), TAEy M Tik, 7 A U7 LATEEE
OBEIRFEFEDFEEH% 7 BEICRIESTED 35~50% R iCHE X 7= (Sillivan
1980a), ]

TAV AR, RRENTHEREBRICADL &, BEER & XBERER < ELTRICHE
ENb, T, B FNOFEHEFHFKRCT AU U ARBRAR S IIHRNEES Shi-8)
MBRBOERN LN TH D,
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7. REHVE~OER

TAY VY AOROREIC L AAN, EAERUBERERRICOVT, BB
FET, WEsEth, RE PRGN %R, whREEME, AP - RN, XA, &
oS ORBERBICHE Y 2HEIL/a (ATSDR 2004c),

8. £ DOER

(1) RSt BAESHERVEEELERR
TAVVTLAOROKEICL D8, EaERCEEEHARIZOVWT, £ MIBIT2

., RGBS, REFHERCY v oER, RS, AMRESESORREECHE

T HHE RV (ATSDR 2004¢),

(2) #EMAME

T AUV AORME, ERERCIBEEDRSRBICL D b FRESAKICHE LERE
ARV, RECIREE L EEEN 11 FRITET LTVAN, £RICIBRELCBVTHA
A DFTRIER® LT, FEEEA A TIN5, EPAIL, t MIRT 5 H8AMENE &
EZ LD HHBREREEZRFALTE Y BREhk 20Am RO 24Am ORFA Y 27 BT
LTV 5 (ATSDR 2004c),

(8% : EFRES)

TAUVT T ADEFEEICOWTIEL, 4Am 2 5TeM A aZ8h T AN H ORI TR
L7 64 BREMEOHFNIONWTEL OFENRREN TS (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),
23 | DURTE B L 37~185 GBq & H#ETE 3L, LAMLEZ 1Y 220 MBq BRI
D% 1 HT37MBqRE £ T T L7 (Robinson et al. 1983),
AEEF—FNRELE T 3Rk & /MR OFENED BBl sz, #DEER
TRE 11ERICBFROLRWERE THRE LTWwS (Filipy et al. 1995), S TiL, &E
"H'i”?z‘ﬁ PR #p#E(l (peritrabecular fibrosis) . & O MRy DA B OB R i
ZRH LN (Priest et al. 1995),

(3) BEMERR

T AU T LIZDOWTHE, B FRUERIMICBOD TRANIIEKRERIC L 250, 5
Ao RGESEREICHET A MG IRV, WARE TR, & FTOARERHEA
P N EREM TOR MR CEBHOBEHEEZECBAT 2 ®E TRV, b MBS
7 A VT AOARWIE FEH TH LN BEEERBICET 2RI VWTREE L,

¥ R 11~22 FERAMBEIE Lz 7 4 OB EHETHREER (6D b 6 Alk
BIZRRAERTD 5 FRH o F2BEHT 5 24Am LRBBIIIK LTWE) OV L ERTHE, Yufs
RRE GIHETH SEE, _BIRERCRREAR) OFEERS EF L Tu- (Bauchinger
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et al. 1997) .y BOABHIL < LU 24Am OPNEREIE 12 L B2 EEB ORES B E L &L,
393. 39. 207. 304. 202, 237 K(%349 mSv (&) Thol, PIHEIIL LI 64+
5AWCRNT, 2 Am CRERTAREPBREYEITRBRED 5~25% L 420, e hRERE
Wy BOATEIZIITER LTV, BV O 1L OFELE T, RESHEEYE 39 mSv
D 66% 78 2 Am ODPEHFIEICL DD TH -7,

mﬁﬁ%%ﬁ FOFE, M (KFEE) RUETF (108 DOFFITIE. ¢¥%ﬁﬂM¥ﬁ
DD HWERIE? S, O REEMBE TS VERED 21Am [T#HIX< L, BRI
mﬁﬁiium~&3ﬂmf%oto%%Eﬂﬁ@%ﬁwﬁmi\%%ﬁﬁhxé$&ﬁ
S XRBRCEAHEIEL OFHIcBW TS AN L0 LRBREDO LD THh o (Kelly
and Dagle 1974), BEIN-HRERFENRBEOREIXKL, BE I FA iTaE/2
ERREIZ R VEEL T, BMAESN/ET AV VYA A3FERBIEEEREILR
TR,

ME—DEBREMNIC L AMEL LT, 7TAU U ADAMNEARREIZ L 5 B{oEEREC
BTab0NH5, M2 REANERR 200y Tha 201 Am (FEEE7 AU T AL
L O ICHERBT300MBEREIN < U R ZB W T, PAMEDED (21 B iR KR .
EE ORI R OEZEHRMRAED LN TS (Talbot et al. 1989), FIEID Mikertaa I+ 1.2
kBq T oy, 21 HTH 300 Bq I BFITIET L, BERET O 98 B T# 100 Bq & 72 -
Fro 241Am ~OIREEITIX, EERI ¢AT®RMMi%%m%§AT%U\ﬁE%SE
5 98 HE COMD EZRFHIBNTHIR Y OED 2MAM BAHA LN TN,

9. ERFHAI¥ O
HBERRY =R,
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IX. ¥FaUA
1. TRE. RFEEH
TUPAC : curium
CAS No. : 7440-51-9
B+ % : Cm
BF& - 238~251 (R EHDOFEALE 247Cm)
(The Merck Index 2006, ’5itE /LM 1998)

2. HEcPaSiER
Als (C) : 1345
Phas (°C) : 3110 (cale)
(The Merck Index 2006, ‘5B {LFEHEH 1998)

3. HEAEHRBRRUEARE
242Cm, 243Cm, 24Cm, 245Crn, 246Cm, 297Cro BT 28Cm {3, FRHB-ENEH 160

A, 29, 18, 8,500, 4,700, 16x 106 R T* 34x 1044E T, W' o AT 5 MG
Thd, Eio, 250Cm 1T 6,900 £C o PEER U B HIE® 3 5 HEETH 5,

aff. B, yBOFNFNORERCFAF—T, 6.1, 0.14 %1%0.32 MeV TH 5,

F¥aUoad, #E, OKXEEKICEVER~RVIAEND WEEER DY, BB
N, —HREMICBNTELZ LN 2 Y VAOXERAREROKNTH S, BEE, &
EAEDF 2 ) 7 AT A DR S BRI EO 0.05% LA iz AL AN,
M ASTZa VT AD I 5, FABEUBIZENLENN 45% T OB L., FOEW¥EN
REIIEENFN 20 ROV 50 FETH B, 750 O 10% DT & A CITEEMICHENS N3,
BREDOX2 Y 7hiX, £IZEB (mineral bone) DEHERIICEE L. §EEIzhTH
o< Y EHAAAT D (Argonne National Laboratory 2005e),

4. HIR - Aig

Fa U AIALHHETETHY . RELRVEETH D (The Merck Index 2006),
Fle, BT URmEO—D2THH Y, BERFEHORMEDEELRKIL 247 THDH (A
LR 1996), ¥ = U ¥ AL 16 DRLEDFEERM LN TS (Argonne National
Laboratory 2005e), RI#E{IL 1277 CTa EAFREMHE) 1o p~EB L, 1277~
1345 CTHE B iIx L S CTHEET D, 220m BT 24Cm ERARFHEMOENS
JRE LT, 22Cm i3EEYR & LT, 248Cm I3RS FEICE T A BETRE DR D -
BDICHDNS (The Merck Index 2006). |
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X. BHER FAVFOL
TZEBWTHIZRA M rFUALEHLEbO, FARBEMER b o T U AhE
EDWTRERIETICRER LD TH D,

1. ks, RFESH
IUPAC : strontium
CAS No. : 7440-24-6

HFH+5% : Sr
F+& 8762

HERFADOIEIELL : 88Sr 82.58%. 8Sr 9.86%., 87Sr 7.00%. 84Sr 0.56%
(The Merck Index 2006)

2. MBPAER
Rl (°C) 1757
W (°C) : 1,366
BE (g/lem®) :2.6
s REEeR
(The Merck Index 2006, ¥ {5 FFst 1998)

3. RaHEHLR

R b rF 7 AORHHERD S B, 848r, 868, 87Sr R U eSr XARFICHEET IRER
AL UrFULTHDL, HHEERBEMERM AL 89S LN0Sr TH O, Zh bIdFELF
OIEERCHBRRIZ L B 235U, 2881, 239Pu DEZAZIC L - THERT 5, 98r bk, A
29 £, 0.20 MeV @ BRIFZ ML T 9OV IZHiEET B, %Srik, tho pifELiE, B
EROTZRAX —O ARy BEBI LR, LALRA S90Sy DIREFRETH 5 9Y i1,
RBK228MeVORRIF2MINTABEETH Y . ERAED 0.02% TIERRIF X T 2.19 keV
Dy ROBHE LT D, OY ik, FEHK 64 BT, LD RAF—DFEL 0.94 MeV O B HE
FEHBH LT 9Zr \IZHHEET 5 (Argonne National Laboratory 2006) .

89Sy {&, 90Sr L [ERRIZ 2351, 2881 R TR 289Pu DFEA RS TH B, 898r iZ, 1.495 MeV
D BRITEI LT 8Y ~gilE+ 3, 89S8r O Ym#lii 51 B THS (Lide 1995) ,

4. R

HEiEA o rFryaig, BAORBHIE LT, £, ZLOX M rFrMEEBOE
BB e LTHOWBRS,

REER hu T AL, TEA AT T AMERTRHEIICHVWSNS (The Merck Index
2006, AHEYLEEEM 1998)
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5. HRATOS%H - B

ARy FULITASLY HEAE T, ARROINV—TTACRBT 5, @&VRIGHES
Lot, BA LTy ATEARCIEEEYT, okl obeml LTORTE
TET 5, HiIEED 0.025%ICITEICKER (Sr804) BRUR hurF7 A (SrC0s) DS
TIFFET Do

A b yF U ATMER CEEFEICELS AL TWS, BRARBRO LM E LTI, Bk
FOEYiAL, HEOFERERFOFERLE LT, I REHICHBENR S, HEMHER b
VF U AIABESOEENRERE LTREPFICRIEENS,

KIPIFET DA b v Frad, BEXRESET o LV OREL L5, ZEHO
FRAFEREIRBER frrF s (Sr0) ThHd, BER brrFrail, BROFET
ESEIZRE L, Sr2t, SrOHA F iz b, A brrF U ARREERICLVIERL, *
D%, WMREIOBMELEET 5, MIEKECHTATIE, R barF o apdE=ickingsgd s
FLTHET B, A o rF UMb oERY IEMY & 1 A ok ED, b e
VF 7 LOKR TOBEELIEARVS, RENEEOER I LEA~OREIZLY
AR COBEE ST B,

SR RrYF LR, AERCEIEMCROGAENEEESNLD, 0%, FRENHE
W& LB oFHEC BN Eh5 (ATSDR 2004d),

6. AL
(1) BiR

BALA P v F U ARBROERYEETCLI>TA I v FUAEBRBLEEEART
RRBEICOVT, A b F U AORRESTHES N, BABRLIER FrrFra
PRS- LT A F A ONWTIIER bR o F T AREDOF A AT R T A
NAFATRASEY 7 ) BREL, VIEERRE L ER~OPEROZELHE (87
YAR) THIETREAEE(LE L, TORKE, BOFRIRESNIEZ brrF U LD 20%
(HEIH 11~28%) HE{LELDRIN SIS - LR IN O OWE/RNPLFREN, ATy
AREEPMENTZA b o F o AOER~OHEINC K0 WILASE/NGHE S D Z L2
Z2 L3I0 pbbT. 2O oK ERERNHEEE R LT,

Vezzoli & (1998) 1L, FfprE~ v F I LBRERBABLOIN—T (Bl 164, &
M 12 4) RO a2 vigEhLy 7 ARERES ZFFD normocaleuric BEF D A —77 (B
29 4, &M 18 4&) OmMEER b LF Uy A—BRIFHEBTmELHEL (B4 10.6£0.6
mmol/L-minute, Z# 9.320.6 mmol/L-minute) . BEERRZNIZ L ER LT,

ZOFETIX, FIRNR G O/E FTEiESRIE SR oTc o, WIREETFMmE i
ol BEBTEENRBRNOERRWZ EBFEREP ORI, FRESEILHO
LRI AEREOEMA RGN D EEREOHRIT, ZOF®RITESH TRV
b LAILRV, HAS T AORIIZ S OATKEOMBATLIIEL , BMER TR
2 FTADRIREEHRLS BT EHRRENTNWS (Kostial et al. 1969), —i&#IZ. A |
RyFULLEIATT AOETRAEBDORINA D= A beROZ D, BAIZBNT
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A+ rF 7 AORIIHIN T ARINOBRWEE THD EEZ 25 TVS (Bianchi et
al. 1999 ; Blumsohn et al. 1994 ; Milsom et al. 1987 ; Reid et al. 1986 ; Sips et al. 1994),

HRENREFSELE LERET, RFHER FErFULADH 15~30% P RINEN5 Z
ERREN, ZOMEIRATIEMENZ b D LT 7= (Alexander et al. 1974 ; Harrison
et al. 1965 ; Kahn et al. 1969 ; Sutton et al. 1971), MIEIZEE L= R b o F 7 AT
OERIZONTIE, b h2xSe LEFETRHB L2 bD0, Ty MTEHEXN
TEY, b FOFERBEHIZA b o T AQRINBMO RN TRE STV 5, 1.4 mg
DENA e F 7 AR ERRBEORSE NIRRT v MI, 5BED 19% (SD:5) %
WIZ L7 (Sipsetal 1997), ZOfHEITE F THREEINEZEEL TV 2 (Sips et al. 1995,
1996), LA LR L RAVAEBEOT v b TORINARE SN, 15 AR THREED 85%
AP E T U eds, 89 F Ll ETIE 8% ¥ THMAT 5 = & 3% I (Forbes and Reina
1972), b 2 T — A DETIFEDENE KR LD LRy . Sips 5 (1997)
OWMFETIE, BOBRSECHRAKREEINTEZRA PR FUAMIDOWTHER frrF s
OB T HEAED D RIS BRET X T 5, —J, Forbes & Reina (1972) OHFFE Tl
I BOBRFHIA e rF 7 A0 8 FEAAATENSHEILERNA F oL F U LERZEL
Bl MIEFEBICESERZREIN TN,

A b rFUuLORINEL, Fy NORIMTLERAALON S, BEILHLKE 14~16 A
OB HARPIZEEA b e F U LAOFKR TSy 2 FL—Y—BE5 3T v MI B
LTWRVLWHBRT v LY 2REEBEOA M FULZRINLE CHBETIE % Thok
DOIZR LT, #IL7 v FCHRBERO 11% PRI X)) (Kostial et al. 1969),

HILEWCBITAA M rF U ARNOEFREASBMIIAATH S, LOLeRb, ~NAR
=AW EERTERWME TR XA FREENTR SN, 88SrCle D ML —Y— 5
EIRHEIMNICHZE I NN LRAZ =TI 3T%RNRIL I, —F ., WP HSEER SN
bR E =G LB 20% 25X & hvfc (Cuddihy and Ozog 1973), 7 v FAb B
BELU7=/MBE AWz invivo R P insitu 2fF FTORRIL, Ty MO/MBTA I F UL
BRI X5 2 & OBEEMRIIE L5 LT3,

(2) 2

t FORNICRBITARR IR b e rF 7 AOBMHEIAT T LAELTEY, RBikKN
AMEOHN U REERFICETET D, BEA My F U LADOEHATEIIL FOJIIBREY
Y INDIRT A BREFT SN T &7 (Herring and Keefer 1971 ; O’ Connor et al. 1980 ;
Papworth and Vennart 1984 ; Tanaka et al. 1981), HZERDEABFTCEERATTEII IV
A8 giTR LT A M F Al 440 mg THD & N7 (Tanaka et al. 1981),

Papworth & Vennart (1984) 1%, v FOEMERRICIIT S 0Sr BE R U7 AR
ROV 1955 05 1970 4 FE TORBIC BT 2REERORFICET 2AEXRT —F 24T L.
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REIZ LD 908y OFROM 4.75%BEABTHICRVAENTWD w7, BREBOD
WSy BRI EDH TH5%NEEEN LM END (HREMBAIHNI2ETHD Z L IZHYT
BYe BENLOHREZIZDEDIS 4ETH D, FMIZ Lo TENTEA N F T LD
TRV IAHBEIZOWT, BOREENMIOERIZLETEWHIERMACEFEHRICBNT
BRTHY., # 10% &V S E% RO TR,

AN YEER N TFUADERSMIIELT, bThCBWAH L EHEIR TN
25, AbherFUARIERECHEBNE—IHL, AbnrFrublte RFud 7%
A MDAV LORY &Y PITHOID, B0 SriCa OREIIAFERFDK 0.3 mgfg Ca
INGRRA D 0.5 mglg Ca ¥ T, 45 & 2880355 (Papworth and Vennart 1984 ; Tanaka
etal. 1981), BO SriCalbizB DO EA Sz k- THix 2ffid R L, KEBOLEIIFET
DT D #110~20%FV (Tanaka et al. 1981),

BHBDOA b rrF U ASMmICBETAMERB LA THER, FRAMIZOWTLLTD
KXo 7emERH D, 3MHARM. WA MR F A 34 mg St/L 28KEE LT v FiC
BNWT, MERA e rF U ABEL8.7mg/L Thotr, £, M MEDZ br s
ABELE, FIETO0.7, DIET 1.2, FATLL, BIETL3, BMT12. BT13007 -
7z (Skoryna 1981), ZHh & D#AKEIZIIT 5 Sr/Ca thid#s 0.05~0.1 Th-oiz, A brv
F 7 LOBIRNES 1~5 BREOT v MBI 28EB/MIEOR b o F o ABRELIT,
HERA. JElE. FrlE, OREE, i, BRHERCLE TR IRE Tho Tz, M. DiE. WE
R, IR CERETIL 1.2~1.7 DfEF -7 (Bruesetal. 1969), <=7 ADEEITBIT S
A MYEOMEIT A b F U AR S A %IZ 2 2B ECEM L (Brues
et al. 1967},

