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C- 3

BREZEFEERITBWTH L O W TFT o B SR E5TM & QNS TRECEK D #
FEEVEQEIC/R 2 B @R AIIM & L ¢ SERBREE, BERTEREZ AV,
B O RITR DB EEFEE AN Z1T > 72,

FEAMIC AW - BRAGE 1T, B AW, A FEEMEOANTAEH#KE FLE
W a kBRI E & LT IRNENRE, s, AR GFME, AN, ATE - BN,
BnEEEICETL26D0TH D,

e FRBICLDIERNAREL LT, e R THRINEHEIKRZ RHIMER L
7o IS 31T D FAAAE TIX, REIRZE, FBEMREE N OV - FAELED .
KFEH L RREERTFOICEODONTWVD, ZRHOEED S B, HLIEWVIRE TE
BNBONTOITRERETHY . m/hsEE (LOAEL) 1% 7.6~125 ng/L, FAR
3 5% EINT 2 F~— 7 RED 95%EH# TIRME (BMCLos) 1% 19.5~54.1 png/L
Thoi,

Fo, BHEFEBRBICELD, B MIBWTERNA (M. BEHES) 235380 5,
FREEREEOELREENALN TS, B BRTEICLDIREPAICILELRE
PERBEE LTWD Z ENRBINDN, BIESELNTWHHIRGIX, BFREDOEER
72 DNA ~DEBOFEIIOWTHWTT 5 Lix TRy, /-, 8WER (FoH
) OF — 2B, B RBICEDEDAA D =X LIZHONWT, ZREEFEI 72 XY DNA
WCEEER LAIMEREZ AR T2 80 ) X0 b, BEN2RERIZL Y DNA BENF] X
B SNAZERTREBINTND, 2N TBEAPLRBEA N= X APMEIETE S
AREMED H DA, BRERICBW T AN R ZE LTV 5,

UbXy, KREMFES L LT, BRABREEICB T 2BEOAEIC OV THE
T DRI E T L7,

AFHHEICBW T, EREO b ETHER IR 2 RHIFER L 72 EEHEICLY
MBI KFRECAEENOCERTI2EZ2MR L CEE LB LZoREMEE
(NOAEL) (XIiZLOAEL) XiIXyvF~—27 HED 95%(E8E FEfE (BMDL) @
B, FEHRZE T LOAEL 4.3~5.2 pg/kg K&/ H % O BMDLos 4.0~4.2 pg/kg K=/
B, #f% IQIET) ~DE2 T NOAEL 3.0~4.1 pg/kg (A8E/H ., 4AJE « B4A~D
2T NOAEL 8.8~11.1 pg/kg (A5 /H |, ffifs T NOAEL 4.1~4.9 pg/kg (A5E/H I O}
(ZfEREEE © NOAEL 5.0~12.1 pg/kg K=/ H & X BMDLo1 9.7~13.5 pg/kg {K&E/H T
Holz, LLANL BEKBELZ S &2 LTESERAED S O NOAEL X/: BMDL
DEFEIZIBNT, FEKIBE ) D O — A b FEIEHEE ORICEEMICEREN
B/ IMEFHE STV D RTREMED & 2130y, BEK DD DIRE D E WA ICB N TS,
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REHKOBZEDOFEN LB REWEFNTALIND Z LD, EORRICITER
TERVBEENE-S TS EEZ BN,

s, FHAEIZBW T, BHOFELRIC K 2IBFEIRBE T3, BEOEEEZE-
TWAHLEOHEERK e FEINEIL, HHEORERALICE 2 FWET 0.130~0.674
ugkg KE/H TH -7z, D5 bRMELFEES (2013) W7o #lHE CTIXEIME
0.315 pg/kg (KE/H, 95 /X\—& % A /VfE 0.754 pg/kg (K&E/H L DT — 2R3 d %,

AFHl CTHEE L7 NOAEL XX BMDL Off &, #EEM L FEREICIZIZTNEN
ICRREEMER S D L EZLNDD, MEEIDTEENTZ L O TlXewn, Toi=H, AR
NIZEIT DO EBREE CII4AEIEE L7- NOAEL XX BMDL ## % 5 Eik b &
EERL TWDAREERH D,

b BIFYRHUE OB K e BREENOREK L FENEZHET 22 L oY%
&L ZOHEEMEIZE D < AESHERHm OfE R 2 BB KD b OFBERSE & A ER0nTk
NEOE BRERTOFTMICEHR TS Z L OZSMHICOVWTIIRADRMLETH D |
NOAEL XX BMDL #&7E L CiHA— HEIRE (TDI) ==y hJ A7 ZHET
LEERTR Y A 7 FEf 2 R S R AR & U CEM T DI LA T iE e S
WERBEITZZ W, BT, BB KGRI & BN E & O BRANE, R, fARE, ER
FHIZE DT A 7 AZANVOEBEVITHE ) A RBRIC K BN, B e ZREICLD
fREZEORBOENICEEL WD AREERH D, £z, B L ERETHLND
TR X T 2 BUE S O/L B O F B OV TERA R S %0,

HEHFMICKLBRBENAA DAL EIZONWTOMENTREL, £7-, BE=E
FFAM O ARFEFEMEDN R WG EICIE, BRI ORFRE RIS ES < B EFEREEFMEIC L -
THMATERVWERNEEEZEENTEY ., TORER, #iE L HEL OB O TRk
ML EINTEEEZEZDLNETH D, AEMFHOFER & BRIEOEDEORI & BB
EIOLBAICIE, HEORNEZBEZ D ENLETH D,

LR o T, 4%, BBEEHHXCHERIGT — #2241 57200, BAEICKET
HBBEERELEORBERKOEZBRELHOSNI LI LT, @EOAEE TOREL L
DEMEZXNG L LTEEFHEROBEA D= X LICETLHIMAELILETH D, .
AHERICHOWTIE, BAEFEEMMICET 26t RICHET 2B RN EIC
ROET—EZNRRELTNWDLI END, BT —XOEBENPVLETH D,



1. 58

BREZEFEL T, VA7 EEE) OB ERE 2% CRMEEEREM 21T
21E0, B O OHM TR MEREZEMAIT O KA L TV,

Z OFHEOBEMEFIC OV TE, BEROBE~AOEENRRKRENEEZEZIONHHD,
fEEEREOHEOLEENE NS DR OFHi=— ARFFICEW EHBr s b
OFNG, BMEBEMZENMOBEENRENEZEZOND L OE EEEEMFHES N
BEL, BERDOOOER - EHROBEELT-o- LT, BRREZEZESIVREL TV
o

(B orFE (AEeR, BELFH) | 12OV TIE, 2003 FIEAFBERED
O TERECEK OIS EESEIZR DL FME & LT e ROR LR ER O 25
DR EIN TV, ERIFFEARBHICHEENTWVWHDOT, BB EERGE LT
MEITHLENHD 2L E EOREROIH %2 EfiT 2 LENRH D 2 L EOEE M
5. 20094 3 A 19 HOH 2718 FIZBEEAITHB W T, B bR M EFTN 21T
FZEEREL, AEFEZHBTLIZEEEINTEHLDOTHD,

I. FEENRMEOHE

bFEIX. HE X TOE] REOELEZHAVDLZENHDIN, FiMiETIE e
R ERFETHLET D,

1. MR
tRIFFEEBRTHY, BIRREOEE (&ELFR) 0lFn, BEF CIL@EEMOT
BZLEALIEbEME LTEET D (ATSDR 2007) , EE(LEMIT. KREFELEFED
BEEESZF AR LEYM L ZNUANDILEYM Th D B BLEM & IZ5 R
ENd, KFEMETIE, BiEREOLFEL2E&BeRELERT L, EHLFLLAMIZTHOV
TIER2DLF A FLEMITOWVWTIIEIOHRELZAWDL Z L T8, 7,
3o eEE AsID, 5 i EHEE As(V) & RFLT 5,

FATEMECIE, e RILAYOEENOHRE L HFLHEL LTOEES ngAs
LRELT D,

(1) €EBES
ERILTHRBEAYIRTE 16 BIZB L, (LFRHEIZY SZEE LTS (EFSA
2009a) , FHROZEKFTTEIEL LRV, HE, KEKOBRED 3EOFRFE1H D
CAEBE LR 1998) , 2B v RO FRIRHEZ R 1127777 (NCBI 2004;
NIH 1994; The Merck Index 2006; ‘& E bFEE L 1998)



x1 EREROYELZRE

==
WE 4 arsenic
W eH JK € b BeeF
IUPAC 4 arsenic
CAS B§% 5 7440-38-2
{52 As
S As
S 74.9216
AN ST 7 i F i =5 R A A HETE
i W SRR D B DK g
B == R — —
s (0) — 818 (36 atm) —
Wi (0) — 615 (H-#E50) —
& (m3) 1.97 5.778 (25°C/4°C) 4.73
YEZE T, ERERDOK | HEECARRRIZ XY
BEMICEL, = =7 | =@t —v &, vliEL 25,
Z DA BRdH 0 EZYAHIRT
F O, SRR
FoRtaeFE L5,

(NCBI 2004; NTH 1994; The Merck Index 2006; =ik B L #iEd 1998 L v 21 H)

(2) E#ERILLED
EHRERILAYMOOI L, ELLTRE - FHINA DI =L eETHD (Al
KIRAT A - G BILYETRERE 2012) ., =L e R, KITET D LHBOE L 2
(HsAsO3) 12720 Bdh, EENTIIEM L THEET 5, £07H, ZOFHEET
X, BEER L L CEHMET B,
T v BLEY OYIL R A R 2 1277 (NCBI 2004; NIH 1994; The
Merck Index 2006; =i ¥ LEEH# 1998)
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R 2 ELGEHEREESYVOYMELIHRFE

%k 3 i
(A T efbH Y U A
Diarsenic trioxide Arsine Gallium Arsenide
WE 4 (7K i b f2) (e fbAkzR)
Tk Ja—7 ETY
s o
IUPAC 4 arsenic(3+); oxygen(2-) arsane gallanylidynearsane
CAS %% 1327-53-3 7784-42-1 1303-00-0
B3 As:0; AsHs GaAs
g '{ h)}‘ " \As/ " —
i & Ga =As
N7 L
SFE 197.84 77.95 144.64
TR SET7 AR HAMRIE | EF8ED KR 77 d SR o
i i el Y
=K SH=) HE HEE A IRE
EBRIEROH HIRE
B R — — K== & EoEpsL=rv=s8
fs () 275 313 — =117 1238
B (C) 465 — — -62.5 —
HE (g/em?) 3.86 3.74 — 3,186 pg/L (gas) 5.3176 (25°C)

7Kk 20.5 /L (25°C), 17 g/L (16°C)
wk: Wwos< VTS

15 parts DK, MmIEEE, KERLT
NI VR, PREEEET: I

7K:0.28 g/L (20°C)
B~ T ) U LARTRCRFEK
FIZRIL S D,

k: <1 g/L (20°C)
DMSO. 95% =% J —/L .

AR )=, TEhri<l

VAR ToAa—, JEaT g A, T—F g ATV

vt FEEIRIE

7k Y Ut A

Ja—F 5L |

g, TAH Y AE

X = KA

— ZZRP TR EN T As0: 2T —
Z ofth %, 300CTEHELKREIHET D,
RZEE 2.7 (air=1)
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fili%% 5 Al
W% (73 b — e Fk EER LT A
- Arsenic acid Arsenic pentoxide Calcium arsenate
TUPAC 4 arsoric acid - -
CAS %% = 7778-39-4 1303-28-2 7778-44-1
{a==:v AsH304 As:05 As:Cas0s
(0] 0
i 0%, O\ [
M HO-Als—OH ”s I 3Ca2+ _O_Ais_o_
OH 0 o- 9
TFE 141.94 229.84 398.07
IR Wim RS (12 KFni) TR OB IR Ferb MR
o5 BB (1/2 K fnd) A H
LA — — 5L
fls CC) 35 — Grfigd %)
e () 160 (1/2 K Fn#) — —
P (glem?) 2.2 4.32 3.620
7K: 590 g/L. 7k: 658 g/L (20 °C), 2,300 g/L (20 °C) | /k:0.13 g/L (25 °C)
3,020,000 pg/LL (12.5°C, 1/2 | =% /—/b: ®[iE ik "IE
TR KFn4) fe, 70 AV AR R
Ky Tha—n, kY
SR (12 KFn)
KFB & L COBREFE, 300 °C T4y fiE —
ol TR T D IHIELE,
KR, 160 CLLETKS
Fako,

(NCBI 2004; NTH 1994; The Merck Index 2006; =ik B L #iEd 1998 L v 51 H)

(3) BREFRILEY

OEMRICHEET SEHERLLEY

BAR CITEME E FO A F /LR E L, B HICITE , A TF e FELEw, U4
FreREILEW. N ATFALERILEWER DT T AF Ve FLEMPGFEET S, £
2B e BLEYMOMBEAL R A 31279 (NCBI 2004; NIH 1994; The
Merck Index 2006; {L=RKERHL 1963) , 728, KFHEETIZ, £/ AFAT LY v
F2lx MMA(V), £/ A F LEEEERIE MMAUID, P AF AT AL B (3P VER)
X DMA(V), ¥ A F Vil b B2 DMAID & RFET 503, SHRICERICIBWVT 31fiD 5
fliniidE S T2 b DX, MMA, DMAZDOXRGEEHANL & LT 5,
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3 ELARERIEEYVOYMELZHIRFE

a4 TS AFAT I E) AT TAFN VAT VH R MU AFV
Y Bk i 7 T R T vAFIA R
(12 P VEg)
Monomethyl Methyl Dimethyl arsenic Dimethyl Trimethyl
arsonic acid arsonous acid acid arsinous acid arsine oxide
(Cacodylic acid)
W& B MMA(V) MMAUID DMA(V) DMAID) TMAO
TUPAC 4 methylarsonic methylarsonous dimethylarsinic dimethylarsinous dimethylarsoryl
acid acid acid acid methane
CAS B & = 124-58-3 — 75-60-5 55094-22-9 4964-14-1
{a===v CH:AsOs CHsAs0: C:H7AsO; C:H:AsO CsHoAsO
it OH OH CHy cH, CH,
CHy-As=0 | oy s CH;~As=0 CHy—As CHy~As=0
OH OH OH OH CHs
SR 139.97 123.95 138.00 122.00 136.03
ZIR BRI — =R R —
BT L — Ik
(R T a—L
£v)
& HE& — e —
B — — "R -
A (C) 161 — 195-196 —
A (C) — — >200 —
P (g/lem?) — — — —
VR iR BE 7K: 256 g/L — 7k 2,000 g/L (25°C) —
(20) W T
T F /=) Al TF )= W
w T Fm—T )L
R
Z Ofth, 7S — — —
L. N

13




e Tk REA Tk Ay TRIAFAT N =T A
Arsenobetaine Arsenocholine Tetramethyl arsonium
W& B AsBe AsC TeMA
TUPAC 4 2- 2- tetramethylarsanium
trimethylarsoniumy hydroxyethyl
1 acetate (trimethyl)
arsanium
CAS B &= 64436-13-1 39895-81-3 —
o2 CsH11AsOz CsH1:AsO CiHi2As
i (,;H3 ?H3 ?H3
CH3‘;IQS+—CHZCOO' CH3‘AIQS+— CH,CH,OH CH;= f«g— CH,
CH, CH,3 CH,
ST E 178.06 165.09 135.06
TR — — —
i — — —
R — — —
s (O — — —
s (0 — — —
P (g/lem?) — — —
TR — — —
Z O ik |- A —

(NCBI 2004; NTH 1994; The Merck Index 2006; {b2#kfEdL 1963 L v 51 H)

QEBEFERERIIFEET AR ERILEY

WEAERRICTHEET DA BLAEYMOILFRRIZZETH Y . KIEEEHE R
L&t & RBEHEA K e BILEMII KA SN 5,

WBEEAEMICE EN DB EBEOBEM A e BLEMOLFRES I, KK Y
< b7 7 4 — B E (LC-AAS) ° LC-FHEEE 77 A~ E5t5
#riE (LC-ICP-AES) RAFIHA SN TE =N, IFETIEEILICEKE: LC- ICP-E &
triE (LC-ICP-MS) 2BHZ S, JRKFIHEI N TS (Inoue et al. 1996) . L
L, BARANORMBEED b FERE T EZ 5D MEEWT O v FIZOWV T,
BEOHFICL > THLIRBREDEFERPBFEINTND DD, RIEA+75 72K P T
%, MHEAERBRIHFET L2 ERAK e FMew =X 1179 (B 2011) , 7
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Nt ) a I, ST T I A A REIL UK T VXL T IV =
U LB OIFENRTRD HIL TN D,

T & U TR UK IS DK ARk e RLaw

OH CH, CH,
| |
CH,-As=0 CH,~As=0 CH,~AS—CH,CO0"
| | 1
OH OH CH,
MMA(V) DMA(V) AsBe
CHs
CH CH
) CH;— Als" =0 )
CHS—,:-\er ~CH,CH,OH N CH3—/|-\§ - CH,
CH, CHs CH,
AsC TMAO TeMA

T & U TR ISR E T D RKIRE A e REEY

CH3
0 =As-CH, o R
o
\
OH OH

TNk —

OH OH OH
1[®R) 2 [R) 3[R
. /\é/\SOJH . /Y\so3u o
OH NH,
4 [R) 5([R) 6 R
O\P/OH OH OH N
o RN o .
OH OH OH OH
7®) 8 (R)
COOH COOH NH3
N O/NE/ O/\{/ ! )
H OH OH N N
9 (R) 10 (R) 11 (R) 12 R)

15




CH3
CHs-As CH 0 R /\‘/\ /Y\
| ) 0SO,H o OH
OH OH
OH OH
TR )2 H— 13 R) 14 (R)
H /AY/\‘“Z /’\T/\OSOH
OH ZOOH Q/
15 (R)
/\vﬁ\%
H : o I/\Yﬁ\
OH oo Q/
16 (R)

E & U TEEEY PICEET D IEE AR e B e

o)
n
CH,0-C-R'
| Q 0
CH,0-C-R? CH3 -As \ AN NANANANNANOH
o (|2H3 ! n
CH
cuzo-r::-o - CH3CH2- As¥CH3 3 )
]
OH CH3
17 18
o
v /\_/\_/\_/\_/L/\/\/\/oH \
CH3-As = — — — — Wt CH3-As
i o PV V4 VA VA VAV VAN
CH,4 CH,
19 20

[o} o
u

CH3-As \/\/WW\/\/\ CH3- A5M=/E/EA=/EN
\

CH; cu3

21 22

E& U TEREPICHEET DIREEAK e B Law

0
CH,0 ¢ R
n 2
Tuzo -g R o,
CH 20 -P -0 - CH2CHOHCH, O ) CHz-I%S =0
OH g CH3

OH OH

23

M1 BFEERICHEEIDECAMERLELEY  (GEM 2011 v 51H)
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(4) ERDIE

EROGNTIEZ KRBT 5 & MEZBODHIELALFEIRRER O e ZoiERH L, £
L OOOHED B ROBBICIE, At air (AAS) | i3t (AFS) | ICP-
JR35t04 (ICP-AES) | ICP-MS 72 KR+ A7 MV GHTENEICHW LN D,

OB ERDITE
TERPEIKSCEEMTOR e RORBIEL LT, 7y VY 74 MEIY =TV
TUFFIINNI VEREIRIE & D o T ALFER R RIENATEE E LTHW LT E M,
BinEAE T TREU EOMREE T2 LROON LR RE] 2RI L
NRDHLNTEY, BaFHRERSIIEE LT, KT WA AAS (HGAAS) X
WKFELFAE ICP (HGICP) -AES NEFEAVSONTE TS, o, HHREE
KOBLERAETIT HGAAS YT 7 L —A L Z-AAS ’&BvE & L THES N TV A,
BmFOMREFL T T DEICITET ., RE 2B L T2 TORED b E % i
ERA T E LT OAKRBIUMREICS EHE, IZOEEHELERT 5, £
7o, BAIZ 72 o TKFEMF A% D72, ICP-MS I X 2 EESINENAV LR
HE TR0l

HGAAS ° HGICP |2 L 5 b BB ORTLIRE L L T O EEORIIIIETIZ
BETHD, At BLED D72 ITITIET ITEE S fRME T @ E OB R OIRE (~
200°C) TIIEM L FE THRLARNWL DN 5, iEBR/MREEEIEHEREZ FV, 320°C
T CIEV AR L 72 & AsBe DRI 100%1272 5 720y (Narukawa et al.
2005) . ERRNR 1472 % £ HGAAS X° HGICP TEET 5 & ROMOHERE
b FILEMNKFBIE TR L W= DI &g, EBREORE XD HRVER
Boid, —FH. KFIEWHEIZ XL B RWSITETIXZ T ERE R RN RD &
DO TR,

a. [RFWADH (AAS)

AAS TiE, B O AW EZCFRUIEIINEA L CAET 22— 7 L7
7774 MERNTRAEL, e BIZHAREEO ORI ZRIET 5, HGAAS I,
e OB FEMNRBETANC L > THARDOT L (AsH;) L L. BER
MALTZFAET 2 —TNIZEE 22 CTRAMEL T RORFEALTHET D, H
ZRVE T DI DJRFALE~OBEAGN RN E  BENE W, £k~ ~Y
I AMSSEEESNTWD DI ALY MLFERRN, LW FIERD 5,

HGAAS 13 1970~1980 FALIERE AT Ot FEZRIE T L& b —kAI72FiE
THY, SRICBVWTHIBALAHASN TS, HGAAS Tix, BT O EESH
=% 0.02 ug As/lg (#igESR) FTHET LI LENTEX S,
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BFOEFEE2 HGAAS THITET 5720 “FEFEO FENEINZ B CTIERER
RFEEE L TERASNTEY (CEN 2005 CEN 2006) . ZiuH “fEHEOFETR
Bt O G HRIEIE DR LND T TH D,

BRINBIE TN oHT (ETAAS) 1%, 77 7 74 MEETHEZHT (GFAAS)
EbEbh, VE (—EIIZ 10~20 uL) OFRERSERF O b FEEKANTIE L 72
77774 NFa—TRNTHEAMET HHETHDH, ETAAS IF—BIICITREDOR
WRTHEL SNTWDR, ZOHEITRE~ M 7 ZAORBEWH D 1012, K &
if’aﬁ%ﬁ?ﬁ J7-RTLFRRN VB L 72D, ETAAS 11 2.3~79 ug Aslg (FZIREE) DOEE

HFiFH T 8 MEOBEDABFOLZ 2R ET A2 LFEMILTHEAINTEY

(Julshamn et al. 2000) . BERMNIZIBWT Z OFIEITEEY RO b ZHIE OZERE
HI7eFEL LTROONTWVWD, ZOHETILO0.1 ng As/lg (HBEEE) FTEE
HETDHZENARETHD (Julshamn et al. 2000) ., FEITIWTITAKEKD
IHTEE LTHOWSGR D, X0 EEHEROEME 2 IEKORERE, B ~01E A
AT TV,

b. [RF&EIHH (AFS)

AFS TlE, KAEFOREFITHFEDOFIERE OEE RS L, mT v —RERIZi
B SNTRFNORAET HIRHFENRERZBIET 5, KB ARRE L BAED
72 HGAFS TiE 0.01 ug As/lg N ZENRMOEKELREERENFRETH D

(Vilano and Rubio 2001) , L2>L723 6, Z OFEITEBEICIS O T —HEHY
TR REMRERICE EE->TND

c. E%ﬁ€7717ﬁ¥%t\ﬁ(WPE$
FRICe RITH L TRRENEWDLIT TIERL ., BERTFOEREZHET H 72O —
HI ﬁHb\%th\éi%‘f“ L7225 ICP-AES [dETHR T B W TIRIA < A
WHENTWDL T HIETH S, RN TITIE. Jﬁbfuﬂ? lz\“C BRI TR L ET X
R —REBICEEE L, 2205 AMET R LF — IR e . EOTHRERE O
ET%&‘E@“%@%%%%U% L7=bDThD, ICP I, m{E@f_&bJﬁbtfﬂ?k L TENRT
5, KRBT E LA E DT HGICP [ZAXY MATFENIZTEAERL, &
E’ZTET #0.015 ng Aslg (FZ/REE) FTEET — B EbNb EHEINTH
% (Boutakhrit et al. 2005) .

d. FERERETSIATEENH (ICP-MS)

ICP-MS (ZERETH Y, DOBIENWA A FI v I LU PEHBZTND I END,
BAEFOMWETR OB T 2 EERHEE LTSN TWD, BBt oOLHEIE
BIANAF =TT 7T X< (8,000 K) (25~ T, fEi—Hb—A 41L&
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., HEOH CERNICRE SIS, ERITEER 5O/ 7Y b—7ThH
Do

ICP-MS IZEMF DO FOREICIELSFIHINTWD, FlzlL, BEFOESR
Z ICP-MS Z#r LT- &t OWFFE Tl MEHEIT OSSR 5 ICP-MS 13t oHr
HEELTHYTHD EHRMESIN TS (Julshamn et al. 2007 ) . ICP-MS 1% 0.01
ug As/lg (BZ/REE) OV OEREZHET HZ LN TELHEEOEVE FRHEIE
FETHY . BERFOEROEG N OEEMEORWERETH S (EFSA 2009a) .

— BN, ~ B U 7 A0 G OFET ICP-MS 12X 5 b FRIEOBIZIT KX 72 RiE
IR B, L Lenb, 0.1%LL E (HE/AHE) ORIEIREOFEHAIRITIEA
X7 MFBORENDH Y HFETLHEFEA L NI ICP-MS O 7 VI 7T A<
\Z ArClt (m/z 75, AstE[RIUBHEE) 28T 52 LICL > TAXY MLFi
ZHEUDAREMN D D, ZOTHIIa Y Par - VT 7 a8 X0 3B
THZLENARETHY, ZOFMITIEED ICP-MS & \EAINTWD, AlHE
IR R THIC L D E BT D =02, kFEWARKE ICP-MS &Gt 5
BEHLH 5, HG-ICP-MS 111k D ICP-MS & H# LT, LW EWEERRRAEGS
ZEMHRETH 5703, HG-AAS OREENIERD AAS IZHA_THIICEE SN2
LT D L, JFEOHEITA LN (EFSA 2009a) |

OILFERERI 2 HTE

EROBFEIICFEFREICE > TRESERD Z LD, DHINSREMICEEND
E RORFEDLFERRE L THEE BT 2 LB S LTz, B RO RER
IITEZ. e RLEMDONEEL . DBELTALEM OB O — SO AT v 72751 5
ND, TEECIIKFCIBEAER RIS v~ 77 7#ERD Y BEHIZIZOTE
NJFFART PABGHHEO TN OTTiEZ WD 2 ER—RHITH 5,

a. KFRIEYMREERICKDHILERERSH

KRB FRAEEIT 1970, 80 RO v FBILFRRERIDHTESE L THOW LA T
7o M E (e el T/ AF ke FE (MMA) KXY A F /Lt #E (DMA)
7 R IR VBT ) ULREDOBTAICL > TENRENT LY (AsHs) | A
FNAT N (CHsAsHy) RO A F LT v ((CHs)2AsH) O 5 AARAKFEA
WaEERT 5, ZNEKBIMOWENERD (FLFE-55, 2, 35.6C) Z &
ZRAL T, BRI O FRAE LIOKRBMM A REERIBEET I v 7 L TERE,
BEICHIB L TENENORED L OKFYZBHIHFITEAT H 2 L TILFE
RERDEELZITH HETH D (Anawar 2012) ., TMAO ©KF (LW EFELT D,
WRIZK D BBV ICH A a~ N T 7 2AWDLHEERHD, bEELHEE
Moo alE, BENEIR O pH #8452 L TRIEETH D, —FH TIDOHFIEFEL
TERED KB RAD RSB N R D Z L EBREOERK - \BEFREHTIZKEL
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MFEERGET AR NEEND L, £T2 AsBe K7 vt/ v ali—7EOR
mHFICEEND EER B AEMDPIKFN R LR T2, TV ) s
DR Z L TEILEILTMAO L O'DMA & HIZ MU ATF AT BN AT
NT Nyl LTHBNICEET DUIMIFIER W L R EDORERH Y (F
JR1997) | BIETIIRICIRARDEIK 7 v~ N 7T 77 P CHBELT-#% D e £EDOR
HUCAKBICM B AEEMEA SN HEENH D 1EINE 1T LA CHERA SR TR,

b. &EI OT TS TERITK DILERERSHT

KEMED e LAY O3BEIZIT LC 238 L T\ 5, —RIICEA S b LC 0of
iR (ImL/min F2F) X, AAS. ICPAES. ICP-MS % OFiEEHE A &
LDy F U IINEL LC AT LOT T MLy hEaZDEE AAS FOREHEA
REDRSTET TRBIC U AT ANHELENRD EWHIFERD S,

g E L CIIZOREDOE I E ICP-MS NHREOER CTHDH, —H CEE
FE DR % Z B EEC A RIA TR E O/ W EIFE L ICP-MS ([ZIIRE TH H 720,
BEE - BT — FORBIRIC—EOHIRNH 5, AAS X° AFS TREEREICHRE T
Lol LC ok e BaWzKEME T2 HELZHINZ, LL,
FFROLSIT AsBe TNk v af—R EORLPOEE E RILEW OB
121X HG ORI~ A 7 v 500tk (photo-oxidation, PO) (2 X - T
AsBe 2 E AL T H U AT LB ANDMENRH Y, LC-PO-HG-AFS 72 & D X
INEBHEIR L AT LR DEESRN D D,

B2 EOBEBEEF v BLEWZ 9T 21258 > T, REHF N E RS
Mz, BREEEZ D2 ER<HMBTAMLERD D, BEMEZXIRLELT, 7B
ARV AKX ) — )L /K (Beaucheminet al. 1988) . A% / —/L : /K (Milstein
et al. 2003) S L L CEEFERMEAITOH. BE (RS 77
—BE) 1T Lo TEHBHEM D75 #E 21T 5 # (Fl 21X Lamble and Hill 1996) 72 &
Db, TOMBEENOHERIZLD EB#e X423 25 (CEN, 2008;
Nakamura et al. 2008) . K H bt FLAWoHhHE & L TEUkE (Narukawa et
al. 2008) . FfEEsfH (Hamano-Nagaoka et al. 2008) MNEME XL TV 5,

LR ILEVOIIZ IS AN DHEE— NiZA Ao ~THHI e~ 7T
T4 —AF M~ NT T T 4—Thbb, 2120, 5 pH FIFIZENT
B FLAEWIGA A, A Ay, TS o Efx R THEET LD
T, =20/ ux 77 4 —FHTEHO e B Er—FIIoBEEET 5 2
CIXREETH D, BaA AU A A D 2 FEEEO T T A EEVIT T
AIE CeM, Eef., MMA K O'DMA %, %% T AsBe R° AsC, 7 h 7 AF /L
TN =T EAFT 72 EORBEE T HOR—EBITH D (Fl 2 1L Larsen et al.
1993) ., Shibata and Morita (1989) [ZiHAHGA A 27, WHHEA AT
LT VEE O 3 FEEO TS 2 AWT, e R, ATF LRV 6 FEHE
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DTNt )2 —0F 15 BEO R LEME THEER L T\ 5, IFE, A E
THEESKREDBBICEENDLI ERILAEVOEEICE D L<HVWLEATND D
X, Z @ Shibata & Morita D AW=SMFEZ2 I LT, T X AVKR UV ERE A 4
NTRIEL L, C18 WD 7 22 AWM TH S (Narukawa et al., 2006;
Hamano- Nagaoka et al., 2008) .

[EREF OEEE RO XS ITRRED E FILEHOSHTIX, ICP-MS OFEL L
STLTHOREBTDEHEEND D, VAT NMIEME DN, KBILWRAEELEZ
NSt o @R EEL (high efficiency photo-oxidation, HEPO) A7 A %&£
fi L72 LC-HEPO-HG-ICPMS >+ A7 AZ LV [ 4 © 3212 0.001 pglg
REOBMHTIRAESLNL TS UNEDSH 2011) .

c. BAMEROSH

AT NS 7 ma RV AR EOEE TSNS b o2 eiatEe #F L
WL, TOFERRRICOWVWTIEZ e RV ABE S BIZA X ) —)L/ ~Fi
72 TRl U TR FEMRME O JRIAME € BSOS D0 KD RRED ) HEE
TDHHENRETH -T2,

RIE T, LC MBZ/&/NNRICT D, 77 A~ICBEZRE 5FIZL > T ICP
~NOEBEOEANZFREE L, BB a~ b7 T 7 4 —H T LW 7 L 2{EH
L7-fiH® LC-ICPMS (Schmeisser et al. 2005; Amayo et al. 2011) DIEn>, A
2rma~< h777 14— (GC) -ICPMS X° GC-~ A 7 BiE#FHFEA~Y 7 AT T X<
FFNVE. GC-MS., GC-TOFMS 72 & &4 H L7 otz &S5 < # 7 iFlg g sttt
bt ZL AWM OEERENT (Arroyo-Abad et al. 2010) 72 & biThbn b L )17 -> T
X TW5D,

2. ¥-5RARRVAEESR
@ReFRIE. Sl v LFEOEMFEROEKITHEN SN LI1EN, FEE

BT AR, $RCsOmA L LThERA IS, R bAaWIT, BE, HFEAK
OARMBFER E LTHWONTET, 7L 3 Gads R Loz ¥ XL v Lk R
GaAs EEAFEE L LTHWLNTWD, =k b FIZAMATE BEERME A 95

(APL) DIgEHE L LTHERASHTWD, £7o, EN T A0 7 ARLER OIFR

AlELTHEASh TV D,

AARICBITA =t v FEOEERITA0t/FERETHLN CRBRRT A - & BTk

W& 2012) (R 4) . ERNEEFREO =L e R0 L A EITFHEN @
ASN=ZHDOTHD (ABEERART A - BRI EFERE 2012) . 72, 2010 Fi2kB
T EEMEHCH VO EHE SR v B IX ENAEESD 64.0 t, @2 12.6 t,

RA Y DEOBIAN 33.4t ThoT2 (RHKANT X « &BIYETRERE 2012) |
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R4 ZBHREZEROTELEERLLEEE (B D)

ESE 2005 4 2006 2007 4 2008 4 2009 4 2010 4
HA 40 40 40 40 40 40
I 30,000 30,000 25,000 25,000 25,000 25,000
FU 11,500 11,800 11,400 10,000 11,000 11,500
TRy = 6,900 6,900 8,950 8,800 7,000 8,000
~)— 3,600 3,500 4,320 4,000 4,850 4,500
Ax o 1,650 1,750 1,600 513 500 1,000

BT RE 1,500 1,500 1,500 1,500 1,500 1,500
=V s 1,500 1,500 1,500 1,500 1,500 1,500
AL F— 1,000 1,000 1,000 1,000 1,000 1,000
Z Al 1,960 1,760 590 360 465 460
HREF 59,400 59,800 55,900 52,700 54,400 54,500

(FIHRIRAT A - & EIRE IR 2012 L0 51D

KETIE, ZERXEREOFENRNFIE LT, 47 7= VTNV VB (pT v
Y=L, CAS Bé#kE S :98-50-0) . 4= bua 7= )LT )LV VEE (=X)L
CAS B4%%5:98726) N7 v FN-4T ) T== VT IVY VB (TATEF L,
CAS B§FE S : 618-22-4) KN4t FrFXi-3-=hfa7==/L7 /LY U (aXxi
LY (CAS &8&ES : 121-19-7) ) O 4 EOEEBKE e FLAWMMER STV
L5, BARTEHEERMAI L LTHRE SN TR,

HARTITERBRGEICESEXBERL LTERBESNTWEAKE F AW, 1998
FIZETEFENRH LTV D,

I, A ENEMTHLY T2 T Ay B (DPAA, CAS BHEEFE
4656-80-8) X, [HAAREDOEN AWEDFELE L THWLA TV, B BERFIZ
IFFTE L2 WS | KRR IS WTCRME 2 8 DREEM DS NEREI L, LES
FHFKREF YT 5 & L HITERICEERENE U (FIES 20065554 2008a)

3. BEDDOS T - $hiE

(1) XK

REKFOBERERO & FiL, 72 E ORI K IEE 2 SICHkT 5, bRk
KL FIZHEENTE Y BER T OB E BT RPHMAKICI > TH RIFITHK
s (ATSDR 2007) . —FH. AABEFEOERIT, KNHEE. &R BEEY
(BHFBHNALER S VT AR ) BEEN 7R & DEEEIEBNCH KT 5,
RIFOeFEMIBRERICL 2O ABERICED DL, EEENET
HY., AF I b oIz 7y (Pacyna 1987; ATSDR 2000) , K&F Db FHE
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D% <ITASTIDTHY ., ZFfbk_eENRETH5 (WHO 2001) , =D AsTID)D—
X, BEickY As(ER2 2 &b RAFITIE AsTID & As(VDBRTEL TV D

(WHO 2001) ., 72 ¥, T E O FWE e B8 &)E il E (Pollutant Release and
Transfer Register: PRTR) #& TSR OHBLEE TH CANZEICHEH SN D
ZEPHLNIENTND, ZNHDOHEAFDOERIT, EIC=ZEERTHDL Z
LR o>TW5 (Cheng and Focht 1979) .