WARRIZ BT B A barF U ARBRASTHTOERL ELEBD TR LA TWS, 3HMHE,
BitA b rF 75 1.9 mg Sr/L OFKICIERE LT v MZBWT, 2 b2 FUTF, Y
V—h, FHEOIZu Y —ARSOAR b F U ARE (per mg protein) XA b
NTOREOH S5 & TH o7 (Skoryna 1981), 50~80%DHMEN A b rF AT H v
NIBIZHAELTnDEBELLHZExXLNS (Kshirsagar 1977),

t FOmMEF DR e F U LAORAMIIEATAERBELN TS, M AV 7D A
F Lt bM@EoRMERE Sy & MEHES O R b 2T v AREIIRMERE T 7.2 pg/L,
MFE ST 44 pg/l THY, MEFOIFLAEDA b a - F U LARMEICFETI L%
AL TS (Olehyetal 1966), 100 ADHERE (REREBIIAHR) OmiER be 7y
LAY 53 ng/L T, ME/ 2 7 MIEOHEE & TP LTz (Skoryna 1981), A b
YFUAIXE PR TH R BHIZHER TS, LOLARRL, R brrFUaAnfEed
DR T HIIRFE I N TR, Alda & Escanero (1985) 1% 10 mg/LIBEDO & |k
MiEeE A b FIrEA rFa— b LEE, 45%DR b oL F o ARBH LB
LTWaZ &%pRL7, Harrison b (1955) iX, X b9 v A% 20 BT 100 mg
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FHRNIRE LT — o O8ERE 7 Vv — 71280, 3.5 mg/L O i SEEE ©mig DR ARk
B 60%DEEHRE L, T2 TEERTARER, ZOBFERIA M rF LT TI Ay
N EER L TOARWIRRFICRT A mMEEED 300~1,000 ETHE, LWHZETHS
(Olehy et al. 1966, Skoryna 1981), 40~60%DETH /N7 HIZHEATHZ N, ®
NVEy b ETHXOMmMER CMFETENENRE S TS (Lloyd 1968, Twardock et al.
1971),

HgOBRIZEEND A b rF UL IHERICEIRICBITSNES, T =0 A
EEST U MPEOBRENERTA e rFOLIRBE LT F =Y 7TOEREEOCH
ETiE, A bR rFUADOERRA~OBATICHRSAMA R I 7z (Tolstykh et al. 1998,
2001, BIR : HEDORITE (BIRBEDOEERP D 908r (Be/g Ca) ) i, FEIRATIZE
BLI6ERELFNG 640 TEERICDVWTRHIES - (Tolstykh et al. 1998), #
ITHEIL 0.012 75 0.24 X TEIRIRLS . BWBITRIIMRABICEIT 53 EORECHEEL,
ROBITEIINR I FEMICBIT D BECREICEE L TWe, ZoZERT, TR
HOBRBIZRT ZBMEDA b Fr ARNELRMLTRY | BREAOBREHARTRE
FIZEFE LA by F 7 A0 X QFIAESMENZ EEZRI L THE00E LR,

@ E AW ER T, A hrrF UL EEER L TRBEBITINS, BRIZED
EREERMNICA R F U LARER LED D, v VATRBEREROB(LRXBE XEEER
14 ABRIZEEEY., ZOREIICKBIEDO A o Fy AARENEMLUIED S (Olsen and
Jonsen 1979), BBIROA brrFrrAREL, Bk 14 HE TR MrrFUsz
BELEEA, 5B 0.7% THAOIR LT, &R 18 HATRIBREED 45% Tho
7= (Ronnback 1986), T 722bH, BE~DBRENEEEERICITONLIEE. BR~0OH
fTTRELRE -7, REEORREXZ v FTHBLRTEY., BREEEOFLNBEES 16
H B X3 N LRI FBE~OBRE T Ee, BE~DA Me 7 LhoBITHARD
&l BREED 1~2%) (Hartsook and Hershberger 1973, Wykoff 1971), $#HEFRMAD
BRCBITHA MR F U LRMAIE, KESOA e T U AEREEZERPIKRETD
FHECBT 29/MEETHnS, w7 AT, i (RE) : FERORERIIBE L BHOM
FTBREELF 40 Th-o7z (Jacobsen et al. 1978),

BT, A harF U ARBHLAICAY  FAMEIC AR BT E NG5 (Harrison
et al. 1965), 12 ADRERZEORILFTDR b F 7 LAREL 74 ng/L. (#H 39~93
ug/l) FBIEEH. SriCa IBFE T 0.24 mg Sr/g Ca Téh - 7= (Harrison et al. 1965), #%
ExROBEICET 53R T, HE 3 A%E TOHMBO 29 AR MM BRI L
IV IO A o rF o AREE, HE 20 2R1ICERIR S L7 FIRM A & 4B L 7= i
BHORELARETHEZ LMTENE (Rossipal et al. 2000), —J5, fEBG%OHE
LD DI T ARER, REMFO LV EBAT, BHFIZEML Tz, X
ko F 7 AOEERIT I ERESRERSBEC L > TREN TS & Rossipal & i3 fEaa
i, @BERAWZEZ L OMER., BRANEB TCORLNEHER~DR b rF 7 LBIT
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WY 5B 55 MEZRL TWvwS (Hopkins 1967, Jacobsen et al. 1978, Kostial et al.
1969, Ronnback et al. 1968), 3. 14 A HA>5 16 H B £ TOHM., #okic b b—3—§
B B8y FHRAWBE LI-HT v MIBEWT, 2 HBEBRTHRO 24 Wi O L - REWy
DLEREOR 5% NEM & (Kostial et al. 1969), BUHHER ko v F 7 ADREEA
BEEEZTIRVRAOERT, B LCEDHOR Mo F UL L_NVIREO LS
NDE 20% TH -7 (Ronnbiack et al. 1968), FEOFEINEDH) 25% SREEMIIZIIR
TebRETDHE, TRNODOFERITHROBRERRE - L TS (Kostial et al. 1969), #
B EDICIEIEAR S LB E, BERON~ D R DO REMICBITE A b
VF T AOFRBRSTRIIE TV Z RS ol BYORBEIIITIERLEEL v 1,000 £
Ao f (Jacobsen et al. 1978), A S5 AEOREMOBHERD X fa rFy AR
Eix, #8800 3 HThHhE—F., RETORERREY B TRIEE CHo

(Jacobsen et al. 1978), RrEhip & HEMI OB RE DRV, REMIIZ BT 2HMIICH
WEEREECENICEELZHFLWVEAD R b rF 7 AOREIALE R LTS D)
B LALZu,

(3) Heitt

A bhordy AORM 4 oL, o T oFF ) HIRICRBITS IV k=
AEETRIIBWTESRERD BB L%, YZMHETA b F o AgGE»Z T
AZIZONWTHEENT, HHE 361 ART KM 356 AORERT, £5OELFHITH
M 28 4E, IMET 16 & ahvte (Tolstykh et al. 1997), F7-. B OBEHEE DZEIL,
50 AL O 2ot CHEHRE BRI EINT 2 2 L M DERRATE S & vk, 2D
s 6 <, EEMBOLHIREZ Y R3UERIOBEANZ K LT3,

Miller 5 (1966) %, 56 ADEEHDO T Py ABETICRITAR ba v F 7 AORAN
KHFHEH B FELHEE L, 2ADT P VLABET TR, A MR FULORMIHEY
Bl 9 4 L HEE EMTz (Wenger and Soucas 1975), R b rUF v ADRYIHE ¥R
X, FELTRBIEBIDIR MU F U AOEREBILICEEIND, i, BEEROEH
RlC iz -> T, L VEWIEHEESBEI1E, ZOHEEETFICEET A L &E R
RHHER b rF D AT — A b OHEE & RERIC, SHROHHERBL=H O TH B,

888r O b L—Y —HREIZ X HEHOFHN 9 HRE T 42 HEHM L 108 EHETOHM
THE S, FHHEEERESILI91 8 (SD: 32) THhHoie (Likhtarevet al. 1975), SrClz
RHMARORE XN 3 AOBEEBRZIZONT, ©5H»00OBELERNZ ML= -
A, 2 BREIT30%HEL, 59 BRI TT0%HEAL TWA Z Lok, {HEFEEHIL 13 HEL
ETH s L#ERMENT (Uchiyama et al. 1973), 38 L 7= 4B 12 SrCle O FIRA
BE%. A HEER TEHE SN TS (MacDonald et al. 1965, Newton et al. 1990),

HIEB DL LRI ENTZA brrF U AR EFERICEEIESNE, 727 A BMIEFE
OUEHH TRISNIIR - EOBRHILE 3 1%, SrCle ORIRIER S SN RA 71— 7T,
BEZHEANOEERME CTHESNZHE 2~6 &L —T 5 (Bishop et al. 1960, Blake
et al. 1989a, 1989b, Likhtarev et al. 1975, Newton et al. 1990, Samachson 1966, Snyder
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et al. 1964, Uchiyama et al. 1973), $ /bbb, RZWERINZA MarFrv a8
HHA—FThHdEEbND, BORESOEEBED bHETFE TFHIRNE 5% O a1k
TORFAER b e rF U bAOE~OHEHBEL, WRENLZA M F T LAOBENHX
ITE MDD S ~RET A A D =X AOEEL TR L TWD, mENLBE~DOR
nF U AOEESWOPEBMMER T RENTZ, AFTELHERERLBRY., X nm
F U AOEPHERNICEE L 3 2O OBREAERR I N TR,

A hrrF Al NEREBETHRE EN TS, SrCl: 0 BRIFRNE 5 %2 5 -2
R SRS T, iR OB 0.9 T, 5K MO EEIX 0.6 ThH -7 (Harrison
et al. 1967),

7. REBHHE~DOTEE
(1) SR
DA m

FER F e F U A~OROREIC L AECEIREERFRITHEMN L 2, —B&19IZ,
BB ERES L D S EAEDEOREER XTI h o7z, 9Sr 4 3.7 MBq/H O
BETH XiX10H M., R OiRE S hi=7 5 7 (Rhesus monkey) 28T, 7 #)
h 6 BIOFTA5R® bz (Casarett et al. 1962) , 0.42 MBg/kg (KE/HD R
FryAESAMKBE IR V1AL, REAFBICHMRB TET L, BEBHEREIIT4 Gy
T ok, 1.0 MBg/kg RE/HORES10H RSS2y 1 Bk, BE5E41A L
PUZIRIMEREME THET L, #HEEEHERERITI45 Gy Tho 77, ¥H0.67 MBg/kg K&E/R
DA rFusE10BMES Lizdho 2 FRIL, 5% 36 ALK, BICEELE
BATEL L, #EEFHEBREITAT~95 Gy Thol, T ZAEBL RV ERURE
STEHROBMEFRVEZ Ehb, ZORBIEIBFER berF Uy LAOREICEEL =
BHEOFA L LTTRERL, \BiEE LTHRbh, '

LE 7 v MZ 9Sr kBl & LT 10 HES A 7ohREK & BERLIE (30 AR T, i<
&b 11 MBo/kg fRE/R GREF 17 MBq) % 1H%E L7ZBERLIR TI3, £% 5 22A B DAERFE
78 80% % TIZ{ET LizAS, 7.2 MBq/kg fKE/A (@5t 24.1 MBq) %% L7k cise
FRCB XA LN Ao (Casarett et al. 1962) ,

LE 7~ & (87 Af) W& K 3.8 MBa/kg fKE/R % 37 H DIz 30 A4S L, s
B3 29.2 MBq TH-7= (Casarett et al. 1962, Hopkinsetal. 1966) , —IbD T v
MZEBWT, 5 5H B D 0S8y BREIETEIL 407 kBq T, AFRIN 36%ETIET L, 30
HM#ES INZHBEHT v F Tk, BRCTOBETI V&L EFRT 10 Bk E SN
BERICHESTIET Lz, UL, £0@EWX, |5 S 908r ORE L bl LTuhigh
S, BREMCEEINEREND., BEREHL 0 b 18%IEV A, IREXDO- BB EL 82%LL
TT, BOABIZBWTHERICEELZEVWSHDHZ EE2REB LTINS,
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@eR~DER
a. HIiEBICHd 2

1.63 MBa/kg f&8/H T5 BRIBRE L%, 3 L ABOKHEREFIZLIEC LEY Y
R I A3 388 b e (Cragle et al. 1969),

b. MAEFENZE

10 AFLLE 37 MBgq @ 90Sr #B@E L7 A7 FALOF T, FE 1 F2~X—2X 1.0
MBa/kg B/ OBRE TR L%  BEHIZEE L-EEIE, 4 228 OREHRNIIAML
BRIBVVIEL. L W FETC L7z (Casarett et al. 1962), 10 AREEIKHM S 11 MBy/kg {&8&/
BLLE (B8 17 MBg) #8IRLU7-## (30 Af) O LE 7 v MIBWTIiX, B0
MR ALBBD b, BRASICLZFEIL, 24x 106 KU 5.0 x 106 Ba/kg (KE
/B DOWRTEEZIT ORI NIL 34 x 108, 7.2x 108Bg/kg K&E/A (/i 122 KT 24.1
MBq) DUREZ ST -HOREL T T Th o7 (Casarett et al. 1962), B DHE
MEX, BEROT vy MIBWTIXEE 15 &7,

EELE 5 v b & - BEAMERER Tk, Bobk & LT 30 HIML 9Sr %, 2.7 MBy/kg
KE/ADHETEZELEZRT » F (87 BE) & 3.8 MBa/kg (AE/H ORE TIRIE L /=M
Ty MIBWT, BEDBHOEKAL1ED bl (Casarett et al. 1962), <L v k
I X 0 #92.2x105 Bg®Sr/kg AE/H (218 kBa/kg 5E/A) % 31~280 B MREEKE X
=7z Dutch 7Y FICB W T, Bl I/ MRIBEZFRT 5EREEAE28EH 5
7= (Downie et al. 1959),

c. HBHE~OEE

BHREE UEEIC B 2 RHE OMESHEEBI BV T, 11 KU 14.4 MBg/kg
KE/ADOFEE 5~10 A (5§t 17 MBq) Bk X 0 EBER L = HRED 30 A& LE
7y MIBWT, 85% 10 AL ER > TEHERTE OKENRD b/ (Casarett et
al. 1962),

EWLE 7 vk (87 AH) FVT 0Sr £ FAMRE % LA BT 2 EHREOHK
R R VT, BEC 2.7 MBo/kg fRE/ B, i 3.8 MBo/kg {KE/H % 30 B (&%t
289 MBq) kBl E LTRELELZA, FOLERICBIT2EEEANEZ Y, B
NOBE~DBFEOEBRBIET bhic, REORKICEWT, WEMNESEES L, #i
e E DHBERFT R DBAESR > 7,

BlOESMHR S ORERICL D L, 2.4 x 108 Bq?0Sr/kg {KHE/A DM ES 48 B EE
OfER L7z Dutch 7 ¥ FI2BW T, BMMEoMYy (BRELE ) v 272 X2k > T
U 17 B AN R O — EOIBRIC B W TR DY & L RT3 BHi) AE bh
7= (Downie et al. 1959),

d. Big~OFE
10 BHEREKIC L Y 241 MBg/B (M2 Eh 5, 7.2 MBa/kg fA8/H) 2##IL
TR LE T v RO 19%IC BV TREMBEEBRSR/D i, Zhix, £FHH
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Rz T o MZEBmORERTH S (Casarett et al. 1962), FUHER b L F o a0
BABFROFBELBEBRLTWB EFEZLF DI,

e. LIE~DFE

AHOPFIFEIZBO T, HZ v MI XKD 1~10 BATE T2 1 BROMEHIFEDIC LD
1.5 x 107 Bq*°Sr/kg ## 5 LT\ 5 (Moskalev et al. 1969), ZHEEHli Bt ARk
DT, BETOHFERIT0.1Gy THO, HRETOREILIE8 Gy Thoz, BRI,
BFHT0.2 Gy DFEEEZIIE, ZTHODERBTTIX, BBED 22%MBHET LT,

(2) BiEEE

)23

CF-1= 7 R|Z908r & HEEIRE L i-%a. HE110~2500 i~ ADFEM, HIRRED D
IRELTNE<T R LD HRZHENEY (Finkel et al. 1960) , FRERDOAETEHIFIE, 1.15
MBa/kgfE /R OBBEZRE LIr~ UV X TIXIT%E TEL R o778, 592 kBo/keglkE/R
PRELTOEELZ T hot, HIERNLBE L~ U A Tid, £EHME., 1.33
MBq 90Sr/kg{kE/H DL TIiZ40% <, 148~703 kBa/kgi{KE/B DOSrDI 5 Tl
26%H < o7 H, 1.85~14.8 kBq 90Sr /kg{hE /R OEE CIIEEIT 2 hr o7,

18.5% (}74 kBq %0Sr /kgik B/ A 2B 5. S W=7V E ) T v hOBENL % D £ TR
WoWTid, HEELEBRL T, EFHABP TN TN IT0%EL 2o

(Zapol'skaya et al. 1974) , EH LI, AFEHRH0.01 Gy4V0.09AETEL RS
CEHELE, RIVRBICHT AT EDT oy M, 40 GyDOEBBIGEICS L TR K
FETE (40%) FRLTE,

S8ICDOEEF. Dutch” ¥ ¥i231~280H., 1B 1El, <L > hT218 kBo/kgl&&E/A 35
L. I RB T, BOALRBEORFHFERA2E2HE-T, TEBUNICET L

(Downie et al. 1959) , BAMEZ - TEMNARBIZET LY 3 ClL, BHITELIT
FEH LT,

:OODEQL LEEHROBERBICBN T, E— SV ROEFEREIZONTOSICLOD
WCHE LERER A LI, ERBICBWL T, HRE— 7V KEEL0.074~133.2 kBq
90Sr kg RE/HDBREZIFR2IA O 044 H B E TOWIAMICH - VIRAR S 31,
IREhIT42H @EE?LZ% 5540 H ¥ CRIFAE TIRAI#R 5. 317z (Raabe et al. 1983, White
et al. 1993) , REMHDEFRIIZEHE (14.8, 44.4K%T0133.2 kBg/kg {KE/H) T*
NE18, 64K UBS%IET Lz, 0.074~4.8 kBo/ke fKH/H ORE T, AFEEIZOL
T RRHE L R REIRD -7, 22.5 Gy LT O FHRUE # KU # B (mean absorbed
skeletal absorbed doses) {TAET-SZRE L) - 7228, 50.4 Gy TIIFET EOHEMNAS A
bivfz, 2% B OFRBIL, EIR2IA %L AEICDZ 04.81~44.4 kBg/H DHAERZ %5
ETcA XERE, FROT 0 b a2—- L TEREN (Booketal. 1982) , FHEFFH]
R UE & (the mean lifetime absorbed skeletal doses) 1328.4~111.9 Gy Th -
2o AETEHIEIF R (The median lifespans) IZFERBROMBR & FRRIZ11~65%FD L
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7To ZAVHEL, BA0H B OMAITAEFBIIARIZEEEZ 52T, HRFORE TIIEFEN
BB EEBHRLTWS, ZHbDREBRICBWNT, BEHRICEE L Z>DERIE
TREX, BHEREEREROCEERRAETH 7,

Pitman-Moore = =7 % QD& REHER TlL, SrCl; DIEEET 908r #{BHEHRE L
FER. BERIZSWTHEIZEE LU EEENA L (Clarke et al. 1970, McClellan et
al. 1963, Raganetal 1973) , 9 »HigmLlf4 90Sr % 114.7 MBg/H OB E Tk & v/
CMET L, B0 B AR ORI & Y BYIOMRE £ & BRIV o T, M7 1T R,
BMEREED iR B ORI MLE#RE (terminal hemorrhagic syndrome) % %
L7z (Clarkeetal 1972) , 0.925, 4.625 & 1X23.13 MBg/H OREXE N EFN, 11, 5
EO1E#OAETEZAEICHMEIEN, 37 R0 185 kBq/ H DIBRENAGFEIIEEL
Rholz, HRHELBRE L Fi Mz 28I L 0 EETH o720, ik, *
NoORGHEREL 6 DAEE TRHEREDO IS LT Th o7z, 23.13 MBg/AD
OSr [ZHRFE L7z F1 X 9 D HIMECAFE Lo —F T, TOMER, M7 ¥ 0D
AR CIIEEMICBmB Tidled o7, 51T, 925 kBg/H DE#gEE 517 2 Folfid, 11
E#IVBLLA T EEORBRETRIIBWTERREMEZRLE, LEOLEXRL, 8
RO L Hiz, 9Sr DERE 37 U185 kBa/B ik, £EFRICREBEEZ D)o, T O
RERIZRBWT, EERNATTER. 0.037, 0.185, 0.925, 4.625 X8 23.13 MBg/H T
HY, FNFRN 037, 1.85, 9.25, 46.25 R} 173.9 MBq TH -7z,

@2H~DER

a. HRBRAOZE

' E— 7 ROBHERERICBW T, 14.8, 44.4 kBg/kg ‘legﬁlﬁ D 9S8r %, HER21 AB
MNORILOBECHIFL42 HASH 540 H B i‘(ﬂ“ﬁ- L7 R~ _RAI7e B2
AN EnT- (Dungworth et al. 1969), fiiZiIf~ f;ﬁﬁ@ﬂﬁ@ MR HEAED L
oo ZORENT, IHOMERIC T SRR ]‘ o F T AOEENRERICLSHDT
<. Bl~OMEHRBH CHEINIEHEMIIC L2 RO BREETH- T,

b. DMER~OHE

0.074~44 4 kBq/kg fAE/A % i3k 21 H B LRSI OF R OBERL 42 A B 25 540
B THBELEZEY—NAROERERIZBWT, sukHIL, BEK B B OSE B8 i
2 (FEHROFEHIZBNT) EFED Lz (Dungworth et al. 1969), & HEHEOTH
(14.8. 44.4 kBo/kg (AHE/A) Tk, fv/MRBEICBE#E S 5 Bl HEREE O R A AR
ALt

c. MiEFrISE

W OnOEIREIC BT A EBEEEBRICB O CGEMIE NS S TS, BEFLE 9Sr
%# 18.5 kBa/kg FE/H OB EBETRERES LET LY ) Ty MIBWT, BHEREHEIH
BRICBO L7 (Zapol'skaya et al. 1974), U 38k, WRICHFFER R CIL/ME. £ L
T— LI FRMER SRS F 1T T, ﬁxﬁf%ﬁ’]ﬂ% ELTEMDORENREEN T,
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18.5 kBa/kg A E/H OBEOREHFIC L Y, BHMEREIL 2 £ 8 0D Y £ T 20%W L
WESFEODT W, FH LOFECIRAMEKRBREL S| X E 2 T5/INMg&ER 1.5~2.0 Gy
Land, AMEKIE, 4.0~20.0 Gy OWRINEE TH 30~35% DA THEITH & 2o,
IR EIL, 0.074~44.4 kBa/kg (KE/A DA hurF 7 AEIE 21 A B b
FLEARHRIE T COEBERL I 42 H D 540 HICWTTREL - E— L KEHWIE
MR THHE TN TS (Dungworth et al. 1969), MEFERAL4TE 6 £, 1.48 1K 44.4
kBq/kg AE/H OB EFET, RMIROTEFNEE (RICHFERMERE,. REARREE
KON &SR RE N DN $ B COORMERTE) . H BEETF O BB Bk Am kA E, &
PRI BRI D B, BERERAF R, /MR O &R CEIESED b,
FlfkiZ, 114.7 MBqg/B OE{EA b a5 v AIZRE 2307 Pitman-Moore 2 =7 213,
BRI BT 5 EMAROMER eI ZMm, AMBKBEAE, W/ ELE T
HIMGEEEET LV 3~4 2B C# 1= L7= (Clarke et al. 1972) , &bz, ZOF5NA—F
O 2 FIIE B EAENTRD BT,

d. FER~DOZE

BOBEEIZOWTIHE, 4 XIZBAHEEEA b e F U A~OEHIRHFGERE D@ER
BIcRBWTEET REFERED LN (Momeni et al. 1976), HEIEL-E— A KiC
HiR 21 B B FAMEE CHA% 44 HH F T, 0.074~133.2 kBa/kg DHRED 98r
PREOEBRLEL, RICEF CHECHENL® 42 HEMD 540 B B TR DS Lz (Raabe
et al. 1983, White et al. 1993), FHZR 5 10 FHRIZBWT, HEHEEOCH 3 F

DEEL LT, %J#UDIJ\E"H'?W{J/JIE FHERFEEOCREDE (F{LEUIEE) .

ﬁf,"—ﬁf’ﬁk IR OB ENESENTWi- (Momenietal 1976), Z“ibix, $2
rm&ﬁ#(m&&4¢m14&&@gwﬁm)Lﬁwantowﬁﬁ_;bﬁﬁén
TR REIEIX, 4.4x 104Bq®Sr/kg (AE/H CBBEIN E—2 K 4 L 3 iz E
WTEB® bz (Book et al. 1982), ~ OFEHICBIT 2 EHREE (BREREEL A
FHETEl -5 D) 11004 Gy/A Thotz, BB LZBERL L, BETAET
908rClz % 0.37~114.7 MBq/H O ETEI L, BEEEPEMHERASICLVIET L
T- it D Pitman-Moore 2 =7 ZiZBWTHRH bk (Clarke et al. 1972), F1LFh
DORBRIZBITABEEOERBEIZ DO TIHE I TWH 2N,

e. FFg~DEE

A XICBTHEHERRICBNT, #R21 B A CRIAMOME U Z 42 HAM S
540 A £ TOM. g~ k2 Bo 282 L, (Dungworth et al. 1969), &
ZnEmzREI Uit JIZBWT, FlRM, MAEPLED D v F— 2 KUK OHE
FEiZ K Y ITHERDIE R B3 74 B iviz,

f. RADE
FICB B HEHEA b o v F T AR TR OR AREIC X SIR~0OFBICET 58
HIIRENTHEREY, HAEMRBRICEBWT, 9Sr i2-FEN THIE 21 B B2 52380
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M, FHERL% 42 BH2 S 540 A E TOMIRE LIz — 27K 4038 L4 2 [EDRRICR
HORAERED b, L L, AR SWTEHHE XL T2 (Raabe et al. 1994),
HEHRITIC L B &, ThbofEEE GIREEZD Tl hoRE-eho Ut EEE D
B TCE@oohin b)) BEERBE~OBRZELFBECHENH D LEZ DN D,
RUA XOEMRERIZL S E, 16 x 104, 44 x 105 Bq®Sr/kg {K&E/H (14.8, 444
kBa/kg fKE/H) R 21 HE»LEBILMICBNT, E-HEL 42 HE2SH 540 HE &
TIZREE L= @8h TlE IR~ ORMEN R E DL 358 Lz (Dungworth et al. 1969),
BiEEEREESRD O BEOIRIT LT ERENRD b, Zhik, i
DHEHARERNOEL D RN REETH D,

g FE~AOFEE

08y (I FEMN (R o8 L HE#REK 414 HE ¥ T&KX 1.33 MBg/H
DREZRE LMD CF-1 7 2ZBWT, KE~OEEITFED LN -7 (Finkel
et al. 1960), 148~444 MBq/kg {KE/H OBRETHEIRSTHIN S 1.5 Sl CRE LAM
ERE LI —ARIZBWT, FERDRERD bhic (Dungworth et al. 1969),

h. RFER~NDTE

0Sr & TrfE% 23.13 MBq/H DFFET 9 5> A [Hg#E L 7= Pitman-Moore 2 =7 # {2
BWT, B L7 v ZHREICHT 2SS /MR X 0 JlE ., 3

TREE L LE: LTS LU T OfER & 22 -7 (Howard 1970), %Sr % 114.7 MBq/H DR E
’C 3~4 M At R L ATEA@E U & LTHS Lo Pitman-Maore 2 =7 #1280
Tik, Bf#ifb4E (Myeloid metaplasia) R4 L7 (Howard and Clarke 1970), 3ETC
WD BRI < B 0.440~100 Gy OfEHTH - 7=,

E— A ROERETIA D 1.5 FEfpE T 90Sr 2 1@HMIZERE L0 6 (£ IRINER
EFZB VT, 14.8, 44.4 kBg/kg FE/BEORE T, RO BRRILANREC

(Dungworth et al. 1969),

i. ETE~DEE

it CF-1~ 7 A{Z,98r % 1.11 % 11X 1,147 kBq /H TiEEIH 5 L 7= (Finkel et al. 1960),
e~ 7 KW TR EHRITIZ AR L, fE~ 7 Rz oW TR OB IL IR i
0S8y NG I iz, HEE, HARBEE AR 35 ARFRICBIT A0 REMI DA TFE
IR Lo T,

ZAHHARRBRIC B VO T, 952 A B O Pitman-Moore 3 =7 #12,0.037 %18 114.7 MBq
/B OHED %Sy 2 IRARE L, ZEOHBD 2 908r %5 Ui & 528 L (Clarke et
al. 1970, 1972 ; McClellan et al. 1963), 9Sr # 5 jX AR AT ITHE L 22h -
77,

114.7 MBq/ A @R ED 908r 2% 5 L 2iHR 7 13, BHERA20O = HEEE TEF
Lo 7=28, BIRIZIEH TH o7~ (MceClellan et al. 1963), 0.037 & 1*23.13 MBq /
HTO08r D E Tk, BROKE S, BEOHE, HABE, RIEFFAYOHEE, RS
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B OSHORBIEGIEEIIRDoTe,

| BE~NDFEE .

CF-1 ~ 7 2 Z%f L CHERIAD HIEALHIIZ Ao T 008y & T A% 1.11~1,147 kBq /
kg (AE/A T4 2 7= (Finkel 1960), REMIZIT, £ER CREEZ 527, ROKEER
CREHOATFREBICITRET T, {Eﬁrﬁ,&%ﬁ%mém‘m»of:o LALLM, 111kBg
[ kg RE/HUEOBREIZBANT, BIEEETINAOEREIC L U AFHMEANELS o
Yyl

K2 LRI & U CH, 9 2 Ao Pitman-Moore 2 =7 # % 0.037~114.7
MBq/H® 98y 258 LR THE L, ZEOMDH 98y [ZIEHE U= ik & AT X

(Clarke et al. 1970, 1972 ; McClellan et al. 1963}, 9Sr ~DOE OREIT, HAEZESD
AT ﬂﬁéﬁ Lfoﬁ?ﬁvz Tro THHOFRTHOEICIT 114.7 MBq /8 ( McClellan et al.
1963) D 51T BRMEERI LT LB BRIZH A LREBEZ IR0,
0.037~23.13 MBq [BDBEIZSNW T, FEMORE X, REOCEACIAEMEAIZIT
B Lo tn, 2313 MBq/BEBE L= oW T, MEBRERIC LA ER~D

K0 ILENEAD LDz, REMI OBEFLEHEE 23> Lz (Clarke et al. 1970),
BEFLT%. Fricis, BEMWEETC LV TH B 0.037~23.13 MBq /B DREExR 52 1=, *
D5 B, 23.13 MBq /H® FyftiEix, £% 9 A OEGEBEE CEFELRNoTN, A%
9 A LUBRRBEZRE LD IBE BN TR ook, %08r OIERICKR L T
ECETE LIRESHOEWDL A 2 LA TFRENS,

k. SN A

BEOIPERTRINTWD XL IIZ, 98r OBOBEUIE VITEHENRADREES
WMXEAAHEENRH 5, IR 908r 25 LB i izl 25880 T,
0.42 MBg/kg {6 E/H O E T 5 ARKRE L-EK E5% 4 EFORKN2ERSTHRE
243 Gy) X, BMIFIC L > THE Lz (Casarett et al. 1962), ¥ 0.67 MBg/kg &
H/AOKRER 10 HEOBREL S -tho 2 T (HTEE M E 47~95 Gy) 1. 36 A
AoEEHMICEFREENRAL (BERE, FRE) ICXVFECLE,

LE 7 v FC,98r OF~DRNERKET » b LD EOEEILR 2 - =Rl N E
FEX i (Casarett et al. 1962), BEFLVZ (30 Hish) % 1.7 MBg/R. FRfEiZiX 1.2 ROY
1.4 MBq/A O ET 10 BRlIIChIZ v kAL Uiz, (REEHE (body weight basis) ;
BESLIZ1 11 MBa/kg fAE/H LA L, HERR{SIE 2.4 x 108, 5.0 x 108 Bq/kg {<E/A ., HERLE
i3 3.4 x 106, 7.2 x 106 Bq/kg fK&E/B), 522 A#%. 17 MBq 2 &5 L-BESLRDE D
1.2 MBq OFFHHERM TR SR X223, 12.2 KT 24.1 MBq 2% 5 S =RE0OF
Mk, FHEI, 3T KU 74 MBq PRI Edviz, RETIEZEAE LRI Dizx L,
17.5% DBESLIR CERBERAE Uiz, BF 5 < 908r ORI OZEIERIC L 52 FRED
FEDEDRNER>TND, LrLEND, BRFGEEOREIZB »2EBEEE (B
%5, EORT- LIRS A, FOMIEL DRA) OFRAERE TR, MBRHLLLT2
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EL EThH o7, EHFEREICRT 2 BHEEORESKTIR, MBREEEASTEL
7= (16.2%I7xt L 6.25%), # 1T, AEEEHC BT 2 BHEEOR A RIS BIEED 2 521
EThot (FOMOBEEREIIIEERA ) 11.25% & Al 6.25% % 5t), 57
HE2D 87 HEXCTERELET v MIH 407 MBq @ 5 MHOE®AN (5-month
skeletal burden) 3% Y. Tk, kg (FEERET 10 BEERS LZBERLIROBEAR O
44550 1 LBz, ZOBENIT Y MIBITARIEEEROBNEZRBLTEY,
ZHIEEROT Y MIBWTEY, BEOT v MIBWTIE, BAOBRME T AR
Ll eht, FRECRERNELEL Y bEroT,

D Z v Mz ARG REBRICB VT, 37 Ao 08y o NHRE (RRE 29.2
MBq) &V BEMRE BABERAD 21%E TR L7 (Hopkins et al. 1966), 150 A
BOBOKEREIL 40 Gy Ko, 224~280 Az} C¥H 218 MBa/kg (A E/A 28
ELEZEEHTYXE (~52 BE) 2. FAEERCERORERICERETABEIER SN
7= (Downie et al. 1959),

Fw b, ®UAR, A RXRKRORTZ 2R U N BRSO Tk, %08r 08
MEEROMSR, EREOREEREM LT, ZOHEICRBNT, 1.8 x 108~7.4 x 104 Bq
08r/kg FE/H ZHEAMEOT AL ) Ty MRS L, R ELT3.7x 102~1.5 x 104
Bq/AWREE L7 (Zapol'skaya et al. 1974), 7.4 x 104 Bq %Sr/kg {F&H/H @ 98r & 5 L
7Ty MIBTDBHEEORAEIRIT, MBEN 1.3% Tho7cDIZ~, 18.7% Th-
7zo 1.9 x 104 Bq9Sr/kg (FE/H DA . HEBORAEL 3~6 {H{EYV GREMICREIN
TWR) A3, 1.9x 103 Bq%Sr/kg (RE/H TOREETRE SN TR, Fb—&H2
EHEEEIL. U SARE 8%) . BEME (6.7%) RUANR 4%) Thd, U/ AlE
OERIARIL 300~540 HTH Y |, HANME L B 450~600 H Th-o 7z, RFEERIGE
B, UV REORBRNIILTES 13.6 Gy, BB ORWANZIEEE 22 Gy, £ LTE
RBEDRIFRINC IS 24 Gy Th - 7=,