Schroeder © (1987) ORRFRIZ XL 5 & RKRH D b FBRE L, HFHEH T 2~2,320 ng
As/m®, ZOMOMT T 1.0~28 ng As/m®, #&HIF T 0.007~1.9 ng As/m® & DHE
Y FFIZETE TRV,

ERETIE, BEANLRERINTWD R 28 FE KRG RRILIZOWT (B
ERXTGRMET =2 » ZHERRERE) | BTN 23 FEOERKLTETD
LB OEFYIEIL 1.6 ng/m? Th o= EME SN TS (BREEA 2013)

(2) 1%

TEF O FBITHFRFICES ML TEY, K34pglg BEFET HEHREINT
W5 (Wedepohl 1991) 723, SLERAFAET S Hdg O L3 o b FRE I pg/g~100
uglg LIE X K& < IEBONTN S (ATSDR 2007) . EATIHE. AES (2013) 2
L ENR DL, BRENO—BKFENOINE L TEPOR e FEFEO P RIEIX
10 png/g (4.6~36 pg/g, n=38) . B LM L7-AEEE (0.07mol/L) THIH FIHEZR AT
#aHe (bioaccessible) Rkt F#F (As(V)+As(IID) 1%<0.02 pgl/g (<0.02~0.33 pgl/g.
n=20) . As(II) T<0.01 pg/g (<0.01~0.02 pg/g. n=20) . As(V)T<0.02 png/g (<0.02
~0.32 ug/lg, n=20) . AFILT IV UEET<0.01uglg (n=20) . AT LTI
% <0.01 pg/g (<0.01~0.12 pg/g. n=20) TH o7z L HE SN TS UNES 2013),

TEFOrFEORREL LT, —RMICEKPOSEETOHEAH I =B "t 5
MENR, ERREEZROT VY HFET S (Bhumbla and Keefer 1994) . 24
HOEFIF, Bk TAI UL~ T EREET D2 & THIEME L 72 ik
I E DM, BIRRE CIXRAME L 2 D i T AK~NERET 5, Ak ClIfEke B
FITAsWVE W AsUID O LR & UTHFIET D, £70. b RBEIXHERE & OBR
I kv ZHEiIR0ICE 8+ % (Bhumbla and Keefer 1994) . HAREIRO B FiEYL L LT
I, RROGE LRRIZ. e BLBFOHORYLIERSC, KIEER), AWiEE)e &2
F &% (WHO 2001) ,

TEEHE Y RTE (R 14 45 5 A 29 HIEES 53 5) Tk, e RKRPZEDOEDIT
BEAREWME L LTHRESNTEY,, HEEHEEMEIT 10 ng As/LLT., HEESH
BT 150 ug As/g ITEEH BN TWD, BBEA (2013) @ Rk 23 FE 15
THYRERIEOREATIRIL L O EI B YR - <R A ICET oER R I, v E
K OZEDILEMTI T 5 HEPOEEREEFFIEL 281 L HEINTNWD,
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Fio. NAEFEO e RICL D HEBELEOH L LT, BRITERINTZKOEEFR A
IZEEDVBYER S 5, BIE, AAREN TR FE2EHRIEEIIEH SN TRV, K
ETIE, B BREBRER (A TF AT VY U Y 7 A (MSMA) | 7 2 2 L EE(DMA(Y)),
AV R T L) REGOFREHRNY (nXHry &) RNMERITWS,
FZEDOLHEH SN ESHKEE 2 EOREEDICE EINDIRE (KO XY LY T, =
BHROWEMIZ L > TEEEOE F~EEHIND (Stolz et al. 2007; Makris et al.
2008) .

F7-. AARTIIEIRES TRETO - EAICH1T 58 b il L SR REs SI2B T
Z BB D BRI HMBR OVEGERIN H 5 (A AHE SR BEMEMIEEE S 1998),

(3) Kigi - |RE - #1TK

—HRENCHEAKF O & FIRE 2 ng/Ll & HEMZE LTV 5 (Andreae 1978) ,
KEOBARRFEOEFE L LT, BESCEAOBALIER. KILTEEIN B ORI~ A
WZEDbDONREZXONG, £, TEMNOEMR LT KBTI 200 HE 26T
% (Nriagu and Pacyna 1988) , ZDMIC ABEFEOEFR L LT, BIEDO LB
I K DKRF~OFRH (WHO 2001) | FEEZEHEKOF)IOWERA~OBEHIZ L2 b D2
ZEIFond (REEEE LERES 2005)

WAKFTOEROEREIL, BEELEZGUHWHAERKTIE AsSVMRETH Y |
AsIIDMN B FED 20% B2 5 Z EIXIFEAERNE SN TV, B BITF LRI
TWRWEBEE TIlX 5~40 nglg (HEBEEE) Ot FELFATWD, £lo, B{LAVER
BIZHDHEE T As(VN L < | BIAREICH 5 ER T AsUIDRZ VW, 723, &#
TEHBRERICH 5 EIR TlE, MENZWIGEITIIHBEA 2 L, SIS O by
Za e Bl WK~OEMEE, BEMENMES 725 (Neff 1997)

BREROEMK e ZIC LD TROBERIT, A F (BXUHTL) | N T I7T7
2, B, FEALE. NV —, Axva, FU, TABSTF U, T AU DERE
(FRlZmTEE) | A4, W—TF R lHREMTHESIN TS GEDS 2004) |

FIARDOBZE L, WHO OFCEIKKE T A RF7 4 AE (0.01 pglg) %7720 FIE
% 0.001 pglg LFOL~nG, ZOHA RIA AEEIEZ LML DH L~V ET
BRxRBECHEET D CREZNMMIESZE 1985) , WIFICEBEEO L ZL/KBRE S
NDHHAEITIE, BIRBAERDOIEZ), NBBRTEYR, Bl 2 X, SLl b OFKRCER
Pkl bvEZ NS (RES 2002)

(4) WIRFR L

— XN AKX A RO RBEELE LT, R Y OFHAE T 2.1 ug/g (Seifert et al.
2000) . W FH OFHE T 7.3 pglg (Butte and Heinzow 2002) . 7 A U B OFHE T,
12.6 pglg (2.6~57 pglg) KU 10.8 pglg (1.0~49 pg/g) (Wolz et al. 2003) I TNZ
10.8 ug/g (1.0~172 pngl/g) (Tsujiet al. 2005) & W HENIWE STV 5,
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F7o, NEDS (2013) ICXAHETIE, BARENO—BEFIENHIE LTZENED
EFRILEMOSTE ToTc L A, ZOHRMEITHREE T 2.5 ng/lg (0.3~7.8 pglg.
n=40) . HEZEL-FERCHEIN S EEE £ (AsTID+As(V)) 13 0.24 pgl/g
(0.08~1.2 pg/g. n=20) . As(ID) T 0.02 pg/g (<0.01~0.25 pg/g. n=20) . As(V)
T 0.21 pglg (0.06~0.99 pg/g, n=20) . AF /LT /)L EET<0.01 ug/g (n=20) |
PAF T L UFET 0.02 pglg (<0.01~0.05 pg/g. n=20) Thol-LHESNT
W5 (INED 2013)

(5) EBRICBTDEXRDRER

PR CTAET Dt ME, BEARERICBOWTASKRSN - AL E e r., &
E L COWESEYSS, b Akt U CTERLEEEEYN LR ATy, F7-,
e TIRERN S, HEAEICHERT 5 e R A E EXRHE CEENIC, H DT
HERE S D 137 DAEERRIC AT LR ICHBERIICER D AL TV D EHERI SN D,
WrEA L LAY E OB T, EROEREIOEVRAOND, BIFEEMO L HE
EEIXE ng~100 pg/g (BEE) TS E SN TWDHN, B EAYTIE 1 ng/lg (FE
HE) AL EEEAER Y, £70. EENDEROLLFEREICHENDADL
% (Francesconi and Edmonds 1994) . = Z Cidbt E2D(LFEFRE L GHBEOE
WICER L, MEROEEOEARRZE LI E ROEYIERICOWVTRRT,

OB FEERER

WEEIZRBWTC, bR, AEE W7 707 b0l CHEEP LR A
WS L L HIC, DfEE GEEZEOMAEY) LIFEMRREZ L OB ARk
REPBERELTND, ZOLRBRICEDL LG EZX 2 12rd (fER 2011)
AT, EFEOEEBY, 2ug/LEBEO RZNFET D, e ROGE, LM
B (2R OWEICR T 228 BAREICIBEICAL Z DR OER) 1
BETFEELEINTND (IR 1991 FEF 1998) .

Bt FLAEM D AsBe (BEEN I EBAICHRE SN 2B L FLEW) S AsC
(BEARERICE T 5 AsBe ORIBRA) (X, KT 5 EENICITRE IR0,
L2, 5 um O 77 by bl Lz iEKD S IREILEE 2 v ClEIY
L= E 21X, C o OF#e #{LEWMMNHFEL TV (Hanaoka et al.
1997) .

WKFOEFEDIZE A LIE AsTID UL As(V) & UTHEAE L, Ef e FELIS Tl
D THED MMANV) & O DMANV) DFEERHRE S TWS  (Andreae 1983)
WK O e ERIL, EFEEREICL Y =L e RITE TSN, BICAERLEMIZ
BlbIivd, ZOEMEZ LY EBBOKESHITEERB THRFE, EET
HNT 5, WhwaREBEERO T 17 74 VERT—F, As(ID), MMA(V) KO}
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DMAMWIZERBOH BT THofT 5, WHEEMWEY 7 7 7 N OMEIC
AENTCERITFEL, BEYESHLE L TREERE=ZIT D,

WAKFO As(V) & TR &2 8 e F13, EEEEY T 7 07 b USRI ERY
INEI, BE - B b, ZoE# b e FLEwIL, BYESH L@ U T
NER AL FRVE B AT, AsBe & L CHHFEIMICEREIND, 2O L) IZEYE
PHA B L CREERE ST ORME., BEEMICIIFE Y OB e F(LEMPHEIE L,
RS b B IEEAYER T, — 5 AsBe BEORBIL— R & LT, K
PO E R DA LTC AsBe ZEANIZETLMAED DS, MEFEIMICEE L & 6 IZH
DIAEN THFEIFICEBIN ORI L H D, AsBe 1%, MBEEMDIEKL, EERE
NI i 2=\ Cou D e RICEIRT 5.
BEAHRETHAKE ZEWIMMAV 2 EH T 5580/ R b4 < Bt
FRIL—EOBEREOMBICB N TEE RIS ThH DL, EEH T 77 b, MEEK
VBRI L > TEEINTC EBOBILLEREIUTKH S A T I X > T, KT
DMAV)BE DOFEFEEBNEE 5 LEZ LTS (Neff 1997)

|
iy
i - CHs- As CH, €00 Chgu s Chy
o CH CHa -
CHs-As™ CH; CH,OH 3 CH; TaMA =
-] 1
CH3 CHs-As=0
1
AsC CHs ‘ fﬂﬁ*ﬂ‘]
e TMAO :
oh ERxY1A4IIL
CHa—I-"ts =0 -
OH -
DMA(V)
?
CHs-As =0
SH-As | OH-As =g OH
OH oH MMAG)

As(lllll) Aa(v)

HRe

X2 BFEERERRICEITHREE LTOEERBESR (B[ 2004; 2011 XV k%)
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QELERER

KﬁEJ:E?E¥ BIHEeHEE, £E LTELOATHERISIZ L VILFEREREZZE 2
R BAER LTV EE X LTSS (Cullen and Reimer 1989; Ridley et al.
1977) . —EICITHEEEY ERERIC T Lt ) v 2 5 —=0 AsBe 72 E D XV EMET1E
EE O BLEMIERINDGHLH LD EHRIIND, EREEDOENF
AOHHTTIE, MMAV)DO A Z&SEICERT 2 b0, AsID & As(V)D A= ERET
5H0, DMAV)Z LS ET5HD, AsBe 2506 DR H D5 L ORENDH D
(Byrne et al. 1995) .

ERREOBWVEREICIT, b BRRITTHE & =B b BRME OFEP R S
AL TCW% (Oremland and Stolz 2003) . 70, THEIZBWT, ZJBA R YT A
TR T CTr XLy AR e RICEHT S5 (Stolz et al. 2007) , KX
FICEENDERICBWTH, MEMOBERERREOKRENIERZLZZ 5T
%, i%’ﬁﬁéﬂt&f%w7wvy@ﬁﬁ%$%&E@EWR%KiofV%
FAT N AEZ BN TEB LI#%, ERF CTRICE(LZ 51T T DMAW)IZ
MBI RS LT R T@VTV%%%W%K%MT%%(M%mdmlw%)

4. BITHHE
AARENOEMFO e ZOHFNL, 1955 4 (IEF1 30 FF) OFpKEFE I L7 FHHERN
L 720 1959 £ (BEF0 34 ) 12 A 28 BICEML KON O B BRI\ T
(B8, WS ORMKIERE] (BB 34 EREEETRE 310 5) NEH LN, £
LR, BRI TBREAEE] X VEAREMICOWVWTHEIR RSN TN,
EZOBMEOERUINIEBIT 2 E72HHNZOWTE 5 ITRT,

x5 BARDEITHS

B4 EREX 4 BALZNEY

L E e E R | FeES MR (b Y == Y AOEF |3 Ty
w

=3 e ORI B 5 &2 b, eRLEY

Bk FRRE IR ILYE: 1.0~3.5 ug Aslg v FZ R OZEDLEW

(X EmIC L 0 B2 5)
R bh OB IENE: FHIHAEK OB | e BROZE DAY
BB Ehinst (As & L0
s H - Aan el ORI BB L O | e ZFRCEOLEYD
HIFEYE: 0.15 pug As/g

HLENNEMI BT 550126 | e BROEDILEY
MATyaRV=FLry, RURFLU%
OFBFEHE 1,51 ug As/g
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HEDNEDIEEEMT 25012 | e EROZOILED
MY 2 eREEOREIELE: 0076 ug
Aslg
AFEZEROMHT 2 EMBHIEIN L | € ZFROZDOILED
TR =0 LEONEM  E T
LA S % G R O B AL E:
1.51 ug As/g
BbbHRORKEE: S oLia, 0 | e BRPLOILEY
M, Mk e = UiEERE, R U e
= B E T DB O YE:
0.076 ng As/g
Ve Al ORI HiFS: 0.038 pg As/g R R OZEDILEY
ISTERGS AREFENE 10 ug As/L v E MR OZEDILEY
BRbE ATk KEGEIR DB L 10 pg As/L | B3R
K OARBEGEICAR D BRI E: 10 | B3R
ug As/Li
THEHY AR D BB L YE: 10 pg As/L ==
(T BRI B . B (FIC TR
TE) IZ[R->Tit, ®iZ, 15 mg As’kg +
HEARN (1mol/L HiFsfliH) TH 2D 2 &)
TAKEE AKEEHE 100 ug As/L v FERNZEDILEY
AKETGE Ik HEAKHLUE: 100 pg As/L L RROZEDOILED
S T DG YL PR | R R ek Rk D FR AR - | B3R
B9~ % ikt 15mgAs/kg (1mol/L HEfkfhiH)
RS Ye ik TR R ALYE: 10 ug As/L bt REOZE DAY
T3S A EALYE 150 ug As/g b R R NE DAY
i L2 bR, TOIEM R OZ
Lo O,
AT AU SR G Mt e #E
S B ek RN/ EE /R OZDOEEY., E
LAk
s ATV R e FLEW
Paf. JERa X TaSRvS FrEfbEwE G BWE. FrlE s | e ZROTole® (ke

We)
SR & RO T N E fER) O H )
PRI 21T 5 RS A EFRHES

fbARZEROREHT Y @
LR, )
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TEREBRBTRTAN SR A ERIE: 3 ug
As/m3

fE R4 TR 0D T A b ALK

LIREFE BT N R R OEEY | e ZFROEDILED

M. ErzZBIT2EE

1. BOKRE

R LAEWIE., —BRE TICEBW I, EICEMEEKNLEBRSNS, B
(ISR VA e FLEwRE £, SoBbKIZIZFE L L TEEE ZRE T
Do TN ZAZZ MNP OEKE FEREITELAL > 2138030 MEDS
2013) .

(1) BEMLDRE

b RIFRESCANMEICZEEN TS B8Rk 1993) . BAR T EHAICHERE
BOBNEEZBIT 2REENS L7120, sEE LB L T D REZREENLE
LT\, VBEMDICIZ AsBe 0T vt /) v a T—R EOFME BILEWNR£< &%
nTns,

BROEREERICONT, RERREL LT, K- /hE - a— U KOEERN 95
Nt ZANTH 1 uglg IZEL TR T-DITHR L, MR W T, 50 73—
YA AT 20 uglg FEE, 95 R—k X A LT 140 uglg B &, EV B RBE IR
SNz, 95 /N—t U H A )VTHRIETIL 30 pg/g LL L, BETIH40 pg/lg L ETH -7
2N, EREFZEL LT, 53— XA 0 TH 0.1 nglg BEThH7 L MESNT
W5 (K3) (Uneyama et al. 2007) ,
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(a) . (b) (c)

hE“‘u = E...m— 1 E

" B B

%]Fll g %V

¥ ¥ L

1 A g A

%, 4l 31 Z - B

.H|_4|!_| Lﬁ“ﬁ‘r—\Lﬁz—;z—'LﬁD.l—\ o [be== | "-".——-r.ﬂ
* F & R B # % T * F 4 AR & B x £ * F £ R R & % %
XA ®x E 0 W E A X E O ) %z 0
< g B ® g o z B e
= 5p & = & S 5P £
) -I-] s [%; oo 5 % 1]
< <

(D b IR, ()M b R, (MM b RIRE D S HIRRE T - 7oA B L TIER MR
77 71 5~95 R—t U H AL, TOMHRT 25, THROFERIL 50, EOMRIL 75 S—k L & A
NERT,
SEBRDEFREHE (US—E2HAJ)  (Uneyama et al. 2007 KV k%)

OBEY

BPEEENMEM X, B LEEDICHE L TREEOLRELEZZXTWLIEIT TR, £
DILFRELZETHD (K1) .

SAVA, TV, =T P, PN U RO A U IO RIS D HEEKE
#F (As(IID+As(V)) OEIAIE, 0~4%ThH Y, HERETIE, E VX 60%, v=
YTHI 8%, VB AKIT% Tholc (R6) . RB. ZORICBITD, BEtkeHR
DKEEME E FBITH T DFELRIT, o FEICL > TUESHIZELS 22 EEL H
% (ER 1992) .

AsBe lFAMEICHE L CTHET L EERAHE FZLEW TH % (Edmonds et al.
1977; Hanaoka et al. 1988; Francesconi and Edmonds 1994; Francesconi and
Edmonds 1997; Shiomi 1994) , AsCIIT AR T A 22, TMAO (X~ XD
—FfEZ (2, TeMA 3"~ 27U (Meretrix lusoria) ZIZ& ENHEE e FILEY
To %5 (Francesconi and Edmonds 1994; Francesconi and Edmonds 1997;
Shiomi 1994)

Tk v a i BERICBIT A EER e FBEMTH D, L, EEA
AIFETWDHYYahA DRI 5T (Edmonds et al. 1982) . WEM 7T 7
RIZEHEBEEELETDLTV XA TARE X T2 P4 72 " H (Shibata and
Morita 1992) . % H (Morita and Shibata 1987) . S LIZIIEM T 77 b %
B8 77 FAZHiROBND5 (Shibata et al. 1996; Edmonds et al.
1997) .
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EFROZERERIUT, O L > THRER->TND, £ H ORISR ERRE S
IZBWTIE, e ENZEETIZENRHREINTEY (Lunde 1977) . A
T ORRR LICe BOERBNBO LTS (BED 1999) . BHARGLICE
Wik, &F LTI/\Z) AsBe O EFRIKT HHEN, HEOFWHOIZEEL,
BEAR, REELDIBIAR T2 2 Lnb, AEOESLEA O ST TiEE
SREFHER LR ELEZTHEEZ LD (Velez et al. 1995; 1996)

HEEY OB VA FILAWE BT VKA R OEEEE FEEIZHOWV
T# 6 12/~7 (Shinagawa et al. 1983; ¥R, 1992) .

%6 BENOEMRUABERILAYABEROKERRVISEHERAE

<k K Eﬂ:;g:iﬁ b RE R uglg (GokmE B
ML [ae# [ As@D [ As(W) R | REEE | Rk
< H LA 5 P 36.0 0.00 0.00 34.2| 344 0.22
- 7 y 5.0 0.05 0.12 4.2 4.2 0.24
T y 25.6 0.00 0.06 24.0| 243 0.18
~ N ! 5.4 0.00 0.00 5.1 4.6 0.54
Yo~ I 5.5 0.05 0.17 4.8 5.1 0.31
<A T y 17.3 0.00 0.28 50| 15.1 0.23
g;@ <R y 25.0 0.00 0.05 24.3 17.3 7.6
W ~F~a y 12.4 0.00 0.10 11.3 7.2 1.0
B | ATy = | AEhR 7.3%1 | 0.16% 0.22%1 7.0%1 | 5.1% 1.8%1
we | 2| e 413 0.00 0.00|  392| 398 1.0
) Y75 | &k 7.6 0.07 0.00 7.2 6.0 1.0
P 5 15.0 0.00 0.02 14.1 9.0 4.9
T ESXUN 17.5 0.04 0.01 15.9 11.7 5.0
LA NP i Al 49.0 0.00 0.00 48.8 47.3 0.20
L Y P y 17.2 0.00 0.00 16.1| 159 0.22
TRESTS 95|  0.00 0.00 90| 90| 026
BRIZENY) ThA EEXIN 5.1 0.00 0.00 5.1 3.3 1.5
B I 61.3 36.7%2 15.2 — —
w W ~ar7 y 25.4 0.8%2 20.2 — —
9 A y 8.3 0.6+ 6.5 — —
R EEIYE 22 AsTIDMERERE+ As(V) HERERE
(M5, 1992 X v iZ)
HEEE O e BIREIX, —MRICHEEIE > MLEE > R EOIRICE ., £72, 20

FHERMLFIFRENT %a7/vt/ vali—ThbH, BEIZEEND ERILEMIZON
TFE 71277 (Francesconi and Edmonds 1997) .
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R BRIZEFNIERLLED

v EIRE (uglg) ) == e
Tl Yo K ENE
IR & L Significant Minor Trace
1B¥EsE Ecklonia radiate (513 A) 10 >80 3,27
Sargassum fusiforme (t
| arsassum Tust 10 >80 e 1 3 7,5
)
Laminaria japonica (< =
. 4 >80 3,4 2,7
)
Sphaerotrichia divaricate
. N 2 75 2 73,5
(LX)
Undaria pinnatifida (7 71
2.8 71 23b
A)
Sargassum thunbergii (7 4 51 . 13
S RF )
5,
Sargassum lacerifolium 40 ~50 1 7,3, 4, DMA(V),
(fng72 L) 2 6,
8,15
Spatoglossum pacificum
(2 79) 16.3 69 3 2,7
Pachydictyon coriaceum 16.7 79 3 97
(V& 79) )
oS & | 7
Codium fragile (3)V) 0.6 67 2 ’
# DMA(V)
Ulva pertusa (777 4
17.1 40 2 7 UK
)
Bryopsis maxima (A A/~
N 19.4 20 7 2 UK
Ed
Caulerpa brachypus (~5
oY) 11.6 32 UK
FLHEHE Corallina pilulifera (€'Y
* oratima prut 21.6 15 7 2, UK
e )
Cyrtymenia sparsa (&t F
Jriymena sp 4.8 69 7 2
VAL
Ahnfeltia paradoxa (/™Y
NN 11.7 58 7, UK 2,1
ES)
Coeloseira pacifica (A Y
X 23.1 35 7, UK 2
<)
Laurencia okamurai (3
s N 19.2 47 2,1 7, UK
V)

a ERILEVOESIL, M 1SR
Significant, /KM E FED 20%LL 15 Minor, [A 1-19%; Trace, [F 1%LLF; UK, #H1t #i{k
v
b RFEEE 57
(Francesconi and Edmonds 1997 X ¥V %)
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BEREE NN X BR AU TRHIBTAE VX, THET TANNET Lo
R L, bliee CFOEH L FOEIE A EV (Francesconi and Edmonds 1997) ,
—REVICITIE L TV DR E % Oft b SRIRE T FEA K 110 pg As/g, HRKE
239 154 pg Aslg & STV 5 (FSA 2004; Almela et al. 2006; /NI 2006)
Ry AT ITRUSNNOWEETIE, Tt/ ai—TEOR#Ke ZOEERE

(Sakurai et al. 1997; Andrewes et al. 2004) .

KEEBMEET (FSA) (X, VX, 77X, UB A, a7k U 5HEPD
e R ROERE RIREZAE L TWD, ReRIERENGHRE S, Flce Y
IMEEEThHST, T2, B VX IMRIRICE T 2 PR e FIEEIL 77 mg As/kg

(#EPH 67~96 mg As/kg) Th o7, D 4 FEOWEERIZE T DB FE &R
IR D 0.3 mg As/kg Kimi Th o7c, FEFE DX, b U FIIMOVEER MR
LRIRE, BEeREEL IRV EREL TS (Rose et al. 2007) , 723,
FSA ® 2004 FOFEIZ LD & FiMmAKEL Lot % RO b SRR EITR
KT22.TugAslg TholzMEIN TS (FSA 2004) .

AATHESINDE VFOERRBEIZOVWTHRENZRINL TS, Mohri b
(1990) 1IN 4 4 (B 24) ORENOEONTEBEDT O b RIREZH
ELTEY, ePV% MBGFHEINZLO) FofkeFE, B e FE R DMANV)
FENZEI 1.204, 0.479 KT 0.569 pglg E#ELTW5DH, £/, Nakamura ©
(2008) (%, LC-ICPMS #HWT, EEHDLWIA—/—v—F v ML /HELIL
TCIEE e V% R 15 BB oK L L AsTID, As(V), MMA(V), DMA(V)
ERXTNE ) all—GBEICOWTHELEEZ A, £NF 1.2, 0.031, 1.2,
0.010, 0.030 %X 1r0.028 ug Aslg ((BEE) Tho7-#HE L T % (Nakamura et
al. 2008) ., BEMKEEICLL2HFNFWESAFEEREICLL, ERNTHREL
TWbhevFx () ROt X OKELY) IZ8EN 5 E %L HGAAS CHIE
Liz& 2 A, ZNENFH 93 nglg (28~160 pglg) KO 6 pglg (2.1~20 nglg)
T oim. Fio. EEHEL %1E HPLC-ICPMS CHIE S h. 22 EH 67 ugle (4.5
~130 ngl/g) KON 3.6 nglg (<0.5~17 pglg) EWME SN TND (BWKES
2012) .
COLICARENOE PHICEENDL L RREICOVWTHEEOREL RSN
TWAHD, HBOREBOBEN R EDNORERNDNKESER S TVHLONRBRTH S,

QEETEY

HEAMNER L TWD e REEICIZEug/g~EEtuglg OERH D & ST
WD, B EOEPIZEENTVD EREEIIIRERENA LRV E ST
% (Lunde 1973) .

BEMIZEL T, BHKERICLXL2EEREDFRORE REOFTHEITHOIL,
RANERINTND (RS , ZHUTEIUL, A (KK) Ofe FRITFEH 0.17 pglg
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(0.04~0.43 pglg) Tdhoi-. Ei-. 2 A POEHEE 3T 0.15 pglg (0.04~
0.37 uglg) Tho7- (EBHKEE 2012) , Hamano-Nagaoka ©H (2008) I
KO e FE (HREEYS-Y) 0.12~0.26 ng/g 12 LT, L %13 0.11~0.23
uglg C. L EOEIEIE 62.2~96.3% Th 7= L HE LTINS,

OB FEHEPICEEN TV DR EFRREITR 0.01 pg/gBETHL LOHRED
H5 (LN E LR 1980) . EHRBIBERINT-EECTE7-x / aicE L TUL, &
EE L L TR EFEIT 1,420 pg As/g, DMAV)IX 970 pg As/g 3HERR S T-#E N
&% (Larsen et al. 1998) , FH¥LEMI O WFHIZE N o b RIREIL, 4T 0.024
uglg, FRAIT 0.018 pglg L8 S TWS (LA & Lk 1980) .

FDA /%, 2005~2011 FIZKkETHRIN TV I3V 2 — AR OFER Y
AFIZERDEENTVLZ LZ2WMELTBY, BiricAVwWsn) IV a—X

TIE 160 2ECRBH~0.045 pglg DR EERGENTIHY ., HHLY 2 — 2T
142 FHEH TR ~0.124 pglg O e ZREEN T2, 23 ppb (0.023 nglg) %
ERI2 e BB INIZHERLY 2 — A Tl, B e FE, MMA X O DMA O454F
BTV, FREH 0.006~0.06, FHHH~0.088 K OFHIH~0.003 pglg & ET
7= (US FDA 2011; 2012)

BEMIEL T, A RILEMTHY . FEOMEIREA L L T THIA X
nTnWasuaxtny Ak EEOKREDHENOREMETHEHIN D @GS
N CW% (Morrison 1969) 73, Institute for Agriculture and Trade Policy (IATP)

OREICEL D L, KEIZBWTA—R—v—F v N TEALZEKREOERN DK
55% T BN INIZZ LD, KETHRA SN TWOIEREFFR LIor XYL
Vo TN =Vl LD o T EREHR I Al U CRRMNE S LTV D ATREME DN
ZHI TS (Wallinga 2006) .

K8 ENREYMTORERREESHER (FRL15~17 £&E)

TERRF
B/ ME KA I fE
3T A8 D AL TEEIR S
B
RE TERIRA HE IDEE
mg/kg % mg/kg mg/kg mg/kg
K (LK) 600 0.01 0 0 600 0.04 0.43 0.17
N 363 0.01 312 86 51 <0.01 0.04 0.009
RE 300 0.01 278 93 22 <0.01 0.04 0.008
AVVAPRS 100 0.01 94 94 6 <0.01 0.01 0.004
Iy (o) 98 0.01 59 60 39 <0.01 0.04 0.01
IEng (REDWEZHO) 29 0.01 29 100 0 0.006
VAN Y 100 0.01 100 100 0 0.004
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IZAC A 100 0.01 100 100 0 0.004
vl x 100 0.01 100 100 0 0.004
XY 100 0.01 100 100 0 0.003
Tryal— 100 0.01 99 99 1 <0.01 0.01 0.003
[ERYA 100 0.01 100 100 0 0.003
LA 99 0.01 99 100 0 0.003
ZH>NAED 160 0.01 126 79 34 <0.01 0.12 0.01
nE 100 0.01 99 99 1 <0.01 0.02 0.005
TmERE 100 0.01 100 100 0 0.005
ZwIHb 101 0.01 98 98 2 <0.01 0.02 0.006
e 100 0.01 97 97 3 <0.01 0.01 0.006
k<= K 100 0.01 100 100 0 0.004
B—< 100 0.01 100 100 0 0.004
NEHL % 100 0.01 100 100 0 0.003
IRWVAT A 100 0.01 100 100 0 0.003
L= iF 100 0.01 45 45 55 <0.01 0.14 0.02
WwWhH o 100 0.01 99 99 1 <0.01 0.01 0.005
DA 99 0.01 96 97 3 <0.01 0.03 0.004
B (EHE) 40 0.01 40 100 0 0.004
B ink ONREAET W HO) 60 0.01 60 100 0 0.003
ASOT NIV
30 0.01 30 100 0 0.003
(O 3 & SV )
ROBDN
70 0.01 70 100 0 0.003
AR -%)
nE 100 0.01 92 92 8 <0.01 0.03 0.005
FUAT7N—Y (REOX) 70 0.01 69 99 1 <0.01 0.01 0.004
FUATN—Y (REEZTW
30 0.01 30 100 0 0.003
HoD)
oL 100 0.01 99 99 1 <0.01 0.02 0.004
bH 100 0.01 98 98 2 <0.01 0.01 0.004
5E9 100 0.01 99 99 1 <0.01 0.01 0.004
/ME - EEORBOSHIRERD 5 b, RENKBEN ST, 55 LIEHBOR TRERRFRB CTH 72 HEITFLEL T2,
RKRME : BHEORBOSHIRERD 5 b, RENKLEN ST, 55 LIEHBOR2 TRERRFRB CTH - 72 HEITEHEL T2,
SEBIE  BEORE O SIS R OFEMTEE T, BB O ST E % T GEMS/Food 2378 L TW % FEIZHE - TEHE (WHO, 2003) .
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©):/¢ ¥/

Rk 22 FEEOAGERFHI BT 5 e ZBROE (LA OBRERR (F9) 16, F#
RIS 2R @ ERTH L & FAKIZEBWTIL, KEEKEEEME (0.01 mg/L)
PLEDOHEN 28 ERTH > 72, 1FEAEMN 0.001 mg/L LLT (4,512/5,319) TH -
oo T2, BAKIZBWTIE, & AEN0.001 mg/L LLF (5,173/5,679) Toh -7,

£9 KEKTOHOERRUZNELEYHEHKE (BAKERKHS 2010)
BRI % B H T R

10% | 20% 30% | 40% | 50% | 60% 70% | 80% | 90%

) 10% | # | R | il | R | R | KR | R | R | EE | 100%
@;k S T | 20% | 30% 40% | 50% | 60% 70% | 80% | 90% | 100% | #EiE
R IEFER] . LI LI T LI LI T LI LR LI

JEK ot e
- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0.011
0.001 | 0.002 | 0.003 | 0.004 | 0.005 | 0.006 | 0.007 | 0.008 | 0.009 | 0.010 | (mg/L)
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) ~
EXED 5319" | 4512 | 408" 158 65 64 30 19 16 11 8 28
FimAK 1,077 878 124 35 15 8 3 2 2 0 2 8
ik b WIVEK 281 231 27 15 1 4 0 1 0 1 0 1
AR 3100 2674 187 84 40 42 22 13 1 8 14
Z Dt 839 709 68 24 9 10 5 3 3 2 1 5
BN 5679" | 5,173" 242 121 56 39 14 14 11 5 4 0
F LK 1,052 996 29 12 6 4 1 2 2 0 0 0
BR[| 2L K 267 258 4 3 1 0 0 1 0 0 0 0
HF A 3005 | 2,650 170 81 44 30 11 6 7 4 2 0
Z0Ofth 1,340 | 1,254 39 25 5 5 2 5 2 1 2 0

CFERL 22 - RERATHRE 5L)

AR Z KR E U TARIBEARS EBFE SN AHE X, AGEEKEEE (0.01 mg As/L)
EHBZAEREEBIT D L300, HiFKREEEK E LTRIAT 256, —KIC
ITZFOEFEHT =D, HTFKFICEENIEENETEREINAZ LT D, REAS
12X DR 23 FEEMTAKERERBRICES &0 BARTIHHN 2% DH TR KIEEK
BHREEL FRIAEFEEZEATEY, TNETICEAROHM T KN OREEINTZEFEDORK
KIEIZ 0.65 mg As/L THDH E LT D (BREE 2012) .