<=7 ARFEHLZHEIZB N T, 1.9 x 106~1.3 x 106 Bq 2°Sr/kg AE/H 284 (110
~250 HinhxHEEE) OB E S L= (Finkel et al. 1960), T ORREREREIC
BT, EMEZOMRNEREBEORAIT LY Sh oo, BRECH T DRI
BBt PHELBEEFERBR LR N0, EBRNE SR LRI
EXNghrotzZ X, RETRREMNRERICLAEFRECE NS S Z L HHEA
ThaALEEZDND, LLEaERL, BAOREIRBHLIEE, 98r 25 L~ D R
KBWTELLEE> T, BLEWVHEEL-UL TR, RHOBRNERIEE (FiZ
U RE) ORBEAL LN, 2B, MEREEESAPEET S 526 DX TIZ, WA
BN 6%IE Tzt L, mBEREHTIL 24% DU APRELT Lz, RREICER
B 7 BNt ORESIZ B AIEDS 6 B, BREMEEEN 4 6l. MENORE RS AN
2 fITHoTr, BEIOEBEEINT~ T ZADFICHFER F T U AREREIZIAE
FTAIEIWLDNTTI AT T 74 —ICL > THLMNZENT,

A XIZBHHE TR, ERTOEC— 7RO, HREMO 21 HE LY HE#E
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42 H B & TiZH47 T, 0.074 11 133.2 MBa/kg (A E/H ## 5 U7 (White et al. 1993),
IRENITRERLE 540 H B X TRA X LR U OSH Lo ATHERLEMERS L,
48~133.2 MBg/kg RE/H Z# 531, FFR & LTHRTIRFOFRED 50~107 Gy DA
Kit, BIEEIC L V- LIz, —F 0.1~1.6 MBa/kg AE/H DHETERES N, 1
M 1~23 Gy OBHEDA XITEEEIC L VT Lird o, NSr 2HHERST 213
3 RIEDFREARSIITIRE Y . T-BAMC 22T hol, 66 HIORED D B, 75%
BHRETH oI, TOMOEBIIETRE, MERES L < ILEHERE LRSS
b# 85 BT, SRMEOBAIIERED ML 2 BTORRL L, BHREDES TIL.
RO PR R TR M (48 MIFET) . NRCEOMA (29 FIZET) T @R A (16
FIFE) WLV ECLE, AIEOE (F¥ 1,156 A THL) ITFRIEIZRD U X
2k, BFRERFOFEHRENY 2,864 ATHE, BRECAFEDA BTN A
FHRRHC B A PR REE BRI, 31~116 Gy Thol, EELIL. ZOREEIED
{KiEER (0.08 mGy/H) HERREELY 2555 < . HHEEH (1.46 mGy/A) X
HARBEERELY 500 FENo720, PADBERICZRERWERB L, Zofcdh, B
BOHEED 500 fEOBET= R E—HE (LET) pRTEOEE D HBMREIT.
SIEBWTHRERER AR RS 2o,

AT, 98r % 0.037~114.7 MBq/A OB E TR E XD Pitman-Moore
=T XOEMRERBR T, BEADROBABRBETFHRENEREINLTNDS

(Clarke et al. 1972, Howard1970. Howard and Clarke 1970), 9 2sH TR & %M
B LUTEARICRBO T, EETRTO LV TERHRbAERBR S, 3.7x 101~46 %
106 Bq2Sr/A # BRI L 723545, Vo RUBHOESBREI N, BEMICRITSF
DEHFRENL 0.4~100 Gy THol, FHEREN 0Gy L0 E, 46x 108 KU 2.3x
107 Bq °Sr/ B Z B R OFHN LR EINTWVA FI RO F I BREREAT H DI,
%ﬁﬁ’ﬁ IBWTEPARELC T Y, BRABEERWVERAMZEL. X 0EVIREE

CRBWTEALE, BHEEAELEHE. Vo oEFIRIERI 0 S FLET F iR
BT, RENCESRICEMmR ST,

(3) RizHBE
A b rF oy ARERMMEORGEEICBETLI2HE RO RO TS, LAL, &
k2 o AR RS A L B RO R R R U B O BRI O F ShEE AN Tk DNA
FHRETIHIEBHMLNR TS,

DR FAYFHLRERGEIZE D in vivo BB
A barF o ARZERMEO SR D REIC L D in vivo BIEHERREIC OV THE
—DWENRD B, HALA b LF o AR Swiss 7Y/ = DRI 180 mg Sr/kg KED
AETRURELLE Z A, 6 FEEBIEMIRICIBT 2 REERE (v o7 YK,
53 BB OMEEUR) DBAEEDS b 538001 L7z (Ghosh et al. 1990), [I##D A& (140 mg/kg)
ERE LIz~ v A BT R AERFEHED 2 fFRET, I bEETH T,
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FOEAE (440 ~1,400 mg/kg) Tik, 6. 12 BTN 24 BRI ORI A A A B B IERE
1L CRIETH - 7,

@R FAF ) LHSHERBIEKIZ & B in vivo HER

=7 Z12 925 kBg/H L ENLL EDOBRED 98r % 1 FERLL EREERE LR, A
MERIZBWTRAEDERED b, S =7 X XEMMBIZ L 2> T (Clarke et al.
1972 ; Howard 1970),

90Sr—90Y disk applicator (REARESE 2.28 Gy/7?) % 100~300 Gy DERE THIMRE
L7l ICR = 7 A Cik, HISRHICHEE TAEH DNA 8539 5311% (Ootsuyama
and Tanoocka 1986), DNABHEHICEE TS P FULAF IV ORAARIL, BELD G
B ENAERRO LRI TE LML TWe, ERRHERRE SR RS
HEEBLERIIBWTTFIDVURLYELBRAT AT EZ Ehb, ZORERMKRZ
AFZEBHDER b, BEEGIX. BRI 5 DNA BEHEENSSEBNZ & 23,
BRI GREEOBRAY A7 PRRICHB L TERTLIIEWI LO—HE2->TH
B EEFBLTNS,

F A = ANAAK =T 908y 90Y (7.4 x 108~1.9 x 108 Ba/kg) #* H[@igEHR# S
L&k ZA, BE~ORBEMIBREN EFT 5020 T, KIS (2~224 A™) iR
Wi D OYAKYIEEA I L (Brooks and McClellan 1969), Bl 0 B
B EGIE R R A S EEM RS EREOHE, BEFRTEEY Y O AR
FEOBEIZHBLTEMLE, ReasfRik CRR & ZoiRARaRoB T, %
B OIS TR LA, Rl ssmoffudmml i,

i ICR/JCL = 7 A1Z 3.7 x 107 Bg/kg @ %0Sr MEFENEAZ 9O AH L WHEL £ TH
AEHEOREN, PR, UV ERUBETBEESN (Itoetal 1976),

@R FAVFILRERMEIZK B in vitro BB

42 (Bacillus subtilis) O % EEEFEEXERREZ AV Rec-assay ICBWT, &
{bx ba T U LBt TCH -7 (Kanematsu et al. 1980), b, £BE L L TO
BCIL. invitro DNA SHIC OV TR b v F U AL L AFEM SISO LT, 20
ERIIERFHEEBBAMEEZRIIREILNI L T—HBLTWS EE 2 5 (Loeb et al.
1977),

BEFEEOLLIEXEA M FULMEEME LTI/ bR ba Ty ANKE—H6
NT0D, Z7BLBEA MR CFULR, FrA=—ANLRAFZ—FIRHRERBIICS
UWNT IR A 2T 2 7555 LT (Venier et al. 1985), X AXIF 7 AH (Salmonella
typhimurium) TA100 #% AV 2 Ames HBRIZBWT, /7 ABR a5 7 51X 59
FHETTEREREFTRLULY, EFEETTEFR Lol /R ABAa Ty
LOBEEMER. HRENICARANEZ v b F B REEZITCRIGHEDH D5 DNA
SRR T A Z LICEE L TWA, (Elias et al. 1989, 1991),
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@R A F 7 LBFHERBIEIZ & B in vitro BRR

A FuvF U AEFERM AT MERE RV icn vitoBRBR CREFBEE TR LTINS,
it e VED U K E0.2~50 GyOBRETHRAETH L RAKRFOEER LR
L7 (de Oliveira et al. 2001) , EBNFELAEN R (EEIRER A R OCHUNER) 1302
Gyl LcgimL., Bk Eafix0.5 GyLA E TN LTz, F7-, BRRPAEEEIT3.0
GyLAEThd oML T, MURABREZHRRFLZY U RICBIT 232y T
vEA THEBET S &£02 Gy CDNARE (BEBRA L tail momentiZ & 55f) 28D H
nic, RAERFOEEICILHE NS0, BREOAERICLELRDNAYWIH KR T—
AT B OREENEEL TWHA0E 50 (EhFEER A ITE -0k, 8 FER
BEITRZDRAEDODRL LS O EOYIBALE) IHEL TWa, MEEER
HENERB A D AET D25, 2O/ EMBEEEOGREICHEN L2EMas, 0.3~3.0 Gy
BREBICREINRCZE P BRIz THEEINL TS (Hall and Wells 1988 ; Mill et
al. 1996),

8. £ ~ADOER
(1) FF¥Mak—Fk
1948 £, U T AHI5 123 5 Mayak Production Association 1L, YO EIRFHEO
TrHOFN = AORLER ED, 1949~1956 £ THIMEME 2 7 F v Il Uiz,
F M E DR HBIE 1950~1952 ERBE KR THh o7 & hbits, £0)II0 41 DR OER
#3HAN) ZREZ, TFv)llads— bRFET Shiz, JBEMTIE, oA H)
by L AL BZT, BRINEKRSFILEFEI Z LiITL D, ¥3Cs, 9Sr ED
TREHEEROPRIEIL S BIED -7z, REEFRTTIE 1950 AFRITHEE - 72, _
FF )l ak— Mk, 1950 ELRANCA T 25000 ADF Y PF il ak—h
(OTRC) RTIZ Uiz 1950~60 EiCliz A L7=# 5,000 A &% 7= ETRC # TN
S LEFELDabs— b RH 5, #E<BEOHTITIIARIIIL LBHIE 24bt
7= TRDS A XL T3, EERATHREMREORENSR I, BE 047Gy, T
0.04 Gy. H:R{E 0.01 Gy & BESBESHEEIRL TS, €05 LRI N 55%%
D5 &N, £z, RBM M&EiI&EE 2 Gy, ¥ 0.3 Gy, TRIE0.2 Gy LHEE ST
VWA,

Kossenko (1996) X, 7F ¥ )l 2=h— MZBWT, AMFERCEERAIC L ZREEHK
BEMULELBEL TS, BEH TR, BE(ECEN 100,000 A%7ZY 140 A
(95%CI : 131-150) Th -7 Dickh~, BEREHME (1950~1982 4F) (Zi5tT Dt RHE
TIE 100,000 A %70 105 A (95%CI : 101-109) Th -7, BEHICBIT HRABFHD
UL 0.176~1.64 Gy TH o=, WA TCEOEMIT, BBEHEOFRIZIZA DN,
- 7= (Kossenko 1996) .

ME~DEEIZONTIE, B LER 0.3~0.5Sv 2B 1 AMHBEL ST - —8
DAL T, AIILEROD, /RO &K OHEERER OB 7 B FREEOELIFED
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LIz HELTUVD (Akleyev et al. 1995),

FICHES R CEMBEOMBRICEEERITTEEOVA a7 —BRO L, FHEE
EORBRIT, BORMICBITAEHHREN 2 Sv FBATWALIESIAEILEN-T
(Akleyev et al. 1995), ER~DEFRIZIE, &1k T MR X 2HEERDOHEA,
T-lymphoblast JZEE DA & T8 large granulocytic lymphocytes D238 %41, 30 £E/]
g L7, 4R 0.3~0.5 Sv ##8% B e BRI Z Y = EF OBV Tk, Bk
B REDS L LTe, Akleyev & (1995) X, MBS RMEAERENEMABREIIBIT 5
FLEDREIEEDR ZICHE LTV B AREEE AL L, ER20BKNETR & LT,
HRBRICRE IR ABE TR HDREYE (B, BEKEIR, WEEOREE
ROFRER) ORIED, IEEEDBE 7N — 7 CHAAT 3 EHM L TV iz (Akleyev et al.

1995),

TR~ DN, FH 0.4~0.5 Sv LA LDOBEEZ T -EMATHEI L, 14~20 FERFF
FLTme LOLRBL, yBRIZL AL D DT T, A b yrFULAILE
B B AR~ DI P OBRESRE LTV 3 2B TR (Akleyev et al.
1995),

Fh. TFY)am— MBWTIL, EE~OEBIZSONWTHRAFHICAEETHDL LN
I X T (Kossenko et al. 1994) , 2 A H D y#RIZ & 0 AFERRIZ 0.74 Sv
OEHREEZITEAICBWTE, BAE, SRERVEAREDOBAERICHEITIE
Lot (Akleyevet al. 1995), TBAMEROFBAITHRE L OFEX o, T
LORERICONT, BB, ZREDPLZT TR Y AEFERA~DRED 5> bLIEER b
VFUANPLDFETANEWERbID (ATSDR 20044d),

FF¥)iaR— MIBWTR, BRE~DOEBRZOVWTORETIZLAZE TR

(Kossenko et al. 1994), FUHMEAR b vy F U Al LH3BREBRISIINE IR TRV,
AFERII S L CEIC y RIC L B 0.74 Sv £ TOSMBHIEL LD 2k — MR BT

(Akleyev et al. 1995) . BE b { BAE~DEEIIFHMMNT/NE LD L S D, BRTRE,
TREE, FEORAROEMIFER IR ok, LOLERL, BEROBNA T, MK
BB LT, RAKRRBECCEREOHER, MRIBRECEOMORE SRR
B L2 RETEO DT HRBNAAR LI, b DREWIHHAEFHEIC L D
FERCHEMBHOBMAHOFETCEZET 5L, AR 0.11 Sv OBREEFIIL
FHOTORECERIIRELZIT T RIS 2 5242 o7z, Kossenko & (1994)
. HEATRE, WE. BYRARETRUBFENREEREL SEED 2 (F5| 2B 244
FERRAREL, BOT Y FARA Y MEHT 5D 02~48 Sv OfEAL D bHWERA L

(Kossenko et al. 1994),

ERAMETOWTIE, HEEEEMFHREN 0.1 Gy 2825 LBE0oRME (10,000 A
£ Gy 122%F 0.85 FIHEN (95%CI: 0.2-1.5)) AR, AMBIZL BTV A7
HHREOBMIC LV #MT 5 (Kossenko 1997, 2002), ZDWFFTERIL. TF ¥ )llak—

MZBT 5 908y DEARTTED. RO R THREDRE L ¥ 100F EE W2
L LEE L T % (Shagina et al. 2000), 7F ¥l 2R — FOFRIZBNTEBAFEOH
MMIFER Ty (Kossenko 1996), : :
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F, #50 EOBERZ XY, Krestinina 5 (2007) TIEHEEAALOBHE (Wi b
EMOFIEL 2KL) X5 ERR/Gy 1.0 (P=0.04 95%CI : 0.3-1.9), Ostroumova 5

(2008) TiXMOILBA D ERR/Gy 4.99 (P=0.01 95%CI : 0.8-12.76) . Krestinina &
. (2010) TIX RBM BEIZX 5 HIMFED ERR/Gy % 4.9 (95%Cl : 1.6-14) EH#EFEL T
WA, ZiiE, Ostroumova 5 (2006) @ TRDS2000 PARTIDT F %)= d— MR AL
W OIEBIX BEFE TR LN HEEM OR/Gy 4.6 (95%CI : 1.7-12.3) LIH{EIL TW 3,

(2) #EHAM
Danish BABGERE HE o T EEMRIZ L D & 1943~1988 FDMOT v~—7IZBIT 5

R AR DS A & LR T4 0> & D 90Sy DFHEA~DIRIL L~V IEE#E A 20 & W D R DS
TTW5 (Salaand Olsen 1993), £72. 1959~1970 FiZ A2 FF Vv K75 R —

BT 2908y DE=F ) 7ol 7 ACIREINTT —F 2R LI EERETIE B
My, EFRICHF VU o E, AWEEERLE. X TO/MNERAULETEESIZ>WTZ
SO ar— FREE XN (Holeetal 1993), =2>®=d:— M3, 1963~1966 Fiz4F
oA U A7 B (BT 98y B8 LUV Th A MG THIORE) . 1959~1962 2
EENTEPREYAZE (B TEV-YUVICEE) . £ LT 1966 FLEICEEhEY R
TRETH D, T_NTOMBA, AL, ERIF U 8L TR BENE s O RIER
BT, 1982 FELIANC A TN FE BBV T, REMBEMEREZRLTHS, Ll
5. MEFSITAMBE R CERTCE ) B AM BT B R AL TR TOR A
[ZOWT, BEHER TS (BUEEA e rF o L) oRBEBERAIICEENZ aRk— Mot
LT, VAZEBEMEEEEWIEILUCEE TR, B AZHBECEERETFES
WCRDEIEBEORMN, #IML THAN, HHBIZRAERTRI 0T,

(3) Rin®mH
a. A MAVFILREERMGKEIZ L RESHE
bt MZBWTRA barF o AZERMEOEEEEIZET 2R ERR RV,

b. X A Y Fry LESERGEIZ & 5 REGEM
b FCRIATE AT — 2 & LT, 1949~1956 4EIT v BAMEBMEIIEL & 908y K
O 137Cs ML OBEHIIL T F ¥ JIOERICHBIT AH58 & BUEERER &L LT
89Sr ¥ 5 L Ic BEFICBIT AP L B B, TF ¥ N OBIE L 3 73 i & BRI DI
XL E 39 HIOREM Y > 8k OB T, TERRE THAHAGEOREN B Sz
(Bauchinger et al. 1998), #%i1¥ < FEOHREOMINLY 7= v OEHEE (12.8=1.5% 109)
. JEMIECEE (57210 x 103) EURTHFEBEICERL TV, &6z, 10 AT
LY 77 N—7 (22243 x 103) i3 RA THIEL LY 77 A —2(9.7£2.3x109)
WZHART, BREOMIEE 7= Y OBIEXRFEIZEN - T,