T2, BARICBWTEHRERIZHWOLN TWAIRRKFOEFEZFE LTZ 81 BIEND
T E FTH D AsTID RO As(V) DA H S du, # b FREILFH) 120.1 (0.116
~1,024) pg As/L Thol-tHEIN TS (FED 2008) .

D Sk, X AME, HTFAK, ZOMOAFE SEMICHEN S D2, BAKEHS (20100 O

AR O F E R
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(2) BOKRBEDHT
Q7 ==

HARNDR G L OEEIK )b O b FEMEIIREA NI~ —7 v b2 7
v FHFREHWTHENEI N TV D,

Mohri & (1990) X124 (B4 % 6 4) O AExRICEEFXZHA T 3
AOFER e FZERELRE L L 2 A, —HR B REREIL T 201.6142.9
nug (31.0~682.0 ug) Tho'o, £/-44 (B & 24) OFEAIIHONTT HM
FAEZIToTE A, —HRE FEIEIT TS 182.3+114.0 pg (27.0~376.0 pg)
Tholob#E LT,

Yamauchi & (1992) (X354 (B 124, & 234) OFAI OV TR
2LV — Bt FEREA Y 1951235 ug (15.8~1039 pg) & #ME L7,

JEAF@BED h—X2 NV Z Ay hE (2009) TlE, fkEbkEZED-2B8H%
14 BRSO, ERERE - REREICII2EAMEBREICESE, IEEENL AR
FHEANLMEIZR U CHEE L2tk BB D LI HGAAS IZ X 2 HIEEITV., EHER
1 A% O — BEREZHET 2~—7 v b 327y hHFRIZLDY
2002~2006 FE2B1T 5 ARADO—HR b HZEREL 177.8 ng (9 bECEIKIT 0.1
ng) EHEE L7,

BREZEZES (2013) X, BEEAD [ FA XK EHEZITILO LT H0FWE
DAN~OEFERE ] (CFERL 18~22 FEENE) (Zd51) HI2REREIC THI L 7-fR&
RREOER LT 3 HOBFEREHIOW T, K42 T X AIC—HEIR LT 319 e

(B 944, % 2254) IZOVWTHRERZROSIAELZITo7c, —HOREFEBRE
2 1991272 pg (3.14~2170 pg) . AE X2V @ 95 /X—& X A JLfHEIT 8.88

(ug/kg (KE/H) LHE LT,

QEMER

Mohri & (1990) 1A 124 (B4 & 64) @ 3 HELL EORREREZ A
TR WHSHEICL Y — B4 OB e ZEREZHELZE A, 137
7.8 ug (1.2~31.7ng) Tholo, FRRIZHAN 4% (B £24) 2XtR%E LT
AMOFETIT 1 B Y720 O e FEREIT Y 10.3£5.5 ug (1.8~22.6 pg)
Todh-o72, Yamauchi 5 (1992) 2k AN 354 (5 124 . %« 23 4) OFERERE
ERWTHEFRIESOIEC L VEEEI T2 2 A, —HYS- 0 oM e HERE
X744 33.7+25.1 pg (8.34~101 pg) TH-o7=,

Oguri b (2012) 1%, HHEBEIEEORN LM 25 Ao xt5 L LicleE ARz LD
—H 470 O e FERE L T 6.52111 pg (2.0~57 pg) . BAZENSIY
L LR 141 B %IRA - B—b L TER SN ZRIHMEEYE (NIES CRM
NO.27) oL OfE—HERESL 27 pg L HEL TV D,
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BN LZEEES (2013) 1T, BEAD (XA AV HE XL & T HLFEWE
DAN~DOEFERE ] (CFERL 18~22 FEENM) 1281 2 R2RERHAIC THRILL 72 319
Ak (B 944, &2254) IZOWTERL ROSITHAELZITo7c, —HOEHKE
FEREIL 18.619.6 ug (2.18~161 pg) . KEHZV D 95 /X—& ¥ A JVEIT
0.754 (ng/kg (RE/H) &#HEL TW5,

F7-0 185 (2003) 13, AFE SN TV HSFEEARTR b FEEOREWE L ST
IZEDE, BT ANRIEICE D ARANOEKE RIREE L ZONRHEGTZHME L
Too ZHUTE D EKEKREZHRAT HHEETORBERERIT 0.42 ng/kg (KE/H T, %
DIBLEMEDHDN94.3 %, TEOEHZEERICEISHDMN 1.3 %, KIBA
IZEDHD 0.1 %tHEESNTND

QF#ER

Mohri 5 (1990) i L7 & RO HEEZ AW CRREREI R OAH & RBIRE %2 04T
L7, BN 124 (B & 64) @ 3 AL EORERE N OIL, —H 720 Fy
MMA7.6+7.9 ng (0.6~36.0 ng) . DMA34.0£34.7ug (0~110pg) . ~VU XAF
N e FLAEW 120.4197.8 pg (0~425 ng) NIz, fA44 (B &2
&) wxtgl L 7T BEOFETIE 1 B%729Y MMA6.524.6 ug (0.6~19.0 pg) .
DMA49.9+49.8 ug (2.8~183.6 ug) . ~ VU AF /L FE (LAY 87.3£76.8 ug (10
~271.4 pg) DBEHINT-,

Yamauchi & (1992) O#HETIL, KA 354 (B 124, % 23 4) OfRER
BIEZRIE L& A, —BAHKE FEIEIT MMA ¥ 2.25+12.5 ug (0.16~9.63
pg) . DMA #)12.9+11.1 pg (0.36~38.0 ng) . bV AF v F LAWY 148
+226 ug (1.95~946 ng) 2 Ihiz,

Oguri 5 (2012) (X, MMA(V), DMA(V) & TMAO 22\ T, BEEEEED
FNZME 25 L axt& e Lz RIC Lk 2 — R ENERE L2 Th £1<0.18 g
k018w039wﬁ 1.8=2.3 pug (0.35~12 pug) & 18<0.053 pg (<0.053~2.4 ug) .
PGEEYEE D OHEE— B IEE Z N2 39 ug, 12pug KON 59 pug E#E L
TW5b, 72, AsBe (Z2OW T, EREFGHEEYE NS OHE— HERE%L 140 ug
EHEL TV D,

BREZeZES (2013) 1T, BEED A4 XK BRI LET0FWE
DAN~OFEFERE ] (Frk 18~22 FFEEEN) (2B LA I THRIRL 7z 319
HEL (B 944, 2254) #HIELIZE A, —HHZ Y OERE% DMA 1% 6.47
+4.59 ug (1.97~39.7 ug) . AsBe (X 88.8+205.8 ug (2.05~1,680 ug) TH 7=,
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2. RARE

tFEDOE FDOBREREO—>L LT, MRIZE D KKN D OWARENZET L
%, BAETIZ, NEDO (2008) 23t EDRKKTEE (0.011 pg As/m3) 75k AR
TICEL D —HEIES 0.22 ng As/N/H EH#HEEL, MARBOKEYS-Y O—HER
% 0.0044 g As/kg {K&E/H & LT3 (NEDO 2008) .

INEES (2013) X, BERKIGLMEE =4V » 7 OFRK 22 FELEFEE (1.4
ng/m3) NOHEFF LT AARARAO— A L BRZEBREELY, —HAHBKEL 15m3 &
REST DL 0.02pg/H EHEL TS, AR FEFEEOBAMMIE 72 &2 FilI4 &
THE, EEORKTITITIFEA L AF LR RITRHE ST, 3L A ENER
t#E (BHICASY) THHLHEESN TS ZEnD (Lewis et al. 2012) . 20
EITE#MEFZO—FBRBEE LRI LN TE, B EORKERE L ~VIIRAO
BREE L~ D 01%RETHDL L LTV,

e REEURENMEDN TV & ZITIEZ NS 52 pglg DERNREEN
TV, FEAZIE#IT 3ug/g T T L (Kraus et al. 2000) . 1 A&Y7= 0 Dy
GHEIT 15 ug tHESN TS (USEPA 1998) . # /3O EFEICIT 1 A4 7=
D 0~1.4 ug (Cogbill and Hobbs 1957) . EIFR/EIZIL 1 A%72V 0.015~0.023 pg

(F¥) 0.018 ug) OEZENREFENTWND LEHE I TS (Landsberger and Wu
1995) .

V. REEICHNIHMEDOHE

1. KRB
(1) RN
DE#ERIEEY
oG Sz AsTIDX As(Wix, 1E& A E OB T 80~90% 28R 1H L
BEHRI S (NEDO 2008) | & b Tlik 55~87% (Buchet et al. 1981; Crecelius
1977; Kumana et al. 2002; Mappes 1977; Tam 1979; ATSDR 2007) ., A A X
—TI% 40~50% (NEDO 2008) &#&E ST\ 5b, BBKFICHFEET Sl L fRtE
(As(IID) ROeffE (As(V) X, BEEZ, 22 2OI13F%EE (K 95%) (2RI
ENDZENTRENTVWS (Zheng et al. 2002) 73, BHEH O FEOWLINIL,
E FLEWOERNE, BIBENOMO B MED K ONRBELZDOFELT MRS~ Y
VI AZK o TR LEENTWD (EFSA 2009a) , RSO =ik _— b FEe
Lk FE, BAET Y U ANTEEEN SRS AIZS W EINTWVSD (Mappes
1977; Vahter 2002; ATSDR 2007) ., JECFA (2011) 12Xk 5 &, 7 A~D 5 1f
D e FEYOROF G L HHEILEWINE, Odanaka © (1980) 2 X 5#HET
IHMEL< (ROHEHED 48.5%) . Vahter & Norin (1980) (2 X 2#ETiEmw
(FREPHEHE 89%) 2., Z ™7, Vahter & Norin (1980) Ti3h 72 & & #
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5. 2 BRI B % 5 48 FFf#% £ T~ U A 2@ S TV 573, Odanaka & (1980)
TIHEERIBER 2SN TNV 2WEDIZAE LD E S TWnd (JECFA 2011)

%7, Juhasz 5 (2006) 1X, BEEF FU U ATHERINZAKEANCE Cza
A & IEBG R TR BA & TTIRD 2 2 254K TR BE & OEMFIFIAER %
THDEMENET L ZMHER L CTHE L T\ 5, BiEIL DMAN) 2 EICE AT
FIFEIT 83.1£3.2% K< . BEITEHKD As(V) %2 & A EMFEHIFHEIL 89.4+
9.4% L EmDoTz, FEHEDLIX, T ACEEND £ ROEMFOF LT e FOLFER
RIIKTFE L, ABEAKFT O ROBFHELZONLFEFEICO REREELZ T 5
ZoNbELTWD, £/, Juhasz & (2008) X, 7#iZEIF5HY a7 bV (mung
bean) FOE L FEDONA T XA Z VT 412IFIFE 100% THDH M, ZOEIEIT
LEARRTZ Y (chard) TIE50%& 720, b FEDOB BRI 5 EHED
FEVEAL ZHESER 7y DN R END & LTV D,

B, B R MO~ A (C57BL, C3H KT B6C3F:1) % AW CTHREI B
SN THY, eBOROEGOGAEIZHELE )L ORIUCERN GO b & @
ENTW5 (Hughes et al. 1999, &8 22 2ZEESE 2009) .

QEH#ERILED

t NOBEREFEOROBEIC X D2THLE DD OWPIIEET 27 — & 13§ T
72V (EFSA 2009a) , Buchet & (1981) RZEMi L7z, N7 T 4 T 28I L
7= MMA(V) X iZ DMA(V) O WFh D L FOBR—R OS5 & (500 ug As) 1B
L7BFZE T, 4 A% E TITRICHt S b REBEZ W ERAED 78% &
WT5% TH Y | 5 MAHt FILEDOBLERIUI>T5%THDH Z L3RS T
AV

TNt ) v a T —IZOW T, Francesconi © (2002) 725, BMARZT 747 1
BIZBNWTT NV v a T—OFER 4 BEISK 80% 2 RPICHRtt SN D 2 & &%k
HELTWD, L, RPPERHICESS FE DT — 202 6i%, Tt /) vadi—0
I IRR O TR EREANZERNH D Z EIRIEB I TVWS (Raml et al. 2009)
AsBe 122\ TiE, EFSA (2009a) (2X % &, Brown 5 (1990) AT 7 4
T 64T MMAs AsBe A5 L7 L 2 A RE 1 BROEFEAZEITEREDK 50%
Thh., TOMEIZ. FOREBEMICOEVE LI EHEI TS, L,
Brown & (1990) 1. %5 1 B ORA TIZERIZRIN 7z AsBe DZ < AR
WHRHt S W= EE 2 bn-E LTWb (EFSA 2009a) ., £7-. Yamauchi &
Yamamura (1984) (%, ASCARINMEICFEET S AsBe I THLE ) HREBEIZRIL S
. B hOEEITIE 72 BEFUNICZEDIF E A EDNRPICHRES L2 S HE L T
o

FoETIE, EFEN 5 MOFEL L THEET S MMAN) & U DMAV) 72 & ok
B, BERAREO > 4% EHE» ORI S, 3 oA LAY ORI
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E— IRV E STV 5 (Goodman and Gilman 1980; Vahter 1994; Hughes et
al. 2005; EFSA 2009a) , £7-, EFSA (2009a) (2 X % &, Juhasz & (2006) |%
7228 5 MMAV) O DMAV) D B IR IUEZE N ZE4 1T% X TN 33% TH 5 k
WELTWD EINTWVD,

(2) 7
DE#EFRILEY

AsTIDITAFEZER 2 pH TIEIRBERETH Y . A A MLEETH D As(V) L 0 L5
WHGEIZ AR B D A E < (Lerman and Clarkson.1983) . 7= As(IID)
X As(V &V 10 Figay4— v ELBHMENE Y (Jacobson-Kram and
Montalbano 1985) &#&E S TW% (NEDO 2008)

AV ROLANA (AR NA) OFLTIHT Lot b (Filin, HEHIREE) ©
MO BREFREEL O LICRERTIT, EAZENRE WA, ¥ 3.911.0, MK
5.9+3.9, & 12.4+20.7, ATl 14.5+£6.9, g 15.2+16.6, fifi 19.9+22.7 nglg
BEECTH-oTZ, MOLESHENMEOOF, MIE-MHEEMN & EOM~DOBITE
5T CW D ATREME DNV RIB &S 7= (Dang et al. 1983) . —J5. WML, Mgk udn
ATHE LB ADRKEAN (36~T95%) D As & OB O SARICEET D58
T, MOBEIIMMOMBE D FVEDLL T, ETOMBTRERBEAER D> T-
LHREIN TS (Yamauchi and Yamamura 1983; NEDO 2008) .

F7o, ERITERINTZAX VR ETe e o mERN G, EEe R

(As(IID), As(V)) . MMAUID, MMA(V), DMAUID, DMA(V), AsBe XU AsC)
NRH I EHE SN TS (Suzuki et al. 2002; NEDO 2008) .

MECD1~vAIZefg) FU A (As(V) (0. 2.5, 5. 10 mg/kg RE/H) % 9
AREO#EE L, IMEOHIRO E BREZRE L L 2 A, b RREIIRREE &
AR TERERECME OWFIRTHEM L. 10 mg/kg KE/H RERETIXEN TR
BFELHANTR 2/EAUOKBETHoTo, & LML b FFEITMTIZ DMA, AT
BCITEMEETHY . TNEN 10 mgke (AE/ AR5 CHBEOK 9 E., £93
BCTholmLHEINTUVD (Rodriguez et al. 2005; ATSDR 2007) . F7-. M
C57BL/6 ~ 7 AZEEET b U w4 (As(V)) (0.5, 2. 10, 50 ppm As; 0.08, 0.35,
1.9, 7.0 mg As/kg {KE/H) % 12 BMEOKEG L& 2 A, Mt ZEMERE (&
e R, MMA R ODMA O&FHE UTRIE) 1ZZ2WIEX G, &g > At > BE > K
J& > Mg > g cH v . MMA 1ZBglcB\V0 T, DMA [IMIZB W TRbEL AL
N=REMCchHho7= L HESIN TS (Kenyon et al. 2008; EFSA 2009a) .

Fo. BRSNS B RIBE iﬁb’(%ﬁ%’(“&)é ZengEIhTWnD
Fangstrom o (2008) ([ZX 5N\ 7 7T 2B T HRAEICB T, ACEIKINS
O b FEiEE (RPPEEOFRE £ 50 ug/L) ZH b od, BEY Tt
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DOIREIFELS (FRME 1 pgkg)  BFUICBITT 5 e BT EICEE LR TH
ST Z EnHEINTVS (EFSA 2009a) .
b Mg & LICIERLEM) Tld, Bt EROE DX F U RGEY TH 5 MMA
kO DMA FwsFhn b zmEEl, BRE~BITTL22&08RESNTND
(Lindgren et al. 1984; Concha et al. 1998; EFSA 2009a) .

QB ERILEY

EFSA (2009a) (ZX % &, Vahter & (1984) (%, ™As-DMA # & O#& 5 L1-~
UAKRT v FTIEEG% 6 REELINIZ, 22 WIIEIC B g > i > BB R > B > 5
TEEMNEL, Z< O TIE DMA OREITZEITET L, i, FARERED
FERECIIR O ES RSN 285 L TWaD, £7-, Hughes & (2005)
1 D B6C3F1 ~ 7 A2 MMA(ID & T MMA (V) % & - E B ERE 085 (0.4,
40mg Askg fKE) L7-& 2 A, MMAV)#G8 TIIBEM & OB Kic, MMAID
REBETIIMICR LERE L (MMA XO'DMA & L CHIE) . MikTicksi) 5 DMA
DOEIETX., MMAV)# 58 (0.4mg As/kg (KE) TIXIMA T 0%, MiT19%TH -
72h . MMAIID# 58 Tl T 75%., B, & O T 100% Th - 7= & #
LI TWVD,

(3) K#
OEKERILEY

REIKF D As(V) 1%, 1ZEAEOEYRETIIMF TiX As(IID & L TR IS

(NEDO 2008) . AEPNICHTIN S 7B e RiIA TFBRES . & FTIL
F & L T.DMA(V).MMA(V), t fE Kk O b B2 R Z kit S 5 (JECFA 2011),
Elo, AV REXCANVINO e BIEGEHIBIZEBNT, e BEBEREZETLHERD
R B 21T DMAV) TlE72 < EIZ DMAUID ThH 5 = & BNERE ST 5 (Mandal
et al. 2001) , fXEHHZ L W 2 F (kL X7z MMAV) & O DMAW) (3 &k d#rEME <
EEORATFICITERIZB T OMBEELEZEXONTE T, LrLERBL, Z0H
MRFH CTH 5 3 A F{keFE (MMAJID. DMAUID) (Z2oW i, wETIE
AF AT B e ZFOREE L V) L0 IX LARENEEkO T rntw X L& 2
5 TVW5 (EFSA 2009, B mAZERES 2009) .

4 |2 e BEE D A FIALREHERE 2R3 (Aposhian et al. 2000) , —
I, AsTID D5 As(V)~DERLIZEE /2 A F VRN E A S DB LAY A F L
{EEG & S2 OGRS & L CIRTE S LTV 5 (Challenger 1951; Aposhian et al.
2000) , F7z, M5 RT3t FE—TNE T A BEEROFME I LIZ A F )L
{LHERE N IRE STV D (Hayakawa et al. 2005; Thomas et al. 2007) . W\ 94
DAFNVALEE S E BOBETCDIRBOES) (L Ny 7 XA 7 V) OFTSTT
YN ATFF =2 (SAM) BAF AR LD | 3 ik FEAFNLEBEER

42



(ASSMT) %hasH &3 DA FNEEBERICL AMERICTHLEEZX LTS

(Thomas et al. 2007) , = OIEFE TIEEMENEL, BIELA NV AZFEERTLHZ
EHMESN TS (Huetal 2002) , 5 Tik, DMAIID D 7 238 oA HHE
BCEMRTOVATAT N EGFIRRBLDORIGICEDERT VIR ED
7= P ANDOERMRNPERE SN TV % (Yamanaka et al. 1990; Kitchin 2001) .
Flo, RPICOATFATFAT A B EOER e FLEMR B S, T biT
VAFNEREEAERANETILEY & ORIGIZ LV LT 2 ATEEM N R ST
% (Yoshida et al. 2003; Raml et al. 2007; Naranmandura et al. 2007) .

QFE#ERILEY

WEMHZO e ZFRBOREIBYRHBE LD, Tt/ v a T—EFEN
EBVEEREAERETOE Y PORFROMF b FEE RN LR, RP &
VDML O E2RFHIE DMANV) TH Y | JR, ML, ek NEEIZBIT 5 e RREIX
ERIEBBEO LY VLK L TEVWELZ R~ L2 (Feldmann et al. 2000) , & 512,
~ 7 AEIBMEER VBB E AT T LY ) v o I —OEERNERRIZONT
At LR, MBEE LI 2 RONREEHR (37C, 1K) TIX95%DT vt /v
a2 W —NF ARIZEBL I N0, BBHEMEO A TIITF AERA~OEBRPI K-> 7

(37°C 48 EFffl 77%) (Conklin et al. 2006) , 7/t /v aH—%=EE L=t
FORFREY E LT, DMANV)DIZF 4-DMAN), FA4-YAF L7 V& /=
% ) —)b (DMAE) . 47t/ v abl—RERBEISNER, Zh RS
b FZREFWIE DMAV) Z W CRERIREEZE (10 mM) ITBW T HHIREMEIEER
57enr- 7= (Raml et al. 2005)

EEEA e BILEMTHL T LV Ey Rid, & hOERNTDMA (V) 1218
#H b (Raml et al. 2009; Schmeisser et al. 2006)

AsBe O L 9 2 A e FLEMIT, B BILAEWIZHTITE A ERBI ST
F O HRIZRPICHRtE S D (WHO 2001)

QRBIDIEE - BAE

L RO A TFALRBCIFEERRO NS, v—Fky b, TR —K
WENLEY FTIEFBOEFZEA T LVEBEZNKRKE L CTEH MMANV) KXW
DMAW) DR F TR S Tnzgny (R ZERZEES 2009) , —FH, V—1%
AFLF—, UYX, U A Ty hRONLRX —[FTFRIC b A T LIRS RS
DIEFEL, B AT ALREHEEEZ A LTS (Goering et al. 1999) , F7=. =
O ERBORFICHE S D MMANV)OEIAEITE N &l L CEFEIC D 7
<. MMAWV)2» & DMANV)~D A FIUALR R TH D Z ERHEINTWND

(Vahter 2000) .
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¥ 7 AD ROV T, C57BL, C3H KU B6C3F1 # W TS TH Y |
t%@%m&ﬁ*ié%mmza@ww ICERPNRBDOND DD, ATF ARG

IEZEPBO LN TV W EHE STV D (Hughes et al. 1999)

i, AS3MT 78 b #ED A & JEREICR B2 KT 2 L 2R ERP T T
5, HEMEPAER (C57BL/6) ~ U A (U\—F 'TWT] &vw9H, ) (28[C) & ASSMT
REPEZ L~ R (LLT TKOJ EvwH, ) (2810) IZZENENEEEBET MY U A

(As(IID)) (1.73, 17.3, 43.3ppm : 1, 10, 25 ppm As) % 33 HRKFEE L,
MAEF OB ZFOREZHAITE L-fER, KO X WT BREoo 720y, FRILERF Ok
ERBEEIIWT LY KO BEnoic, EAfE. Bk ok e ZREIX, WT
X0 RKOBE»STZ, T, BeEFEFHDATF /e FE(mono-, di-, tri- A F /L
b e FLEW OEIE N WT TIXRIERD 8 EFla HTW\izn, KO TiHEno7z,
EEOIX, KO TIEERDO AT ILENEFITIRT L TWDIZHE 0 0bbT, AF
e FEN KO OfMEFICHERO b RRIT, BF 5 BHNMEREIC X 5 RN
FREZHNDHE LTS (Chen et al. 2011) .

b b OFEEEIZOWTIE, ASSMT 7 £ b FERBHCBEE T 2B OEL T2 L

JREAF b b FHe & ORI BEET 4L T 5 (Lindberg et al. 2007;
Hernandez et al. 2008a) . U A2\ T ASSMT i&/ET D Met287Thr @ 1 5
EHANZ LV RHP MMAV)S ER925 2 L5 ST 5 (Hernandez et al.
2008b) .
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OH 2e OH OH
S AS3MT
HO—As—OH 4’/_ HO——As—OH —> HO——As——CHjs
o 2¢ . SAM  SAHC 0
arsenate arsenite methylarsonic acid
As(V) As(11I) MMA(V)
26-"\
OH
HO——As—CHj
methylarsinous acid
MMA(III)
SAM
AS3MT
SAHC
CHs CHs 2e- CHs
AS3MT °
HsC——As——CHs </——\ HO——As—CHs HO——As——CHj
0 SAHC ~ SAM ' o
trimethylarsine oxide dimethylarsinous acid dimethylarsinic acid
TMAO DMA(III) DMA(V)
SAM: 8- 77 /) V-l AFH =

SAHC: S-7F ) N REVAT AV

AS3MT: 3 fifi b 58 A F VIS RER

R

M4 ERIEEYMDORE (BRIEHIGR A FILIERE)
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OH 3 GSH SG

2e OH
IR R |
HO—As—OH HO——As—OH GS——As—SG
e e S
2e

3 GSH

arsenate arsenite arsenic triglutathione
As(V) AS(IIT) SAM
} AS3MT
SAHC
OH OH 2 GSH SG
HO——As—CHj3 7— HO——As—CHj3 GS——As—CHj
2¢ 2 GSH ‘ .
methylarsonic acid methylarsinous acid monomethylarsenic glutathione
MMA(V) MMA(III) SAM
) AS3MT
SAHC
THs (|3H3 GSH THs
HO—T|s—CH3 47— HO——As—CHj L—-' GS——As—CHjs
| T o asH o
dimethylarsinic acid dimethylarsinous acid dimethylarsinic glutathione
DMA(V) DMA(III)

b ERILEMORE CQHEER—ITILEFAUEEHREREN LIz AFILIERIE)
(i ZeEES (2009) XV #EgR#)

(4) et
DEKEFRILEY
L EZROZEORBED L, EICRECEFICH S D, 7y MIERKPZED
REHPEY 2 B IEHT ~ a3 2 RN H 503, < OMABWEL e TiE
EFBLEWIIEICIR» LM X% (Schuhmacher-Wolz et al. 2009; EFSA
2009a) , b FERHFTIEZ, —i%HIC, DMA(Y) (40~75%) . EBK O =f{r_t
% (20~25%) WNZ MMAV) (15~25%) 233855 (ATSDR 2007) , L
DU D WEESCAMNEICITT L ) v 2 W —=X° AsBe 72 E OB L FLEW
< ERLTEBY., HEMOEBERICIDZNLOHEKE RZORPICHEEINLS,
EHRe R L2 ZFOE VX OMTEREREZEORF & ROBERI ST & Z DRk
O 2B L-R R, e ig, =Bkt #E. MMANV) XX DMANV)iZt ¥ xE
BEENEI 4,.6.5,13 LN 17.56 R CE— 7 BEIZET 5 Z & (Nakajima et al.
2006) . b UFEEHE 48~50 KL T 50~90% D b FEAPHI D 2 & NRE
SNTWD (IR & LFd 1979 EH S 1981) .
EH e FoO L MLURT CORRERIT 1. 30, 200 BEEFEO=FTHY, FE—FET
KERGI DI T 5> HiH% L= (Mealey et al. 1959; Pomroy et al. 1980) . & F®
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B IAENT- B FIE, TH% N EH 4 A, 7% 25% X438 10 A THfiosHHE
M5 ZHEETANRZEE I TS (Thorne et al. 1986) , F7-. &M
D FLEY T EIINP RV EEIND EREINTVWS (Brune et al.
1980) .

QEHERILEY

b T, BERE MMA K ONDMA (3L L TR ERED 75~85%)
(1 BLAICHRE SN D, 2D &iE, vV A Ty PRUNLAS =T DER
THRINTWD BT, RF & FERRICEFIZ PR S5 (ATSDR 2007),
AR ONA AL —TiE, MMA LU DMA X2 BN HIEET D Z L 3#H
HENTEY ., iz, ~ 7 ATiE DMA O#5ED 85% /-5 2.5 KR Ciksh
IZHE &SN D, — . MERAICT » R Tl DMA OFE &0 45% 730834 13 FEfE
THEME X 41, 55% 23 - JEE 50 B THEE X415 (Vahter et al. 1984; ATSDR 2007),

AARANRT T 47 210 4 TITo L RERE R Tl IRPICE T 5 AsBe O HJLfE
7% 61.3 pg As/L, DMA(V)DHRAEN 42.6 pg As/L &, SWVERHRESINTWD

(Hata et al. 2007) , —f%IZ. AsBe (£% O I DN ST HEBEIZLESC IR

FHRtt SN, Tk va - —HoOBmPICK L THEIAEEET D
DMA(V)X° DMAE 72 EIZREIEBR SN EHE SN TS (Ma and Le 1998;
Francesconi et al. 2002; Heinrich-Ramm et al. 2002) .

et DIEE
~ U AHERE E EA RN ST 5 & 90% 23 2 A THE X 415 OIZkf L (Vahter
and Marafante 1983) . t ~ DA FRIFEHIL 4 H TH 5 (Buchet et al. 1981),
7w FTIE ~EZrE O AsTID & OBFMENRE F~E 71 B TR TES
(IARC 2012) | @4 L7 DMANW) 2 RIMERICRFF S D72, B b, v U X
KONDAE —Tp S ORFLEN) & bhik U CRFHEIRE S | b BAMENICREHiRH
BP9 2% (Vahter 1981; Marafante et al. 1982; Lerman and Clarkson 1983) .

2. ERERIELEPDOEE

(1) ERIZBTEEE

EF (AW 20 NS5 BETCE L TEENH Y . ARISFT, FESBIBFT,
T ABEH, FEEERE ECREEREIC L OREREENBRSIN TS,

—7F . R EEMZLDBE~OFERFEFGENATHRESNTEY ., HRTHH
12,000 4 OFERDEEMEFEEZRIE LE-FEFAND D, -, BNV TT, &
Bk A2 U7 e FBIRBRIC L DB IOV THRES LTV S,
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OERAMRUVEIMEE

L FLAEWIIE FEBICELE DI ENH D, L BOEMITTORME., b
FREIC KV B D, —i%IC AsTIDIE As(V) £ 0 #ENFRV E T 5 (JECFA
2011) , & FRAICBIT H2EFERITBEOERFINS . 8L b F TR
&4 LT 100~300 mg/ N EHERI S AL, B L 0 B HEITEm W E S TnD (N
FEMEZEEZEES 2009) . /o, BROBEBUZXL Y =Lt e RO e N ¥
LMZBIT DHRNBIEET 2 mg/kg KE, NEICB T B O&/PHEEIT 1 mgkg
KELORENRH S (RTECS 1998) .

atke FRFBOERIL, BE, TH, B9, BERORER, EH, HE, 2. K
EOENSEIIEREET D, AN ORE, BiE 7 & ORBERIEUER., KRICBET 5
L0 7 RIEOEFEOME TREENE Z 0 | Hoh GEEERZICES, EE, B, T
Fi7e & OREEIERNPHELT 5, EERGAIIERRIER., M UWIEM:, KEMETH
EZL, BAKIZEDYa vy 7, g, OHESEROCBESENHEAL, BWGE
21X 24 FERIDANCRE 3 %, F7-, BEE 2~3 BE LV RIgMRESE & L TEF
R ZEBETL2E2HEMRENPHBFL TS FED 1987 . FLIRIZBW T,
R b BB SN I vy OB (58 1.3~3.6 mg/ AFEY) THHE
BLANICIRIER R T D, RATH 3 mg/BED bR LEMOERIZ LY 2~3
TRRDIKMENRE T 25 (BRREEZES 2009) .

EREICB T 2HhEEF L LT, SEFEETIETRILOL L—F 4, EaktE
TIEHBFKERIN I BERET HND,

A (FX0E) BRBICLDAMETRICOVWTIE. BEEDO L ELEMOHEL K
ALTSGE, ABERNBRENET S & BTICL D ERITHLEICIRY A TR S
No, TOZ L6, BEOEREFRIC, ESERE LTEL, TR, BRE, &
(PR E RIEOMREEFNRDOOND Z &b H S (U.S. DHHS 1998) ., @iRED
“RAE T e R WA LTSS RS~ ORIENE & RO 72 | SORERIEE R
M ORI EE AN B L, ik 2 S 72 L CRRE T2 2 L03Hh 5 (RS 1987)

a. MILH L—EWEASEH

TR 107 A 25 A, FIFILTHEEICBW T 6T 40N A e EHh®|IZRY ., 44
23 12 BERRIZAETE Lz, AFEIZ 634 THME294, k344 THDH, 1~12
lE 20 4. 13~67 w2 43 4 Th b, FRRIT={t v FE T, £HFF 63 412k
JoEEERE (WIXE) (£ 53 mg, 100 mg UL EOEEN 44, 50~99 mg
DEIN 25 4 ThH-o72, 2D 9 b R RKOEREIT 141 mg, H/NOEREIT 18 mg
ThoTo, 12ELLT D 20 4 O b FEREIL 48.5E23 mg, 13 %KLL LD 43 4 Tl
55.5+26.3 mg Th-o7-,
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AV—IZRASNI = e R, REDPREITHEBEL A AL, —#
GO EFEBR SN, I V—EE%, £ 5~10 4 TIESER LT O, ERS
MM X R ILE T DR T, THRIER ARV CTHEL L7, TRNRD bied
ITERF O T, e RPHFETHET HERTRNZ EPALNE R ST, F
EROEES CIHMEMLESFARE, Bk, >3 v 7 bbbl BT LIEE TIEHE
ReanlEENFERIEE & e oo, HES CIIPMRERESE L LT, BR. B, K
N OFEHEREZ RO, - BIER CTIT0 2 BRE%, TR mEH R R
HEREENHE L, BREREE EREZZB O, R, SEFICKEREELEL L
T, ALBEMERZ () 23R8, B TR OEMICED btz 512, JUZ Mees
(B DIRAICHBL LI, Zoflc, MRk, EEEE, DRk, BE. e
R EEVBOBEICREDI, Bt RORKBEERLZEFICTBONTL, B
X E MRS CXMRIEZEEDE & L THEILENICE FORREZENTE D v,

634 DBEIILT U HELEZINT-OIC. 2 e BRFEOERVIEERTH D
& L — &l BAL (British Anti Lewisite) &5 AU TUVM7R00,

INRD A FNALRBIFARA LY bE<. e BERWIHICBWT, e RBIIRFIIEER
FINCHE S 7c, 2O Z EDRHEFEOEIFICHRS ZE L, NEOIE 2138 1 @M~
10 B BIZIEEEBEMICH > 7228, RAOFEERITZEELO FR~EATS, BF
OFNZITK 10 F4iFm L THRIBFREZOREZRBO T RWHLH L (LN
5 2002) .

b. HKEHEIINLIFEEH

B ~OEB L FBEY L LTI, ke FEI L7 PEEEZIERN TR LIEA
FEHTH D, 1955 . FAKALEME T CRE L QW THI VY ) IR 5
TEAOE U Y — XKD As(V)D3 10%IR A U 7=, [l (L R A A RBR AT
Gutzeit (BIZ LD IN I HEREELHE L BHoe v MZXVEWDRH S0,
SRk e FEE LT 20~60 pglg & L= (bR &AL 1955)
BAKAENRE LA IV ZEBEAREZFLE L TALEL & RIFY
L7 I v 7138 3 A RChz 0 BE s vk, FLIER 12,000 43 diatk e 7
hE LR, 133 LN LI ENTWS, ILERKHIALZ0GERLZ1BO
b ZERET 1.3~3.6 mg. HWEREIL 90~140 mg L HEHI Sz (BA 1955)
WEINBETRZRET D &, BIRICA OGN -HEMEFEFERIT, R, %
mh, SR, FEREK. EM, A, BEUE, HFEROERBEE CH Y . BRRRERE
ELTIEE M, FREREGRD . DEREE ., BEEEm X BEROmIRER 2 &N
wEIL TV (NAS 1977)

15 FHURRIC BT 2 BAER R (RIRKRFEFH) Tid, mREOEL, B3R
BE . AAVIE  EEE RS A3 EBE CADAZEDOIMEENTRD Hi7- (NAS 1977)
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FFRFE AL 50 FELL EARRE L= BAEORIUCEE LT, KIRIFSLRAFE v & —
IIWEERE 6,104 4 (B 3,738 4, #oik 2,366 44) A xHE LI-wiM & 24— M
7t (1982~2006 ) # %EfE L7z, BIZERAFENIFEY) 27.4 w. BIEHIFITEY
24.3 FTholz, EHEOFELIL 258 4T, BIEFIC L 2 2B LM OEE(LIE
T (SMR) 132f& 1.1 (95%EEKXH (95%CI) =1.0~1.2) . B 1.0 (95%
CI=0.9~1.2) . ZM: 1.2 (95%CI=1.0~1.6) T, FLWEETROBBIIA LN
RIS TN, MRRERICEHF LWVIBEFE TR A B (SMR=3.7, 95%CI=1.9
~6.2) . BIEBIMYS N FERIREETH - 7= B ES 408 LD Y 2 713,
2HERTHEIZE L (SMR=2.8, 95%CI=2.1~3.6, p<0.01) . £7-. #HERRADRE
£ (SMR=25.3, 95%CI=10.8~58.8, p<0.01) . FELZ2DFEHE (SMR=8.6. 95%
CI=3.1~16.8, p<0.01) . FEEARDER (SMR=3.2, 95%CI=1.6~5.2, p<0.01)
T OV ER (3@EEsr, B&%) (SMR=2.6. 95%CI=1.4~4.1, p<0.01) (2}
WCHABEICEM L, FEOIX, —BRERLEL T, AREAEOPWEER OMHESR
DFRBICL DT Y A7 DNEEICEN->T-L LTW5% (Tanaka et al. 2010) .