W ROEZIZB N THHER Fa rF 7 AOBRA~OEOALD ERT A2 LT, Bl
TORERETDAZ EIZ oMY, BELL, 2OV 7T I7A—7CHEISN - EERE
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ERO—HERSTNDE, TF%)IIOERIZBIT A LV EIEOWETIE, T U /2 BRI
B AREERY (CTHFELCERREAE) OHE (1994~1996 FEiZF4) X,
Muslyumovo JEBMIEED A & 1236V D25 98 BEEME (1993 FIICilE) BEICH
B LT\ (llyinskikh et al. 1999), BufAERFE OHEE L. T TR (24 9Sr
&M <3.7x 103 Bq) Tid 3.8+0.8%, #1E < B %0Sr 154 3.7 x 108~1.9 x 104, 1.9x 104
~3.7x10¢ L T*'3.7x 104 L E Bqizx L, €1nE4 89+0.7,12.9£1.2 TR 18.7£1.9%
Tholz, ZREFESOEERERICK L 111 MBq @ 88SrCle A Lo B ABEHK
FLZBNT, U 2 BRPO/MESD, #HIBEOC LERT3FIZRoch, TOBROEHEA
BT LT, FE O, RAaEOCREDIEE TH D/ IMEOEIAN, BD inviro KERT
0.53 Gy ® X & BE LM I8 SN TERECNET S L2 RHLTWS,

9. ERRHEIW O R
TIARC (2001)
TA—7F1 v M LTREAERD I E
TARC {Z TE =7 72 B #iEiiE (SH, 32P, 908r, 90Y, 91Y, 147Pm) | {22 T,
EBREDORPAAMEIZ 3 REEHH E LT D,

10. F£&&

[H >/ i Mayak Production Association & 0 75+ Izt L 7= Bt tE g5 S n
TePER (i 98r OPNEHIEC LAREIEC) D =ad— ML, FESAR
CRME (CLL 2R<) ¢ OMCHAERIGER Y A7 DEMAREN TS, HIZ<HR
EOFMIZIIT D ATERELHAAMBIZRIT 554 7 Rz EOFTRBHEITI IR TE RV,
KIEDTF ¥ )| 28— ML G EREOHFII BV TS U R OB AR S
T35, LL, WTFhOTF—#(2k-Th, EICEHIFEREZRTZ &IXTERY,
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Xl. ERERUILHR - BR~OEE
1. BREIMSOERE

4 K Kerala, Karunagappally ORE#FIEL, N v LZEATLHETFARICL5E
Ry 7 750 REEBE (HBR) & LTHBRTWA, A/ panchayats [ZBIT 5 H
RIERE L~V DR RAEIE 4 mGyELLETH Y IBRIZIZ T0 mGy/E2 7T ERLH 5,
HBR (81T A EEEERMT 572012, 1990 £42 Karunagappally O&FEH
385,103 £ &%t & Lz 2R — MFFEITTOII, 69,958 4 %) 10.5 F£RLBEH L . 2005
F£RE TIZ 736,586 AELEM L T HILKE 30 &2 &Tr 1,379 0B ASES £ RFE L,
HBEMZOWTIE, N—XT4 VREERTV, BALBEZEBL TR, BEREER
RT3, 7. BARRIT Karunagappally #i28 AREIZ L v B L TR Y . B
REEIL 0.7% 2o 2. MBOHEFEIZSOWTIX, FHEORNANORELZFR L., EARELH
E L, MR, BIESEH, 7ru—7 vy 7HHE, 2 ADFEHERRTET 1 BETERI
fbLtradk— FF— 2 E2RTF YV /ARHF LI 25, #iE v BRIE I L BABAY RS
DOEEIIERD bhikdoTr, BILRZESBAD RR 1X-0.13 /Gy (95%CI : -0.58-0.46)
Tholr, iz, REERIEE 500 mGy I BWTRRA Y A2 OEINTALNR- T2,
IALAF AR TIT. BEURBRE L AR ICHEE L TW A3 EPAVIIRD ERho Tz,
¥z, BMAETIIHBR E OFEREENSRD BRI -7 (Nair et al. 2009),

FE Yangjiang (BHL) OEy 7 77 vy Rk ##IK (HBRA) 2B 2 EFEEE
PR EIYX 6.4 mSv (NI dade) THY ., 1979~1995 F£DHAR <, HBRA (ZEWH
T 2.4 mSvE L L THAET EOBMTBAE IR0 o7= (RR=0.96. 95%CI :
0.80-1.15), *f&#E 1T 125,079 A, BT 1,698,316 AFIZDIF Y, FE1-H 10,415 AR
DAFET 1,003 AEBE LT, =2 hua— Ui L Bt 7= HBRA £fE0 4 A RR 1T
0.99 (95%CI : 0.87-1.14) LH#EFE &=, HBRA ki BT A2F. . FIE. fh. B.
ZHOIE, RURRBONPRAD RRIZ1 L0723, BlRE. EWEEE, 8. B,
g, BE., FEES, MEPAHEMREZOPAIFRICE Y L oEOV AZIFZ1 X0 KR
Xhpotm, Wb RR=1 L OFEEIIZ o7, HBRAICEWT, & L LA KK G
FEELEERB/AY R ZONNRAEMLBD AN, KT RTORALET
FI—mmicay bae— gk o7 (FEZER L) (Taoetal 2000),

R 31T B R R IR R B AU BERIE I X A RRBESIZ SV T, £EIZbizoT
HBRA (330 mR/AE) i B4ET 5 50~65 mD&tE 1,001 A, RUWEE L-ULDHFH (114
- mR/AE) [ZIRE SN EERERE 1,006 AMZOWTHR LN, RRCET 2 RERE
IXEEh 140 mGy BT 50 mGy Th 5 EHMEEINT, T TO/BHERRIIST 5
BERIEAAy 777Uy FHIERT 95%, 22 o —/ILH#IRT 9.3% CTh-o7, E—FEHoD
BEBEIGNRN 77T FHIRT 74%, 22 b r—/VHUKT 6.6% Th-o7r (BEELL
1.13; 95%CI : 0.82-1.55), FRIFEFRNAE P DMIF LM ETR P27, LirL, HBRA
DOEMHERXERP I vERBRELARICELS . RERVCAEERAEREOHENGRIZE A
fro BEOOE AAEFRIREDOREEN HBRA T, BT HL 3 vEOAMERENR D
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RV EERET D, IhbDF—FiX, AERE L RN R RO ME R M
FRIBBAV R EZ2FE L FRXERAZEBBDEDIZRVIERREL TS, L,
ZOX DRI TRAFREESIERIIWEREN DD, FRE T, iﬁ%ﬁbtﬁ
RIRA~DIEFE2 90 mGy OFEIEIT, BRARMICHRE TE Z2FRBREAD Y X7 OHEMIZES
LW ERERAMATT TV D (Wang et al. 1990),

Bz v sy b2 A—19184 AZRHE LIEERETOBRMHRIC L SEE W
TOHETIX, FERFHEGII<ARETIFEY 1563mSv, KX 78.5mSy Thof-, =2k— |
FEITICB T AR SWTH, RE7 v v 7 RESEERESHEMT 2138 Y A7
WAL, TOERIZAE TH o1, ERAFETLB AN IS VT, B ey
2 B REEH I BEOBMIC - THRXTHEARZR L, REFEIE<RE 25 mSv (F
¥ 15.6 4F) TREBIZ LN b ol BB, ABRETIE, 22y F2A—ORAE,
LB EED THWB DI, BRICERTFOFETAEEN TS (Langner et al. 2004),

1973 BT HAT=—F O OORIBET TR TOPAL S & LIRER
BT, 100 nGy/h Eiz Y OAF— FliZ2 TOBEMEIERICH L CARICEM L7225,
K OPOMMETHBPERBEREREETE bholz, RLEVREIS L—7 (0~60
nGyh) &R E LTSS, RLBVBREIN—T (96~366 nGyh) #BW 5 TO
BN — TR TOEMER IR T 5T — Fih oS AR lmnsg s hi,
LA L, EAA, RRIBAA, BIUEIER LT ABER NIA bR oz, T
MR TR LIEER, 1 AT E 2 ~E4 S THREICER WY — Rt
(100 nGy/h %70 1.04~1.07) ZxRL7EHN, FH5ESMONF—FEIZ 099 Thot,
BADFH L KR THBRERGEFRII B L TWR2PoM, 2B, A&z T,
2y 7 AREERAVTWS2, RERFEIEN, Ef, ADBEOARTHY, (Mo B
BEIIBEINT, £z, B R ARAICEET 5 ETFHEERE I TRy (Tondel et
al. 2011),

2. EREE

1950~1975 H4Z 1311 % U2 i8R (%58 220 MBq kit (23] 150 MBq) . 221~480
" MBq (#7315 MBq). 481 MBq LA E (3£ 1,063 MBq) % iF AT = —F VO FIR
BRESRETLHERE B3 10,5562 A IZ DWW THAFRTENTHEI N, AV = —F L HEBE T
RZEEFEEL. PAXTEME CEET Lz 977 flic>WTHE S, F 15 £/ (0~35
FEF) BB L E 25, KA SMR X 1.09 (95%CI : 1.03-1.16) ThH Vv, kA
BRI Thote, BROLETRBED -T2, T HEYO 1FMTSMR A 1156 T
BT, #< 2~9 FERITIE SMR 25 1.04 LD Lz, MEBRUCWERBORAIZE D
FET- U R 71T < % 10 EMLL Ric bl o THEIZ L5 L, BEE R A DRI SMR
X 1.14 Thot, BIJE, BREAALTIBANZBONTIZ, VAZ O LR 28Bb R T,
L VEBRED B 22 BHEIISMR X DE L, 221~480 MBq#H Tz YV A7 D LR
BHLNR 0T, 481 MBq A EBEZBWTY A7 B ER U, fEEnEFIRRIESR S X
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F—T AFBEIIERTE I A7 Tholr, BREMECEBERED 1831] #1512 L AT
EEABBRDOLNRNZ &G, B ORBAMEBIZITEGR I HDH, BRALBEOES
I, BIIEIE ENAOBRETRIIFE T AEMENH o (Hall et al. 1992),

1952~1977 FIZZWI LD B IZHFE L, FIRBET OZEBERIECh o m kit
1,005 £ O PRI NEETERIZ 2D CEHMES T o, #HRFIL 1991~1992 FiZfibkn <
& 2 RBVINERIC DV CERIE S, SRR 181 #E < T RRIR B ORIRED 2
RURTTT 4BV =y ZIZBBE L T ekt 248 B BRI -, BESNhE
13] HBEOAFOFHEIT 095 MBq Tholz, HRIBE TR S i EiX. ICRP
(1998) DlEfE L MEREORICE SV THE I, FHIRET 0.54 Gy (10~90 2
—ZZ AN, 0.02~1.45 Gy) Thol-, FRB/NEEHSBRELM 1,000 2% 107 £
(10.6%) & BTt 248 27 294 (11.7%) TH-OM-o T, B [ZIRE L=tk
RIRFEEIATE D RRIX 0.9 (95%C1: 0.6-1.4) ThHY ., REFHHFEET 2 hok, &
FZRIBERER U A7 BT AT, BRI NS OGRS B RBREEm Z A LML
7 (ERRO0.9/Gy) (Halletal. 1996) .

X B2 X VRN OFENRIESZIT A RBEEOEMMERE NEBAL) A7 L
DORGER, BRiEREOFEIC T SEENRMHLE T L, EROE{E b L, 1956
Fiz, Frx REOEZL Dy —Aary b —VERE—B Lt EEENPRH I L Of
ERlboTr, ZTNOOWRERERES L THEE ERR REVRHFHEEREZE2TL., 20
IR EDIHFGOEM X B2 A 40% DO ) R 7 QBRI E b6 Uiz 2 & &g
55, ¥, TEROKEED 10 mGy OBEHBIZHEIELS 72 &, AMEBRADY 27 3R
ELTHEMTA /BRI bnl, 2OL-ULogiEicBir 288 U R 78350 1
Gy 4720 6% THIN, 20V RIJFHEOEMLECIIAEELESES (Doll and
Wakeford 1997), BEIR (2006) (3Z OHffER® L ¥ a—L, WO AERIOERREICLS
BAERDY 27 B HEE LW & B L, WARTD X O L DHE~DFEC
SWTREVEZEREH D8, FER~D 10~20 mGy OEFRFIT< X, AMERUVNE
DAY R DFEREAOHFEEICODWTOEEREFERERBU L THD L LTS, £z,
ANREH O B BFEE < ICETAREICB N TR, MRV DBROARBEAV A D LR
BHBNIER, VA7 OHFEERITbRRbo e LT3,

1897~1979 FFIT AR F T RE U HE O BOHBREICSWT, 19974 1 H £ TiB
BRRESTON, RAICEAHRESSE NI 1920 FLIREICZE0 88 U o Bt
EDRETERFEEINTV D, 1920 FLEORGE CTHEINERAETHIX, 2TOE
RIEFRELEDEERTENOHS IO LAKTH > (SMR=1.04, 95%CI :
0.89-1.21), LA L, 40 L FOREEHE Tk, BPAFLETROBIBE ) 2712 41%iIZDiFE -7
(SMR=1.41. 95%CI: 1.03:1.90) , ZHiIBE b RADTER 1921~1935 ER R
1936~1954 4ETh - I R EIC BT 3 HHEHIE OENE B L3 b0 ThHD L
EZ bz, RYIOBEN 1955 ELIBOBREBREEIZRBO TR, PAETRERO Y
FURAFRORE, BLEOBEFRFIE I EREYEL 2V EBbhb, BALADERIZ
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R D BEHREEBIZ DV T IO ZRZE BN T X 2 3O bz b -7 (Berrington
et al. 2001)

1950~1975 4EiZ AR I RE TUAESE C 181] ORI % 1T 7= B3 10,552 A (FE# 506 MBq)
WEWT, PAREBEIFH~LRE, ZOBELOEBIFRETITEE 15 £k T b,
1958~1985 HED R T = —F LN ABERORERTIL 181 {558 1 FELL I 1,543 Bl M A
PHEFR I N, SIR 11 1.06 (95%CI1:1.01-1.11) TH - 7=, SIR OF B /288 MA3 5 (SIR = 1.32,
n=105) RURMESA (SIR=139, n=66) THEEINhE, 0FELEEFELFEEFTR. F
BV A7 EFEHME (SIR=1.33,n=58), Fl& (SIR =1.51.n=37) , R (SIR = 1.63,
n=30) ORATHALINT, LIHL, HBAUVRZDANRFEE EHIZ LR L (P<0.05),
BEERME LB LR LE (FEZR2L), BEY VoEQ Y A7 EFEL D FEICED
-7 (SIR=0.53. n=11), PAERED ) R 7T Xhz B OBETENE < #ER
i o TER Lieho iz, AMMBIEWARDEMEA IR of 2 ik, BlE &
HIZRAIZH b ENTEHEBEIIEFHN TSR UARER L W BPAMERENE D
RARIZELRATHENEI TS, BAADRIHKIHRIZ L HBEIREDTEENH - -

(Holm et al. 1991),

3. BRER

— AL LT, Trre—0 D 2 DETOBNBRENDOAY v 712853 AD RR
B, Troe—0PARGLEESETHEMENE, ZROHDRF v 71k 1954~1982 F£F
TEIEL, 1968 4F4 A 1 BICETFEL TWEREZ WS & Lk, ERoR— M 4,151 AdD
720 .49,533 Y R7 AEL 2o, EEOBEERENR 76.54 A Sv TH Y | FHHEEIL 184
mSv THofr, DAL, BFF 163 EFPHER Iz, PRIMAIX, 162.2 EEFITH -7 (RR :
1.07. CI:0.91-1.25), HHESHBADERE L BEBEEZEZLND U A7 IEL ol
A RBAOEERBRESEEINE b iEF. RR=6.02. 95%CI : 1.94-14.06),
Z2ELIT, THIMBROEROGREELRSHD L LTWHH, HFERED S WIMHIZICER &
B A7 OBIZIIBRA A2 o T, (Andersson et al. 1991),

4. Fz )/ T4 VRFHREREH
(1) FAREREMA
F ozl ) TA VRTHNREITFRE DT IL—3 0 155K O PRI A 107 FEF D
BFge (GPRE 107 B Tik. #E< &M 300 mGy RiiEEL . 1Gy U LB LD ORI 5.84
(95%CI : 1.96-17.3) T, #iE< & 300 mGy EKWi#EE 300 mGy LA EBES D OR 11 3.11
(95%CIL: 1.67-5.81) Th o, AE - MBI R LTk, A& T, X< & 300
mGy RE#E L 1 Gy UL LRBEE @ OR 14 10.42 (95%CI : 3.46-31.25) . #LT, #uE<
2300 mGy k%L 1 Gy U E#HD 2D OR 12 5.05 (95%CI : 1.27-20) TH-otz, LA
LD OR DEERENS, X IZ L 2AERBENTEFR INT- (Astakhova et al. 1998),

F V) TAVRTFHREBATERE R BLIZEEC L, 16 R TRRIBES A2 2
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JELTZ_RIn— a7 o/NR 276 IEFDOREHE R (=2 b2 —13 1,300 FD) 225,
1Gy %7- 0 OFRIRAAD OR 1L, 5.5 (95%CI : 3.1-9.5) 725 8.4 (95%CI : 4.1-17.3)
Thot, 1.5~2 Gy Tit, HROBRESERERHALN, 0.2 Gy 2B 5 &, #
BRI S REHFRIIZEERER Y A 7#MBHR LR, RAENROI B, avRKZ
Ul T hk, i & EE R S {EDRRIERA Y X7 RH b (RR=3.2(95%CI:1.9-5.5),
F{bh U ADFERER, U RS B2EBRIEE (RR=0.34 (95%CI:0.1-0.9) - (Cardis et
al. 2005),