Qg E

B FRBIIROBIUC L 2F6HN KT THY . 727, HEKEEE, 2k
RECR T HEHRE RITTH RSN KO D EBRIC L 2F6 TH D,

&Mt FHRBEORIEE CORBIIRER KT TH D, FFKEEEICHERT
HZ LI R VBRI BIBEBE SN TV AEMTIE, fBIKTF O b FEED 100
ug As/L ##8 % %5 & BMHEOIREN M T 2 FREM3 & 5 (Grantham and Jones
1977) LshTWn% (JECFA 1989) .

B, BAERICE D FEOE hA~OFEICET 2HMAOKRED T, e REeale
EIKEN LTEBRBEICL DO TH L0, RFHEETIEZENEZ OISR LT,

a. EhAMH

IARC 1% 2012 FIZ b BRFEIZ L DHEPAMEOFMAZ £ L O TS, BEKFO
bR, BERE, MERORERELZS SE T HOREIRAH D . WTIORAD
AEREENRENTND E LTS (TARC2012)  RILE 2o 78RO %< 1%
e RKROZOIEMIC L VBRI NTZFHFF KR EORENGBRF S iR
Thy, MREEBRZECOREDAMITIZ OMET—HLIZRETHLLOD, KR
ECTOREBREI-EOMELEE HTIZITE > Ty (NEDO 2008) , it
® Baastrup b DOAFIEIZIHE N T HIRBEOECEIK P & FRE SR PAL Y A7 O E
XA BN T2 L8 E STV S (Baastrup et al. 2008) . &5IZB LTI,
ARICBWTHEINTZE VXD e FERENOHEH INDIERALY X7 X
HRTEDH L% EAD Z &% (Nakamura et al. 2008) . H&iTF CIZEHAANIZE
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JTHEFREMEBELREL TWHBEICBITLIMEDY 27 & ORICHER G
EFAFRD LIz & ORENR SN TS (Sawada et al. 2013)

—J. WA (BRGE) BEIZOWVTIE, BEICBWCIISRREEAT, JESLRERET,
BT POBEEBRBEOSHNM O TS, FAETH Ko BRSO RHE
ST B 839 4 At & Lz 1949~1971 £ 2 ks — MHFFE T, B, AP & O
FERGIEIC X D IBEBELEFED 51T D (Tokudome and Kuratsune 1976) .

(a) RE%=

2012 4F, TARC 1%, SCBPKFER  ROBEMmAL £ & o, KEE FFICRFE LK
FE) & OREBIRAMER Lz, et LI EICIIREREOBERER U TR L IEE
LT BEE (FICHEEEO & FEL R M) OAERRZEAFEE (Tseng et al.1968; Chen
et al. 1985, 1988a; Wu et al. 1989; Chen and Wang, 1990; Tsai et al. 1999) . &
U CORBEREOIETRIZET 2 ABFHFAE (Rivara et al. 1997; Smith et al.
1998) NEFEhb, F-, BEICEIT S 2dk— MAE (Chen et al. 1988b; Hsueh
et al. 1995, 1997) 72 L b ORE L7 >7, TARCIE, EERWTHLOFEICE
WTH—EB L TEREZRBICLIOIREEORERY A7 EAMNRSATZE LT
W% (IARC 2012) ,

Baastrup 5 (2008) (ZX 2T v ~—27 TORKMMA AR OSREIZEET DA & =
A — Fi& (EPIC: European Prospective Investigation into Cancer and
Nutrition) (2315 2 HIERIEH A7 2 (GIS) fENT TiE. BEbKHF O B ZE R OIER
I R s e OVR Ul O I X BR B BE R O FHEE AL 1T BT D LR D o 1208,
2 ng/L & B[EID L)L OHEERE S T <HE LN R o T,

(b) BERLEE

IARC 1%, 2012 D b BIRFEIZ L D E D AMEOFHMIIZ IV T, BB K o R v
FEBME & ORIZA LD BERIIMERAAL T AL D b0 TIERLS, HERIEG
BUR b A BN TWND Z Enn, BERICBWTHEBIAMENRH D L L=, B (Chenet
al. 1985,1988a; Wu et al. 1989; Chen and Wang 1990; Chiang et al. 1993; Tsai et
al. 1999) . VU (Rivara et al. 1997; Smith et al. 1998; Marshall et al. 2007) X&
7 V¥ F > (Hopenhayn-Rich et al. 1996, 1998) DAREZAIAFZIESC. &5

(Chen et al. 1986) DJEFIXRIFFE, H7E (Chen et al. 1988b; Chiou et al. 1995,
2001; Chen and Chiou 2001) <°HA (Tsuda et al. 1995) <°#[E (Cuzick et al.
1992) O @R — MR &2 3 O TRHl A2 1TV . AEOKRFEN & &R E R ORI
R COFELHEIE LTS (IARC 2012) .

Kurttio & (1999) (. 1967~1980 F(Z7 1 T > ROIKIERXA D 72\ Hidgk D
FER 144,627 L2 x5 & LT, B R O R & HF/KIC X 5 b FREORHEICD
WTCHRA T, AR 72 TR 538 13 1981~1995 R IRt L2k S a7 61 &4 (5
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50, %z 11) | Bl L 2 iniz 494 (5B 24, % 25) WONZF K ORI % ~
o F SRR REE 275 4 (B 163, & 112) Th oz, HFEKOH 71T 1967
~1980 FIHFEHENTWHFNLEER LT, XTRREEOHFAKF b FRE I
o7 (FRE0.1pg/l) . BigEY A7 2B LTk, HP/KFPeHEEE, —BeHE
H%@E B ZREEOVTNICBVWTCHOAERBEELRD o7, H%Hfﬁ‘ﬁ)
JIZEA L TIE, W 3~9 FRiDHF/KH b RIRE L EENFED L v, Fin,
%IJ&U‘@@WT“%*&Ltme 27 (RR) 7. 0.1 pg/L RmIRERE L H#i L <, 0 1
~0.5 pg/L BERE TlE RR=1.53 (95%CI=0.75~3.09) . 0.5 pg/L LA HIRERETIT
RR—2.44 (95%CI=1.11~5.37) Tho7-, L)L, RHErRBEEZFELHIEL L
ZIE, BEREEE U A 7 1CBI LT 500 ng AT mEEERE & ik LT 2,000 pg UL EIREE
ﬁif%ﬂﬁi‘%% W7o 7= (RR=1.50 (95%CI=0.71~3.15) ) .

INETHTONZFAED 9B, Bates H (1995) 1%, KE=ZMIZBWT 1978
2471 7= National Bladder Cancer Study ®F —# (EBIEE : 117 4. % 97
&, 204, Y6425, SIREE 2664, B 1944, 724, 61, 1%)
ZRWT, RIBEOEIKH b BRE & BEDUE OBE 2510 L7, REt RRE
LT, Rt EREREE (index 1) KOBEMEE IR éhéﬁéqjt??/&f“%}i
BL U726t EEEUEE (index 2) ® oD EE R\, #Elkdho e FEE T
0.5~160 pg/Li (¥ 5.0 pg/L) Th o7, Fils, PERI, ME, HEHEE I NTHER
m%%hfwt%ﬁ\%%@%E@%@@\ﬁﬁ\%ﬁﬁﬁﬁmﬂmmﬁwh4)
A BEE~OWEE CTHE L ENE O 4 >~ Xt (OR) (X, index 1 #f81E L L=
A, MR D 19,000~33,000 pg (50~90 pg/ B IZAAY) BREEREC EEMEm AR
b7z (OR=3.33 (90%CI=1.0~10.8) ) . [FEROFEZ, index 2 ZFEIE L LT-
B, 2 30~39 £ =13,000 (pg/L-years) BRFTERECHEMLEE Y 2 7|2 _LFH
E23RD b7z (OR=3.07 (90%CI=1.1~8.4) ) ,

%72, Steinmaus © (2003) &, LLATIZ 100 pg/L ir < OECEIKH b R IR E
NTETKERANZIEERD 6 B EH Y 7 L=T I 7 AEDERZ %5 &
L CRERIH RAFZE 21T\ EREE & b SBIEIE & ORBRZ A& L7, JEFIRIE 1994
~2000 I JFRMEREME & F1O TR X iz 20~85 D B 181 5 (55 34, %«
147, V) 69.8 7%) | RTPREEIXAEMS & MERIAZ —E S w7 328 ] (BB 76, £ 252,
J?ifj 703 %) Tholc, ERBHEEIT. BRI, BUKE, B, BEEZOW
& EMEFREZIT - CHEE Uiz, BEMEY A7 OEINX, e, rﬁz%u
Hﬁﬂa% @@iﬂf@\ WO, 2B R ONHE CRiEER . BAE e 3 82,800ug L RIREEREIC
WTHRD BN -T2 (OR=0.73. 95%CI=0.45~1.17) , MUEE BT
S, MERIL R, XA, HE R OAE CTHEEL, 40 FLL ERTOERE £ RRE

(80 ug/ H LA b FHIE 177 ug/ H) I X D FEEZ Y A 7 IO b 7= (OR=3.67,
95%CI=1.43~9.42, p<0.01) ,
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F7-. Bates H (2004) 1%, 7 /v E L F >, Cordoba IZFV T 1996~2000 E|Z
. MERIR O 2~ v F 8872 114 FOREFG BT GEFIEE : 5B 94 1. & 20
FH. Y 68.9 7%, XPREE : B 94 M. Z 2040, FH68.35) AxERE LT, BERL
FEIEGIRT BT IE 2 FEhE L 7. 1B 40 BT HEBN KO TR LT,
TREHENT OFE R, AEIKF & RREIZESWCHE N LR E & & BENOE iBéEJL LT
WRWZ EARIBE T, LovL, HFFEKERZEOLOEZEIZELE LIZGA. MR
HAEFE, Roe—Ur (7HE&BRA Fr—) 10X é??%wﬁ%g\ﬂﬁﬁm—
A7 0 ORSEIELRCHEE L= 50 L ERTOHFAMER (51~70 4F31) 1%, ¥
JEEIWCROEREO Y 2 78MEBET 2 Z RN R (OR=25

(95%CI=1.1-5.5) ) o

Chen & (2010a) X, BEILEES 8,086 4 & 12 FEMBHRFAZA L. FEhtE & 54
ShicHFKOE ?%/;ar“&oﬁ}zﬁﬁﬂ;ﬁﬁaﬁ@%% 2OV TR L 72, BRI D3 AT
AEERTHR LT, TIZa v 7 ZBIAF— FREUFET LV TITo 72, TORER
450 HEOBERIE N FA L, b RIEE OB > CTHEBRE O AN EFHEMN L T
W= (p<0.001) , Fln K OPERICTHE L7 RR 2%, 10 pg/L RiMEBEREICK LT
50~99.9 pg/L EFERE Tl RR=4.18 (95%CI=1.37~12.8) T& V. >100 pg/L
EIRTERECIL 5 Ll E (RR=7.73 (95%CI=2.69~22.3) ) (Z72o7=, 7=, B
b RIRFE & 400pug/L-years (219 2 B fE b ERE & 5,000~10,000 (ug/L-years)
BEICRBUT DEES L OMER T L7 RR 1% 3.88 (95%CI=1.18~12.7) THh -7,

—7 . BB OERE Y R 7 & R T%foﬁb LDOL BT, BlxIL, Baastrup 5

(2008) (%, 1993~1997 4EICT v ~— 7 IZBIF DHIM & 2R — MIBFE L=
UON=I U R O — T AT JEET D 56,378 Z. (% 26,876 4. # 29,502 4, &k
IR EE MG T B 56 7%) Z56F 2212, 1970~2003 FEIZB I HE 4 Db FHIRTEEHEE L.
REBEORE KTt BIBEBELNAV A7 LOBBEICHONWTa y 7 AFIAY— R
EFET VERWTHRE Lz, 28— hOEH b BREREE T 1.2 pg/L(0.05~25.3
ng/l) Toh o7z, BUE, 5. body massindex (BMI) . &, B CHEEL,
REFETNEE Y b R & L BELE (p=0.75) O VY A7 [ZIXFB/REEZFRO D -
720

F7-. Meliker & (2010) 1. KE I > H 2BV TREFBAFZEAZ1TV, 2000
~2004 FIZPEHLIE & 2 Lﬁéw‘_ 4114 (5B 315 4., £ 96 &) KO 566 4 (B
4184, % 148 4) “xG L L, BxOEERE T 07 7 A VA BEE LT, NﬁJ
RO RR D 90% A3 b FE i FE 0.02~25 pg/L OEiFHN OBRE T dH - 7=, WERE .
AN AT RREEDERTE, BEDCRE O IEEE, Filn, AFE R ORI CTHR%ERE ., H#F"ﬁb[@
AEEEIIRRFE 1 pe/L RTRE & Ll U C > 10 ng/L B CREBEEE VU A 7 OHEINIERD 5
nipiro7= (OR=1.10 (95%CI=0.65~1.86) ) , MMEEIZFH N TH, HE. A
U A7 BRE~ONEERE, FERE OFERE, Fln, AFEROER TR, FkIC>
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10 pg/L BECREMLE VU A 7 OHEINIEERD v 7= (OR=0.94 (95%CI=0.50~
1.78) ) .

bR EPEMREICE L T, Mink 528 B2 —%1T->7- (Mink et al. 2008) , —#
DFJEIE ARV ~VIREE COFREOZEZ RN T 5 720 OMETEIRRH 118355\ 2
LickrbolEbhni,

(c) fififE
IARC (% 2012 FD b F/IRFEIZ L DB N AMEOFHEICBW T, fABIKE2 N L7- %
e BRFBIIFICB W THRENAMERS D & 272 LTS, BE (Chen et al. 1985,
1988a; Wu et al. 1989; Chen and Wang 1990; Tsaiet al. 1999) . 7 VU K U7 /L€
> F > (Rivara et al. 1997; Smith et al. 1998, 2006; Hopenhayn-Rich et al. 1998)
7 EOAERZERMIZEIZIZ . F VU (Ferreccio et al. 2000) (U T T7F 2 =
(Mostafa et al. 2008) PDJEFIXIFRIFFEHETE (Chen et al. 1986) D =27-— RMjff
ZEREIZRY EE e BORMELS EE TR BA S S & LT (TARC 2012)
Ferreccio © (2000) 1%, 1958~1970F OEEIK b FIRE 23860 pg/LTh - 7=
F U ALEIC B T1994~ 19964 (A L 2l s - BF 1514 (B72%. FH61
) & eFREEET D LB OEELSNOAREE419%4 (561%. FHI645m%)
Zxtge e LRI RIFZE 21T o 7o, #RBRE ITITECBIKIR, BUESIZ >\ TA ¥
= :L~>5:fTo7‘_o 1Y AT 4 7 BURSHT ORGSR, ﬁkﬂmqﬂ@t?’ﬂaﬁmﬁbn& &
IZHTEEOORMER L, 10 pg/LATHREERE & LB LT, MR, Fin. REATER
iﬂf . SRONEZER TR K O 2SRE AL CHEEZ OORIE, 10~29, 30~49, 50~
199&0200~400 ng/LEE B CTENENOR=1.6 (95%CI=0.5~5.3) . OR=3.9
(95%CI=1.2~12.3) . OR=5.2 (95%CI=2.3~11.7) K& (*OR=8.9 (95%CI=4.0
~19.6) Tholc, F7o, BBIKH b RIEE & WU - O A/ERICE L TX, FE
JEE Db 49 pg/LUA TRRERE L B L ¢, BEE 0200 ug/LLL EBEER i
OR=32.0 (95%CI=7.22~198.0) L7V, *a%fﬁ%# LD HALTZ,
FTEANLOSN DO FgE & MFRBERICEI DT RICET 5k — NS
23% % (Smith et al. 2006a) , 7> F 7 7 7? A 57 EZFOBEMTEKEICERE (1
1,000 pg/L) O ERBENEGENTWHIME (1958~19705) NH-7-, ZOHARICH
A LT FERNHDEIRER K O OERIOHIH (1950~19574) (ZHAE L (F
ENREOE) SO EIRERE D 1989~2000E DT A, F U OF Ofthod Hiuls T
AR U7 xR & b U 7=, S/ D IR EERE I 3517 2 SMRIE, fififee T7.0 ((95%CI=5.4
~8.9) . p<0.001) . BE& LIEIETI2.4 ( (95%CI=3.3~31.7) . p<0.001)
Thoto, TTENHIDEBRER B 2SMRIZ, ffifE 6.1 ( (95%CI=3.5
~9.9) . p<0.001) . KEXILEMEL6.2 ( (95%CI=21.1~87.7) . p<0.001) T
»HoT,
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Chen®id (2004) . BEFEETD2,5034%4 (B1,1544 . #1,3494) K OFLHHEL
78,0884 (54,0534, #04,0354) Z x5 & L CRISEMEMHREZITo72, BFR
BREE, MRS R UM U A 7 RIS EMEL HWTAF LT,
fitiEE DFAEITBBITI T 5 1985~20004FE D78 A B Ek THEFE L 7=, 83,783 N\-4FEDiE
BREART R, B L < B & 2 S DIX139E Th ~ 7, WE . AR, PERI%E TR
ik, B D A7 138K e RIRERE LBEE L (p<0.001) | 10 pg/LARTHER

FERE & B L C100~299 ug/LIRFERE CRR=2.28 (95%CI=1.22~4.27) . 700 pg/L
VL B ERE CIZRR=3.29 (95%CI=1.60~6.78) Toh -7=, MifE) A7 Ik LTt
RIREE & WS TSR IR %mto

E 512, Chen & (2010b) 1E, AEALEHOER 8,086 4 % 11.5 [ BHFHZ

B b BIRE /EFTE)%@ 1,198 4 %o L= 6,888 4 (FF 3,481 4., #&
3,407 4, ¥ 59.1 %) IZOWTHIT LT, BIBICB T2 NARE T a7 7 A Vi
X0 178 DR AE A MR LT, HF/KF b FBEE XY 117.2 ug/L, H A KME
PRI 42.0 4, 28 v BBFE LY 3,523.5 ug/L-years Tho7, 2 v 7
A BN — REIRSHTICE D Y A7 & e [RE L OMICER AR
EAFRD LI (p=0.001) | 4#n, R, #HF. ﬂ%kﬂf&(}ﬁx@%pﬂ #%® RR 1%
10 ng/L KR EERE & bk LT 300 pg/L DL EBRZERE ClX RR=2.25 (95%CI=1.43~
3.55) Tohol-, b RIREELBREDHEFZEIL. R B & O/ Nl R CTF8
DB, FE CTIIERD b e o T,

—F. BBk (B) BEBE#EE O Baastrup © (2008) (2K 25T »~—2 28T HHIM
& 3R — MRFRICBW T, FEFINE S b RRE &Hm%ﬁ%\é$4@tﬁﬁn®uﬁm 358
Dol (p=0.78) .

Sawada & (2013) X, HA®D 10 2 FroHIkiZH1F % 90,378 4 (55 42,029
%, 48,349 4, 45~T4 %) ZExHE LT 11 EROEBHAEZIT- 72, BA
b ZEREIIEBYERHEEFA (Food Frequency Questionnaire; FFQ) (2 X v #
ESNTz, HE L 138 HE OB K UEEIKIZONWT, EEEARME LT 12
B O(T5TEA) IO TEREZHE LZE 2 A, Rak— MIBIT 5 E HER
EIX T 1700 ug/ B TH o 72, 7B, AEAKFOEFEREIT 0.01 mg/L LLTIC
FIRENTND Z LD, BBKD L OBBUIBEOXIR L Lo 7=, FFQ ®

MEIX ARk & OB TRl S AL TV 2 23, RFFAE T3S A~ — T —XHE
STV, e, B, BERE S0, BMI X ONEERR A ASER 7 &
LCiEE S e, BRI 7,002 4 (35 4,323 4. % 2,679 44) S A &2
Ih, B FBEREICKY 4 MBI T TR ZITo 72 2 A, B W TEL
BNZFRHT L CA D &, b REBMRE L i ORER (trendp =0.07) | LR
BHE L MEORAEZE (trend p =0.05) K UE gz OREEE (trend p =0.06)

ICHEHFRINCITABICE LR VWRERICERA A bz, 8 1 007 (b FEEE
& 88.3pg/H . MR 3 40.5 pg/A) IZKT 558 4 00N (F b RERUE 247.5 pg/
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A, R e FEIE 99.1 ug/H) O — Fib (HR) 13, # & 3 i 1.23 (95%CI
=0.96~1.57)., M F CHiE 1.28 (95%CI=1.00~1.62) . BfgE 2.05 (95%CI
=1.05~4.03) Thot-, Tz, MBS 5 b RRE L REOHEEDREEZ BT L
e A MEREORL W BHETRE FEIME L MEORERICADEEN AL
e (p=0.01), F 1ESAIKT 55 4 U ALO HR 13 0.49 (95%CI=0.27~
0.86) TH -7,

—7%, BUUEDME L T\ 5 B CIIR e BEIEORMIC T 2 MEREEED
HR O¥MAA L (p=0.03), 5 1 WOALIZXT 55 4 W20 HR 1%, 1.37

(95%CI=1.06~1.77) Th o7z, EERIC, HEH L FERE L BWEICHGHEAEERD
H iz (HR : 1.38 (95%CI=1.07~1.77, p=0.01), ZM:Tix, BRIERED 2
MRS b RERE & R RERICEER AL (p<0.01), 5 1 USAcx3 5
% 4 UM HR 1%, 1.57 (95%CI=1.12~2.20) TH o7z, TN HDFERMND,
EH DI BEREL CW D BEICBWTALN- E RBRE LERAEDY 270
EORENZEHMREDOERTH L AREMEIESH 2 OO OB & O—FMER T
AR A W= R AN FET D800, ARBEMFREZRETH DL LTINS, £
T-BUENEMINR L L CboTWAE E LTS (Sawada et al. 2013),

RENOBE SN U A7 i, 1.3 RBE Ly s < ROERRKETTH
HIEEDORBEFELEN TOWRWIRRER S 5, 70, BERER 2L 0B L
M RENE L MEORBRICEAOHBENSH D Z LIZHOWT, HaRiiAnR I
TV, Zhbid, FFQ (X2 ANOERELZHET D Z L ORI (2EKES)
TWbEEbhs,

(d) Z DDA

TARC I%, 2012 DO b FIRFEIC L 2B B AMEOTHIIZ BT, i © 7 & Tk,
g, BINIR R N O OEAL DS A & DRERER b —EH OMFFE TITRE STV
Db DD, fERCAA T ADRRMEPPEFRTE 2 E LTV D, ARFIFHEICS
WL, HFOEEIK FERK 3R & BlEE & OREZ TR T 5 OB EED 55

(Chen et al. 1985, 1988a; Wu et al. 1989; Chen and Wang 1990; Tsai et al.
1999; Rivara et al. 1997; Smith et al. 1998; Hopenhayn-Rich et al. 1996, 1998).
aR— MIEN L OMRIFRERN THDH E LTS (Chiouet al. 2001) , AISJR
B & T IC BT 2RI O T — X DRIECTIE R TOT —ZIIKFELTNDH D
EHRRBEBRAETND 9 XL TOHFIE 72> T D, BBIKH O R b FRIREE &Rl
ARIEE DT ZHIZE LTI, B TITONIFRICB W THE R AERISEFR N A2 5
7172 (Chen et al. 1985, 1988a; Wu et al. 1989; Chen and Wang, 1990; Tsai et al.
1999) 73, BRIF R ORBEBRNIEFICHE N Z LA LN RO Z Y MHEIIRER
Th5, Rivara & (1997) 23T U TITo 7228 Tld, B v R0RE L AL IREIC
L 2T EEOMICEEIZA Lo 72 (RR=0.9: 95%CI: 0.54~1.53) , Al
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BB L CITHMANR—BLTEBLT, B CITONTMETIIEERALNLD S D
@ (Chen et al. 1985, 1988a; Wu et al. 1989; Chen and Wang, 1990; Chiang et al.
1993; Tsai et al. 1999) . BT OMETIIAEEZRBRIIALATHRN
(Rivara et al. 1997) . ;ODZ: ﬁ [>T, TARC (2012) DU —F > 7 71—
7L B MFRNEHEETHL2BEOEMOGNEK LY & b RO &
AIREME A R L TS, Ko T, TARC 13FEE & OMOWEREEATREIND b
DD, ABIRRNSA T ADAREMEDR PR TE 2 & LTV D,

b.RE~NDFE

KERERET (US EPA 2005a) 1%, #fRORE, SOBKOHERE & FE R
TEZID LD 2 EMEE %EP%@%/J\%Z%%@ 700~1,400 pg/ B, Z OBREEINHFE
ks L 725 E . RPIOMER & U TIEERS - MErElIC AR ILE & ARMA DS RIRIZ
BOBIL, WMNTFESRESICHLIE (5~64) BNHIETHELTNDH, 125,

1 HOBEE) 3~5mg/H L EWIEAI2IT, BREAAEROHRTIER<, B&FIL
ERBFIR L RIRFICAILENRIET 5, BEHOLRNDICAR —= VIR EEED
FIE IR D,

R g R ILE BRI R OCZREAGE EOREREL, BHEEE e FROBIOE
ERETH D, 2D DRE~DEE T e BIHYECE K EZ N LI RIEROREA
ek NOREORZHTHERMINL TS, N7 FF7 2 (Ahsan et al. 2006;
Rahman et al. 2006; Chen et al. 2006) . - > N (Haque et al. 2003) X O [ED
WNE L L BIEX (Guo et al. 2006; Xia et al. 2009) IZB W THEMTHONLTEY .
ZDH H% L OFE THEIKT & FRIRE 100 ng/L A T O R IEHZ OF A RN
DWE I TND

Ahsan 5 (2006) 1%, /X2 T 5 3 2 Arathazar (281 T 2000~2002 ££|C b
AW SE (Health Effects of Arsenic Longitudinal Study:HEALS) @
XG5 11,746 4 (B 714 4., % 10,724 %) OFEART — X2 = HANT, SEbKkF e HE
BREE RN AREETH D RERAEDHERIGERIZOWTHRELZ, VAT 1>
JENFET LV, S HEEIFET AR ORY Y CEIFET IV ERWTET LI =
A, EOEFETNVTE —EB L THERICERARO bivle, Fin, 5. BMI,

B, BUE KA 7 BIREE (B ROLHETA ((ESRERiEE)
%Ltﬂifé%ﬁz@ﬁr%é OR (Z. FFRIMEHF KT e RBELZREIEL LIGA.
0.1~8.0 pg/LEE &t 5 & 8.1~40.0 ug/L# TOR=1.91(95%CI=1.26~2.89) .
40.1~91.0 pg/LL BT OR=3.03 (95%CI=2.05~4.50) . 91.1~175.0 pg/L & T
OR=3.71 (95%CI=2.53~5.44) . 175.1~864.0 pg/L #£ T OR=5.39 (95%CI=3.69
~17.86) TH 7=, £7=. Cumulative As index ZF51Z & L7254, 100~48,100 pg
BEL b9 5 & 48,200~226,400 pg # T OR=1.83 (95%CI=1.25~2.69) ThH -
7=,
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Rahman & (2006) X, X7 F5 2 2 Matlab I2B W T, HF/KICK % v Eg
B STV ADEREXGRIC, Fln kL OMHERNC L 5 e BFRMERLEHREDREBMEIZD
WCEH L7z, 4 ﬁuiwéﬁzﬁé 166,934 4 (5% 74,408 4. 7z 92,526 44) DAV
V—=V 7 >ERICE 2ZW—ERMOZE R NEEIZE S EAFIC X 2R
WO ZEMEAR T, B ﬂﬁ%ﬁﬁﬂir@fﬁz{ 504 JEM & fEE L7z, xtf & LT Matlab
DERND T X A2 2,201 24 % FO FOKSEM72 E#E7 5 1,830 4 (55 833 44,
7 997 4) HBIR LT, fHx e FBREREICE L TiX, 1970 FLUBEOKIRED A
VAE2—KRNAAS IZE 52V REH TR EREEICESHNTHE L, £D
fE. 1970 LD b FREIZE L T, KERERFEOHF K e FRE (5 200
ng/L, 7z 211 pg/L) 13 fEE (5 143 pg/L, % 155 pg/L) X0 _%_7330 Tz, Kk
ORBOEZECHEL-ORIT, RAHELIRBREELHIEL LG P> 1,000
~4,999 nug/L * years BT OR=1.94 (95%CI=1.10~3.42) T® D J?ifjl: Rk
BAEES LSS, BMED 10~49 pg/L # T OR=3.25 (95%CI=1.43~7.38) T
Hol, T, P RBEBEEO AN CTHD EXTREE L LI LT REBREROKZ
JEHZ D OR 1%, £ OR=10.9 (95%CI=5.80~20.4) . # OR=5.78 (95%CI=3.10
~10.8) LBt $75>7ﬁi o7 (p=0.005) .

Chen & (2006) 1X. /X7 T 5 2@ Araihazar (238175 HEALS @ 11,062
4 (54,7214, 7£6,3144) OERT —X ZHW T, fEDKH b RgE & LR
Y A7 L OBRA, BUE, EE O B R &K IR REOME I L > TRk
L0, BEMTF R 24T > 7o, B2 O OFFE RN S REFEMEH S K b RiRE 2 H#
E LT, Fn, BMI, #E. k&, ey R, ZRFIEH, EEMERED
HtigE (B TR L7 28.1ug/L LLFOBREREICKTT 5 OR 1%, M IERLE
# 28.1~113.0 pg/L # T OR=2.3 (95%CI=1.1~4.5) THh V. FIHEBEE 281~
113.0 pg/L BT OR=2.6 (95%CI=1.5~4.5) Th 7=, HEIZBW\T, BEL >
113.0 WL OBREFFICHFDRNBO blc, WED AREILE O ZREHETH
&%ﬁ%@Uxﬁ%ﬁkéﬁfwto

Haque » (2003) 1%, A >~ K, XU H/TEBIT S 1995~1996 DO E
MNH, B RFBREFEREERE R OFER &R 2~ v F ISR RAZER L2, 20
FELL IO 287 v FREHRA L HV 1998 K O 2000 FICHFHA L=, Fifin.
PERI, BAE . BMI, #& A OZMER (HREOHE. ﬂiﬂﬂsoﬁﬁ NPSE =) s
E)RMEFEZA 7 CTHELZORIZAETFYBRBLIEZEL L2546 .50~99 ug/LL
BEEERE T OR=3.3 (95%CI=1.7~6.4) T >7-, RYIDIEFE 75%&?{%7*75%{“#
% E COFHERBIMNIZL 23 FTh o7, b RIEE & RFIRE & ORIZTRVH &KX
AR 2R DT,

Guo © (2006) 1%, HEONTE > 2 /LHIEX Hatao Plain FHi2B8\ T, 1996~
1998 FFIC KGR EB L 2 S vTe 227 4 (REALIE (1624 : 5 694 ; & 93 4.
¥ 42.5 %, FH A IR EE 156 4F) | ARILE (6564 @ B 474 ; & 18 4,
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F¥) 52.4 k. ¥ 15.24) ) RUBEInR2o7z 2214 (5B 93 ; & 128, F
¥) 37.6 ik, T 16.24F) ZXRIC, REAMERDERILE L L BRERE L O
BEICOWTHE LT, %ﬁgﬁ%@ﬁkﬁﬁ LTCWADHFKEHIL CE RREZMIT L
Too e, PERINR OWE GG 0 O AT v 7 ARSI AT TR, flokd o
L REENLERETDICONTRIBILED U A7 38 L Tz (50~199 ng/L & ;
OR=5.25. 95%CI=1.32~83.24, 200~499 pg/L # ; OR=10.97. 95%CI=1.50~
79.95. 500 pg/L LA LR ; OR=10.00. 95%CI=1.39~71.77) (p=0.000) ., —75.
AUIE & b BIREOMEIIHAE TlIen-7- (p=0.346) .

Xia © (2009) (%, HFKIZKD e FREED 20 FLL BT L HFEORNE &~
T/LH{AX Bayingnormen HURKOFERZXIHRICZ, L RBFEICOWTHAE L, [EAD
IZX Db BEEREREEFEFREL VA CHEICL 2 EEERORERIZ OV T
L7z, AE L7 12,8334 4D H B 5%LL EIZH -5 632 AN I DEERE

(FAUIE, BRLE, AEMEL) ICBREL W, BRIZT—Z B Hi-7z 11,416
G RPET, BRIE. BUE, FHE. M. BEE. IUA, KRR Ol TR LK
JEHRED OR 1%, 0~5 png/L B L 7 5 L, 5.1~10 pg/L {KIRFERE T OR=2.52

(95%CI=1.47~4.30) TH V., HERELHFKF L RITREEL TV

(p<0.01) ., £7o, KEREOHFRFELBCHREICL 2 LMEREERGRE#EL TW
77

C. &£JE - RE~DEE

G e RITHE RSN KO e RRBEOMIE)N G, BIRIEE, FLE. REDY
A7 (Ahmad et al. 2001; Hopenhayn-Rich et al. 2003; Milton et al. 2005; von
Ehrenstein et al. 2006; Kwok et al. 2006; Rahman et al. 2007, 2009; Cherry et al.
2008) RCHARHMAEOILT (Hopenhayn-Rich et al. 2003; Rahman et al. 2009)
DHRESNTND, LinL, L ORE, EERZEICET 5 HHITHRE O EIRE M
EEE LICRICER LA VX Ea—0bBohTEY, Z05EE, By ORE
WREZH > TV O RBLZE O TRWEE LV b2 OFFREZ2WE T 5 Aleetk
N5,

Ahmad® (2001) 1&, N7 77 v 2BV T, BEKZI LT R FITEMEER
& SV AEIR AT REE S (16~495%) O&MEI6 A gERE S LT, AR M4, JEE
K ONEIRE R B EICEET A HIRIRIFICOWTIHRE L=, Fih, Rk,
HE KR NHEEFR L~ v F S EIIERBEOMIRFTREF R (156~49m%) &1H964
DIFYRERIFE & Hel U7, BREREIT. 98 % 7N b EIEEE =100 pe/LO /K28 A L Tz,
1B e FREICRRER T 2 EEERIL, BERD22.9 % TRD LIV, BRME, 5L
FE, BEERI|Z Fa'@@‘éﬁifoﬁﬁﬂ&iﬁ i IFRBEIFICHANTRBHE CHRICE T

(%£p=0.008, p=0.046, p=0.018) .
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Milton & (2005) 1%, #CEDKT b3 LIERIFOA Eidw (BRTE, FLE, #
ARET) OBRIZOW TR AT 7c, N 777 3 20 FBIFYRHRICH
HHF 228 ROEFRREZBEL., ZNUOLOHFFEFHT HIEREDH 5 15~49
% DI A 533 il & xt5ls, BE A WS bmELITV., &, ®miE
ROBERIADOIREE, FAEWRFLT (£ 28 HEUWN) IZHOW TIIHIEIEIREF O FErIC
WCHER, a AT 4 v BRI AT o0, EORER. BB KF v FBIREN >
50 ug/L OIRERE (51~100 pg/L B 10 i, 101~500 pg/L B 37 6. 500 pg/L L
B 20 1) & 50 pg/L UL FORBEEREZ L LR, BARIEE OR=2.5

(95%CI=1.5~4.3) . %jE OR=2.5 (95%CI=1.3~4.9) . #FHAEIRIE T OR=1.8

(95%CI=0.9~3.5) ThH o7,

von Ehrenstein & (2006) X, 2001~2003 “EiZ, A > K, B AV (ETe
20~40 m% (FHRME 31 m%) OBEMEAME 202 4 & xt5 & LT, (IR HERE 2 s L i
BICLOVRAE L, £o, MIRPICHEA SN HF 409 KO b RREZHEIE LT,
b RIRE DA L72ER 644 Bl DWW TUIHRERIRICEA T 2 0 U 27 ¢ v 7 [ElFE 5
W aAT > 70, £ DOFER, 200 pg/L L EOERE b RIREREICHB T HFED U X 71X,
BTERIZSSHEIR 2 8%, OR=6.07 (95%CI=1.54~24.0, p=0.01) ThH-o7=, *
7o, b EBRMICKLDRERELFOT 12 FITIE, BEDOY A7 TEICHEML,
OR=13.1 (95%CI=3.17~54.0. p=0.002) TH o7,

Cherry & (2008) 1%, N7 TF ¥ 2 ®# 600 FHIZk L~V A 7 ZHRHE L C
W5 KREIE 7 NGO T3 % Gonoshasthaya Kendra (2 L W IRE S N7-F — & Z .,
Z OHIBIZ I 1T D FERE O FHIE & HF KD b FIHFYUZ K DI OV TRRET
L7z, 2001~2003 £ 36 1F 2 1Bk M O H ERRIR (AR IR AR, FERE) D7 — & 30,984
Bl & AL S RRFR K ORRE | IRBRE 2 CICE T 57 — % % . National
Hydrochemical Survey 7>6&HIBOBAKF L REELZ AF Lz, RIEERIT
3.4% (1,056 ) T, bREEMN 10 pg/L RIMRED 2.96%2%F L, 10~49.9 pg/L
BECIL 3.79% T 5 b OO EEFTD 5T, 50 pg/L UL BT 4.43% & B

(<0.005) 72 ER-ThHolz, FTo. (LS BEFERIR OREERF DS 2 diE% O 1
AT 4 v 7 BRSO T, B REE 10 pg/L R IZXT HIEED OR 23, 10~50
ng/L Tl (OR=1.23, 95%CI=0.87~1.74) . 50 pg/L LA ETiX (OR=1.80,
95%CI=1.14~2.86) T®h >7=,

Hopenhayn-Rich & (2003) 1. VU O _#HIZBWTHIAE 24— MR L
1TV, BB O e EBRRIBOREICED X 9 BB E 5.2 5OV TR LT,
ZNENOHETH TOEEIKF & BT Antofagasta Tl 40 pg/L., Valparaiso T
11 pg/l Thovlo, MEEFFEMLEmEREICEEL, R T2 RE LT,
EIEFLER D D IEIR K OV AICEI T 21582 570, MAEROEREIZET 2 48 T,
1998 4F 12 A 725 2000 4 2 A FCTITAEENTHILD 9 b FHER OLIRITRI N
7=, ZOfER. Antofagasta 7> 513 424 473, Valparaiso 7> 513 420 4 OFLIED
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BACBI IR EAT OB & e o 1o, BREOIER FIC L 0 ATV, ZEEMTZAT
7= & Z A Valparaiso D F.J21X Antofagasta DFLIE LV & HAERKEN 57g
IignoTein, ZHUTEE CIE o7z (95%CI=-123~9g) .

%2 OREFET — X G LIz adh— IR STV DA, b\ﬁ“ﬁ%/\/? 7
T a @*ﬁbf)fﬁ%ﬁ&foﬁ%)0)73>$&ié;}’bfb\é Kwok & (2006) X, N7 ZF
T2 ® 3ERZRNT, BRI b RIZHOEIKIREE IS4, 2002 FICHEIR L Tz
P 2,006 4 (FH) 26.4 5%) | _ou\f b RIRE L~V LR (EREA, B
PE, PRPE) DOBEIZHOWTHRET L7z, HRICED 2158 215 5 72 »IZ, Community
Nutrition Center OFEEKICE ST K FRETHEL TV, ER2ECEKIRD & RIREIZ
DWTHEAT L7, 3ERICHIT 2 e RIEEOF LA 0.073 pglg (BRHIRFR~0.528
ugl/g) . 0.139 ug/g (FRHR S ~0.635 pg/g) & TN 0.024 pgl/g (7 HER R ~0.668 pglg)
Thole BV AT 4 v 7 EIRBET N EANVTEITLIZE Z A, BRER (HRE
KIB) ODHTHT IR FEEBEZENRD bz (OR=1.005 (95%CI=1.001~
1.010) ) 73, 3EE (OR=0.999 (95%CI=0.996~1.002) ) . {&HH A {AE (OR=0.999

(95%CI=0.997~1.000) ) . $1/BH#AFE EEZE (OR=1.000 (95%CI=1.000~1.001) )
KOS BHERIAE (OR=1.000 (95%CI=0.999~1.001) ) Tt FEIRE L DOEE
RO N7, Ll Wb OR OENMEL |, B ESORER
T2 EL L OZAER T OB L+ R TE TV RNEEZ HGND,

F7-. Rahman & (2007) 1%, HIEFO e BEENBREOALIROFTRICKL
ET AL L7, 1991~2000 Fi2, N> F7TF > = Matlab ICBIF 5 [#EE
EANABEEICET DY —_ A T AT AT L) I X 0 LR 29,134 1A %t
BRI E R — MFEAIT 7=, b ERBEBEIT OV T, bk R & MR
AR L= Rk b FBIEE I H-S0V ) T 2002~2003 F (2B OFEE 217> CTFE
fli L7=, ERERIR-CHLIRET (% 12 A UN) %o TiE, BH OFER
WEOWHRAE L, 2y 7 th:ﬁJA*fF RETVERWTRIEFRETEKOILIEFET L B
FIRE L OBE AT LR, RETICOW L, ERBE 164~275 (&
& 224) . 276~408 (RME 339) KON 409 VL b (F9fE 515) pe/L OFHF K%
A LSS, BETHE®XD RR % 1.19 (95%CI=1.00~1.42) . 1.29

(95%CI=1.08~1.53) KX 1.19 (95%CI=1.00~1.41) ) tAEICHEML, ©FHE
BRERIRE IR TICAE R HERICEERRO bz (p=0.02) ,

X 512, Rahman & (2009) X, X7 5 v 2 Matlab (238 T, 2002~2003
FIZ 1,578 FHOREFIZ DWW CHIM & Ik — MR Z S L, HARTO b RgE é: Hj
ARFANL (RE, &R, BEE. W) & OBEICOW TR L, EREEE
ATHR 8 3 KO8 30 WAL CEREL L 7= RO JR o O R b 58 K O A %Mtﬁﬁ#%@/ﬁ&‘
DPEIZ L o 70, b FRIEE L HARKRLOBRITFERIFEHTIC L VMG L, £
DFER, BBEEO2FHH (6~978 pg/l) IZBWTIHRER & HAERKRMICHEX
JISEAMRIFERD b oz, —F, R EFHE 100 pg/L K ORREERE (B
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51%) IZBWTIX, HAERFORE, BEF K OE & b RRZEOHIZITADOHERIG
BIRMFD v, JRFEFED 1 ug/L N4 25 Z L1124 1.68 g, 0.05 mm & Tr0.14
mm 0 Lo, b REEER 100 pg/L U EOERERE CIX, HAERKE CBREED
R B IER O H e o T,

d. HERE~DEE

EZ BB 28O ENEFICRE NI L L N TIEEREM L T
BN E N L 2BET 5 L ENMREEAEII e N CIIEREY X
D BARWFTREMEDN B 5, R b RIRFTE O IR K OIREDOIBEEE~OZEIL, N
775 v a, FEINEE, A2 REXUALMNCBWTIE I TW5,

Wasserman © (2004) [X. /37 75 3 = Araihazar TH{TH O b FIgE O
FERELFET DEIAE 2h— MIEICE T 22ME 11,749 4 OF E 1D, 10
I 2011 (BB 98 4. #1034, F#)10.0+0.4 %) ZEMEAME L. b FHRE
& HHIRERE & OBMRIC KT 2 MW IE 2 Eh L 7=, EFEOHFKF e R R P~
HEEX, HEHOEHFEAHAEL TAFL, ARROHEBRERL DT =7 A
7 —ARAEEREL FEE L7, SRAKFO L FREIT 0.094~790 pg/Le (F) 117.8
ng/L) . = AR 1,386 pg/l Th o7, HEANLOZHRE RO~ o H
VIR R . ACBK T b RIBE T AAMEEOIR T & AEKTFHOICEEL TEY,
b SEEE 0.1~5.5 pg/L 12k L. 50.1~176 pg/L X% 177~790 pg/L TlE, 7L A
=N AT KOEEMEREO R 27 DR TREET -7,

*7-. Wasserman b (2007) 1X. /N7 75 > = AraithazariZ 81T D EEFEIZXT
THERBREORELZRET HEIM SIS L7211, 74961 % F & 5 5 /hE )
5. 630161 (B 1504, % 1514, F#J6.1£0.185%) A MEEAFH L, v F
BRTE L FIAOMEEE & OBIMRICOW TR L2, 2004~2005F & FEDOHEH LTV
LHPFREFEBMLTCERE O~ T VRBEZRE L, S bICKERREOFE K Ot
RIBOHRBE L2 FEE L=, MAOEERXY =7 27— RERMERED TLRE %
FAVWCEEM L7z, BBk b FEiEAE130.10~864 ng/L ((F#120.1 pg/l) . ~ >4
REEILE1,302 ug/LCTH o 7=, BRI A mFER LV R TS A D
FHIRFE CHEE T HH14 T, BUBKH b BRI T MAIMERE O T L BE L T\,

Wang © (2007) (2 X2 FEILTEEOHFZETIX., FEILEE ILFEERO 8~12
D/ 720 B (55 876, % 344, W 10m%) xS E LT, SAKFO e FER Y
7 o BN/NEOHBER O EICKIETTEEZ 2R L=, “Combined Raves Test”
2L 2 1IQ A a7 ROHHHAERE (., (KE, WHE, Mi5E) 2o\ T, i
v R (9141, 1421106 pg/L) | miREE b FEE (180 i, 190£183 pg/L) X
OEBE 7 v FEE (253 6], 7 » 3 8,300+1,900 ng/L 7>>t 3% 3+3 ug/L) Z%f
FEEE (196 f5], B3E 23 ug/L > 27 3% 500200 pg/L) Lt L7z, IQ A =27
IEXRTRREED 104.8£14.7 2/ L, FIRE b FEHE 100.6£15.6 (p<0.05) . ®miEEE
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#RE95.1216.6 (p<0.01) . MR~ v FEE 100.5+15.8 (p<0.05) & HEICI
TLCWe, ®BEETIR, ELAFERE Y vFRHICHLARICEL (p<0.05) |
FEARREEFHICH LARICES (p<0.05) | MEENPFEEERFHICHL

BlcE o7z (p<0.05) .

von-Ehrenstein & (2007) (%, bFRREEIZ X 5/NROHAIHEREDIEE O FTEENE
WCOWTHETT A7, 2001~2003 I A > K, XU TNLD 7,683 LD b~
15 & D/NR 351 7 (5B 54%. # 46%., HHIE 9 k) Z i L CREWMFZE 2 30
L7c, FIEREREIX Y = 7 XA 7 —IRERMEEMRAE D 6 O FALREIC L VM L 7=,
Flo. RPEREERN409 OHF LI VERLIZKOERREAZRAE L, RPE
FRIRE % 3 AL Tl BHEE, MHEE K ORHESEROFEZ X 27 ORT & e RIRE
WZIZBER A BT, RPERIRE 3 90O EABIZBW TR b T RE
OFIRTAME TR, BHEE 12%., HAYE 21%, &EEK 13% Th 7=, LovL, 7
A MERLEEHBZEL TRT EBXONLAEIERAKT B RREE L OMICIXBEEN
B BRI,

e. DIMERNDEE

Tseng & (1996) X, BE. SMYRRAEHIRICH W T, 20 ELLEHFKkEN L
TEREOEHZRICBETEI N, HAFOHEAZFIEL-ER 582 4 (5 263 4.
#z 319 4. ¥ 52.6110.6 %) FRBIC, INETICRIT 2 b RIREE & RLHEEIR
Y& (PAD) & OBEMICHOWTHRE L, Ao BB ERim/E i <0.90 O
PREGFEAEIZFE ST, 69 B3 PAD L2lisivic, E RBEEZEEICHOWVTE, OBH
JF 58 AR HIE, C O R R @ H 7 K E A OERERE. FH = /K ER#IM L OFHFKF
EREEICESSK =Z20HEL RE e RBEEL L TEE L7, PAD & b FHEE
CEOBEAIFMTH7-OIIISZER D AT 4 v Z EIRSHTZ VW, s, PERIL
BMI, ME  MiyE= L AT v — L RO 2 22#&Hm 1 & L TR, Efloe
FRIFTE B W TUIARE L ORI HE OSBRI D i, 20,000 pg/L - years
UL E#ET OR=4.28 (95%CI=1.26~14.5) Th 7=,

BTG K 2 e BIRTE L LDMERER & OEIIZ S OFEICB WV THRES
NUTHE Y, Navas-Acien 6 (2005) DNEFHITET  AORMII L E = —% EfE
LTW5, BRBIKZBEIR L 55 13 OEFIHAE (95 8 HKTHE) Nt
— OB ERSTEBY, = RiRA > b e LT, SR, REMELERBORER,
TR OERB O TR & RERE, RODHEERRBRE, Wb O TREBERL
W o 7oA R OERIFE R IIN -, BERORERL = FRA o MEeT5, =D
DBEEBOFED 5> b, —d>OERFIXRRE CTIlE, 30 FLLEHF/KEBEREECIX, H#
FoKOIEFEEEE &t L C OR 3.47 (95%CI=2.20~5.48) & 72 -7 (Chenet al.
1988b) , JRH & F A RIE L7250/ NRAE G BRI CERIE =20, xtRF1$5=20)
TIE OR 1.66 237D HALVIZDY, ZAUTMEHFRICHE CTld/eh> - 72 (Lin and Yang
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1988) . FHHEE ORI O/NHETAE (EFIZ=31. FHEFIF=30) TIL. Bk
R O b FRELZPE L, SHEFEEER CRFFMICENVL L THDLZ LRy
7o 7= (Wang and Chang 2001) . Lt =2—I21%. AOREIK b e IC &
% B ORIMA T S - BB T O A REZEMTEE (Tseng 2008) 134 4L/

>,

f. ZDDOFE

e FROBEICL D 7L a2 — AREEFE K OHERIF~ORZEIZ OV T,
EFSA (20092) ICXV LE2—RRENTWDL, N7 T77va, RERVHE
IBITORAETIE, SRERICBTOERFOY A7 ZRLTWD, L LARN
b, ZNHDEL OFETIE, BMI OFFEN 2 STV, R~TRRE ORE
T —EMICB T 2HEICL D &, B FRBEEEERKE & OBEITFED b
RinololdnTnWg, £z, KEERERREERNE (NHANES) OF —% & H
VW, Navas-Acien ©» (2009) 78, JRFEFREE 20 XS—E 2 ¥ A L E TOKE

TRE L A TIRF EFIRE 80 /\‘*'TZ/g/l)/I/U\J:@I—JE/% ERECIX 11 BUBER IR O
HRFENPEMLUIZEHRE L TWD, o, 51X AsBe OFfEEZIT-TW5, L
N, AUT—%ZHT, Steinmaus & (2009) 1L, AsBe ##t EHERV
THEMEFREL L TEILGE. BELOBEENALNARP ST EHME L T
%, EFSA I3, b EOEBRBEMAICKIT 2MERENS bR X DHERF OB
YA WNRBISNDN, b RERELFERFE OFEIZOW TIEARHEEENKY |
KL VVIRRE CHERISPBESND Z L 2R TIZET R AR+oThod L
T3 (EFSA 2009a; JECFA 2011)

\

(2) ZEREBMFICHEITLEE
ORESEMH
“EMb v E (AsIID) OHERROK GBI 2 8EFXAE (LDs) 1T, v~V
2 (C3H. C57H46, Dba2, Swiss-Webster) T 26~39 mg As/kg fAE., 7 v b
(Sprague-Dawley, Sherman. wild Norway) T 15~145 mg As/kg {KE Th >
7= (Dieke and Richer 1946; Gaines 1960; Harrison et al. 1958) , £7-. tlgh
N7 A (As(V)) % Sherman 7 v MO G Lz & 2 A LDso 1% 112 mg As/kg
KE. by (As(V)) @ LDsolX 175 mg As/kg (AE ToH -7~ (Gaines 1960) .
e FD LDso DXL DX, BifE, Bkt LAY ER OEREDOHEEIC
EobnEEX b, SHEBEERBRTIEIZ OERIYITREH 1 B TRHECTLH L
Wbt Ttuna (EFSA 2009a)
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QREEESEMH

— R As(V) & 0 AsUID A FRWEMEZ B L T D L b, Efe FLEHmD
RAEROH G CIIEERes. MFREs, THLER, &M, RERE. AR ORRIC
2 DEBERE5 25 L% 25N TW5 (WHO 2001; ATSDR 2007)

a. BRMEMHAER
(a) 4 EMESMSHEHRR (TIX)

M ASSMT RiE~ 7 2 (LLF KO) L8AR (C57BL/6) ~7 A (LLF WT)
(M, &G 700 (2, e Y 7 A (AsAID) (0, 1.73, 17.3, 43.3,
86.5 ppm : 0, 1, 10, 25, 50 ppm As) Z K&K 59 5 ER)TON 7= (Yokohira

et al. 2011) .

AERBALE 5 H BIZ 50 ppm HEGHEICEWT KO BT 1RETE L7272, FHIZ
50 ppm 52 TEEH R L=, KO Tl 6 B2 T CTREM B O H 2 E o BHuivE
WA AFRD AL, WT Tk 7 PLH 5 JLCREE ORER: bRz o BiaE R ks 1 4l
CHEEE O BMMEER DGR b,

EBRBAM) O 4 BERICEFEF LR LT, KO XOWT @ 10 ppm As DL &
DOFETEM OB ENRBO b, ETOREIT KO OFNRLIYREL, 25
ppm As #E5FETiX, KO T 7 UCH 5 JTIZHEEE ORER Rz o Bl R 58O B
M, RV 2 PECHSEE O BRI R0 Hivis, FIERIC WT T, #EE o Bl
PEIBTZECAERD BTy, FEEL EOZLITFRD 5o Tc, 1o KO T,
10,25 ppm As #HEGFEIZBWTENEIL 761 1,3 Bl TKRBIEIFRD S5, 25 ppm
As BEBHITBWTFROBE OSMHRENBO b, LirL, WT TIEEf|T
RO LN T,

EFOIL bt FRORGICL D HERSHEOEM R ~D 27 KO KO WT [
HTAHALN, ROBNXLVESZEREWZ 2T Lebic, e N UV ADE
EF& (NOEL) (X KO, WT & 112 1ppmAs TH D & LTV 5 (Yokohira et al.
2011) .

(b) 4B EIMEEEER (Tv )

Sprague-Dawley (SD) 7 v & (MBI, &% 58 3~5 L) ([ZB T 52
FhU T4 (AsTID) (0. 2. 5. 10, 25ppm: 0, 0.12, 0.3, 0.6, 1.5 mg As’kg
{REE/H; ATSDR #15) @ 4 EREFOKEGERERNTTHOiL7e (Lee et al. 2002)

5 ppm LA EOFERETIT M/ MREEEDIEMA A 540, 10 % L < 1% 25 ppm &5
BT/ MRIZEBIT 2 P2 L7 F BRI OB, B bEkiz X 2 ikl
V2 ME IR R O EHE N E S T,
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CORERNOFEE L IIEEEE (NOAEL) ##v ) U ALl LT 0.38
mg/kg (AHE/H (5 mg/LLX0.024 L (1 HE/KE) /0.31 kg (KFE) ) L LTW5,
ATSDR (2007) 13AERD NOAEL % 0.12 mg As/kg (KE/H & LT\ 5,

(c) 2RIF 4B ELMESHEHAER (Sy M)

ATSDR (2007) iZ & % & . Bekemeier & Hirschelmann (1989) (£ Wistar-Barby
7w b (M, WESEICHCR) 2B 725 =Bt t5% (AsIID) (15 mgkg K/
H:11 mg As/kg /AE/H; ATSDR#5) © 2 RO 4 @M (B 5 A & A&KEGHR
EHELTWD,

2RO A BEMOBEGHTIE, /7 V=X 7 ) ATk 5 M OGHEDIR T 237 6
U, 2 HE OG- TIXERRERE & L THEHEERITL GO b,

(d) 28 HEESMSHRER (Fv M)

Wistar 7 » b (Hf, #5818 C) (B 2HH e Y v A (AsTID) (0,
0.4 ppm : 0, 0.14 mgAs/kg /KE/H ; ATSDR #:5%) ¢ 28 A WM&k 5-HBR1T
b 7= (Chattopadhyay et al. 2003) .

WERETIX, IR, 75, HEOENEERE, JFRFO A5 3-8 Fax 27 A
K7e e F—€ (HSD) . 17p-HSD &M, maEF oIl s L€, =K
RIVERRT AN T DF— AT NI E R OFEF RO~V FF 2 F—BiEHED

BERIETRA LN, Mg, BIEFTOT VAN T ATy X —FB, BT+ A7 7 ¥
— P, IAEI VBTV OB N T AT IS BRI AZ I VBB LY VR
NZ AT I —BORERENNEE Sz (ATSDR 2007)

(e) 6 AMFEIAMEMEREE (Tv H)

CD 7 v b (M, &%E5/ 18 ICBIFHEEEST R v (As(V) (0. 20,
40, 85 ppm As: 0, 3. 6, 12 mg As/kg IKE/H; ATSDR #5) © 6 HERHKEE
HERM T (Fowler et al. 1977)

85 ppm & 5HE TILREOHEMOBINIC LD HBRKEZRDOE T NA ST, 40,
85 ppm As BERETIIAFMIENIZHIT S I har R 7 ORAE & BEORELN
Bl S, 85 ppm HERETIIITHIARNIC KBRS AT, IFMIAEIC BT 5 30RO
fE ek BE S LT,

ATSDR (2007) 1. A3 D NOAEL % (K EHI~D B2 LTI 6 mg Aslke
KE/H ., FBOMBERIZLIZE L Tl 3mg As/kg (AE/H & LTW5A,

(f) 16 AMBEZEESEHHAER (Sy . BILEY M)
ATSDR (2007) {2k 5 &, Kannan & (2001) 137 v b GRHEAREH., I, &#%
EREPUEORER) K OVELE » b CRFEARIA, Ik, &% 5 BEICHECRER) (281 % AsIID)
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(0. 10, 25 ppm: (T~ F)0, 0.92, 2.3 mg As/kg {K&E/A: (E/LE > K0, 0.69,
1.7 mg As/kg {KE/H; ATSDR #15) ® 16 #FEKE 53R RISV CTHE LT
D

Z v N T 10 ppm H 5 CIIARMER & YA M EREE NS EEIRIMER~E 7 1 &
VIREORDO NS LT, 25 ppm HERE TR EENE (K—XI>, /1>
Exr7Vy ku h=y) LLVOBERBEI N,

F)VE Y F T 10 ppm HERE TIIARIMER R OV A MERER, mFs-7 I/ L7V v
7 e R7 4 —EBoRE), FEEHRMERERE, FHRMER~T 7 v v &l QN
HDS-T I/ L7 Uy A —EBOEMRRO b7, 25 ppm 58 TR
EHE(R—/2, /LR T7Vr, Fu bh=r) LLVOBENBESN
77

ATSDR (2007) 1&, AREBEOK/IFHEE (LOAEL) %7 v FOFRME KL NH
MEREDOZEAIZE L T 0.92 mg As/kg (RE/H, E/LE > FOFRMEK KL A MEREL
EFFIROZEALIZBI LT 0.69 mg As/kg {AE/H . NOAEL # 7 v N K NE/LE > hD
R E OZLICEE L CTENEN 0.92 mg As/kg (AE/H . 0.69 mg As/kg (A&
/BHELTWD,

(g) 200 HEEEMS4HEER (Sv )

Wistar 7 v b (I, £&E5HE 8 IL) ([CRBITHHERETST MY v (AsTID) XX
EEgF b U 7L (As(V)) (0, 50 mg/L) @ 200 A Mfk&FERERNTTH 7= (Yang
et al. 2007) .

e N VAT e N U ARGEOWTICEW TS, &51% 80 H
DI CUGEEAIME OB B/ MR BE I N, 2O biTefe) MY ¥ ABEREX
DEEEEST N U LARGEHTLIVEE ChOH- -, LT MY U ARG T, &
B, MFEFOA—/—FF 2 RORLZ—BIEMOFEREM, 1% 7 —8
EEOREERIETRAGIL, g N ULARER T, MEFO 72 F 4~
NAF U H—BIEER O Z T —BEEOFBERE TR 5, BiEDRD
—IRIRIEIRETH LT o UFT o o EEEESR (ACE) (X, MEGHICBWTAR
BT BN Do 7o Bl OB igERk > CYP4A # /X7 B ORBLEIT
W GRECHBREMNBEINT, D EOBENLEE OI1X CYP4A N Fipl
HEEMEICENT ACE XV EBEREHZRILL WL AEELREL TS

(EFSA 2009a) .

b. BHFMHRABRR UM AMEER
(a) 48 BRIEMESIEHAR (¥YVR)

AruFAxAr (MT) BloFaRESEZMT-VIL ) v 2777 b (MT-null)
RO AR~ T X (M, BGHE 4~618) (2B 28BS U v o (As(ID)
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(0. 7.5, 22.5. 45 ppm: (22.5, 45 ppm IZOW\ ) 5.6, 11.1 mg As/kg KE/H;
ATSDR #1%) XiIe@7- ~VU v A (As(V)) (0, 37.5, 75 ppm: 75 ppm (221>
T 18.5 mg As/kg A/ H; ATSDR #.5) » 48 M H AR HRER 1T H 72 (Liu et
al. 2000) .

e Y U LAII BT N U LARGICEAZEE~OEEIIA LN R 5
oo BT MY U A T5 ppm HERETIE, MT-null X OEFER < 7 2DOWTHICE
WTHBROMEMEEOREREMMABEI N, T MU U A 75 ppm #KE
HEETIE MTnull, HEE <~ 7 20 NWT BN THBREOEIZE Th 5 M FIRFE
#£% (BUN) ofF ER¥ENNA LI, AR <Y X LEg LT MT-null vV AT
FVBEETH-T-, LNLARNSHEEET MY ¥ A 45 ppm 5B TiE MT-null
v ATDH BUN OFERBENNBD 6T, X2 MEFOYA b1
WCEBREEIRO SN otz, BEEEST MY 7 A 225 ppm HE5FETIL,
MT-null, FARH~ 7 ZADOWNTIUTE W T HIFEMB AR I B TR R
B RO ERZEM, SREREROER, MEMEE &L OPRME B R IE O ZEiE I O
(Z VB ORMEALD B BT, Tl CIEEE O IFMIESEIL A DR o 7o, &5
B CHHIR DO REIAZ M R OBR R O IF AR 858 & £ © SRIEMARRE N BE S v,
BpAER~ 7 2 & el U C, MTenull ~ 7 2 3B OV C B saEE /> B 72k B
R b Z R LT,

EHDLIT, CORBERENOEH L ZOBMERBIIZHEEELFEL, BE5H
EICED ST e BHFEMEOFMEICH LT MTnull ~ 7 2 3—REIC B AR < 7 2
FVREEZERE L, AZaTF 421 3B REEICH L TREDROH 5 M
KT ThsEHELTWD,

ATSDR (2007) %, ARBOFELET N v AXITeEE)T R U LAOEKEE
IZxt9 %5 NOAEL %~ U A DEE K OB FHIZIZE L TENZE1 11.1
1% 18.5 mg As/kg fKE/H, BEMT N ULANIFEE T N U LAOFBEED
LOAEL ZZNFh 5.6 X% 18.5 mg As/kg KE/H & LT\ 5,

(b) 2 FREESERER (Tv b, 41X)

Osborne-Mendel 7 v K (MR, A& GHE 25 L) ([CBITLHHE BT N v A
(As(IID) (0, 15.63, 31.25, 62.5, 125, 250 ppm: (Z D H & 31.25, 62.5, 125,
250 ppm |22V )2, 4. 9. 20 mg As/kg {KE/H; ATSDR #1%) i@ LV
7 . (As(V)) (0. 31.25, 62.5, 125, 250, 400 ppm: (Z® 9 H 31.25, 125, 250,
400 ppm (2O T)2, 9, 20, 30 mg As/kg {KHE/H; ATSDR #15) o 2 ££[)/EER
wERBER TN (Fowler et al. 1977) , £7-. B — 27 /VR (MR, £&E5H# 3
I0) (BT HHHEET MY v A (ASTID) Xide@) hY v A (As(V)  (H#& 5
BEL b 5. 25, 50, 125 ppm: (2D 9 5 50, 125 ppm 22OV T)1, 2.4 mg As/kg

{KEE/H; ATSDR #t%) o 2 FERIRHE G HBENThNT,
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FEEE MY 7 AREREDOT v N T, 62.5 ppm CHERE L & I IREOEINHNH],
125 ppm CTHEEEAR K OEE, 250 ppm C—BHTRED AT/ ~< b
7V MEOIKR T KOO FRAAE ERaN O BFRILENBE SN, BB K
Vo LFE#BEDT v F T, 31.25 ppm THEOEERININH], 250 ppm CTHEEE
K. BlgORME L RAMENOARINE KR OV NEOEZRER DB I,

L Y U AREREDO B — 7L KIE 125 ppm TR 5 19 7 A £ CTIlICHEELRH]
DT L, 44~61%DIRERA ., T<BE~PEEOR M, {H(LE N H M O
~/a 7y —YNONEVT ) UIRERA LN, BT M) U ABREBHEOE—7
JLRIE 125 ppm THE- 13.5 /2B (2MED 1 IEN3ET L, BEEOMKREHREININEH, ©%E
DOEIME g~ 27 a7 7 —HNONEDT U VIRENRD LT,

ATSDR (2007) (%, ARBEOH L EET NV 7 AIZxtT 5 NOAEL 2 7 » h Ok
HIZEI L CTIX 2 mg As/kg (KE/H ., FFIEOMAMRFZAOZ(LIZEI L TIE 4 mg As/kg K
/R, MEFRIZE R VB IBROMEFRIZIZBE L TiL 9 mg As/kg (RE/H , FE
5. fEERE M OVHILEFICRI LTI 20 mg As/kg (KE/H E LTS, 4 XDIRE,
MIRFHIZEA TEEE O RERFIZ L K OB O A2 LIZEE L TIE 1 mg As/kg
(KE/H., Bhg, PRk OEERSHICEI L CI% 2.4 mg As/kg (KE/H & LTV 5,

%72 ATSDR (2007) X, ARBEOLERTST U 7 AZxT 2 NOAEL 27 v b O
A e OV B O MR RO B L Cid 9 mg As/kg IKE/ B . ik, MEgs, 7EER
5. HILERICEI L C 30 mg As/kg (RE/H & LTEY ., 4 XORE, MKRFHEL,
Rl ORI ZELICE LTl 1 meg As/kg (8E/H . Bk, MRS, fEBRes K OV
{LESICBI L CTiX 2.4 mg As/kg (RE/H & LT\ 5,

(c) 2T MARIEBHSEERER (Tv k)

ATSDR (2007) 2k % &, Kroes & (1974) X Wistar 7 v b (HEBIREH, &
BEREICHCRER) (ISR 2 BT MU U A (As(V)) T Esn (As(V) @ 27 7>
A BHREE& 5RBR IO VW THE L T\ 5D,

g2 R U A 7Tmg As/kg (RE/H G CIHMREENOME NED bz, —
¥, b EESh 30 mg As/kg IRE/H &G CIISE RO, KREOHEMIHE], <
BEOZM, EEOILREORIEL MO BERRIFTEO b,

ATSDR (2007) &, AREBOEEET NV v LAOMIR, Ak, Bk, FERas. 78
Ren. {Hib#s. N2 WERX OHR/FIZET 5 NOAEL # 7 mg As/kg KE/H., K
EHEAIZET % LOAEL % 7mg As/kg (AE/H | b EeshOKRE, Mk & OB
7% NOAEL # 7mg As/kg (RE/H ., B, Mlkas, TERs. HLaR. WOk
OFFA/ECBE LTl 30 mg As/kg (RKE/H & LTW 5,

(d) 18BMAMEMSHER (Sv ) RV 10 AEERESERR (V¥F)
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Wistar 7 v b (#, FEEHICEARH) 2B sHEeEET MY U A (AsTIID)
XIZEeEEF MU A (As(V)) (0,50 mg As/L) @ 18 7> A ok #% 5-385% . New Zealand
U (b, FIGRICECRE) Ik e EES Y 7 A (As(TID) (0, 50 mg
As/L) @ 10 7 A fok#& 535231747z (Carmignani et al. 1985)

FEfES MY A B0 mg ASSLIEEGHETIZ, 7y FROUHFONTAIZENT
HOBED 1 EFHHEEL N1 MY OLAEEORD . IEEHHEDO R A 5
. 7y FTCIEHEIZ 1 2ES 70 0Bk EORD bBE SN, £/, 7> b
TIHIMENAEERA BT 5577 I UG (250 pglkg (AE) . XTI KL
VIAEEBECH D7 ==L 7 ) VS (20 nglkg (AE) 2 X HME EFOFERM
H23ERD BTz,

B2~ U U A 50 mg As/L 5 TIIOLME R~OREITFRD bR Do 72D,
HKEMROIWNZ X 0B ERMED & MREENE THLI~FTY A =0 L5

(2.5 pg/kg RHE) ICXH2FERMEET, 77 I %5 (250 ugkg AHE) 2L %
B e EFIHIZh RN A B (WHO 2001) .