RGN—3DF =)V ) T4 Y BFHREFEIELE (S 18 EUT OB L) &3
BRIz, B 10 ERIZBRMBENTEA S UV —= 7 BM#F 11,970 4 (BNEH 3E) 2kt
B RRIRA A O FRBRIGRER (Gy) 4729 04 v Xtk (EOR) 2EH Lz, FH
A7) == S TRRBAAZRA Uis, VAZERIIFLEZEETS B2 L BHNE
WiE< ThH Y, BRI ER CHENERFENET VICRFRE R LWL A EEM
2 TW5H, #iT< BEDTI 0.0005~32.80 Gy, ¥ 0.56 Gy (SD 1.18) . F & 0.23
Gy Thotr, BEDRKRAZ U —= 2 L 2RKIENRA GEERERE) BErE
L Z A HERY ) —=2 b 3R £ TIZRRRA A 87 ] (FLIAM A 86 1,
THBA LB PEEREI NS, Gy U7V D EORIIX2.15 (5 Gy £7) A1 4.92 (1Gy
Kit) Thot, WIZBROERMBENEE Y RZBE»-T, £, 450 mGy BLEiZ
BT HEHERNCAEERBRRAEA U A7 OBMAEL ST (Zablotska et al. 2011)

VIZATOF 2N TAYBETFAREREEIEE (U B U TOE L) &3t
BT, ¥ 10 FERIZEGIRER 7 U —=V 78N 18,243 4 (BMEH 4E) 2B
HHRBAAORRBERIEE (Gy) Y7V O ERREREAR #EH L7, #IEIRZ Y
—= S THRRIBEBBRAZRA Lz, UARAZERIIIAZ 2EE$D B 2L 3HEEE
<THY., BEFFMIXRER GBS EBFHTTNVICEFRER CI L AFHIEE2MAT
N5, #IEIBEOMFIIIEEAER 0 ~5 Gy DEATH -7, 2007 F£% T 2 @EH H
LA4EBETCORRBAZ ) —=Fic L2 RRENA (REFERE) BEBL2 B L
Tro HURERASA 65 ] (FLEEASA 61 B, WIS A 3 6], FRBEERRSA 14) BRI
fro BMEE DV A7 XMABEL, ERR T 191 (CI: 0.43-6.34) . EAR I4 2.21/10000 A5
/Gy (CI:0.04-5.78) T¥ -7z (Brenneretal 2011) , ‘

(2) /MNRBE MoK

T4 S FIERBIANEAMRRAERIIATAIF =2V TA YR HRBEHRFEHRD
TA—NT U N OB ONWTOLEHED 3k — MR T AIEREEZ - T
4:[E] 19,000 km #BFH L, 455 D7 4 T v FHBEIZ SO THABKIZ BENHIE X
i, BiARIZEA O, FRIC L A2EHRPEERO 74+ —AT U MEeERLTHEX
Nic, AEERE<ICEAL T, E|IESIZHIME L 1976~1992 FiZ 0~14 R D/E 81
OLEBRHESNT, JIEREEND, T/ 7A VEFHEEHEFRE 2 EROEHE
PEENEH SN, NEBMIFET — 21X 7 4 2 FRARENDIEE L, WNEBAETR
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L TWHREEEER L THREI N,

EHERYO 2 FROEHEGHRITELET 410 pSv TH V| EHAEEIL 970 pSv
Tholz, 7 4 VT ¥ FIZBWT, HARBMFRAESET 1976~1992 £ T EH LTI
Moz, 1989~1992 @ ERR L. B u b FELRMAEIRED SN -T2 (7% /mSv,
95%CI : -27-41%), 7 4 ¥ F v FIZBIT2RBOKRE &1, /MR 100 F ALY EMT
8 FRFBOBIBTH - (Auvinen et al. 1994) ,

F V) TA Y REFIREHEREO/NRAMFOEMB, A2y I F ¥ Iy,
FAY RGNV—VERYz— N ARy NF v ReEfbEgO R 2 >OED
L#E &, BIEOREBIREL, fE3RE TN L CIRER R CHFRENFHZ 4
ViR ENRA XY A00.02 mSvir b, FAY0.06 mSv, ¥V %0.2 mSv, 71
— 3 ThRbmL2mSvTholz, FU VYO TERIN 2K — MIEIWTEITHR
A Y AQPMREMIFET —F 1, A ¥ Y RNRBABIRE S V—Tic k- TRitEh, o
FUR, FJ Iy RUTFAYD1980~1990FEE TN & &b R8T £ 15,466,845 A
R 5 AIEOFENTHI, 198041 1R ~1985412H31R R TM19884E1A 1H ~
1990412 31 A A E N & AT, #FIE B E—2 Tholr & Sh- R0 198647 A 1R
~1987TH12H31B A E N Tk, FFFHICHZARERR = 1.43 (95%CI : 1.13-1.80 (i@l

BE) ;p=0.0025) ZRLTNWS, EZEOREE VAT EERECER S FRERIZT
L CHEBEET, ZAEOME T, BRETIARICHENL, BBETIITRLTWS
(Busby 2009),

DI FAFIEBNT,. Fa2b ) T VEFIHREBREHLEIFC 0~20 K TH -T2 FBE
Frxtg b U & RS 8 iR O BRI T, B % hRE 2 mSv L
TOHREEFL LIVESNCHEAT, 10 mSv Ll LOBEZHIE LIAESIT, Y
Ay B ENRTWLS (RR=2.5, 95%CI: 1.1-5.4) (Noshchenko et al. 2002),

F7o, 1987~1997 T, U7 FA T TR OHAEGR TS HE (Rivno,
Zhytomyr., Chernihiv X U} Cherkasy regions) (Z8W\T, F=/V) 74 VRTFIHEE
FIFH iy 0~5 B TholtBEREXE L LEKHEBHREMANBY 27 2 HET
%l S OREFI RSz, 19874 1H 1 A~1997 F 12 A 31 BicAlFE &2
Wrahiz 246 filaxtg e L, 2 b —/V @492 flé B &S iz, FHAL2HHE T
ORERFHBREI BESEFARCHRT D2 ba—A Z LML, $EHRTFO -
DIZMo>DBERE (0~29 (F#0.6). 3~9.9 (FF5.7), 10~99.9 (FH 29.5) KT
100~313.3 (3 146.2) mGy) 2wt b, Z2OXELRBRBR THLI T V<O
SR AR TEORMBADHEDNOBREFEE L T, KIIKES
ETRDFHE L THEFREER D2, . BERVICL-TREORBELXEFETS
B SEFIR BRFZEIZ ST OB W LS4 7 A (recall bias) WaBEF Sy, 271, A
AT ABMET R FBN R FEERWE EEZELILERTNS,, £, —$OY
FIVTIE, oo FiE (Thermo-Luminescent dosimeters & T whole body counter) #{if
L TRUMEHRLTRY ., HEERRSWTHLEL T I n i CRIE Lz & 25 51X

196



ARTNE, BEICK L TEEEAZEEL TR EAMWEY R 7%, 10~99.9 mGy @
S BT < MBORERE THREIWC LS Lz (RR=2.1 (95%CI : 1.2-3.7, p=0.02))

(Noshchenko et al. 2010), Lisl, O BT I — DHFPANE L . A
TEERIC #ﬁbﬂ”é & 100 mGinE‘ﬁﬁ@ VRAZRABTIH RS RB EELBNRD, £
T— & DFFABIIBONTERENED NS, LLELYD, 0~5 2Tk 100 mGy £5
DI BETHAMBAREMT B 2 EXRBEININ, ZORIMLFOEEELD
FTHIX < RBOHPMERFET D Z LIXTERYY,

_RFG—, u T ROEY I F A FOERRIRICRBWNT, FoU /)74 VERTHARER
FEYFIZTENXIL 6 BEM TH /ML 2R MA & OBEEIZ- SV T OEH x5
WEMTORE, BERHEREREIL. EFAHSE (421 A) TEH 10.8 mGy (HIHHE 0.93
. mGy. #i[ 0~390.58 mGy) . stk (835 A) T 6.3 mGy (HR4E 0.65 mGy,
#ifH 0~265.33 mGy) Thotlr, R—=RXF 4 k72— (OR1) & LT 1.0 mGy R
FRAWA L, AEAMABED OR 1L, 1.0~4.999 mGy 2BV T, _F— T 1.28 (95%
CI:0.60-2.70) .12 37 T 1.00(95%CI:0.28-3.50) . 7 7 5 A T 1.49(95%CI:0.92-2.43) ,
3HhEADESDE 1.46 (95%CI : 0.998-2.12) Th-ol-, 5.0 mGy Ll o T, _F
N—3T 158 (95%CI: 0.74-3.36), w7 T6.00 (95%CI:0.4579.75). & F A+
T 3.50 (95%CI: 1.995-6.15), 3 MERDLES & 2.60 (95%CI: 1.70-3.96) Th 7=,
OR DREBRFETTAIESC L, AR Y R 7 iR ERIMNCE-THRICENLE, =
DOREEMIT Y 7 F A K HHE T (ERR/Gy 78.8(95%C1:22.1-213, /il p 1&=0.005) ) .
ALZ—3CH LD (ERR/Gy 4.09 (95%CI : not estimable-37.7. /1l p {=0.33)) T
Hoteds, v T TRALRR) -7 (ERR/Gy -4.94 (95%CI : not estimable, il p
E=0.57)), 3SMHEEZAb¥THEEINT ERR/Gy iX 32.4 (95%CI : 8.78-84.0, Sl p
= 0.0030) TH-7T,

EH LT, 2 b OMRIERD TIEREOBMEN RIS BAEMIEL LRAEREL S 5
WXENU FICEILAR Y R 7 2 EMEEDFEEEZ R L THD & LT3, FEHEaic
FELBERISERIT. V7 T4 H B2V A7 OBRRFHEEIC LA FTREE G RE LT
Be Lo T, REITF =V 74 VIETHREFRFHC L DRI OffFR &
LCh/NRAMIBY R 7 @INOF D RIEREZRIE L2V E &R TWw3 (Davis et al.
2006),

BYEUANT, F=NV/ T4 VEFHBEEFNERICL DFRBELEVOIZ., FU T
¥, A—AR MU TRCIBKERETH S, 198041 A 1 ALEX Y vy NEARMA
B SN TEIT TR TREINT VD, FHIZ L BERERICFEREII L
DRIZIBWT, BB OREENY, FHEFEL/NED 2.6 FTHY (95%CI: 1.4-5.1, p
=0.003), BT A —AT U MEBERIESTEEORRA L EEN /R, ARAML
RYRZB LV R 2T, 12~4T7 A OPRIZBN T, BIARBRERICHEREIBD
R Tr, EOWBRERIBWT b, FEIRUATOREHRMIE A MK R 2 0
WL HE2 A2 EIRXFELENI2)o7- (Petridou et al. 1996),
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5. K& B

Shimizu & (1988) 1%, J& & » RIGOFBHIL FBRELEMAOETREIREDH 11
HiZBUT, 1950~1985 FIZ 8 A LB AL TICE I FETHERBIO RR R AR 23
BLF—=F BT HER 2R — PR LTS, BEOFIE BEK 2R — b @il
< BEEEHD 10 AT O 24— M ERL) T, BIURESO2BAD 1 Gy TO RR IIFET
REERATERE2R I o, L L, #id < KrER 10 RO 2 73— b TRTEER
BEVIZE RR AE L 25 &V Sk, MFHERCHERE TH o7z, AR 1L, BMELSAC
T RTOPFIE BER 2R — MNEBWTRRTHER & Lol 72 %8R0 Gy)
BE L LB LI IBE OHEE RR 1, B IR TSR E 0.2 Gy BLE THFFERICARICE
L7228, 0.2 Gy £ Tl EMHA EEIL R D>> 72 (Shimizu et al. 1988),

FRATFREOE T —Z 8 Pierce 5 (1996) & & - THE hiz, BB 1950~
1990 £, T Z iz 28— X 86,672 A DXHRENLRY, TDO 5L 60% Bl &b
0.005 Sv L B EFM A TV 5, 1950~1990 4£{Z, 0.005 Sv KHHE T 3,086 14, 0.005 Sv
ABREET 4,741 HOBAFETEREBD biti, 1950~1990 Fi#) 420 (OB AT
BdbN., Hb 8% AAMBIZ LA LD o t{EEENTWS, BIIEUADRA (IH
T A) TiX. 1950~1990 EDRRE LD 5 HH 25%BEED 5 EMic - o= DT
HY ., PRI ETRZOEIXFIE 50% Th o7, BB T, 1950~1990 £ OHEIE
R0 ERED 5 FRIZEZ o013 3% D4 Tholz, HEOBRLETOREA S
BRIE BB AD 15 FF TR > TWHADIZR L, BENAOBEI D 27 3% — 13, 1
BN HAROEMBGRMNBAY A7 BERECLESTERLTWAEIICH R, 30T
WIIL LI SH r B AEENRAD Sy Y- ORBIAFED 271k, BERCLETE
NEX 0.10 XV 0.14 EHEFE SN, 50 THIE LAMNSEFIIBN TN L ORI 34
D1 THo 0B THIZ LIoaRFIIB I A4AEY X7 0OF L YV ARETH -7,
RYRREZETTIL, ZOHOHEMT 30 R #OMD 1.0~1.8 fEO®HETH
217, 10 B30 30 s TR K L& 1B 2 1Sv Y v O BRI AERED X 73,
BYELE U ETENRENR 0.015 £T0.008 TH-o7, 50 B THIE LERBEFIZBWT
INSDRIHD2DI AT Thol, BESADIREIY A7 13K 3Sv ETHETH -
8, BISICB W T, BECRIT AL DRIERFEIZLY ,0.1Sv DU A7 11 1.0 Sy
D 20450 1 LHEFE SN, (Pierce et al. 1996),

7o, A CaR— T TD 1950~1997 FD 47 FEHIDEBFRAEIZ BV THL, BIESA T
9,335 HAT L, FEBNAMRETIIILEBLIAKLT L, ZhoD I b, FlidD THT,
R ABED 19%., FEPAMERE O 1I5%HET Lz, FEHLIL, ERSAECE DK 440
& (5%) RUIERAMFETED 250 4 (0.8%) BHHBEIE LEAKRLTWA EFML
Teo BEIEA AN X DFET D ERR IIHEIT < & 0~125 mGy ORFADOHREICH L THRER
BN D L DA T L < HE 0~100 mSv TIXFEREREBED bkhoi),
FOR BB S A2 35 D IBRIEIE AUIEHIB M L Tha 25, FrLvami e LT,
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AU A7 X BIEEROBEME LT LTWH I &, BENTIIER L TWiRd o/
Pz LCERbE<BRDZETHD, ARRARMAIE, 30 mTHIES LEATH LT,
BRRAUARZIXITORTSv ALY 4T%SBENTH 2 & Thoto, Mxtdh D Wididsia i
BEEAAY X7 EBIZEHTRICREEE T o7, IERAMECE~DBHNEDR O
ik, B%E 30EDBEHRERMTO U R 7 25Sv #7019 14% EiF 5 TWH B IKEER IR
FETHE- TV, MEFEMIZFERBINL, DR, MEF, HEBRRORR, MRS
BB THGN, FERAMNET 2L, T2 BT 2MHURTFELZDD, WL Hh
DIEBEFEIGE L L Tz, $0.5Sv X 0 IEWEREIZT 5 HBREBOEREMN
T2, ERINFHORIECEREEZRT ZE2BETET—F b, EXRA
MOER, L FOER, HOAWIIEINCES RR KBWTHHMNICEERETIR 2V
SN, BHl L BRB AR LTALRIELO LRIBETH - (Preston et al. 2003)

JR B B OVl D JFUR R THRIC FE IS W IZIRIR 2,452 I, 6 Bk - 72 5l4) e 15,388
BIORMERERLS, TEARY 6 mARmOALN R FEEIE UEES X, RARE
OEFBADREIED 27 PHELFHEE L. Bi b b 200 mSv B ET 50 mSv 4 & g L

BICURIBERLUE, £72.50 #F ERR (2, FERNHIL<HFET 1.0(95%CI1:0.2-2.3) ,
SLEREA#EIE < BET 1.7 (95%CI : 1.1-2.5) THh 7= (Preston et al. 2008),

6. TF¥IIRR .

Kossenko (1996) iZ, 7F ¥ )ll2h— MIBW T, HILERCEEN A TR ECEEHIH
MU EHELTWDH, BEFTIL, SMR 4% 100,000 A%72 9 140 (95%CI : 131-150)
THolDiz, BTN (1950~1982 ) 281} X BRFECIX 100,000 A 247
¥ 105 (95%CI:101-109) Th » 7, BREHIC BT D RAFH~DOBRINAEIL 0.176~1.64
Gy Thot-, DAL ROMEINL, BEROFRIZIIA BN o7 (Kossenko 1996) ,

TFx)ilzam— FDR 50 FOBHRNZ L Y, Krestinina & (2007) XEFENADFIRE

(B 0.47 Gy, ¥ 0.04 Gy, T 8{E 0.01 Gy) iZ X % ERR/Gy % 1.0 (95%CI:0.3-1.9,
p=0.04) . Ostroumova & (2008) X HEDE.MBAD ERR/Gy % 4.99 (95%CI : 0.8-12.76,
p=0.01), Krestinina & (2010) {X RBM #& (&% 2 Gy. F# 0.3 Gy, F41H 0.2 Gy)
LA AMED ERR/Gy 2 4.9 (95%CI:1.6-14) & H{EE L TW 5, (Krestinina et al. 2007,
2010. Ostroumova et al. 2008),