(e) 18 MAHRMNAMEREE (THR)

ffifiRfE D HIRFE A (spontaneous lung adenomas) WA HILAHRMTHD Al <7
A (ffE, B 58E 30 VT, BHAARS 5 Ffn) (Cefe) FY A (As(V)) (0. 1. 10,
100 ppm) @ 18 7~ A fk#&x 53 B3 1To472 (Cui et al. 2006)

18 2 A 2. ElfioREAMAEFRIZE 23T o1, RNA & DNA BRI Sz, t
et b U oL (As(V)) 78 pl6INK4a Jz (Y RASSF1A &5+ DNA X F b 3% —
VNIRIFETZE Y 22T 4 v 7 REEBIIONT, ATF LR PCR IZL - T
b7, pleiNKia TR RASSF1A #BIEF @ mRNA KON N E L)L TOE
{EIZ 2V TiE RT-PCR Kk UM fH kb 152 AW TR bz,

BEIZEY ., WERICR e ROHEKGFHREBR AN, £7o, FERGHEL
5 & BEFIZBWTHRIORER OB O A XK, K53 Lo it D%
ABEEOHEMARO bz, 61T, EFICBWT, MEEICEIT 5 A FbD
BEE O EBARFRI 72N FR D b v, HERE O~ 7 2 OFEEAEM TlX, pl16iNKda
&N RASSF1A BT ORBOIK T XUIHEEDN A LN, T OBLRTORBE L
~VDOIRT EBIZTOE A TFbIT—E L T\,

T2, FIREOFRAN 0, 1, 10ppm HEFHTIZ 0L TH 727, 100ppm #%5-
HCTA4EHR L, M2 0, 1. 10, 100 ppm BEHTENZH 9, 10, 11, 19
VT & FAESR OB A BT,

EHE I, EBERAIMEELF THD pleNKia TN RASSFIA OB Y = %7
A 7R AsDIC KL DB ORAICES LT D EHEE LT D (TARC
2012) .
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(f) 104 BREFENAESE (v k)
SD 7 > (MR, &5 50 VT, BHAARF 8 i) (CHEEEET MU 7 A As(IID)
(0, 50, 100, 200 mg/L) @ 104 EREIEKEGRBRITONTZ, 167 Bl
DENN BIRFET D F THEENTOI, Mk, 2 TOREMBA., lgsOrk23 =

W&, JREAERER 2B E N T (Soffritti et al. 2006) .
MERER AR IC WV T, AEEKFIICEE, SUKER EBEENED Lz, £72, 100
F O 200 mg/L & 85 7= 50 IE> 9 5 5 T (10.0%) 1 B & OEMER S A
HOHNTm, ZHUTKEREED 50 T 1 JC & 5 BAME L X CHREHZIICIIEE
Tl o7z, 200 mg/L # GBI DIEBEONRIT, BIRE 2T (4.3%) . &
iR 2 I (4.3%) . B&:E 1L (2.2%) Tholz, F7=, 100 mg/L FE5EICEBT
L RER ORI, BIRIE 3 1T (6.0%) . BMEE 1 I8 (2.0%) | B L FLEEME 1 P (2.0%)
Tholc, HETIIMT EBEEREROEMIIA SN0 -T2 (TARC 2012) .

(g) BIRBENAMABRRVEERZICLDIEISAMERER (TVXR)

Waalkes & DL 7 )V —1X, <7 AOHE L EET bV w7 A DORRIGME K OVEJERTE
IZ X DRNAFEIGE D —HEORBRICOWN T, BEORLE L THREL TS,

Waalkes ©» (2003) 1%, C3H v & (M, &% E5FE 10 ) (CHEHEF MU ©
2 (As(IID)) (0. 42.5.85 ppm: (HED BB 42.5 MED R EW) 85 ppm (2D T)9.55,
19.13 pg As/kg A/ H; ATSDR #i5) % 4Lz 8~18 H CHUKE G L. BHonid
a1 4 Bl CEAREREE (MR, BB GHE 250 IZHlLL, 20%, HOR
EiE 74 B, MO REIMWIT 90 BRIERE S - Bk A Ei L7,

e fp b Y U ARG OB ORKRER OFKEICEITA LT, R
MOEEIZBWNTHERITF D bz o T,

HED IR ENMW 133 ER 52 WLLKE, T ICEMORFRIER I L D AFEME ORI H 4
ST, FFAERRE & ORI R GRS O F A SR FE DS 42.5, 85 ppm H 5.8 CTH EIZHE
L., MEEORAERIL 85 ppm HEHTHEICHEM L, /-, 2 COEEB%R
B OEM RS O R AHEE L 42.5, 85 ppm THEICHM LT,

tE > B TIEERBR A O A TFEHEICELITR D DL o iz, IPRIER

(BMER O2COEBMERE) | FiELOIVEOBERZE GBFE R, & COHEH
PEIRZS) OFAEMFEN 85 ppm HGHETHEICHEIMN L., 72 OMEIEMERZE GRIZAK.
ETOMIEMIRE) OFAMEEN 42,5, 85ppm HEH THEIIEMLT-, £/-E
PERESS DR AL 42.5, 85 ppm THEIZHEM L7 (IARC 2004; EFSA 2009a;
ATSDR 2007) .

Waalkes © (2004a) (%, C3H v~ 7 A (Mff, &5 100C) (CHEEEBETFY ¥
2 (As(IID) (0, 42.5, 85ppm) ZHEHRE 8~18 H CTHUK&ZE L, Son7- R@y
A% 4 B CARBREE (MR, SEERE250) (Bl L. FHREEREOREIER
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N5 12-0T bF7FH ) A VR KR—L-13- 7T — b+ (TPA) (2 pg/0.1 mL
TR, KRB TR NBEEOR) 2l 2 B, BB LIEEHEEIC 21 BRI
bl & L., R8s 104 BT LR B2 £ LT,

e N U ABEME SR CIIEOREY) (42.5, 85 ppm) THNEMEE (IF
BIRIE, £ COINRIEE) ORAEMEOREREN, MO RENY) IR RE &
VST, AP OREEMERZ (85 ppm) W ONC R REIRE (42.5, 85 ppm)
DRAEMEEOFELBMPERINT-, e M) v AL TPAESEEICEY,
BB EHECIIBE N> O REY (85 ppm) THMEOEBEMERZ O
FE AR N OB ECO MR IR O 38 A BHEE DA B8N, O R E4 (85 ppm) T
i RHE, Al OREGMEIRZE OFAESE OF B REMDB A b, e MY U AR
M GHEE, BT NY U AL TPA BERGHOWTNIZBW T LD REM T
AIEEMERAE L Z 2 b5 FE (42.5. 85ppm) . Ui (85 ppm) DEEAIFZE
DEBEREMMFRD bivlc, TPA I TREEREOIAITHE L KT I 72> 12D,
b R K o THR IO REW ORTIRIEE .. Mk D B O g o 8 4£ 2
1#H X H7- (EFSA 2009a; ATSDR 2007; IARC 2012) .

F7-. Waalkes & (2004b) 1%, C3H w7 2 (Hff, &% 5E 100 |[CH T
rU 724 (As(TID) (0. 85ppm) ZHHE 8~18 H THUKIZRE L. Boh DR
i 74 BEFAE L. Oppm &5E (50C) | 85 ppm &KE5AE (8[C) | XIAEEE L
L CELED C3H ~ 7 A (M, 45 10 I8) 7> & IFlE A SR LR R AT & 5 W3R
N~ VEEET TR A EM L7, FARBETIE, FECTEHRBEDO L FITE
BINKEERE (BLE, AFRELE) [TRELEEME B4) « REEL L TKE
THRI TR EZ T 5% (64) »OifEE AT L, FERICEERTEEZITV. 20
AEHZIOW TORBRER bHESN TV D,

~ U AR FOFEIZHONWTE=R hr s rZEZ Ko (ERa) | cyclin D1 &&
T 7T AOHFIEIZ OV TIEEIZ CYP2A4, CYP2B9 & O* CYP7B1 BB FIZOW
T real-time RT-PCR {EIZ CE BN BLR T HBEOMENT 21T o7, BB LETLL
TPractin BIEFZH W, U ZADFRIZHOW CTHEEREFREZHNTT 7 A
DNA (281725 ER-a” v —% —fEilHP DO hv - Uig-7 7 =2 (CpG) D A
F AL O HBEBEEICOWTEBEAZITV, A~ U U EEREE A TR B TE A
ZVESL LB ER-a. cyclin D1 Hufk % 7= SRR R 0ORR 58 % 50 L 7=,

EROFTENBREZELZ T2~ U ADOFECIIRBEEO~ 7 X L LT ER-a,
cyclin D1 mRNA OFE BN, E kTR ICB WV THH ER-a, cyclin
D1 HUR OGRS OEMP MR S vz, 72 CYP2A4, CYP2B9 mRNA OFE
7238 B, CYP7B1 mRNA OF EHBEA ER-a” 1€ — ¥ —fHigF ® CpG
DAF OB ERIETHNBESNT-, b FORFIBICE VT HREICE EOSRE
BREE A I IIER TS L H# L C ER-a. cyclin D1 mRNA OF E /2R BEEMNEERD 6
iz,
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VI EDFERENS, EHHIZIT A a X vy P T VRERKOREN, EOTFE
WIRFE I L > CHMIREZFET 5 1R L7 > TWAHREEMEDNR H U | FRICHFIRN
® ER-aDBFEIHEBIL T 0 —F —FERDOIKA F Lz B U CELLAEERH D
EROBENAMEICEAEL TS E LTS,

X 52, Waalkes 5 (2006a, b) (X, CD1 w7 A (M, K&EEGHEICEARHA) 12
e hY A (AsTID) (85 ppm) Z#E4E 8~18 H CTHUKE G- L, oz
RENM & BEALZ I A REREE (M, S G8E 35 D) (C0BL L7=t%., WIRAFAERSIESE
EHRETDHYVZTNVAFANRA ba—/L (DES) (2 pg/~7A/H) XiIFEX
7z (TAM) (0upg/~7vA/H) 4% 1~5 BIZK TG 21T =R R % £
L7, DES X TAM 5 ORBEE L L Ta— 2 4 A VRO ORBEE AR T L
7o, ZO%, REMWIL 90 BRIFAE Iz,

b FHME G-RE T FREE & e U CRF IS, AR AR K O igi oo & T o fE
BEMEIRZE OYEIND - B v, R, BB R E MR IE K OV SR R AR i T Rl D H#E 0
DARO BT, EF KL DES HEK G CTld b FHME 58 & g U CHiEO &
EMEIRZEOBEENEM L, ZOMELFETHEM L7, b BREMBE 5 CIIBE
S o T ERRAT EAHIIaRES (FLERE R OYE) ORA LM L7z, BEDLHEsE
PERZ (FEE K ONEZAL) Xt REEC b BB R L i L ¢, e E X DES
X TAM BN GRECTHEMA A BTz, BEFR KO DES X TAM EM#& 5EEIC
X DBEOBRESCHMEE X, = A e v VPV RERKORE %2777 ER-o
OBFIFEHZ AT, ZIUTRBAIRE OEREFO—2>Th 5 AR R I 7z

(EFSA 2009a; ATSDR 2007; IARC 2012)

Waalkes b0 7 V—71%, Ll ORRERNAMRBROERZEE X, CD1 +

U A (MR, S8 30 L) 2 AW, okESIC L s EEET U U A (As(TID)
(0. 6. 12, 24ppm) OEERERERZ FEE L7z, SUKKGIIRE O 2 HE/TD
O HIREA. BRILE. BEILE O 104 BRIICH o TRl B,

L ROAEJERBEIC I - T, il ) | i (M) | IBSEES (K
EOFEBNARKENICAEICHEM L, EBICLDIIEERE UiEEL &)
LOFEIBEE (M) OFERFEH2REMNT. RIEAE» ORI N, £ERE
T~ 7 AT DAERIEAL L, — B ORI RE N AMERER TAH b= EY)
DIRBEDO R CORRERE L Z T2~ ALIZIER L TH- 72, LRV AENSIE
BEOFERENA SN TEBY ., FERE~ 7 XCB T AEEO TN X B THERIZH
ERRENE - T EREEH SN TV D,

T, BEBREALZ T M~ U 2O ERE I, XTREOBREIICHEE LT
JEE & g L, BEFIC ERo BB L T, EHIT, =X Mrb v a OfiliE %
5 \F % cyclin D1, NF-«xB, Cox-2 L Wo B TFORBEL~LD LR LALNT,
EZEOIX, EBOEEBRBICLIDAZBVADA I =XLD—>2+L LT, ER /- LT-
RENEFS L TS aEEEZIR~<T\% (Tokar et al. 2011)
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(&%)
(h) BEEEILARE (THR)

SK-1-ArBR (~T7 L R) =7 A (M#ff) ZxtEREE (5P0) | BEEEEFRU U A (10
mg/L) BEMEKE 58 (5 0C) | 4MF (UVR) (1.7 KJ/m2: UVB85%, UVC<1%,
UVA4%, 8 3 [Fl) HRHEE (1600 | #e@) MY v A80KkEE RN UVR R
HEE (15 0C) 125710, 26 BB ZEA21T->7 (Rossman et al. 2001) ,

e EET U U ABEMEOKE 5RO FREE & PR U CAREEINCREEIX A LR
ol RBEELOCHEERET MY U LA BMEOKE 53 TR EER O AT
Lo lo, T N U ABUKEE RO UVR FBHEIL UVR BB 8 HE T
A DO FEEFR A B AR A R L, UVR BB SEE CIX UVR BB 12 8 £ THEED
WETRO N -7-, UVR BEBERE L LEE L T, i@ MY ¥ AUKE
5] QN UVR BB RE TA O T EER AR IIFE A BICR ) > 72, UVR &
FEZ a2 ToEYN UVR BE 26 HETO 7 tb—oDf@E#4£E U7, L
L7223 5, UVR BB 19 B CTHEH e e Y 7 AUKE S ) OV UVR BRE R E
ERAMEE N 100% TH 7=k L, UVR BEMBERETIX 33% CTH 7=, Hit
e b U D ARG KON UVR FREEE CA 5 - IEES T 127, UVR B R 5t
BCIL53 Thole, HEEET MU U ABKKE G KT UVR FREEETIX 127 OfEE
DI H 64 (50.4%) . —F. UVR EHMMREETIL 53 OEEDO S H 14 (26.4%)
TIEFITIRBEMEOIRWEE O R LMD BE S, R EREOEAKICS
W TR EMICBE B R ENRA B (TARC 2004; EFSA 2009a ;5 IARC 2012)

(i) EEENARE (THR)
Skhl (A7 L RA) w7 A (HERIREA, LEARH) 1221 B oHE e~ ¥
2 (0.0, 1.25, 2.5, 5.0, 10 mg/L) % 29 MHKIKEE L, X542 B2 61T
M (UVR) (1.0, 1.7 kJ/m2) %38 3 [B] 182 H[EFEES L 7= (Burns et al. 2004)
UVR HEMBBHRE L bl LC, HHEef) MY v AfUKkEE (1.25 mg/L UL ET)
KON UVR BB CIIEER Y ERmEoAENEM L7 (EFSA 2009a; IARC
2012) .

(J) BERMILAER (THX)

Swiss-bald (~7 LX) v U X (#f, &G 10 L) % LB,
9,10-Dimethyl-1,2-benzanthracene (DMBA) (25 uL/PC, @& 2 [B], 2#H) 2%
fi L7 DMBA B 58, v MY UL (25 mg/L, 25 18[#) SkFEER, b
) b U U AR UODMBA #5812 431 3R 20N Ehi S 4172 (Motiwale et al. 2005) ,

MEALERE, BB N U U ARUKER R CIIREEREORAEITRD Lo T,
—F5. e MY v A KO DMBA 58 TiX DMBA B 5/ Lt LT, &
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BEORAR, 104720 OFEBEFREAL ML, 3 mm KPLEO KA D R & AL 5EfE
DOIENFEIZEEIM L7 (EFSA 2009a; IARC 2012) .

QriFE M

EFSAiIck b, 7y FOY T RAZANWTEZEL OFFEIZENT, EBEERICLD
B O 722 FMHOFTMEIT RN E SN TN, BEOHBATEIRZIIZRD LT
% (Rodriguez et al. 2003; EFSA 2009a) .

a. 60 BREIgKIRESRER (T XR)

~ A (MERIARA, && 58 6 X 1010) 12k 2 =ik — e F (AsTID) (0,
1. 4ppm) @ 60 HEHAEGHRITOINT (Wang et al. 2009) .

Morris DO7KKEHER THEKRFIIRIBRIEEDFRDO b, £, DMMEOEH
] (LTD) @ Creb &AFMEICERE L 7o HE R BR TR L~V DT S 41, 4 ppm
BEEIZBWT, 25 OBETDOIH Ca2 /I NEV 2 ) URTFET BT A % —
£ IV (Camk4) . Fos KON Jun OFERBEIIELTNA I,

EEOIT. =t HE AsTID) L bicxz vl oIy C Lnoladi
Bt E #1%5 LCH Camkd ORBBUK T ZHIET 52 BN TE o7 &b,
b FC L 0B UICIRTE L2 W L > T Camk4 OFRBIERTHRAELZbD EE X
b LTnD,

b. 4 MAMBKEEHER (TOX)
C57BL/6J ~ 7 A (MM, 28 GREICHECREA) Ik 2 e g b U 7 A (As(TID)
(0. 0.05, 0.5, 5.0, 50 mg/L ; 0.034~0.044. 0.043~0.057, 0.122~0.156, 1.56
~1.62, 6.58~7.34 mgAs/kg K&E/H) ® 4 »AMEBAKEERBRIITHOZ
(Bardullas et al. 2009) .

BRITEAEHBE S, BT, 85 40 A TERITENEE OKEBE), FFH
178 —EORFA TR LENE 240 IRTZ &) 280.05 KN 0.5 mg/L x5 THE
IZEEIN L7228 K SERBE O Tl 50 mg/L 5 HE CHEZRBEM L IR T OGR4 5
Nz, WETIE, KEBE#HNEE220ABD 0.5 mg/L LI EREGRET, 3 K04 004
HO2EERET, HEITEIN 1 X200 A B 0.5 XU 5.0 mg/L 58, 3 %14
A EBEOEBERTHEEICHEM U, HECIIBREELORE FTEO F—/33 I#
BIXL SN2 o208, METIE 0.5 mg/L UL EREGEETREERD F— I R, &
BEBETHEATEHO F—= "I U RNEEICHD Lo, £72, BITBEEIZB T, 1
TR ICBWT, 25 TFes e Faxs 5—P R OFF L REL -1 0
mRNA HEHL TR A LT,
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EEOIX. EBOBMEREN~ Y AOBREIEE. F— X fEEME, s
BRICHIELER 2 B9 F 4L R URICHEIKRERESLEZ -6 & Mo
TN BRI L TERZERE W ERRINT-E LTS,

c. 15 HEIXIL 4 BEHEOKRSHE (v )

SD 7 v b (#f, &%58 8 L) ([CkiFrdei) MU vA (AsTID) (0. 5.
10, 20 mg/kg A/ H T 15 AHfH EBR 1) L 10 mg/kg AHE/H T 4 @M G 2))
DOFEFRE O & 5FHEBEN T (Rodriguez et al. 2001)

HER 1 Tl 20 mg/kg RE/AEGRICBWTES 1 KO 2 B8R BICHER B
EETEEOIR TR b7, 10 mg/kg (KAEH/HREH TIX, BHREEEBEFEORHFZED
O b&E 1EMEOREEEFFHOAAIEERE TR, Rk 2 T, &5
2 KO3 EMICB N THREH CTHBEIEEOR TN, AR 1 LD 2128
T2 =o0FEE (T REERE, BOPIREKEIRE R O M5 ERE) T, #Akk
2 DFEFIZE T THRKEREDO T T —RBIE OB DB SN,

d. 4~12 Af&REOKRSHE (Sy )

Wistar 7~ b (., £S5/ 30 (2B 58 EefRET M) A (AsTID) (0.
3.10 mg/kg (KE) O 4~12 BRETRHIFR O & 5RBENTh -, BBV T,
MRRAMRRHE Y T o=y R Z 28 (NF-M) ROMRAGMERESEY 7 2=y
k278 (NF-H) BBICEGIEAR SN0 o 7208, 2% 58 T iR e
HY 7=y NZ X 7E (NF-L) BN 4, 8 KON 12 @M B THEK & 5]
FHRFRICERIZED L, BNVERE X 37 E (MAP) -tau ORBUIEER
oI A BN 723> 7= (Vahidnia et al. 2008a) .

WAL RN m- AN, B R EREN RS THEEICEML TV
T2 EnD FE DIINFLOEENEATLEEZ N E LTS, £z, NF-L
KO MAP-tau OiE%E| Y B L3 E U, MIEERERORLE L AREELZ X, &
BHNCEIREOEMEE ISR TEE2bNZE LTS, EHEDLIX, 72, NF-L
I ZNF % X7 EOHRTHE— invivo TH LML IEESTEHZ &6, NF-L
DOFBPMET Lo ARG R T v BHFEMREMR Y X T LORBFEIENZ T
TEHERFRINZR-L WL EEZONZE LTS

e. 4~12 B FEORERER (Sv I~)

Wistar 7 v & (B, 85 1000) ([CB 28 e FY oA (AsAID) (0,
3.33. 6.66. 13.3, 26.6 mg/kg {REH/ EI) D 4~12 FFEFRHIFE OB 5RER T O
7= (Schulz et al. 2002 )
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26.6 mg/kg (KE/HREGHEICBWCRE4BRICA—7 0 7 4 —v RRBR CTHLT
EH S AVEHEDH E 2D I3 F %ﬁ/bfdﬁ\ 8 &@ 12 @ B IZITBE B2 1L~
LN o T,

f. 28 HEEO®RERAER (v b)
Wistar 7 v b (Hf, && 58 500 (k5@ e U vA (AsTID) (0,
20 mg As/kg KHE/H) @ 28 HE#E O 5R R {THON 7. (Yadav et al. 2009) .
BERECIRWT, BREEEE (BEIERE, BERFME. KEEHE, 325 20T
) | B KR NEEREREE GEEETRE) OFEBERBEERTAALNT,

g. INAMBKEEHER (v )

SD 7 v b (e, F&EH20L) (CB T2 RS MY UL (AsTID) (0, 2.72,
13.6, 68 mg/L) @ 3 H A MEKEERBENTHI7 (Luo et al. 2009)

Morris O/KEEEARERIZIB VT, 68 meg/L HEREICZEMTEEREOAERRIET (7
7 v hAR—LOBGIZIREE) BH LI, Fio, MRS PN EHIE O 2
HE, BRI TS 7X/\°? X B 1A D NR2A mRNA OE & FREL TN
HEKFICEO b,

h. 4 hARESKESHRE (T )

SD 7 v b (M, £ EGH 4T (CHEEET MU U A (AsTID) (0, 36.7 mg As/L)
EHIR 15 HEHDWIIHAER 1 BENOB LXZ 4 M AWIC/R D £ THAKERET D
HER2M T (Rodriguez et al. 2002 )

HIR 15 B B b5 SN BB W T HISESEEOBIMN A S, B 5RE
IZBWCRIBRREIC LR T FABKIK 81T 2588 (delayed alternation task) fik
BET (=7 —o8n) RArbhiz,

(&) /in vitro

EFSA (200961) Tix, AsTID LN As(V)D in vitro ({281 HEEIZ OV,
UTOXIIZEA LTS,

in vitro C iﬁtﬁa')‘ U DA (AsTID) KO FU A (As(V) (0,
0.3, 1, 3uM, 24 X% 48 BEfEI553) 2B W T NF-L Bm 3BT A DI
72~ 7= (Vahidnia et al. 2007b) , LU G, In vitro (2B T, =F(k
—bF (AsTID) (TN L T AN S (Florea et al. 2007) . /Ly
U LFHFEMED T NS, AEMEIZ L 5T p3b X LRV BN p2b £ THEIINLDL R
K&, #ERE LT MAP-tau & & OB 2 X7 EolE ) bz 4E
C5RBEMEDNRD TEWVW EB X 51TV 5 (Vahidnia et al. 2008b)
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BT, @EY UL ERERE L CTEL D MAP-tau OFAEIFER iR OIE
AR AR THZ Lo NosTNALEEZ BN TWS (Vahidnia et al.
2007a) .

(&) RSO ERKRF
EFSA (2009a) IZX#UE, ERIIREHA SN E 22> TOZRWERRE A8 U T
PIZAYD | BOMOEAL L Y HAEHEICE ENRZLSEETLHHOLEEZIHNTH
5. ERITT owEOKEIZIN T2 Y AAEEME, 7 Z I AEEMER DT T
IUEEMEMR EEME A B S, F—I UMEER RO REELZIT D, b
FetE (TR Y UBIEICEENREU L VD Y, EEHREAA L., 34
dihydroxyphenylalanine (1-DOPA) ® 2- (3,4-dihydroxyphenyl) ethylamine
(dopamine) ~DE#AZ[HET H, WEBREIITFA—VELHBEEREZ4EL D
7o, angBERoe e UEERKEERESE &V o o IRARIE AT B 3 5 BE SR
BEXZELT AN EZE 2 51TV 5 (Rodriguez et al. 2003; Vahidnia et al.
2007a) .
SHIT, B BIIWIEA FLAZHEET L ERMONTEY . FRICHH
FEZMERRENE SND, ZOTHERICHFEINTBILA N L RIX in vivo |2
B 5 EE e FHEMHREEODFAI=ALLLTEZXL LN TS (Mishra
and Flora 2008; Hong et al. 2009) ,

@REZESMH
a. SEAMEAHEERR (¥UX)
White Swiss cross ¥ 7 A (ff, & 5#H 8~10L) ([ZB T L8 NI U
2 (As(IID) (0. 0.5, 2.0, 10.0 ppm) @ 3 KI5 RER )M TN 7= (Blakley
et al. 1980) ,
0.5. 2.0, 10.0 ppm ERETIT LY JHRIMERICHT 2 MigEMa D 7 F— 27 %
FSARA SR DR T A3 H AL, — IR KON IR RIS IS D 3 2 $Hi 9 5 iR o0 %
MmN ERE 7= (EFSA 2009a) .

b. SEMESMSERR (YVX)
C57/BL6 v 7 A (H, HHGHE3~48) 2B 58 e T MY v A (AsTID)
(0.1, 1, 50 pg/L) @ 5 WHEEKE 5H BRI 1T 72 (Andrew et al. 2007)
HOKBEGETRICY 7 ZADfi 2 W CHEBENER Ttz E L7z & 2 A,
BEAE, IREMAH, BREEx, 7R =YX MR L OREINEICRED 58
EFRBUCHEBEREDED %i’bto ZNO DRSO —ERIT - EE RT-PCR, &
7wy MEIZX D FRROZECTER S,
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EE DT, IO ORENBARIOER TEH LI-ETFIT e FICHEELRE
AT 5 ECTHAMREMFER~—H =270 9 ZRREMRE Y 27 OFH
WEHATHLZ 2L CTn5 (EFSA 2009a) .

c. b~6 AMBEAMEMNRAER (TUX)

C57BL/6I ~ 7 A (I, K% 58t 4~6 C) 2B 2H e ~ U v A (As(IID)

(10, 100 ppb) @ 5~6 BEMEAKITIREHR 5 BN TTHONTZ (Kozul et al.
2009) .

HEBEKE TS~ T ADO M2 AW CIRBER T2 Eii L= & 2 A, BE5#
IZBWTHlilaEE K VDR, F ¥ 10, AR, bR OHEFEE DN B SR G
BILEAET L2 OBRTFVNERICEH L, ZNH0ELO—HMITEE
RT-PCR, &7 v v MEICL Y FEOB(LABEINT,

EHEOIT, BRMEICEET IR FICHENALNTZZ &b, b RITRFITH
DOFEBY A7 OEENNCEEE ST 2 /RN H D L HE L WD (EFSA 2009a)

d. 10~12 BfiE24SESR (THX)
C57BL6/6 B6 ~ 7 A (I, K& 5REICECAI) Ik 0 5 et b U 7 A (As(V))
(2.5, 25, 100 ppm: (100 ppm {22\ T) 20 mg As’kg {KE/H; ATSDR ##)
D 10~ 12 BRI EREBR N 1Tl (Kerkvliet et al. 1980)
BhSTo~ U ADOGEMEE. FFiRR OB IRIC B E LR b hho iz,
ATSDR (2007) (X, /ZHRE, FFiRK& O'BiRiCBI3 % NOAEL % 20 mg/kg
KE/B & LTWD,

e. 12 AMESMSHEHAR (THX)
C57BL/6J/Han ~ 7 A (M, %358 1008) ([CBIF D BT b U w74 (As(V))
(0.5.5.50 mg As/L) @ 12 WK GHERDMT O (Arkusz et al. 2005) ,
BB G TR D AL EBES N EEN~ 7 17 77— Tk, AL R—
NIV AF U AT VAR L DIEEBEROELA, VARV T4 R
(LPS) I X 5 —E{LZEFROFEANFEIZHE L3, LPS I X H35E
B L ZE R A EEHE S TNF-aDEAS mRNA ORBRICELIZA SN0 5 T2,
FEHEDIIEBET N UAIBRBEINZ U ANLEONZBEN~ 2T 7
— P OIERBERESC—BLEROEAENEEICHED L2 £ b YYECIER
AR OERIZEE L KT AREMEE " L T\ % (EFSA 2009a)
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O%%E - HESMH

e RITEREDICIBN T, RIREECEFEEZET 52 ERMBNTWND
N, L ORBRITBEBHENECDIZTEOBRVHETER LTS (Golub et al.
1998; Wang et al. 2006) .

BHEBTEN A SN2 WHE CE SNk ORBR T, BROo&58E (£<idt
e (As(V) ) TG U T, BIRORERIE, MHREMEK OHiEE DO ELPBIE S
N<CuW2 (Wang et al. 2006; Hill et al. 2008) , FERNKONHAEZRBEIHDO~ 7 A2
B (100 pg/L Ll FOH b it & S ofok) #IRE L, 28 BIO~ 7 2D A ¥ =
U UHIC R T D KB E OB PR SN TWD, 20T 7R OE
RT-FEL L B Lo KGEE O EFIOBEE(L b 72 - 7 (Lantz et al. 2009)

OREMESM

RIIFEAERFICRFICHER TH 0 | IR IR b SRIRE K A B OBRE IR EE 25
SEZIL, BRELULUUTHMNEIENELD EHREIN TS (Rodriguez et al.
2003; Wang et al. 2006) . EFSA (2009a) (%, EBREMWICHIT 2% Tld, BHE
~ORAOBEZBEU-BEEZOTENREICL Y BB 2 8RERMRR
2, RIRREEIEN N EEEE K OVZEREE OB 2 &R BN E L, TH)
WINZEBT D 5 ORERITENCEE L 7R N iR~ — 1 — 52 B S8, 72, vF
DAFNACBEERN NS OREBEEZBEIMIEL 2 LRI NTNDHELTND
N, BENPKEL, FERBPART+DTHL NG, b h~OHRITIRETHD & L
TW5,

a. BEHTKESHRE (TOR)

C57BL/6J ~ 7 % (Mff, £ RBREES~120) IZBITHLEET FU 74 (As(V))

(0. 50 ng/L) ZULUREI O BB A E N D E THKE ST BN Thil

(Martinez et al. 2008) .

BERICBWTC, BB E B 21TE)., EHIKKGERE TORE N A 5
iy 9 DIREEITEN L OV 9 DIRRERRITENC B 3 2 &N e~ — B — 2B (b E
U7z, £/, MiEarFaxsoro by, #ED CRFR1 % /X7 ' EORED .,
mEEREOEr = BHTIA KR E M OZBRT T =7 24— v 7D |
ANHREICA LI, EEARS, WANXIIREAELE,. TriclsW\WTidZE b
IIH BN T,

EE DX, BEMOERBEEN T 5 DRI TENCEEE 3 S K TE- T &
R-BIERER EEEEAHOEe = EHROMEARTGIERZEET 5 2 &,
Fo, FBEEEOKIRE b FRE TR L OITEOL(ICBE Lok EY T~
— D —ICRHEEELE2 D EEXDNTZE LTINS,
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b. BEHERKESHR (Tv M)

HIRT v F~OEWE e ZIREE (Rl 6 H~41% 42 HlvE CHe RS~
7 2 100 mg/L & & EEK) 1280 FE R OEREITEOWL < OO K G
BN B LN 2 ERHRE S TS (Xia et al. 2009)

3. EREFRILEVDOEER

ek, ATF b N A E RITEH L F L0 bFEHITER, EEATO X TF L
T e RERBT DA AL LEEZONTE RN, AT LOBRRIZE - TK
T @ < B AMED BV MMAJIDS DMAAID & Wo 7z 3 i 2 F ik b B3
S TCVWD, 2=, MMAUIIDS DMAUIID 28 &R I B 2 KT LTV 5 AlHE
PERFER STV 5 (Jomova et al. 2011)

(1) ErZBITEEE

B BELAEMT ST IERBEND LN, ThEnolbAhoEEIXR%IC ik
BTE5LDTHRWEd, LM LI T TEREEEZILENHD (ATSDR
2007; EFSA 2009a) .

AsBe (3t FOENTREELZ T T, REMEKOEFIM SN D, b FROERE)
MINZBT HBHEERITIFEA LRV, AsBe ITFEHEEZ XTI Z LidneE
2T (EFSA2009a) , 7/ va i—ROIRFEEEHE BILAEWTH D
Tty Ride FOKRANT DMA (V) IZR#F =152 (Raml et al. 2009;
Schmeisser et al. 2006) . 7/t /v ab—ET7 Lt/ Uy ROFEEICETHHE
WITH/E LN TR,

OF-3:3-7
ATSDR (2007) KUY EFSA (2009a) I2k5&. & MIBWTAKE R LEY
Ot PERISER L2t E A OB E T RIZET 2 A IR S TH2R0,

QEMFE
a. RE~NDOEE

Bt FLEY O HORDBEE ORE~OFBIZET 5 AF AR EFIIH
‘X720, UL, e BICREE S, MMANV) Z @& WEIE THRIET 5 AlcBun
TiE. BEEOFIE MRV A L0 & BERZE D OR 1 1.56~2.8 fis K& < | b HFFEM
FBEIRZED ) A7 PNEnWZ & &2 RT #5018 H 5 (Ahsan et al. 2007; McCarty et al.
2007; Lindberg et al. 2008) , L7>L. 215 OHE T4 & HIE R MMAIIID
E MMAWV) % XBII L CTWenolz b & Cnd, £72, Valenzuela & (2005) 14,
BB KA L CHERE b SBICRERE LD EIRED R WA LT, KEREDH 5
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AZBWT, kP MMAJTIDEHRBERFRICEGE VN L 2R LTS (EFSA
2009a) .

b. EMNAM

IARC I%, AN ETICIT AsBe R AsC 246D L LA E RN EEN TV H LS
2NN, RNMBICHKTL2EHERICED2EDBADY 271250 T, BERERT
FHEICAWD Z EDOTE HFFEAMEN 2V E LTS (TARC 2012)

c. HRBER~NDEE

EFSA (2009a) (2L 2% &, At FILADOEMEREICL S FORHEMRE
MEICBET 28 EITITEAEALIT, B M OFREFEMER CITEE L OB e FiZ X
STHEUDIRMMHREFEEIZOVWTRRZT 52 LIXRIEREE LTWVD, £,
AsBe X AsC L W o lc BT OFRK L BLEMIZ X D REM&EEMET e FTIEER
BTV, RIERIZ, B2 72 v ZCEHY (FI:MMA (methylarsonate) . DMA(III))
OMEBEMEDBRKEIR CHO N RbDEEZ LN TWRNWE LTS (EFSA
2009a) .

(2) ZRBVMFICEITIEE
OaMEH

ATSDR (2007) 2k % &, MMA(V)®#% O LDs IZ. 7 AT 1,800 mg
MMAV)/kg {KE (Kaise et al. 1989) Th ol Litr s T 5, 72, DMA(V)
DO#%H LDso X~ 7 AT 1,200 mg DMA(V)/kg /K& (Kaise et al. 1989) THh -~ 7=
LHRESINTND

TNk aT—ICEA LTI, BEE RO XS REMFEHRITEEO NN EE R
5TV % (Sakurai et al. 1997; Andrewes et al. 2004)

QREKRESM
a. BRMEMN
DMA(V)% Fischer344 7 v MZ 4 AN GH 5 \) ROREGZ2{T-o72L 24 57

n@&gWEﬁﬁﬁﬁiW%\%i2mMWmfb(Mwﬂemﬂl%ﬁ)\Sﬁﬁ®&
K5 CIIMET 17 mg/kg /KE/H (Wanibuchi et al. 1996) . 13 #E OIREEHR 5
T1% 190 mg/kg (R E/H THED F344 7 » b3 100% 255515 L 7= (Crown et al. 1987)

igir=H

MMMWiﬁkﬁ\%w FER IR S O Filg RIS B 2 RITT Z &b T
% (ATSDR 2007) , b EZMEOEHWEEITHTHY, Ty b, T A UH
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X R OA X CUEBHIROIERIZHEN BVHEICBWN TS TRIZAEL S Z L0
INTWD, HILEIZBIT 2 FR 2T —BAIC TREZAE LS X5 RiEHE
FUVEHEICBWTERD BN, Arnold & (2003) 2k 5 &, REFREIZBITD
K HIEWNOAEL X T v MIEBIT 5 2 FMIREEHR R B D 3 mg/kg (KAHEH/H TH V|
THICXTT % LOAEL 1% 25.7 mg/kg (K#H/H Toh -7 (Arnold et al. 2003) .
DMAV)iZfspt, ik, FRIRE OMREMREICHEL 52, ZbEZHOEWE
BIIBEEOR N AMETH D EEZ BN TWD (ATSDR 2007) .

QM AN
a. DMA(V)

DMAMWMIZ LY., T v FOBEMIZE W TRENAMENHER I NN, ~ 7 XD
TITRD BN TV RN EHRESI N TV D,

(a) ¥R

OGG1 KfE~ v A (MR, K#EERE 10 0T) K OEAR~ T A (M, K&58
12 JC) {2 DMA(V) (0, 200 ppm) OEKEE (BIAAEE 14 8k, 72 BE) 217-
72 & A W) DNA (EEEEREE TH D OGGL KB L~ 7 AZBT B ifilE
DI AR KR OMERUL., REEIC L DMAV)& G THEICHML, —F., B
ARl 7 2B W T, WEBEORETA NPT, ZRDLORERND,
DMA(WV)ix OGGl RE~TV ADMIZENAMEZRT I ERRBINTWVD

(Kinoshita et al. 2007) .

AT~ 2 (B, %58 24C) |2 DMAV) (0. 50 . 200, 400 ppm) DK
5 (BAAEH: 5 Wi, 50 HE) 21T-o72L 2 A, 1D~ T A Y70 OREERR D 7
KEAETHD 400 ppm BECHBEEICE L CHEEICHEM LN, BE SRz
DMAW)IRE & FifEEOEH KR KR E S, BEEROH ST~ 7 ADE & Vo725
EEOBICIIAERAERISEBRR AN sT2 2 ERHESINTWVD

(Hayashi et al.1998) , £7-, EFH HIL, AJ ~ U ADRFICHIEBEERZEZ LR
TWRMTHDLZ D, ZORBROL0E DMAN) D~ 7 AZkE$ BB AMED
BEALHW T 3L thORFEO~ T A TI Y L OEWHE AV - Bk
NULETHDLELTND,

F7-. B6C3F1 ~ 7 A (M, K% 5856 C) (2 DMA(V) (0. 2, 10, 40, 100
ppm) A IREE £ G (BAAARE 5 R, 104 ) L7223 MW 1I2 BV TE  DMA(Y)
DOFRGIZEE LTS EE X LNDEMTORINAMREE (preneoplasia) <CfEE D
R A N2 VW) HE S &5 (Arnold et al. 2006)
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b) v b

F344 7 v b (i, &% 5% 36 L) | DMA(V) (0. 12.5, 50, 200 ppm) DK
K% 5 (BRAARF 10 s, 104 #H) 21T->7- & 2 A, 50 ppm BETEEMEE DS 19 %,
HLEANE 2 IN 2 72 FEIS Tl 26 % C. 200 ppm #ECTIIBEREN 39 % (9 6 2 Bl HLEA
2 OF%S) FAE L., 12.5 ppm B & XRREECIIEBE OB AEII AL N> T, 0k,
AR CTIIEM LIS Dligas TIEEB AEITRERD Hiv7e s> 7= (Wei et al. 1999; Wei
et al. 2002) .

F344 7 v b (., &%&5#6008) 1Z DMA(V) (0, 2. 10, 40, 100 ppm) %
IRERIR S (BHAGE: 5 s, 10438[) Lt 2 A, T~ FoEkIcks W T, $LEE
FEIX 10 J2 OV 40 ppm #£ T 1 619>, BEPLEIX 2 % 100 ppm BETENEIL 1 Fl &
2%, M7 > F 100 ppm FEIZ I THLIERE & BEREEN 22 4 il L 6 B3GR
DO, 7B, MEEORTIREE L b ITIBEOREITHA BRI oTz, iz, BEMLL
I Dligigs TIEENAMEITRED Hiv7enr-> 7= (Arnold et al. 2006) .

b. MMA (V)
MMAV) D EBREY) ~DOFGHER TII, B AMEITHER ST,

(@) ¥R

B6C3F1 ~ 7 A (M, £#58 52 L) | MMA(V) (0, 10, 50, 200, 400 ppm)
ZIREEHR 5 (BRfAEE 6 B, 104 M) Lzt A, BREICEELZAEREED
R A BT, 400 ppm BEGEEZB W TREORD N AL NN, EFERICER
REGITA NI -T2 EHRE I TWD (Arnold et al. 2003)

(b) Zvk

F344 7 v & (B, & G5Ef 42~45 L) (2 MMA(V) (0, 50, 200 ppm) DOk
5 (BLGFRF 10 BEis, 2 F£H) Z2iT-o72& 2 A, KE, BRE., fuka, £F%E
DOWTNOFEIE S MMANV) O 5 (ZBHE L =B B REMNAFRD b holz, 72,
HIROFER, MREE S & O TR TORGH CTHIBSCEEMUIESE ORI A B AVTZ D5,
ZIBIEF344 7 v M TIXBE RIS LD IEE S EFEIcitE L Tnphp 2 &
Mo, R N2 ool 2 FEMic kS MMAV#EGIC LD HFER
BRI A D72 D > 7= (Shen et al. 2003a) .

F344 7 v b (., &% 58 60C) (2 MMA(V) (0. 50, 400, 1,300 ppm) %
IRER G (BHAERF 6 Biin, 104 #HfE) L7z, ZO/MR. HEICEE L -AEREE
DIERNLA BRI o T, 7k, FETEWEO SR EINC Y, kEmEGIRED
1,300 ppm (%, 53 # H (Z 1,000 ppm, 60 1 B {Z 800 ppm (ZEH 4172 (Arnold et
al. 2003) .
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c. TNMAO

F344 5 v 1 (., &% 58 42~45 L) (< TMAO (0, 50, 200 ppm) DK
&5 (BRtAREF 10 Biin, 2 FEM) 21T-o72 & 2 A, XL B LT, 200 ppm #&
BRIV CTHFIRIE O R A K OB AEE SN A BITHEM LT, FFIRUSN OB O e
WICBWTHEBEDEMNALILTEN, ZULIIRBETCLALNTEBY, F344 7
v N CILEBINCRAET DR & MBFERICFEEE Th > 7= (Shen et al. 2003b)

DEEFEI A

a. DMA(V)

(a) ¥R

f{1=vx—F—LLT4=trx/) 1-FF%TF (10mgkg (KE) 2L T#&
HL7zddY v~ v A (ff, &858 9~13 L) (& DMA(V) (0. 200, 400 ppm) &
oK G (BRLAEE 6 i, 25 M) Z1T-o7-& 2 A, DMA(V)#& 58 CIrIxREE &
B U C, MR A RIIEAME R 2R U, B OE %X 400 ppm B THEIC
ML/, (Yamanaka et al. 1996) .

DMBA TA =vx=—va L WE% L7 K6/ODC T v AV ==v 7~ A (I,
KPP ERE T~8 L) |2, 200 ppm ® DMAV) %A 2 [B] 7 Y — AZIRE CHE 2 BB

(BRAAIF 10~14 s, 18 M) L7=, DMBA OAMLE L 7-#E L t#k L C, DMBA
WLED & & DMA(V) 2847 L 78Tl BB OMEEN 25L& 700 | RER® A
TnE—X—0 TPA LREEDRERNAMEEERZ R LT, =y —T 3
YHETIE DMAV)OFE I b OT, REBEBBEORE TN RN

(Morikawa et al. 2000) , 7272 L, A== —T a YRR 2LV T
7o, WEREIRETHONREELNE I TS (TARC 2012)

(b) Zvk

F344 7 v & (K, F&GH 20 0) ZHW., ZlEssF RS AERBRIELEL LT,
4 M 12 b 7= v diethylnitrosamin(DEN), methylnitrosourea(MNU),
N-butyl-N-(4-hydroxybutyl)nitrosamine(BBN), 1,2-dimethylhydrazine(DMH),
N-bis(2-hyroxypropyDnitrosamine(DHPN) @ 5 fFEEH O E N A ME (B L T
DMBDD) TA == —3 3 ALE L7, 1 BB ORIERI R 2% T, DMAV) (0,
50,100, 200 . 400 ppm) OER/K 5 (BRAAEE 7 iR, 25 ) 247 - 7=, DMA(V)50
ppm D HEEEDOF B A ZRE L, £o. K. B TIE 200 ppm 705, BIZER
R CIX 400 ppm TENACEEAPRO 5z, —7F5. DMBDD L& %712
DMA(V)% 25 #E#E L CTH, NADOREITA N2> 7= (Yamamoto et al.
1995) .

F344 7 > b (K, SH&KEGHE 20L) (T3 L. 4 8EICHR D BEREIESAWE T
H7% BBNIZTA == —3 g VALE L72#% . DMA(V) (0. 2. 10, 20, 50, 100 ppm)
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DKL (B4R 6 B8lm, 32 M) 21T-7z, TOfEE. DMA(V)10 ppm £
SEEMES O AITEREICHEM L, 25 ppm #LL_E T DMANV) DERED 328 AAEE
ERICABRZEZNRD bz,

Fo, BEEBLE LT BBN L/ =vo—va VAEEZTH &L
DMA(V) (0. 10, 25, 100 ppm) OF/KEE (BH#ARE 6 @i, 8 HMH) #1T-7=,
DMAMWIZ & - T, BERE B OMBEAEN H EKAEICHEIN L, EFF O,
DMAMWIZIZT v MZBWTEMRORB N AMREERRHYD | ZOAT=ALD—D
& U CTERM B OMaEiE ORI &2 "2 LT\ 5 (Wanibuchi et al.1996)

b. DMA(V). MMA (V). TMAO

F344 7 » b (., £BEHEID) I DEN 24 == — 3 3 UALER, 2 BEEOK
A 218 T, DMA(V), MMA(V) & O TMAO (0, 100 ppm) OfE/K#ES (Bt
e, 6 M) 21T o7, XHRREEIZH~T, MMA KT TMAO OG5 TiL, i
BT 5 GST-P B MR O R NEFE A B ICHEM L, MMA(V) XU TMAO 232
v MRS BT DRINARE ZEEST 5 Z E M5 E 725 7- (Nishikawa et al.
2002) .

GmEEMN

AsBe X D' AsC 2 BB TP OFK b FLEMIIRME TR EEICE S L
TN EEZ 5N TS (EFSA 2009a) , MMAMW)IZZ v MZ 72.4 mglkg &
/A, vV A2 67.1 mgkeg AE/HOHAETEE L THEREESCIHFREZAE TS

(Arnold et al. 2003) . DMAMWIZSW T 7.8 XX 94 mg/kg (AE/H OB MRS
THRBESHBFIEREZE L2V E VS TZHLOBERERFEE SN TND

(Arnold et al. 2006; ATSDR 2007; EFSA 2006) .

Kruger et al. (2009)i%, MMA (V) X O'MMA (1) 2BEEICHIT D7 A8
BE~ORELERE LTz, & (14~21 Bi) KORIEK 2~4 20 A1) 7~ hOWE
BAT A AEAZ MMANV) X MMAUID T L, ¥ =7 7 — RN OFEFE Y
F 7 AEGENMN TEPSPs) 2MIE X7z, MMAMWITAAE KR O T ~ b OEAR
IZBWT VT ARBICEEE RIE S o7, —F, MMAUIDIZ 50 &KUY 25
umol/L (FifE. FH#T v F & b)) OHEICBWTY T 7 AREOBNAL A TR < 6| L
720 £72.25 XN 10 pmol/L (AR, E#E 7 » b & H) O HEIZB W TEYHEE (LTP)
DIENE % 58 < M) L 7=, P RRAYIC MMAID 1 pmol/L 0¥ 5T i3E# = » M2 LTP
RIEA PRS-, 2O bIL A FIL-D-7 A5 X (NMDA) Z&KIC
B AEEERGE, o-7 2 /-3t RaFxi-5-AF /A VFXH S —1-4-T a4
BOBEMEORINZEL DD THLEBLX NS, FLEFLIL. ZNDLOWESE
CAI fEIOEEM Y F T ADEEIL, hy T T AT NVE I VBRIESIEZEERA~D
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MMAIDDOERIZ LW AT, b RICKHRBIMEREEEDRRE CTh 5 FIREEN & 5
LI T35 (Kruger et al. 2009; EFSA 2009a) .

GORESH

A RILEMOROREIZIIT 2 R HERRICBIE L2 E R, U 3 Ram B~
DFEEITH LI TVRUY,

7 v RO~ 7 A2k D MMAV) (72.4, 67.1 mg/kg /K&E/H) (Arnold et al.
2003) . DMA(V) (7.8, 94 mg/kg fKE/H) OIRFEIC XV & REE TIHHEMASH
ZAelIAH 57 (Arnold et al. 2006) . MMA(V) % 7 « > T DIz 4~T72 mg/kg
RE/HOHAZET20 BFABOE S EZTo-5H6 0, REKRE~ORZEITHBHE SN
Mo 7= (Albert et al. 2008) ,

DHETE - HESMH

EFSA (2009a) (2L % &, AsBe IC L ARAEFEMNEITFRDONTE 5T, MMA)
EODMANV) D B OFHICOWTIIERMIT L A LN E SR TW5,

Sprague-Dawley 7 v hRR==2—Y—F » FAGRTUHF(ZEBITSH MMANV),
DMA(V)D#% 0 512 & 2 ATER A BMERER Cld, RIEFEENAE R VIRERET
X, BEICBEE LR EFEENADNRD -T2 ERREINTND, WERAY
2 (7> FTldhsEs (GD) 6~15 H, UH X TIXGD7~19 H) MMA(V)TIZ7 v~
Mz 0. 10, 100 &% 500 mg/ke (KE/H. w420, 1. 3. 7 &0 12 mg/ke &
&/H. DMAV)TIET v M2 0. 4. 12 &0 36 ma/kg (RE/H . w4320, 3. 12
K48 mg/kg RE/H O AE THREROE G 21T-o72L 2 A, MMAV)#EIZ LD
BAE R EEEEIRLESWVHETH S 500 mgkg AE/H (7> ) | 12 mgkg
RE/A (THF) THLNR, BE5ICEE L-BAEBEIEHAE TR D b2 )
272, MMAW#GZHB1T D EFMEITHER IR0 > 72, DMANV) TIHRHAER D
HBiEFMENT v T 36 mgkg RE/HOHBETA LI, VX TlE 48 mg/kg &
HHOAEZHREGTHZLICED I ZEAEORMENGEL, FHliTE 5 £EFBIE
MIFE LW E VS TN RHEEENAE LT, 7y PRUTFITBIT 2K EIC
RO L 7= A XTI R AN A LN WHAREITL 12 megke KE/BUTFTHo 72

(Irvine et al. 2006; EFSA 2009) .

@FEMmEEM

v U AT, EHEE R L RIS DMAWITRAA) S ek 48 U Tl S v, R
RN 2B S EiE L, BRIROBMICIES 549 % (Jin et al. 2006) ,
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4. N\IFHERLEVDDOEE
ATSDR (2007) K UF EFSA (2009a) ZA(c, NLAMEZMEAWIZET 25
FHUH R A L7, EFICRS LTV,

(1) EMZHBITHEE
ORMEE

ATSDR (2007) 12L&, BEZRATHZLICIVAELTAHE RILEMD
AMEREEIIERBE SN TS, 1,714 mg MSMA/kg (AE % RFA L= BMET
FEH, T3 v ZER, FiEEk EEEEN A 54 (Shum et al. 1995) | 78 mg
DMA/kg REZRA L7-EEF TIIEL, BREXOTHRNEZEINTZ (Lee et al
1995)

Qg ¥

A FRLEMTEEE L LTOHBRH Y . O IR OIREICL, TR
=273V (8,3-VT 244V Ruxi -7k _¥y) 3, BfEITE b7
ZUH R R Y —~E (HERKE) OFEEKSE LT, AAOREBEREFRTA T LY
71—/ ((2-(4-(4,6-diamino-1,3,5-triazin-2-ylamino)phenyl)-1,3,2-dithiarsolan
-4-yl) methanol) WHWHIN TS, 2O DILEMNBMEFRMREFEEZAEL D
T EFHLINTWDR, HEESC RV X Y — < ERE TR D R HEE TR
EINTWDHLDOHLTHDS (Gherardi et al. 1990) . HlzIE, TLHA T =F I 1T
XD REEZ T OBOBERE ICBW T, IMOHMEZRFHE T LT VAT )3
VRN & RIS AP (MR Je . IERBER) A T, B OER & LT
FREL, FEAE. WM, 5. BAKOEAZEDRMONTND, MOBRE TIEFREE. —
EROFEF TILBERIZ BT 2 ME D 9 1, L, B, PEE~FEEOMRMED
RELRMENFRD b7 EHE SN TV D (Roseman and Aring 1941; Globus and
Ginsburg 1933) , A7 /LY 7a—/LIZ X HEETIE, EEOKIGHE B BIKE 2 £
U, B o022 ke 2 D e W Bt O JEBSEM R IR E N RS 2 b e aak
(R L EHE, &2 WITEMENFRICE D KEOEERIEL AU LAt bIE S
L CW% (Haller et al. 1986; Adams et al. 1986; EFSA 2009a) .

2003 F\ZFRIRARIERT (B #RifTT) T, DPAA IC KD HFKIGYENFEAEL, FH
FAKOBAINZ L 5 /MRIERK A2 FMEIR &35 DPAA FE %4 L7z (Ishii et al.
2004) ., BRHAFHF AN ST 4,500 pg As/L &0 ) HIEBEO e Z A S, RP»
51X DPAA 728 HPLC-ICP-MS IZ X 55T ThaHi S 4172, DPAA IC X D& L
EZONDUHERICS OS2 ENFER SN2, ERBEL L BT E & OFRIT
BWEwRholz, LM LERVIICT — X 288 T 5 L, BEPRO LN LHEE
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RN 1,100 pg As/L (140~2,400 pg As/l) Th oo, 728, IEBRBEE D DITR
FIZ DPAA MEH SN2 Z LA IE SN TV DS (IS 2006)

(2) ERBVMFICEITLHIEE
OaEH

ATSDR (2007) I2Xk2 &, X1y A28 580 LDso (X, 7 AT 244
mg/kg KB (NTP 1989) . 7 v kT 81 mg /kg {AE (NTP 1989) & 155 mg /kg
{KE (Kerretal 1963) TholmtMEINTND, /o, AREZRRIETHD
MSMA O# A LDsolZ. 7 v + T 2,449~3,184 mg MSMA/kg {& = (Gur and Nyska
1990) . 7% ¥ T 102 mg MSMA/kg {AE (Jaghabir et al. 1988) Th ~ 7= &L
ENnTWD,

QrRE®RESEM
a. BRMEMN
(a) 1A BMIEMSHEHER (THX)

B6C3F1 v v A (M, F&G5H 5 L) ([ZBIFH ¥y (0, 60, 120,
250, 500, 1,000 ppm) O 14 HEREE&R GBI 1THNT,

1,000 ppm #EREDOHE 5 PErb 2 PT_HE 5 PTH 5 PTASETS L 72, SRR E A 1,000
ppm 5 EEORET 34%., 500 ppm BEEGBEOMET 10% kD L=, £i=, BHERIE
K T2 250 ppm DL EEGHETHA L (NTP 1989)

ATSDR (2007) 1, KA#RBRDOIKERF D D NOAEL % 84 mg/kg (K&E/H (500
ppm) . {EEET O NOAEL % 20 mg/kg {A%/H (120 ppm) & LTW2%,

(b) 13 EFHEAEFUERER (TOUX)

B6C3F1 ~ 7 A (M, &% 58 10 ) ([2BF5 v X417 > (0, 50, 100,
200, 400, 800 ppm) O 13 AIREES G HEENITHOITZ,

800 ppm #G-EEORE 10 Pt 6 JT, i 10 P 8 JLHY, 400 ppm F&5-FEDOHE
HEF 10 B 1 JC33ETE L7=, 800 ppm #HGRETIX, HAKMAENXIRRE L
THET 18%., MEA 11%J84 L7, 800 ppm & 5-HED M CHFHEaxI EE DR/ A
A o= (NTP 1989) .

EFH DIV T B6C3F1 v v & (M, S&REGE)  (MERE, #A&58 30 L)
BT 5uxYr >y (0, 100, 400 ppm) @ 13 BRIEEE&KERBREZIT-o 72
N, WEICEHDEEIA LN -7 (NTP 1989) .

(c) ABEERMEHERER (Tv )
F344 7 v & (MR, £8EG8E 50 (2B HsuxH1v > (0. 100, 200,
400, 800. 1600 ppm) @ 14 HEREFHRERBENTTHOINT,
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1,600 ppm % 5FEORE S PLr 3 UL, M 5 PLH 5 JLAFET L7z, 400 ppm %5
BECIE. B RE DS R IREE & e~ CHET 22%., MET 5% L7z, 1,600 ppm %
HREEOREKR Y 800 ppm & GHEDOHE CEEEEDD N A LT, Fi-, BERE
KT 725 400 ppm U EEGEHTAH LA (NTP 1989)

(e) 13 BMEZMSHHER (Sv M)

Holtzman 7 v (M, &£ 5 6L) (BT 52X H /LY (0, 25, 50,
100, 200, 400 ppm) O 13 HEREREEHRGH RN ITONT,

400 ppm HGREORE 12 PTH 10 PT, #f 10 DT 10 PFEAFET L7z (Kerr et al.
1963; ATSDR 2007) .

(e) 13 AMBEAMEHERAER (Sv h)

F344 7w b (MR, H¥58 10 I0) (2B S FH1Y > (0, 50, 100,
200, 400, 800 ppm) O 13 AIREEHK GHEBENITHOILT,

800 ppm #5-BEOHE 10 JTh 3 T, W 10 PUF 2 FLASFE T L=, 200, 400 &%
00 800 ppm #3 5EE CRAAEN, LI EHMET 14, 26, 50%. MET 8, 11,
33%/0 L7=, 50, 100, 200 &% U% 400 ppm % 5-FE O M N 800 ppm LI F42
HREOMECHAXEREORMA A LT (NTP 1989) .

EFOITHNTF344 7 > b (MERE, BB GHE 3000 (2B eFH Ly

(0. 100, 400 ppm) @ 13 FEEIREFRGRBREZIT o7,

400 ppm % 5EE O M THHAER EEORD K O EE OIS A~ b,
100 ppm VL B GHEOME TEIMESEZ OB A, 400 ppm & 5E ORETE AT
HEOHEM, BEOBEFEMN (BEORME LRMROZEME, B, REMH
DAIKAL) BHbiTe, HETITRGICEET 2EEIIRO N2> (NTP
1989) .

ATSDR 1%, A#RBRIC I 1T 2 K EED D NOAEL % 8 mg/kg {AE/H (100 ppm) .
figi~D %20 NOAEL % 4 mg/kg fKE/H (50 ppm) . Eligi~D ¥ 20 NOAEL
% 16 mg/ke (KE/A (200 ppm) & LT\% (ATSDR 2007) .

b. BEEM
(a) 2 FREEHSHERER (TVX)
B6C3F1 v v & (MR, &FERE 50 L) 2k 5 x40 (0. 100,
200 ppm; ## 0, 21, 43 mg/kg (AHE/H. MO0, 27, 54 mg/kg (KE/AH) ® 24
MRER #% 53R 2T,
BHEICEL Y, PR, LIMER, HILERE SR, MR, FHEK. T B
R, B IRE, R, il BERORNA~OEEIIH LN D> 1= (NTP
1989; ATSDR 2007) .
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ATSDR i3, A& D NOAEL % 43 mg/kg (AE/H & L TV 5% (ATSDR 2007).,

(b) 2 FHEEMHSEHER (T )

F344 5 v b (MR, £ 58E 50 IT) (2B 5 v X410 > (0, 50, 100 ppm;
0. 2.1, 4mgkg AE/H) ® 2 FEMIBEEREGRBENTONT,

100 ppm & 5-5£ O 1 C ek D MR AE O %8 A A8 BE O BEAME R 23 7 B 7=,

B, BEIZX DR, OME SR, HILRRE R, LK, ek, Tk &
&, g, B. KE, fER, £ - BEROEDASORZEZIHL LR
7= (NTP 1989; ATSDR 2007) .

ATSDR i, A3 Bx D NOAEL % 4 mg/kg AE/H & L T\ % (ATSDR 2007).

QHEMNAM

NTP (1989) (L5 2 FHOREAHREHBR TIX, v Ly id~T A (100,
200 ppm; 7 21, 43 mg/kg (AE/H . M 27, 54 mg/kg AE/H) X7 v b (50,
100 ppm; 2.1, 4 mg/kg (KE/H) TENAMEZ R T AR ZFHLUIA BN T2 L
HEINTWSD (NTP 1989; ATSDR 2007; EFSA 2009a) .

@EEEMN

ATSDR (2007) |2k d &, BEROF T, 7Z 08 FH LY o OMEFEMEIC
bR MERE <, 6.3 mgke AE/A (30 AR AKRE) 1BV THHRERA~D
EENLLNTZESN TS (Rice et al. 1985, Edmonds and Baker 1986;
Kennedy et al. 1986; ATSDR 2007; EFSA 2009a) .

ORESHE

ATSDR (2007) 2k 5 &, Akt BILAMOR N GICHT % Steic Bl
L7zfER, UV SRBE~ORBIA LN TRV E SR TS, NTP (1989)
LD~ U AKRDT v MIBIT 5 2FMEBHEMEREICBWT, rXx Ly v (=
7 A 200 ppm; 43 mg/kg KE/H, 7 v F 100ppm; 4 mg/keg (KE/H) OBRFE TIX
G REE TSN ELIRR LN ro s LRESH TS (NTP 1989;
ATSDR 2007) .

©4%E - HESMN

NLEW e BLEMORKR OB EIZEE T 5 45 - BAFMHICET 2 8RR OHE
TRHEEBR)hoT,
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5. RizEH
(1) EMZBITHEE

OEGEFEAREER

Ostrosky-Wegman & (1991) [ZAF T ad 1 oy AR T, B FEEE 390
ug/L (As(V) 98%, As(IID) 2%) DOHFAKIZIEBHERICRE SN-EREH 114 (5
24, HE94) &, RIBRFEHE 134 (BHE24, 114, HFFKFERERER
FE 19~60 pg/L) 7 HMiE&k OREBRIL, b EBRTEICLDIBLEHERECONTHR
U7, I F T E B RE A ) 38 % (HiPH 21~62 5%) | IRBREEAED)S 38 mk (#
B 21~58 i%) | JEEMRIXEBERE T 37 4 (FFH 21~55 ) | KIBEZEHE T
¥ 34 4 (HifH 5~56 ) Th o7z, KIEIMY >/ ERD HPRTEG T O FAA
FEIXERERE TE S Ro TWER RRERH L OFEEITRD bizh o7z (IARC
2004) .

FESERRETE DO R T 55, Harrington-Brock & (1999) 137 VU O$iHlE TH T
B< B 154 (24~66 . L THICBIT 2 FHRE IR 43 22 A) I3t L T,
L RIRFE L HPRT B RAERFE L OFEIZHOWTRE Lo, BERIEIL, R
PRV ESHT 5 L THERE L, & (F 120 ug/L) . # (F¥ 190 pg/L) |
& (F#) 260 ug/L) @ 3 BEIZS ﬁbtoﬂmeh%E@wiﬁriﬁﬁ ERETC 9
X106, FIREERET 11X106, FIRERE T 24X106TH V| b HERFEIZ K DKM
U Bk HPRTEZ TEERICHEZITA N> (IARC 2004) .

Q%BMAEE

a. *EAEERER

Gonsebatt & (1997) X, AF T 2BV T, EEIKIZ ;5ﬁ%tf%*a
B7p B0, AR CRBREOASBEOIMICS 2EREMS E Lot RIRE
;5ﬁ%L&%M%ﬁ_owT@%Ltoﬁﬁt%ﬁf4wumel3%~%5
ng/L) OFFKERATWZBRER (354) L. FHEHREE 29.9 ng/l (i
7.4~62 ug/l) OFFKERA TWIZXTHREE (34 4) NHESI N, FHFERIT
BREEEEAS 41 7% (HPH 24~68 %) . XTHREENS 39 1% (’*’*I B 22~66 %) | FEFEHIH
IXBRTEREDS 3~65 45, XTHREEY 10~64 £ TH V| BRETERE L SHBEEOME S FkE
Thol, WEL BEEMEYMELLRDONLIWE a% TV, B DV
ENDOIBREZ T T NITFRAEM RN GEA LT, & FREM Y >/ BRI T
LY R B OB, BREEREN T 1% (5514 8.9%., &M 5.7%) . XHFREEN 3.0%

(5B 2.8%., Zoit 8. 1%) Tk RIRHE ot WEEBIZEL DI ENRBD LN,
I 2 | T e ﬁf2%&xﬂ%$(%% IEFRETH S Z km% IARC (P2
DN YL AR B O BEE ORGSR %2%%:& IEL TS EEFERD LR E
LTWb, Fio. H%%Eiw:isu\f%ﬁaﬁmw)%;mzﬁ?%@% . AExTG L
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TRo IO BN TR L REO R CHEEE T 5720, ktEL v £ okE
BERLEE=OTHD EE 2T TARC 2004) ,

Miki-Paakkanen » (1998) 1%, 74> 7 RKIZBWT, FF/KTE FICREE
SN 424 %x5E LT, PRRE L RRE L OBBEERG L, 5RHFF
KZFEH L TWHIRERE 32 4 (F¥) 52 1%, #0H 15~83 &%, LR FELIR 8 £,
i 1~29 ) OCEIKH b FRE O HFILEIT 410 pg/L (#FH 17~510 pg/L) T
HY ., AERFEL BRFEEREOPREIL 455 mg (#iPH 48~6,869 mg) & H N
SNTce —H, Yo7V 7 2~4 ) AENSHEERHFFAROMER 21 U728 (FiTE
TR 104 (¥ 46 . 17~68 5%, FHIBERIR 10 4, 5~30 ) OECEIK
b FFEE O P REIE 296 pg/L (#iFH 20~980 pg/l) ThH Y . LIERFE L FRE
BEEOD LML 828 mg (117~5,902 mg) & HH St [F U HIEI (T ekt FBEE
84 (F¥505%. 37T~T6 1) OHEIKF b HRBEIL L ug/L K Th o7, HUE
BE, HH, AN EOBRER VEEREZZERET & Uiz, RHEMY > 8ERICE
TR EEOFHEEX, RERTERELRNE XX, BERT 69

(p=0.02) . AERFTERET 4.2, MBEET 8.6 THV, AL L 1T, BEHT
3.5 (p=0.1) . ARERET 1.9, ABET3.6 TH-oT-, b, BEIC L HYmA
BE~OEBIIHLONIenoT-, L, ZERTERELTH L THEE
EFSHT (GLM) %179 &, JRPERBE L YEERRE L OMICEE R BEN A
Hive (FAEEET r2=0.25, p=0.008, FHE% r2=0.27, p=0.04) , 7=, Rt
RIFTEE L PRORETE L ORICBW T O AERERBEENAZ LN (AT r2=0.21,
p=0.008 . FEFEEH% r2=0.24, p=0.25) (IARC 2004) ,

Mahata & (2003) 1. 1 > RERXUHLICBWT, bEICLDREERDODH
%594 (BrEsT4, otk 224, 3T (&P 15~7T18) ) LFEHLROH
SRRBEHIHNLZ~ > F LI-xtBREE 36 &4 (BE 27 4, & 94, T 33 % (%
18~607%) ) & &kt L, 18V v RIEEIC L HMIGERFERIREBO T FARA
v hELUTHYRERET 2 AW 21T 72, BBk o v FigEIL, BEHT
W) 212 g/l (#FH 60~580 pg/L) . *FHEEE T 6.4 ug/L (3.0~12.6 nug/L)
Tholr, i, BEICITEENRE TN T\, BERICBT 28NS
DOt FOBRFEHIRIEY 15.1 £ (#iPH 3~354) Thot-, RTHEEEL kL TR
BEHEON, ZEXVRFTOLZREIIFERICE N7, KMV > RERIZ T 5 Y
BARET OREIT, BTN 8.1%., REEN 2.0% ThHY | BEHTHEIZED
olc, B, MUEOREITRD bR o7,

Ghosh & (2006) 1%, A > KB H BT, FH b FIEE 242 ng/l @
BB K A BRA CWIZREIER D H 5 244 4 (B 141 4, &M 103 4, BRIER
38.9%) . Wb FIRE 202 pg/L OEEIKZERA TV REIER D220 178 4

(BPET7 %, &P 101 4, BRIESR 27.53%) . MOSEH b HIEE 7.2 ng/l O
Bk 28 A TV -5 FREE 102 4 (B 51 4. &t 51 4, MBRIESR 33.3%) %24
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LT, MlERFHRELTH I, REMY o EKRICE TS5 1 MiaXz0 oF
e R B E RIS E A REIRFE T 0.094, FFEESEREET 0.07, <HFREIT 0.024
Tholo, REREREELR O R EERERBEEOLARRF A RS i35 &
E2 DZED 95%CI 1% 0.063~0.076 (p=0.001) & 0.041~0.050 (p=0.001) TH
D, BEICENoT,

Chakraborty & (2006) I, 1 > R H/UZEB W T, EH e ERE 66.8 ug/L
DOEEKREZ D72 L HimE 10 FHERA TWZIRERE 464 (B 124, &t 33
4. ¥ 34 mk) &, M- FinE~ v F LEHEREE 6.4 pg/l OBEIKEZ A
TWoxtRREE 26 4 (BE 6 4. LM 194, ¥ 34 m) axtg e LIcHilaEls
?—E’J?ﬂﬁ%?@?ﬁﬁ L7z, MBEOHSREIRN G IZIXFEETH - 72, 1 ek e
2B T D YRR IIRERED ) 4.9%, XTHREENTE) 1.3% TH Y | BEREN
ﬁi FnoTe, BHEOIL, FEIKICE 2 e BBEEIC K > TRMEM Y > /32K & (A
BRI DR C & MBI FRIBEICE BEREMB A b5 &ffam LT,

b. /MZEAER

Warner & (1994) 1%, KRERAAZINZEBNT, HFEKEN L TEMN b EBRE
ZUFT-ERZ G, BN _EE MR (exfoliated bladder cells) K& UMz *Eﬂ?:
AR 1T D/ METERUREE 2 f~ T, BBIK R OY¥) v FRIREIIRER 18 4 (B
PE8 4. ik 10 4. K 38 5% (#iPH 14~747%) ) T 1,310 pg/L (2,260 pg As/
H) . Flin, MEROBERERO~ v F Lokt REE 184 (B84, Ltk 104, FY
37.04% (16~707%#%) ) T16 ug/L (36 pg As/H) Th-o7-, EAEHIBIL, BT
T 44 (HPH 1~13 ) | RPREECYY 5 4 (&PH 1~13 ) “C“a%oto 55
Mt _E R7 A AR 1,000 AR XY 7=V O/ SRR O BEE IIMR AL 2.79. X RREE 157 TH Y |
1.8 & (90%CI=1.06~2.99, p=0.09) @m»->7=, F7o. B RO/ INETK
BEIX, RO FBIRE L EORBRBRNALNTZ, —JF., OB/ 1,000 i
W72 O/INETE AR | IR FERE T 2.49 FHFREE T 2.50 TH Y . HWE DI 1.0(90%
CI=0.65~1.53, p=0.5) & 72V bt RFERZEIZEET LI~ L2 o7 (TIARC
2004, 2012) .