7. FOHMOE FZBITFEINATE

Sorahan and Roberts (1993) (3ESIX RATIEZ M L, DARDP A L/NRORBITB T
DRI OBEEIZSWTHEL &, 1953~1981 £ Oxford Survey of
Childhood Cancers D7 —#& 2 L7z, &5t 15,279 FlOMEF R OMRI, AR R UJEE
g%~ v F AR ORBH 25HE Uiz, #HiE< pHEEIZOW TR, BETDREI
ESWCRT &Y, BEIZL Y not exposed (1 mSv i) . 1~4 mSv, 5~9 mSv &K}
10 mSv KL DR Uiz, BUHESEIZHIE LTWIe KB, SEFRE T 27 4], xTH
HTI0MTHolm, WELEERICES L, NEBABE DL 67 6l & SHREEDALH
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50 FA, ZBE 6 2B LIPICAMBRIE S LT\, HEE LI AMBEIRE & 2/ ERAD
RR X1 0 THY, FREOCTHEEOWTHONRABHHZNICHERE T Aoz, B
PR E S LI m e ARBIC BT 2/ ERADRF Y 2 71X 2.87 (95%CI -
1.15-7.13) L FHEHENICAE TH -2, ZOFEIZIE R OARFERER S D, FHAER
JRAREN 043 8v THABDF EHLIZBWT, 20 5 E TIEBARREAE L =0id/E 31,150
Bl 43 BICH Y. MREMIZRWTIE, /DR 41,066 ik 49 il TH -, AMBFIE, B
BHITEL L TWEEED/NE 31,150 FilF 16 Fl @D b, FEHIZSHBER BV TR
/NIR 41,066 FilH 21 Bl TR Bt~ (Yoshimoto et al. 1991),

de Vathaire & (2010) X, KU X7 TCfTbnie7 5 v AOKER (1966~ 1974 4F)
(C L BHEL EHRIRA A (1981~2003 FicBlish =TTl S5 229 fEfl) Y
R Y & DREE RS DERRFFELSER L7-, #IERBEIHEERBOALHFHIIL B
HEIZ LA 181, 8ICs 7 FORNERIEL OGNS HEE SN, 15 BEARTE D Bk
IWARET 1.8 mGy 2 (0~39mGy) THY, EFD 5%. RED 3% T 10mGy LLET
Hot, BEL, 5. BML, FEE, SEEECRETS L. 1 mGy BT~ 20
~39mGy #HTV X7 D357 (CL:0.8-45, B P{E : 0.04) Th o7z, WhDBA LI X
RN AERL & 116 (1.0-132) & & 03ROEERL bk, |

8. ¥
6 RT3 R L T, 3~300 mGy @ 8 BxfE DR & T Lzt b A ERICE
FARGEETOEESTEE L, 20 mGy L ETHRED ,ﬁ%ﬁﬁi BEAA LI, DA
Eoit 2.9 x 105 AIEBMGy ThHo=2, 20 mGy LA T Clid., 7 — ¥ BBETT /L ERTH
BEET /2R d M d W) KR T&2d -7 (Lloyd et al. 1992)0

9. EFHEI%DRAE
ERER IR « RIE~DOBHEROZEICE T 2 EBRMEEORFELER XTI 1 IR 7,
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= X1-1

BRERUVEIYR - RE~NOFEIZE I SEFREEEFD RE

)

R

AEERBARZS
1995

<HWIZETH LD >
o FHIE 50 mGy Fi T bz,

<HOFIZETE D>

o &l 8~15 B TD 10~20 mGy NIRRT 1T, BRBERLE~TIS
~2{ERMRN Y A Y BEMSED, FERATEMBMNRIZISOIND LHEEL
A2,000 ADFEBINRAMAE BT 5. BEOLED 1 A/3,000 ALV
MmLTW3E,

BEIRV 1990

<HMFIZEIT 5H D>

KEE 2X:FHy MHT, XBRCEVBABIELS (6~50 mGy LH#FE) LR
FL, ISR LORFEBBE LMY 2271320 & 1.6 (72721 90%CL:
0.4-6.8) THh-olz.

ICRP Publication 60

<HBROTFEHHBICET L HD>
o BMEBICE VT RO EKEH 5V IEKIER I, B H KR E (100 mGy
D) DT THRENEENIERINGED.

ICRP Publication 84
2000

</IREFERACHETEHD>

o HARTDOXMRE MRS L TIThbiihg < OEFWEORILICIRIT o

P2 4 10 mGy DR BB TOM ) R 2 N 14(BRBEV R 2 2BX5 40%

OEM) EVIHET—HLTWD, LHL, ZRBOFHEIZLOHEL, VA2 R

IREVBEELENZ EEFIELTVWS, /NERADBRBAERITIEFIE

VW (9 0.2~0.3%) OT, FEAEHCBIT 2EALSATONRDBEAOR

RIFEF LD TAHAEVESS ($0.83~04%) ,

o FEAHIE %, 0~15HE TORAD Y R ICHT BEED AR #EEX.

10 mGy %7= 10 0,06% (1,700 A¥k=n 140 ,

o ZheEEY (B - BR%) ORTHRE (Sy 2 V70 FEEXS) LFE

LRRAKRERVHER (FER0~195%) 3. UToLky,
SZREHOBRIVERE (mGy) : FELRBARLZLRVER (%)
0mGy:99.7%., 1.0 mGy:99.7%,. 5 mGy:99.7%, 10 mGy:99.6%, 50 mGy :

99.4%, 100 mGy : 99.1%

ICRP Publication 94
2007

<FRBRBAICHETAIHO>

o KEBEH THERERO 74 —AT U MM EbEN, FRBICHEE 460 mGy
FHIT LI/ ROTFRPE TR, FREPA O ERR (3241 LT 0.7%/mGy
TéHol,

o FMKIRMA L EHOmFGICET 2RERISOFERIZAE TIXRdod,

ICRP Publication 99
2005

<AmFEIZET D>
o X MOEHEAHNT Lo T, BBAEMIZ#HIE< E+ mGy) L BHRETOEL
LORMETIE, FHH IV R27T14 Thot.
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ICRP Publication 163
2007

<BROEEHEEIETILO>
o BipEBOF—F b, 100 mCy # FTRIZRETIE., ZIRENESIIHERIZH
Ths5,

<HABIETIHO>

o HFHOFERICEL T, JBEHICET LA TENOBREREENE Y — 315
L. TEREERBICEROBZHESREND, FHEOFERICEL TiX 100 mGy
BRI EDRENEFLET 3 LHkish3,

<HHMER~OEBIZETILO>

o BB EOT —# b, HAROR LB R (FE 8~158) o8
LK Ui A O BB R IR o MIE I & 300 mGy,

o 1 Gy H/=v#25 AA » FEeEEINCAERE IQ) OETE. BEERL
WIREREOFHEEZHRTER N, Lil, EOBEREFELRVELTY,
100 mGy # FE S FEPNREED [Q OV HBLERMER TRV THS
D

NCRP Report No.128
1998

<HBICETEH 0>

o WEHRY (ZHE 2~158) ob T, —BMIZEHNEEELBFERICITT
FEA W HEME (50~100 mGy) 1, TEFEFEHMOEME (150~250 mGy)
EVENEIITHZD,

<BAEEEIETAELO>

o BRRMIC BT, MiaZEoHE, RAakBEl, SfomaE, Redkny
XIZREEORE LR S, £0 X9 2HIEREES{EMIL 50~250 mGy OHiFR
THEBHIZHEMNT 5,
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UNSCEAR 1993

<HRPEI - BICET AL D>

o FEDERKBECENT XROHENMBEHN 220738 1,026 A (AL 4~7
i, HERE 12~43 mGy) oW T, BE/A—7 LRI A—7 L ORI,
BEEMEEORAEIIBW T, AEERA BT,

<HFRHEER~OXBIZETE LD >

o FBHEIEK EOT—Fic kDL, BHS~ISBITBIHHI TIE, 1 Sv
B0 A 30IQ DETEHEL, 18v ORETIE, B 10%BICHERMERFEHRL,
o EEFMEBHORKROY A7 3HIME 8~15 BOMII TRET H, Z O
1 Gy BLEHIE < LIS T5% B T b B,

o XV EVIEESME R HIRE, SEIME 16~ 25 BORICEFET 5, LirL, 500
mQGy L TORELERINEFICEBEERO LR EZA BN ehoTe,

o 8 LR & 25 ML% T, BHER Y R ORIMESH S idote, HIMED
BAID 2 ABZEER WL D CR AL D, ERE I Rod, BEERMRTH
B LAERRAETET A LA TERV L VWO BEOXMAOMIFTRTH D,
o B BIZHET AR TR, /M (EHL VEEFEEO 2 ZLL NSV
D) DFEERIT, F1ZMARCBOTERBRERMNE & bz LU,
FH2ZMAHTHLER LTV ARFOREREL, E3IZrAHIcBTIEE
HiEH bz,

o /NROFEEIZOWT, PEIRE O~15 BIC 1 IR~ 2IKETAVELETIIDHD L E
B2 B ESUSBER TR E N T, BHEOERER ¥ o ST IzEL,

o KB - RIBHEEATICE VT, HEpEE1 ErAMcFamilidd LT biE
OAREOHERE - BT OV T, FERIVRER 10 mGy RKMOEE 310 AF
TA (23%) , 10~99 mGy D& 66 AF 3 A (4.6%) ., 100~499 mGy DIF
467 At 13 A (19.4%) . 500~999 mGy DH4 10 AF 6 A, 1,000mGy Lk

| LoBE6 AF 5 ATHoT,

MIZTWS UMEH] i, Whwd DRNRAE] (& LR LS BRI

BHTED LI RBEONIET, —RICEH L D EEEED 3E EONE S
HLTHAENEZHO) LVEERAVESTH S,
o BEIREE 8~15 WITHIL S L/ A —7 i, BE (LT TRIE . TTA
Al it ThvhAl EBEFREEEINTWETTEET) OFAR 100 mGy
L EORBEEZZII-EFOMTEL, BT LA L LI L, EERME
o 22 FlERRS L. BIEOBMZ, FFEEEREEIZOVWTHOIHIIAETH-
Too THLIBROREEEROFIL TR, BEEMZ 2ok,

| o HESRTE 8~15 DR b fR 2 B CORMEOBED F.UMER 110~150 mGy

DETHY ., FERMOBECHTEREEL. bo LECHEESNATVS (40
~80mGy) » LMLANRDL, +_THEAIIBNT, BIED 95%CT 0 FIRER
0FBATHY, BIEICHE L TRENDS BIEIZ R,

o F=N)TAVRFHBEFHEEZZEOHAER (£ & BE 10 mGy O#IEL &
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HESHDHAR) TRBMEROREPRICHN 22T 2ED D B 14.5%IC, #
EORMMEDEET A EEERICST EER L (1988 £RiIEOH4AE
BT T.5%) , SRENEOREM & S L - HiRS 18~ 35%DEFICAH S 1,
2~3BRTII b - LEEREI - T,

o Fx) T4 VRTHEEFEHHOWLAR 342 A 14 NI RIEDRIENE
Hhhi, TDOIHTANE, KERMBICHD LBO LN, o 7 NidBEFHREE
RPHADIEE-& p LIIEED 2dso 7o, EIFZ, 16~25 Bz Ehiz /N —
7 (82%) &0 b, 8B~ EICHBHE IR EIN—T (1834%) KRBT, LV E
ElRbbint, #HBIN—7 T, BIEOEEIL 3.0~32%Th- T,

o Fx V)4 VIEFARERERFEOUAERZEAL, FHEMNRIN—TDH
o, NEERE, &0 AEEEIIEEO PREFFREEL., Roohb ol

UNSCEAR 2000

<JERHIEL —RIZET I b 0>

o Fx N T4 VIETHRERENRYEE, NFAL—J PN TTFEATE~21
mSv D EE I LicF Y bz, WEROXNG & ISR TOBEDORER
Jabniahs e, )

<HMFEZETLLD>

o Fx V) F4 Y RFAREFEROYPII EOR T, BURHRICHR LA hnF
DY 2T OEINE, BHEEEETH, BREEOERTHLALR TR,
o Fx) 74V ETFHREHREHIC L2 TFHHIE R, 24 FAOE L
HEEE TH 100 mSv, 115 6 T ADREEE T 30 mSv, 153 U Hugiz fE A
Gl D AETEHERETO 10 AR HREL LTI10 mSv &5, &
BEORAER—HFEmnEFRsD,

WHO 20086

<HFEIZEHTDHLO>
o BFHAMAED U R 71k, BRAEHKIEC EAME LET Bt 100 mGy it & BE &
5. TEHEHHM (FHE 3I~TH) BREETHS.

<HRHER~DOHBIZETLILO>

o BbESRMHOR VR (% 815 M) OII<ED IQIETDO YR I,
B tREE 301Q HA v MGy (BHHHEL) LT3R bI<HATES,

o EEORAREREOEEII 300 mGy TH D,

<HEFERERE~ORBIIET L D>
o Fx) T4 VRFAREFERD LORADORIGRE L, BHEASHHREEE
BEUANTE, £FHEEAREEED D LIIFELIZW,
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. EIRRHEEE O MG

A@ R fEREEh 2 B S &I L. EEBEASCRBIT 5KRIR Y
AU FHERERER G- 5o T, HNRBESFCRIT 2 AROBEDIZHDOMNA (Y R
7 ) IOV TORFHIN 22T TV A2, T bk, &SP OBEEDE I
FCEREZ I THEPE R TBEEE R BRFRIIBILINALNVELELT
&ﬁ%ﬁ@ﬂm#%%%l¢5%®ﬁ?%ﬁﬁbt%@f%oto

1. ICRP

ICRP #X. 1984 iz ICRP publication 40 (1984) {ZBWT, FHOBZ L b dH
RIZEAT D ERELE TIREOZ 2 FEHRE Lz, EREE, ARBFIILELINHIHE
LRATH Y, FHRMER. CH XD EO LV CRRREY LTS 2VRE LT
b5, BEDFEROHIBIZET DA ALUZDNTIE, FHEREHO 1 FE/ICkT 578
ERESREL LT, EBL-UV50 mSv, FREL-UL 5mSv & &hi,

L, 1992 FiZZn%H%FT L, ICRP publication 63 (1992) 2B T, {LED 1 &
HORERMIIH LT, BEAEWSTHLESLINDHFAL-ULE, 14E0 5 biZEbES
NDEHHRET 0mSv ThHo & aEn, RBRHOBEARL /LN RVNRE, H5 0
VA AR R AR RIRELIC B 0 7 5 AR T, 14RIZo% 10mSv & D biZBAME
FHBE LA TORN MNIESLEND S LRV E Shis, 23, Bx ORI
THRBEILENT- ALV, BAEIREY - ) OMES/DE VIR (Bl X

LD B Ry FHE) oW T, 1,000~10,000 Ba/kg OFFHIC, HAETYZ Y ©
RREMAR VTR (B2 o BHE) 23 LT 10~100 Bo/kg D#iEI H 5 &
THENDELELTND,

¥ 7=. ICRP publication 63 (1992) TiZ. =—F v 7 AEE<S (CAC) DfssHE L @
BRICOVTHERL TR Y, EERS| AR TE RS IOV TRHIK R HIBE R
52 EIERMEETRNDED, Zhvh CAC DIHEHEEIAALSA TR, LLAKERNA
VAN THD] ELTND,

2. WHO

WEHO iZ. 1988 42, ICRP publication40 (1984) ic&-S%  BSOFHEOH - B
THRNADLLE U TERFBET 5 mSv BEHRE LTWD, ZOMEE. FHEAEZ-
FRANSIE CHIRICERT A Z L 2ER LT 52, ELEN IR T RA S hES &
LTWa,

Fro, EPHBE 5 mSv ENALVULE LTRE LiZES. 3 vRICOWTH, Bk
OHBPIEL L& 45 L BRBEmEREIL 167 mSv &R3B, ZOEIETEs L%
bl &b, FRIRBEHREL L TS50mSy #HWHZ & EnTWa,

FaV ) TAVRTFHEBEFOFRE, BAEDEOELY L, HOPERLTH
T I BT 5 DB ORFREEONE,LL TFRI SN H O XY KiBItENL- &, =
nm\ﬁ%ﬁwﬁﬁémié%®rhb\%<®Aﬁfw1)7m6ﬁﬁékib\m%,
ENT-BYMO—IRIZI B3 L BAETET S HIRO MK REHER L~V & —B L THEREN T
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TN THB, bL SmSv BREOAAKENER NS &, He DFHREIT 5mSv X
DOe VB R BFIREMER H D LR TE D LT 5,

7, WHO i, BRIV AZCELT, EXERLARTNERERNELE LT, BT
O X Sk ~Tn D,

ICRP ik B &, SHiE 8~15 HOHB TRIENRET D L, 0.4/Sv OERE TEHA
ISR NE & 5 & & (ICRP publication 49  (1986)). & L—EOERSEMN 1 4L L
M T H e, 5mSv (MRROEETRELEZTFELO 3x 104 0BG TRA I EHEBEFD
fEREBE S D, LMHLRAE, ICRP X, ZoBERECSTH2FRALREEIBE L
FETHELTVWDHELTEY (ICRP1987), & LEDORENEAET 54 b e 0MiTK
H mSv LORBOBKEWVWEEZ N O, Wi 38 INETII20, BEXEES
HNEPPERINDSETIR, FENYREIE. ZORHERZ2E% 8~15 HoRTE
BORRIRIZET S critical group & L., MEFEROZFZEBOFREESE LTAHART Z EBNEE
ha,

3. |IAEA

TAEA Ti%, 1994 FIZRFARUBHBERSRFON AZELE (TAEA 1994) Z/RLTH
D, —HNZIBET D EAMBERREEESE LT 100 mSv PIVHRENLEZ TWHE
B o0 ICRP BT, B0 OBEL LT 500 mSv (KE~DHER L
LTik 5,000 mSv) THEZEMEYTHBD EHIRLTWDEEINTNE,

T, BROEBHEDSICB O THRNBEMSELE LFORSEEIC S WLT, iR
£ (134Cs, 127Cs) 11 1,000 Ba/kg, Btk = w3k (181D i— &% T 1,000 Ba/ke,
43, FLIRAESRERUEE KT 100 Bakg & LTS,

HORBEHIT L 52— 2B ORI 30 mSviH ., TRERICESICIX 10 mSv/
ARBHELRHSTWVD, LML, 2OLULE 1~2 F£H-TH TERLRWERZE, A
HREEEEEZAETHY, £, LEBRZEEDN 1 Sv ZEBARLFAKTHL L LT
Wh,

DX IRAATHRETDICY o Tid, BHRUEEIKIC X 2BRINOT RTORK
BOALOHNBROBERZKICELZ ARETHHE LTINS,

F72, 1996 Fioid, EARRe2EEE (BEERERICR 3 B R CHBEHRIRD Z 2l E
TAHERZEEE) TRV T, ERTFEER VO THIE, BHORINEZEIZE L T Codex
DOEEECHEMLZ L OER LTS (JAEA 1996),

4. CODEX

AR RUVCEMBYOHELHDERTERO 2 —F v 2 —HRA
# (CODEX/STAN 193-1995) i3\ T, METHEfRIC 3 20 4(4 FI A4 LV ENRENT
BYO., RFHRENCHIEME I CET 2 BAFERERITFBERINEAESD DB, £
i, Do EERCREBET 2 OIS ENI BN ERICER LD, A FTA1v
B, BR1»L0OBREEN 1 mSviE (FFEOEBER L ALEBERLNWEEZILER TR
1~ ICRP publication 82 1999) 22 2 Z ¢ R 0X 22, LSRR & #nHA T
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WESHTHA,

£, BOHBEOBRTA R4 L~V OEARRE —FEHE~ T2 &2, Fhlo
EHEDESHARGOEGEX*BRE LT FHOBEELHEEL TV, TO/KHE, i
A, LR ED 1mSvFERZBLDZ EIERNELTWS,
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X, &0

BEREERSIT. BRCEINABRERE CET A ARBERYETHC-ONT, B
BHhEZ AW THEERES T, UTKFOREEZTVILDS, 2B, BELEOH
PLIZ oW TIE, BERICHIBEHEANTRL TS,

1. {ERERIEET SRt

EROFEREE LTI, EEFBECIIVEERFIEIED O TV AHREMES v #, K
FiEtoan, vy, YOIV M=V ARURBY S VRBOT N7 7 EERE (TAV
A, FaUys) | SLHITHEFMER FrYF T AW TRTEEITo S, BREHETo
FEERICSWT, BOERC LA REEEICET T —-FIEZ Lot

WEHE I T RIZOWVTiL, PRB~ORENRKE L, FREBAPESINZMYETH
v, FRIBEMMEEE LT 100 mSv 28 2 2MEICBW Tk, HFHENIcE &R~
MEURANTEREND S 2 LIIHESR TN, B UvHE L L TEINCEHMER R AR
FTRELIFERIBONLLE T,

BEHEE VU S22V T, RSP LOBFEDEORBRREEZHIRT D L, SR
T, BSHSOMHEDEORRICE L TRVEEREE L E L bhiz, L Lans,
BRI MR R RTIZR A HERIIE o T,

SR L A28 Y L{LEME L LTOEER L VB2 L Pl S nhizo T 10z
SN, E—RENE (TDD) 28RETHZELELE,

Thr=gh, TAVPTLARTGF 2T LZONTE, FRCESESP2, ¥, K
FHEZ P F Y A oW T HENC MG RE RTICEAERIIBONT, Zho4
ORI S W TRBNICFHIRE R IR0 O L3 Ui,

Pbor & 2EE 2 BHEFHBOBEEBIC BT AR EET — 2 2 PLziTn,
FORERE LT LD, FEL, W5 AW TIX TDI 28R E L, MTFiC. O
ICDOWTART,

2. ERRBHECLIREERICONT

{EREOHEHEDE OB EICET ARFHIB W T, BERD DT in vitro BB
OHRLIY b MBI AHREZEBETHI L E L, BRECRT HRBIL, TICREH
AEE LTHRNRD, FDH, EXOTFT—252EBEH LT,

E MIBITAEER (EBEF—2%) [ConWTiE, EE2bd, BEINBEIC OV
TOFHFOEFEENE VLD, RUHE - EFEIED 2L 02 8RR LTRSS EEEE
SEMmATO 2 &k L,

BB LI RBT AR EMAKENSIX, BREOKFEBICET 2EECHEZ S WTEE
B - FEEMICSRTI LI TERhol, £, HAEET — X (CEIEERRHOM
AERFALTORmLbHEP, EFVOMETE LS, #OTF—2ETIEEFETLHZ L
XTERY, EEMECBNT, BNEREE TR ONET =& %2 EDETMILY
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ERERIZMET D Z LB LT, BEBRAVERBEETHL LOELZFICESNTY R
JEBLOBENRTENLTHEN, b Ly, KEPLEFLOREHEROERICSWTITE
BETHOINETHD, SRIOEHBELEFTIMBVTL, EEOE F~DOREBEEHL.
BELDOHEREET — 4 CERTEIHBETRBEDN VDAL E Lz, B, B+
REIZABRALL ORER (AZAEHTIH 1.6 mSvE (FHBRESZR AT 2007) |
PRER TR 2.4 mSv/4 (UNSCEAR 2008) ) RIER b MEPICEET 3 K
b OEE#RR EBRBRENL O A2 LT, ERFIIS R YOATIHIE 25
T3, T—FDORRICE 2o Tk, Th L0 MR, FEar DERIC X 5 Mt
WEUADBER LDV A HFEELTWA I L 2EEL Thit2EDAZ L E L,

AFEMOBME IR OB, AL, RADOERUIME D BEHEHE I L 28 #E< 0&
DEFRBIIEATOIMRICE SN THBEET O _RETHLAE., £TOL 5 RAMRIEIED T
2. FEMREMERERMIGED D O3B I RS ATTESET -2 2 b ANT
B ED2EBRboT, £, ZRLEXBMEIIBNT, BEINESEREIZISNTORFE
WA LEMEZY OFHBRECTRENTERBREZAVW TRV ELO O TV E LD (%
SHEEL, £, ZLOFERBERET—EDREDT CREAENLEIVHERL T
Enb, BEPLERVBLIXMICBWTEET — 2 REHE T £ LHTWERAEH
ST, BRBZEFASIEBWTHENEHETLS L L, BEREC I > TERE~®D
HEEPRNTLOI PRI LN L, 2k, ABREEIERRECIRBT?RADOES
FERFHRNEEEL b THETE AL RHRITAS Lo T,

FRILZBAREIC AT 2 RFERMRIC ESEZ AREREETIMOGHREZIRY L) 2 0E R
DN, MR, Fn, oRBERRRRECEESEOATLEE & Wo KK T H A WIT
AR FEDOFERORIBRP ORI AL T REFLEREZHRLEN VW EITME,
HAWbNERET — 2 BETHEEARHHKN L, —EKIELLT OIKREDKEHIEE
WX AEREELEREIIST LN TELIMRITEAFRICBWTELL TR, BHED
BEHKECBNTENERBET A2 L RFELRELE LI LN E,

BT — 2 I ORRBTEET A2, 9 LEHRE RS L LT, aR%4
ZEL2BNTIE, AR LUBEXEHICOWTRITEER, EFY A o REMORY
M, SRFEMEEEOEE, ETREROBEIME, SKET RS, LEIC L ATHEEM
DEREDERL RBLENG  BFEMIZB N TEZIT LD 3RPE N2 W TR L= (Bl
WEsc) 2 RBH)

FORER, RACELT, MRETORBE~DOEERL LN, HEVITEBRETOR
FE~DEEPLLNRP ST EME L T A KFERBEET — X ZE 3RO & 5 7230
BH-oT.

DA ¥ FO@m#EHE T O RERIVRE 500 mGy 58302V TEBAY A7 OEMAH 5

I LT BT BTy MIEE T LIRE LmE . BOBAERE 1 2% LT, 500 mSv &L 7
D
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ot L EHE L TWAIE: (Nair et al. 2009)

QL « Bl OB E CBI3EARAAC X BETEOBEIFM Y R 7220 T, #IE B
B 0~125 mSv OHEEA TR ENCBRIIBWTOFERERLESEB D ORI, I
BE 0~100 mSv DOHA CIEAERAMENED LN -7 & 2% LT 5 30k
(Preston et al. 2003)

@IRE - RIGOWRF BT 5 AMMBIZ X B2 COHEEMEXT Y X 71220 T, %8 (0 Gy)
FE B U-EE, WERIER 0.2 Gy UL A TREFFNICERICER Lz, 0.2 Gy
KB CRABER P EABEL TV B E (Shimizu et al. 1988)

Fio, MRIZALTE, REOHEZIZIAPELZREOH O TRL LN, F=b /7
A VIRFHREEFFELIFC 5 A Th oI/ hREXSE LT, BMKED Y 27 DNz
#ME L TWA XL (Noshchenko et al. 2010) Mo, Fiz, FURBEEAWZDWTIL,
f:w/f%ﬂﬁ%ﬁ%%ﬁ$&m%ﬁbr\wﬁ<ﬁ®¢%ﬁ&wi8)x&ﬁﬁmo
o b ERE L TWDH XA B -7 (Zablotska et al. 2011) , &5, WBIR~OFEIZHE
LT, 1Gy B Eo#E< iz L U BB R A O3, 0.5 Gy lA—FCDﬁE oW
EEERZBO N2 L E2RE L TWAH XA (UNSCEAR 1993) 23 -7,

PG, AREREENMmE L TREMREE2EE SN LEEmIcsVW T, MR
WWEABAEERRWEENTWADIL, BEO—REREZICIBW T EBELRVE
EICBITSRBOERDBEL LT, BBXF 100 mSv oL EEHIBT L=,

FD B, MROBMIZOWTIEE, BEMEFHEA LD &HeTEElE (FRERS AR B ILRE)
BhHbdEBLLN,

100 mSv A DR EIZBIT A MR OMEREIZ S W TiE, EEIE CRERENRA S

N oBERHIN, BEHOBITHT— & LHMT A L IIRETH -, Br OEK

0., EHREOBEHRIC K SEFEL EYRE CRIE LA TWRWATEEEBET 5

T EHTET, BIORFEREL LT 100 mSv RiGDBEFEBICOWTER TS Z & ITHE
ERONTVAMALLIIHETCH- 2,

3. IS VICEHBREREICONT

U5 AT T R CORHLAER R TH 5 Z &0 bLFEDE L THEH D E R 5 D
HE R T A AREELSD D,

7Tk, b FRUERECH L THEBEEERT, REEOYS U EERHFFARE
AL%Ee MoET A EFHAE TR, BRME~ORBELZRET HMRIES LN TV B8,
FOBEKRMERIIF LTI, .

EBREBHICBWTIZ, 77 vEEe LTEE, FRicEERLE 2, BEEELRINT

4 BT LSRN BBy RIS L RELEES, MBI ERE1 2R 0ET, 0.28vEEER
Do
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WBER, BTHEEEZZTRTVORBRBEE TH D,

BB DV TIL, invitro DIFILEMINZ AW el RERR, PMERBR, 2 Ay
FT A, ERERABTENTHY . in vivo RBRT< U ABFRMAO LA AERTEOF
BERHE SN TIY . LIPS A D =R E UTIHHESRIC L5 DNA BECERT 5
HDEEZ BT,

FERAELLDNT, b PRUEREMICET L7 —FiXT 45 ThH Y. BIFEATIRY 7
OFRNBRIC L 2FBBAME T TRRAIELNTHRY,

KREHEFHWZRBICB W TR LKV ARE CIRO b -3, 30 H Mgk 535
(= U R) IZBIT HFE TO/NE—RENIAER DI AT E-3< NOAEL 0.5 pg/L (0.125~
0.250 pg U/kg KE/A YY) ThHoi,

ZORBICBWTAERRAOBEEICIIEETA b ok, SREORIC OV T
RERIGERPI L TWEHR, FRIESRELOFELZHANWTHRLON AR TS Y 71
BRICODTFHELAPBD N, ELIEEHEIZ YW THE T2 EIXRETHDI Z &
225, AEX TDI O ERIM L UTIERA LD o7,

FIVEWCHAE TR b BEIX, NZW 3% 91 A FEKE SRR OBEOFFRME D
PR EOE(L Rl =ik, #K/AAR) ThY . LOAEL X772 & LT 0.05
mgkg KB/ Tholc, LirL, BREBRPIZH Y FFDRAY U T ~DBRERFED LT
5. BlEFEEITHMI- SPF @ NZW BT+ ¥ % A /- 91 H kR 536 T3, B0
RIS B L O R A SR R OB OFFHFERENT 52 5. 600 mg/L (40.98 mg Ulkg &
H/A) WEHOLTHEERRDLLN TS, FELIIMORRIIBNT, LVEVWEE
B CHEINEBEROLEL LR T, Z0OREIHIT S LOAEL # 24 mg/L. (1.36 mg
Ulkg RE/H) Lf53R L T35, ANZiToi =3Bk @ LOAEL 0.05 mg U/kg {K&H/H % TDI
OHEHICAWRPo T,

FORIBRVAETED DB, 7 v O 91 HHEKBRSARICBIT LB E5H
TROLNWEERMEOE( (MEHEICRAE ERZONEIROET, BTk, ITiIRME
DI, RAERETROBROENEMN~OEN, RUHMREOZEREN) ¢H Y, LOAEL it
7ZELTO006 mghkg (RE/H Thol, ZORBRTIHEEALDT o b (M, £&5
B 15 ) BNAVvLIL, FEERFEHIREL2ZSOBIAVRESTOITWD, LES-T,
ZDORBRITKITH LOAEL I AR EFEEA2ER L CTDI 2B T2 2 LA ENTH B L&
Z b, '

ZORBIIRBWT, REZ0£H BT R, FEAGENBREEB UM CBEESE2F
TRERIRS bR &, BIBIC BT 2R IEMSARE RICHE L v B EHEEER
DohrnZ bnb, ZOU T OBEEA~OEEL, EEMRETIIRVWEBSA LN,
T L OFIEIC T AEEB R URNEEEIC BT, HREASE S | ERIREEICH B & HIE
ENBHZEnD, 91 HEOERMERABRIZ L2 BMOAEEBRIFTELEEL DN, U5
R E D IR NTERE AN D T L A EE LT REEFAET 300 GEZE 10, fE &2 10,
LOAEL 7*5 NOAEL ~®4MF 3) #EATAZ ENEY LHBEI Lz, LSBTy I
@ LOAEL % 0.06 mg/kg {KH/A & L, THEEMREK 300 2EA LS, vF 0 TDI
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1% 0.2 uglkg KE/A & 2o 7,

TDIIZAH ST AIMEDO Y 7 40 L DMETHERER., EYHE L LT 0.005 mSv/EIZiE
VL (BEZ1BR), +OENRETHIEEZLONE, LENRST, ¥ T romERikss
WEE L TOEENRE VI A bDEZ L BT,

<BE1>
TDI=0.2 pg/kg EBE/AIZSWT, E60kg & LIZEE,. REROU T OEFEE L &R
MAEOBEREREE AN THEBROKRE I 2REL D L, 1 0.005 mSvAEIZHY,

1%FE KIRTFIEE % YR yrs Specific activity | #RFLREL
Ba/ug mSv/Bg
234 0.0054 2.446 x 105 230 4.9x 105
285 0.72 7.038 x 108 0.0803 4.7 x 105
28317 99.2745 4 470 x 10° 0.0124 4.5 x 105
<BE2>

SBRBHENR B0 ED7nR Y FHEEENRRENVEDHL ETEETHIN, T4 )

Nx:y?MEE@W?Vﬁﬂ%&ﬁ*ﬁw;~x&meG%ﬁ%K%¢6hmmaB
(1998) OF —HIZR o Fo—r F—REEBEHATH L, & - Fi - SREKY 7L~
(- E) A LR Fw—7 F— A0 5%{5#E TIRE (BMDL) & LT 74~82 pg U/
A M3fg i,
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XIV. FDHDEET =K
LEROFMFERICESWTERF DT T L UANOBEIEMEIZ ONTD Y X7 EHEIT
WAL, AFER RS, BEO—REBICBO TR A MHBEZ RO ZAEE BT
LREBRBRTRINTVOZLEBRE L. R, LDOMMEDEORERE., ARADER
WERORESEZREX T, THE{TOIRETHH,
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<BRE>
AERCHERA LS C o2 TRKICR bk

8-OHd4G 8-t FuFx 274X 77 /v
B2-MG B miuT Y

AEC *ERTHAZEES

AR wWext U 2 .
AST TANRGEETI ) S AT T —F
ATSDR XEFEMY - EIREER

Asc T AN R

BEIR KEBMEHRBOEMEBCET 5B
BMI Body Mass Index

BUN MiEREER

CAC a—5F v AEEE

CAT HEZ—EF

CDC KERFEBRTEE ¥ —

CF BRI

CLL 14 U oStk B

CI fRARIX

DHHS KERRESEAT

DOE KET R

DP (=37

EAR BRHERF Y R

EDTA TF L TUT I o TUBEEE

EFSA R A b 28RS

EPA HKERBERET

EPRI  KEE LR

ERR WA Y R

ETRC FERT F o )ll2d— b

F1 MERESE — X

FDA KERREERT

FISH X nsith NA TV v FEREE
FSH BRpRRI A€

GPx = IAFFFLAFFUE—P
GR TNEFF oy H—F

GSD SRR AR E
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GSSG BE{ 7 &2 F ok

HBR &Ny 7 5T N
HBRA w7 7T 0 NG R
HEDR AT g — NRER R AR
IAEA Ea[b S =a et 1i:
 TARC e 25 A B A B
ICRP E B EE =
IQ R
IRIS el A7 ERAT A
IRR TR ‘
JECFA FAO (EB#HERMEEEKE) /WHO AREMRIMEMFESE
LDso FEBIER
LE Long-Evans
LET BN —ff 5
LH HIEH R AT
LOAEL wAENE
MB ~—7y MRy bk
MF EES-
MH Mantel-Haenzel
NAG N-7EFNLBD-IT Nzt i=F—F
NAS KERET DT I—
NCI KEMREFES
NCRP KEHEHRYEESES
Nd R
NEA/OECD  JET7H88, /&%t 715 Fe bt
NIS sodium/iodine symporter
NOAEL IEEtER
NOEL EBEME
NPN HE LN THER
NRC KERTAHEERS
NRPB SEE R b s
NTS ESav b ES
NZW New Zealand White
OR Z v Xt
OTRC FVIFNTF )| agr—
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