Biggs 5 (1997) 1%, F UV IZHB W T, b FEEKE 670 ng/L (& 560~670 ug/L)
DEREK Z A TV - EIRERE 124 4 (BIET04 . otk 54 4. ¥ 411 5% (18
~81 %) . MREER 29%) L. MEE. FEER LK OBEEEN N~y T L, FHEeFR
JERE 15 pg/L (#F 12~17 pg/l) ORCBIK 28 A TV - IRIRERE 108 4 (B ik
55 4., LM B3 4. P41k (19~75 %) . MUESR 31%) Zxf4 Lt LT, JRF
ERIEEAEEL LT RBEFEICK LM LR (bladder cells) O/NMETE AR
FEAE Uz, EESAMIIRGER CTYY 20.0 £ (#F 0.2~81 4F) | xREECE
¥ 277 F (&P 0.2~T3 ) Tholc, RPLHBEEZ/NIWVWHFNLRELS D

(AR5 B BT D & BEM ERRAE O/ NETE RGEEFE 13 DRV 1 BEN D 4
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B R EFREE 53.9~729 ng/l) 1[5 lon@E< o=y, \bEW 58 (R
HEREE 729 ng/L L E) T LA 1L VE, -7, FELIL. KLEVER
TRt (B RE) C/NEAROBEE N ED Lz DIEBE 6 < AR I 3Ha sy 25 Ik

DD THAEEZTEN, FORAHZARMIOWNWTIZILIZEERNNETHL L L

TW5,
J:ﬁ@ Gonsebatt & (1997) 1. IV ‘//\°£JJ? S TZ)*"‘@@F;EF“%@‘T“@T
kb AR J OVR % B HA (urothelial cells) (Z81T A /MEEARIZ DWW T & &

d Lto 1,000 FHAEY 72 O/IMETE AL O SRS 13 VR %if 1% O ERE R R AR C O 2.21
(B 3.08, Zcth1.28) | RIS ERMAR T 2.22 (B 4.18, &Mk 1.24) TH-o7=
23, KFRREECIE DR *ﬁﬂ%ﬁiﬂ’afﬁfj 0 56 (B 0.55, %otk 0.57) | R ERHAE

T0.48 (B¥£0.58, %1 0.43) &, BB THREICE -7 (IARC 2004) ,
Moore ©» (1997a) 1%, Eiadd Blggs 5OMWENS BHEORITHREZK > T

RIRE BT 2B 21T o 72, FH B FRIRE 600 ng/L OEEIKICEHIRHE

TSN TV EIRERE 70 4 (P 42 5% (HiPH 20~745%) ) &, BB FEE e
FIRE 15 pg/L OIRMRFERE 556 4 (¥ 42 7% (#EFH 19~75 m%) ) OBEt LRz AHAL
T/NENRIE Stz Fln, BUERE, R (BERERTY 19.3 £ (#HE 04
~614) | (KEREERL LY 28.3 45 (#iPH 0.2~734) ) . HELOAREII~ v F
TENTW, ZNOXMBEOFRFNS L RBBEBEN AN I 7T 7 KLV TOF
RV 104 4 RP e BEEORK/NTHBEIDITD L, &LIEW 18D 4 B

JRF & RIBE 54~729 ng/l) F TINEEBEENEL 20, MEFENICLER
IR ERIGREER AL NN, LBV bR RPEFEE 729 ng/L LI L) TITHE
B Chinolz, B ba AT BMEO/NET 4 BT 3.1 % (95%CI=1.4~6.6) N
L., B ba AT BREO/NET 3EET 7.5 % (95%CI=2.8~20.3) H< -o7=Z &

5, Y REIW A MERROERRRTHH L E X bz (IARC 2004)

X512, Moore & (1997b) (XZ OFRED 34 & & k51T, HEKF b HBE %
600 ug/L D 45 pg/l ICERT 5 AREEZIT -7, SLFEJ&\ ETOHBREIC

BT HIBERERE F R (exfoliated bladder cells) TO/NMETERLDBEEE DN/ L
7= 1,000 fADY 7= 0 O/NETERMEEE 13, /T ABTIE 2.63 T - 7208, SrAT%IE 1.79
Lo o, RRHE OWEEER|TH 5 L BYEF IV TN AL 4.45 Th o 727535,

WAL 1.44 LD L=y, FERUER T bixA b2 7= (I AR 2.05,
A 1.90) , EF DI, BUEF O LEMECIE, e R 28 EFECLD
BEOERZHENR LV EW ERREBE I E LTS (IARC 2004)

Tian ©» (2001) NFEHE LZHFENE AVERRTO/ NS 2y MNEETIE, &K
Bk Z I L CTEBMEMICE FBRFEI N bOBEHO EEMIREZ AW T/NMEDOER
AL 2R~ To, S 1T FITh T2 0 b FIRE 528 png/L @ﬁﬁ(*ﬁk%ﬁx/uﬂ\f:aagﬁ
194 (BiM144., LMEb 4. FH38 ) &, BUEEE, ME, A%, A0
SRR ERR] | R R OMERREE B E L7 e RIRE 44 ug/L @ﬁmm AT
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IRIREERE 13 4 (B8 4. kb 4. ) 38 k) NHE Iz, ®REFO/)
AR OBERE 1%, IRBREERE & i U C. O EREESA & OVRIE B HERER L 720%
KO T 34 BEEICE N -T2, JRE EAMIE (bladder urothelial cells) T
I BT/ IME DN 2.7 1% JEMEE TIX 245 CTH - T2 BEE L BT 5 & |
O PEREEHE AR & ME KRR C b SBIREE DR BT R E R0 | /N D BN 6 55
-7 (IARC 2004) .

Basu & (2002) 1X. £ ¥ RERUHUIZENT, b RICHEL-REEBEOH
%454 (BME304 ., &M 154, ¥ 30 (#PH 15~58 %) ) &, XfHREEL L
TeRIBRIN TN ORI ETLAE 214 (B 17 4. tcrét 44,
¥ 35wk (#EPH 19~60 %) ) Zxi%E LT, SEKkEN LIZ e RBEICL DO
PEREREARAD, JRIEE b AHIRE B ORAE I Y > 7 RER D/ MEFE A DWW TR u‘_o BB
Koo b FEIEIL, BB TEY 368 ug/L (i 15~800 pg/L) . XIHREE T
5.5 ng/L (%P 3~12 ng/L) f&;oto BREERE & X FREE & CIXFEEME AL O
HEIHN IZFEE Ch o 7-. £ BEBEOMEIKIC X 2RER XY 11.3 4F (54
[ 2~22 4F) TH - 7=, 1,000 fﬁiﬂ’aé 720 O/INEIE AR O BEE 1 BREERE TIX T 6.39

CRAEIM Y > 73EK) | 5.15 (D REREERIAE) KON 5.74 (JREE ERHERE) THo7od
lZxt L, XPHREET :ZcIi’J 0.53 CRREML Y > /<BK) | 0.77 (DZEkERESAL) K Or0.56

(R LR M) &, BB CTERICEN -T2, BB, AHREICBW T, BRIEIC
BY kA éhfu\m\ (IARC 2004) ,

X512, Basu b (2004) 1IA > R A ITHBWT, B REE 214.7 pg/L O
BCEIK 2 8 A UV T-BREERE 163 4 (B 86 4. &Mk 77 4. ¥ 357 (15~65
%) ) L EFREE 9.2 ug/l OFEIKERA TWXTIBEE 154 4 (BiE 88 4., ik
66 %4, ¥ 34 1 (15~60 %) ) 2o\ Th, kit FAFEOREEZT-7-, BE
BE L XPHRBEICI VT, iR & AR EFEHIALIIFRE TH - 7=, 1,000 Mifa 7=

D NETERL DBREELL, MREERE CIE S 9.34 (EETI%IE[L) VoRER) L 5.94 (D FEREREHE
fa) KO 6.65 (W%i&fﬂiﬂ@) TholeDIZxt L, XFHEET iwj 1.66 (R
U UoRER) | 1.28 (DEREEMIRG) KON 1.41 (R L-RAIR) &, BB TAHEIC
BT,

Martinez © (2004) 1%, FVIZBW T, #MTAKIZK D b REBEFESKEMY N
EIZHBIT D/IVERRBEEOZE LW EAZSIEEITHE ) ERE L, SEbKH
Db FREX, BERE 1064 (BE24 4, L824, ¥ 40 k., MUEE 19%)
T 750 pg/L. xﬂ“ﬁ%’aﬁi 1114 (BHE42 4., Lt 69 4., ¥ 38 k. BRER 32%)
TO0.2ug/L THHoT=, KM Y L RERTO/NETEROSEE L, BT T 14.44
THY ., FMBEEON) 11.96 LV Eh-o 7203, MEtZRICEE TIERho T2,

X 512, Martinez 5 (2005) 1%, [FEIHUIRICAETBRERE 1064 (BHE24 4. &
PE81 4. W40 %) & XPHREE 102 4 (BB 40 &, 4otk 62 4. ¥ 37.28 %)
Zxtge & U C A MRS EMAR O/ METE R O SR 2 FH <72, 1,000 M X 72V D/NMETE
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RROBEEE L, BRERE T 3.14 &, MIREEDIY 2.74 LV @mho 73, HiatEny
RHEBEIIHALNLR) ST,

ATk Chakraborty © (2006) 1%, HFERSREHERRIZ I 2 Bk B & g
INEFERRAIZ DWW TRRET L7, O EREES/ARIZ 3510 5/ **@ﬂﬁ/ﬁiziﬁr“ ITIRERH T L
0%, XABEETO0.3%THY, Lt HZHBEBHTHEICEN>T,

AR Ghosh & (2006) (%, RASM Y //\sz B DY EMRER & O TRIE
Y > /RER, DR e OVR B B R AR 2361 2 /IMETE U D W TR L 72, 1,000
AHRE XS 7= 0 /INEEFZ AR O BEEE 1. Hif’*f“ﬂ:@%éﬁif IXRMYIM Y >/ RER T 9.13,
M FEREBSHIAE C-Y 5.62, RIS ERMIAE T 6.01, F-FEEROZRVEETIE
FKAYIM Y > SERCIEY 6.30, M EREIEMIAR T 3.56, RIS L FMfE T 4.18
Tholm, RHBEECIIFRMIM Y > SERCEY 2.03, OFEEEMIAT 1.67. RK L
AT 1.70 Th oo, REERDOH D8 & XFREE L OZED 95%CIL %, K Y
VRERT 6.65~7.55 (p<0.000) . MPEREEMAL T 3.560~4.40 (p<0.000) . /&
s ERAIAEC 3.85~4.33 (p<<0.000) TH Y, FIERIZEEREIR D 22V EE & FREE &
DZED 95%CI 134 % 3.79~4.74 (p=0.001) . 1.53~2.25 (p=0.001) . 2.15~2.78

(p=0.001) THYH, WTHOHLRBHIVEEICE»S T,

BEEBRTEOMATIEH 528, Vuyyuri 5 (2006) 1X, FEA > RiZBWT, B3
ZIRBEE LT T ZARGENEEE 200 4 (B 144 4, ik 56 44, MIER 60%., F
PREEHAM 12.3 4F) L xPRREE 165 4 (B 107 &, otk 58 4. BRIER 62%) %
XE L LT, OFERERIAR I B0 D BB EREIC OV THHE L, BT & Ot
RO M & FIEEIXEN TN 56.8 ug/L. 11.7 ug/L Th o 7=, DKM

T/ IMET R DBREE D RERE T 1.52% & . JEED 0.21% XV FEICE T,
Fo. BEHEKOREEICSW T, BEEOF DN/ NI OBEED &< (R ﬁi
WARESE 1.51, FEMYEE 0.32, XFHREE : MUESE 0.25, FEMUESE 0.12) | BUEC
THEREENKIFIND Z LR,

QR B A (SCE)

Lerda (1994) X, 7B FAZBNWT, i &b 20 FLL EAEIKRF O B
IZIREE SNT-EREXSIZ, b FERMEMY v RERIZEIT S SCE Z3f~7-, #k
7}<EPO> b RIREIL, RE 282 % (E3) 57 5% (#uPH 27~82 %) ) T 130 pg/L
(&P 10~660 pg/L) . xHAREE 155 4 (X4 39 % (&#GPH 29~517m%) ) T¥H
¥#) 20 pg/L. (#iFH 0~70 pg/L) Th o7z, b RBUNOELRBEEDE ~OHEREE
HLEBE SN, KEMY Bk 1 la% 7= 0 o SCE O, BEREICBWT

10.46 (7.23~14.90) T >7=DIZxt L. SHHBEETIE 7.49 (5. 17~10 87) THY .

REH CARICEN T (p<0.001) , RERE S XTRIEOFERmZHENT 2720

BRFEREC 50 A LOWBRE ZRE LRI LT & 2 A, 50 AR O£ _iom*c
X, SCE & MR R OMER: & OMICEERMBEIIA DRI oTc, S HIT, #UBK
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HOERREIIFLZNG T SCE LEENH Y, ARBRUEITALNRN-T,
IARC U —F > 77 N —71%, ARE CIIHEFIFHmAFEMIcHRE SN T o
T RFEROEENEEORWEESIT TH 72720, 2 OMEEOMEILIRER
ThdEFTLLTND (IARC 2004)

Ak > Mahata & (2003) Tli, KRR & 8T SCE IZOW THRETA 72 &
NTCWD, BRERE L SHRERICEB W T, RFMY > ERTO 1 fikaX472 v SCE DA
FE X % EEEC 7.26, XRBETH5.95 CThV, e RBEFEICIVAERICENST,

@DNA 81§

RBERBOMATIIH 528, RO Vuyyuri 6 (2006) 1X., HOFEREEHEIC
D/ ETER & O T RIMERIC BT 5 BinEERE L/NVTﬁEwaCR*/F7
yt%&i@DNAE@mﬁA%m z%/kiﬁmﬁ EREC 14.95 um &, *IPR
D829 um KV ARICEN T, £/ BEH L REEICHE W T, B4/ TDNA
BEICHEEZEIT ) - 7175\ D3 m WO EEUIMES © DNA 50/ B2 N
B BT,

OEFEFEMRICETIEGEEDT LD

EFFTIL, ERICEDBEFEAERBEE LTSI ETIZE AL 720N,
ZNOORETITBLEFRRERZOFEREZBEE ERIZRO 6TV, LAl
&l % OFFE DO GE LMD TH 7 EANEBNKE o Io e OITHEHFIIICE
BeRbholcmighb b o7, SBOBELFHFICRITR LR, —F, Ta
REF KN SCE IZHOWTIX, —#EMEORENH 508, %< OWME THEKD S
Db FEEE VAw@mﬁ@mw X0 v RGEFE LRI LA, DRSS & OY
KIEIM Y > REMIZ 31T HHEE & ORICHEERIEOHEERHITF N TND, &6
K\thwﬁﬁiﬁﬂ%\Dﬂﬁﬁﬂﬁﬁwimm)/nwm% BT D/ IMEFRK
OFEFEIZ, Fob MR Y Vo ERIZE T YRR E KO SCE L fkebkd e
REE & @ﬁaﬁ _ﬁﬁgﬁmrﬁzﬁ%%mru\éo B, b RBREIC X DRI, BREIC
IVBMiEND ET2HRELH LN, RN ETHrHELD D,

(2) ERBVEFICHITLIEE
@in vitrogBg (B FAREESL)
v FLEMD in vitro WRERDFE R 25 10 (2T,

a. B FRALE

(a) BEERILEY
OAs (I11)
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el NU T AL, KBBE (Escherichia coli) . HVERTHE (Salmonella
typhimurium) % R\ T8RN AR (£ 21 1,873,000 pg/L TRLFE, 144
ng As/plate) B R (Saccharomyces cerevisiae) % FAVNT- BIn 15298 Bl (H
EARH) 2BV T, WL EMETH > 72 (Rossman et al. 1980, Singh 1983,
Kligerman et al. 2003) ., 7=, WIFEEMEL AW ZR RICB N TR, ¥
TS CTIHERX 6-FF 7T = ARGMELTEIE S Loy U 7 AR X — i
fuzd AW B TRAERERAR (24 750, 750 pg As/L) | 6-F 4277 =
VIEHIMEASIE L LT v A =— A A A X —FJIEE K (CHO) #ifa% 7=
R TR AR (T49 ng As/L) Je O8N0 7 5o Uit UL 6-F 4 7 7 = VAR
?L'TE%‘_’?E*@& L7c CHO fifaz AW/ BnFRALEAR (2t 375 W
2750 KN 7,492ug As/L) IZBWTW L [2METdH - 72 (Rossman et al. 1980,
Lee et al. 1985a, b, Yanget al. 1992) . —J% ., CHO-AS52 Mgl xt L THEAL
HAFERNFELLIETTD2HE 3,746 pg As/L # WA CHBHETH - -
(Meng and Hsie 1996) . F£7-. =7 2 U o @I (L5178Y/TKY) % F
Wi (577, 865 ng As/L) | EERZREER TIZZ2 WA ML RZ —A
7 Uy Niifa (S1) Z AW BInFRAREERAER (577ug As/L) TlEdWThb
B Cdho7- (Oberly et al. 1996, Moore et al. 1997c. Hei et al. 1998) .

OAs (V)
gl FU AT, VPV ERTE (S typhimurium) % AT IR 2R BBk
(1,200 pg As/plate) . U7 3L UMMEXIZ 6-FT 477 = PEEfRIZE L L
T V7 oA AZ—flaE AWTC BT RRERERRAR (T 7,492 pg
As/L) IZBW T, WINHEMETH 77 (Lee et al. 1985a. Kligerman et al.
2003) . v AV L oEM (L5178Y/TKY ™) % W=7 BR (4,571 ug As/L)
TIZBMETH - 7= (Moore et al. 1997¢) .

(b) EHERILEY

YILE R T (S, typhimurium) % AT A8 7 280878 B3l Tl MMAID) (7.07
ng As/plate) . DMA(ID (161 ug As/plate) . MMA(V) (1,156 ug As/plate)
K O DMA(V) (1,170 pg As/plate) TlZWF N B EMETH - 7225 KIBHE (E. coli)
AW EIREREEFHBR CIIEEE CTH 572 DMAN) (749,200 pug As/L THL
) I ETH o 72 (Yamanaka et al. 1989, Kligerman et al. 2003) o
Yamanaka 5 (1989) X, KBEIZBW T DMAV) RNERFEMEEAZRLTZD
R Td % dimethylarsine & B23R 7512 L D ICEWE S L7 &’)'C“&) %
LTV,

~ U AU N fERRE (L5178Y/TKY ™) % AW -8B TEAL R CIX
MMAIID). DMAIID)., MMA(V) X% U DMAV) C. A4 FROEN - 72
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WEE (ZRER 21, 96.6. 1,156,530, 2,341,543 ug As/L) CEMETH -7
(Kligerman et al. 2003, Moore et al. 1997¢) ., F7-. CHO #ifm (G12) T
I, HRRAEFERMEOSRET (MMAUID =45 pg As/L, ATFE 43%) 2B\ T
gpt BIGTEDOERIFMEN 72 (Klein et al. 2007)

(c) ATEH#ERILEYD
a2 XLy 0k, PVERTE (S typhimurium) & AT BG T 22RNE B
B (2,848 pg As/plate) TIEEM:TH -7, <7 A U Lo f@EHiflE (L5178Y/TK
7)) (284,824 ug As/L) TIIAMETH 7= (NTP 1989) .

(d) BEEFRAZEDFED
b FLEMIE, MEZ AW RARERARTIRETHLEEXOND, B
WYy D RG22 T2 RRER Tl MR AR ORI = WO R EE T — R
DEDONHLHN, ZhbDE I~ v AU 5@ (L5178Y/TKY ™) & v
B TRO LN TS, ERLEWIT. RELRREERELFFET D Rethix
HHLOD, REREROFEEFIBRNEEZIOND,

b. £BHEE
(a) 2BHEEHER
OEMERILEY
As (IT1)

AR MR AW BRICBW T e M U A~ R Y N E
Mifa (L5178Y/TK*-) . U T U /AL AX—HIRAICx LT, 2 Z4 865,
465 pg As/L CYEREE OHMMA A 5= (Moore et al. 1997¢, Lee et al.
1985a) , #EE®F F VU v AL, CHO MRZIZx LT 75, 749, 2,997 pg As/L
THREAEEF 25| & 27728 (Wan et al. 1982, Lin and Tseng 1992, Haung
et al. 1993, Kochhar et al. 1996) . T ¥ A =— X /L A X —ffifgiE 2

(V79) TiX 285 ng As/L (50% MHAaIETEANG] : 476 pg As/L) T 4 F AR
Bz 7- (Eguchi et al. 1997)
B ORRRM Y o SERICR LT, BERT N U YA 0.75X 10 pg As/L
(Vega et al. 1995) . 0.07 pg As/Li (Ramirez et al. 1997) TH/INE ORERERE
EIZ KD BEIROEMMN A 5, 58 ng As/L (Nordenson et al. 1981) | 187 ug
As/Li (Kligerman et al. 2003) THEMEEFE DAL, £/, B FEMEKIC
LT, @ MU vA, e RROC =Bl FIT £E1 1,800,
450, 1,800 pg As/L TY KRR T 2355 L 72 (Nakamuro and Sayato 1981)
e MU U AT e MEESRMESF GO LT 285 ng As/L CTHAKEE
Z#% L7- (Oya-Ohta et al. 1996) , t b EERRMEIFMAL CIX 375 pg As/L
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(GEARAETESR 18%) THEREFENA LN (Yihetal 1997) , HEEET b
U7 AZED e P FESEN A TIL, 225 ug As/L DL CHh#EER O ELIRE
TERIC & 2 BEAEOEMMN A 517~ (Huang and Lee 1998) .

As (V)

FLERSE MR AW BRI N T, v 7 2 U U (L5178Y/TKH/)
12X LC, BT R U U AT 4,571ng As/L CYRKREE N7 57z (Moore
et al. 1997¢c), U 7 U LA X —IRARICX LC, e ig T U T Al 2,397 ug
As/L CIEEEEAEICHIN S ¥, 4,795 ng As/L Ut k% 4 RN X t7-

(Lee et al. 1985a) ., V79 Mii@icxt LT, BEEST N U 7 AlX 13,486 nug As/L

(50% HEARHEFEANF] : 21,104 pg As/L) T4 FERITIA GNP STo L0 D
54557 (Eguchi et al. 1997) . CHO FFIZ % LT 749 g As/L Cfa
RS, RARBENEREICEM L 0o ®wE S A 57z (Kochhar et al.
1996) .

b NRFEM Y > SERICKF LT, BB R U AL 232 ug As/L Tl iR R
WNRH BN - 725 (Nordenson et al. 1981) | 749 pg As/L TlIA LT

(Kligerman et al. 2003) , & MAIMEKICK L T, eBEOREEL _EFETIX
WIHL Y 5,400 pg As/L © (Nakamuro and Sayato 1981) . & b R 2
fElzkt L <, e+ b Y 7 ATIE 1,199 pg As/L CRBEREE N LN

(Oya-Ohta et al. 1996) .

OFH#ERILEY
WMAERERRZ A VERBIZBWLTIX, ~ 7 AU v R EM R
(L5178Y/TK*/-) 2% L T MMA(V), DMA(V) TiZE N £ 1,850,448,
3,746,468ug As/L CYEMREFE NH LNT-0, FEH DIIRBRN D RER TS
REMENH D EHET IR+ ThDE LTS (Moore et al. 1997¢) , ¥
U7 b AL —RaIC s LT, DMAUID Tix 75 pg As/L TY @R R )3 7
57~ (Ochi et al. 2004) , V79 #laiZxf LT, MMA(V), AsBe. AsC % %
NZ1 104,888 ug As/L. 5,244,400 ug As/L. 457,012 ug As/L T 4 KB EIT
H NI o =0, DMA(V), TMAO 1ZZ 1 E1 52,444 pg As/L, 524,440 pg
As/L T 4 F 6B 2553 L7z (Eguchietal. 1997) , F7=. V79 fifalZ%t L C,
DMAV)IE 33,931 ug As/L TA BRI ZFR LIZEVHIHELH D (Endo et
al. 1992) .
b R ARSI Y > SERICR LT, MMAQID, DMAIID., MMA(V) X O DMA(V)
IXZENE 45.0, 101, 224,760 KT 224,760 ug As/L. CYAKRRFE DA LT
(Kligerman et al. 2003) ., —J, & MR Y > <Ekizxt LT, DMA(V) Tl
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8,469 ug As/LL TYEBEKEFENALNLhosTztnoHELH S (Endo et al.
1992) .

SR ARAESE A D T, MMA(V), DMA(V), TMAO. AsBe, AsC., = 71l
T N7 A FALTNY =Nk T NVE YV 2 T —
(2,3 -Dihydroxypropyl-5-deoxy-5-dimethylarsinoyl-b-D-riboside) (L% %1
104,888, 52,444, 277,204, 824,120, 2,247,600, 1,423,480 K 1* 1,123,800 ug
As/L (2 THIRRAEGFROT — X 72 L) CTYRAMKREENA LT (Oya-Ohta et al.
1996) .

(b) /MZ%EER
OAs (ITI) BT As (V)

~ 7 AU oNfEMRE (L6178Y/TK* ™) X LC, BieEE) R U ¥ AT 865 pg
As/L, Ef8F F U v AT 4,571 ug As/L T/ IMEZEL OB A A 537 (Moore et
al. 1997¢) . CHO-K1 #fifa, CHO-XRS-5 MijaClx, e+ ~U v ANRZEN
ZH 375, 749 pug As/L T/METER OB ELE S 1172 (Fan et al. 1996, Wang
and Huang 1994) ., Wang and Huang (1994) %, #b@IIk* 5 < @ik
KFBOBRIELEE N L OMEEFRETHE LTWDH, VT fMildicxt LT, =@
b= e L 75 ug As/L T/NMZER O E 728N #esd S A7z (Gebel 1998)
—H . VU T UNAAL—IRIICR LT, EAEH Y A 5,180 ug As/L TlE
IERBR TR TH o T,

b NI Y oS ERICx L C e EE T N U v AL 37.5 ug As/L C/METERR
NHERR S M7= (Schaumloffel and Gebel 1998) . b MkHEIEMIIA TIX, bR
T RU T LTERVRE (375 ug As/L) T, FHsEEBEREZ T 5 2 & CREM
FHHEDEELE UTHERA L, 8RB0 5/ MEEZTER L2, EWVIRE (2,248 g
As/L) TIFGLEAREIEE & U CTER L. BIFEIEO 2V INMEZ A AL L 72 (Yih and
Lee 1999) .

OF#ERILEY
~ A o) EMAE (L5178Y/TK ™) (2% LT, MMA(V)i% 1,850,448 pg As/L
CT/NEHEE OEINMN A S T2 3, DMAV)IT 4,683,085 png As/L THIEMA A5
2o 7= (Moore et al. 1997¢) .

(c) XBUHEEDFTLD

LML L OV e b OfE A~ OEEMAIZI VT, E R LEMIZLD ik@{zli@
SR R EOmMGT OREKEFE NI SEI D, REBHRREHE
X, 3O ROFNSMED bEm<<., £z, ﬁ%‘étiké%@ﬁ#ﬁ&%ti
fbEMELV bEmneEEZ LD,
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c. WhikFESRIZH (SCE)
(a) As(ITD) R As (V)

CHO #ifa % FiV 7-388R 12 55\ CL BEE B b U & Al 1. 75, 375, 1,498 ug
As/L C, BEEF b U 7 51X 0.75 ng As/L THREREEIZHEL L CEAEE D SCE 73
A7 (Wan et al. 1982, Lee et al. 1985b, Fan et al. 1996, Kochhar et al.
1996) . 2 U 7 b A X — R % I 3BT BB E BT R U 7 A0 60 g
As/L T, b2 F U v A0 749 ng As/L T SCE 234 510 7= (Lee et al. 1985a).,

—7. B FREMY N EREHWHBRICB T, e MY U ATIE
60, 292, 375 ug As/LL T SCE A BNV HEDNH>7-7 (Nordenson
et al. 1981, Beckman and Nordenson 1986, Jha et al. 1992, Hartmann and
Speit 1994) | 749 pg As/L TlIAHA LNt WIHrHE L H -7

(Kligerman et al. 2003) , 7 MU 7 A% 11,238 pg As/L &9 @iEE
IZBWTHEMETH -7 (Kligerman et al. 2003) , & kU L RFEERAEZ H =
REECIX, BT MU U AL 37.5 ug As/L THHETH - 7228, B ERIT 749 pg
As/L Tt T&H > 7~ (Rasmussen and Menzel 1997) .

(b) B ERILEY

B R SRR Y o SER A 7 3BT, DMAUIDIE 230 pg As/L © SCE 737
5 1. MMAW) & O DMAW)IEZ 2 224,760 K OF 749,200 pg As/L T35
B NA ST MMAIIDIE 135 ug As/L TR CTH - 7= (Kligerman et al.
2003) . F7-. b b UL SEEERAE M7 REB T, DMAW)IE 749 pg As/L ©
fett:Cdh -7~ (Rasmussen and Menzel 1997) .

(c) MKEBSARBOELD

LR AL VFERE IS SCE 13, e F#LaWDLFEREICEL Y Z0%HE
PEDBR S NE2 D, EMREEMIBICE L TiE, AsUID XD As(V)iZ SCE % 5|
XEZTN, AEEFBLEDIOWVWTOREFITRY o7, 72, B b
KM Y /8BRS b U oS BRICHRE L Cid, As(IDIX SCE #5329 H D
». As(V), MMAUID ¥ O DMA(V)IZf2 i Cdh - 7=,

d. DNAi&{5
(a) DNA 815
OfiE Z AL V-5 ER
BECRILLEY
BT b U ™ AT, 60,386, 239,749 g As/L 125 T b KIBH (E. coli
(WP2,(0). PQ37) ) ® SOS BInFHEAFHFE LRV L XHEIN T
% (Rossman et al. 1984, Lantzsch and Gebel 1997) , £ 7=, #k ¥ & (Bacillus
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subtilis) Z 7z rec assay Clx, BEEEEFT MU v A, =ikt EFR O EE
T R U T AL 3,746,000 pg As/L E WO EHETWHINLEBETH - 72
(Nishioka 1975) .

EHERELEY

MMAID &' DMAIID % W= KIBE (E. coli (WP2,(\) =R\~
07y —VHEENATREL LA U F 7 v a VBTV TR, 0~T749
ug As/L T TH -7 (Kligerman et al. 2003) .

O7 LAY EHE
As (I1D)
ST e EET VL) CRMLCHEERE L CEALEZEEBETIE, B b
Fe VR AR HEZE AR IZ 35\ T 75 pg As/L C DNA #8234 54172 (Dong
and Luo 1993) .

AHERLELEY

DMAMWIZ L v & |k II ZUffifa bRz flfa <. 370~749,200ng As/L iREIZH
VT DNA 881234 H7= (Tezuka et al. 1993, Rin et al. 1995, Kato et
al. 1994, Kawaguchi et al. 1996, Yamanaka et al. 1990, 1995, 1997) .

AIEHERILEY

2ty F, v v A Y o EMAE (L5178Y/TKY/ ™) 2\ T, Hfa
AR LIZHE (299,680 pg As/L) T7 /LA UIRHIEIZ L% DNA $HU1K7
MER Hi7- (Storer et al. 1996) .

O TEHA DNA & R EiEs

Wb e RET L) CHEMLCH B S LTHER LR ES DNA A 5L
HERTIE, b MBRIEMSHESEMADIC I\ T 75 pg As/L T TdH - 72 (Dong
and Luo 1994) ,

ODNA=Zwx 2T 7vtA
B ERILEY
NI T VA7 57— dX174 DNA # /= DNA =X 77 v AT
IZVEERET Y U A (22,476,000 pg As/L) XU e e R U 4 (74,920,000
ng As/L) ZW T bt Tth -7 (Mass et al. 2001)
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FHERILEY

NI T VA7 57— 0X174 DNA ZH W= DNA =X 77 v&A T
%, MMA(ID (2,247,600 pg As/L) %0 DMA(ID (11,238 pg As/L) 155
PGl 7275, MMA(Y) (224,760,000 ug As/L) %0 DMA®Y) (22,476,000
ng As/L) TIIatETH -7 (Mass et al. 2001)

(b) Ay T utAa
OAs (IT1) BT As (V)

e MY v Ak, CHO Mildk Oy SERNEMRAE AWz Ay BT
vl A TENEI 749, 375 ng As/LL THAMETH - 7= (Lynn et al. 1997, 1998,
Liu and Jan 2000) .

t bEMMERZHWZRBR T, e b U AR ERT b T AIZEBWD
TWTILE 74,902 ng As/L C DNA SHEIET O A EKAFH 720 72 NN 7
7 (Mass et al. 2001) ., b FAIMFEMAREE AN TIL, e~
7 AIEBWVT, 14,984pg As/L (Hartmann and Speit 1994) | 7.49 pg As/L
THMETH -7 (Wanget al. 2002) .

OEHERILLEY
t FEMEREZAW=a Ay b7 vEAI2BWT, MMAJID., DMAJIDIX#
N7 1,498, 394 ug As/L THETh - 7= 48, MMA(Y). DMAWV)IZZH2h
65,555, 74,920 pg As/L TR TH 7= (Mass et al. 2001) , & bk A7
B % A3 BRI 238V T MMAUIID . MMA(V) & O DMAW)IZZ 10241 7.49,
7.49 K ¥ 74.9 ug As/L CTHETH -~ 72 (Wang et al. 2002)

(c) DNABRIZZE LD

t R LEWIE, MiEZ AV 72 DNA BERBR TIXBIEOBE LREDOHENH
-7z, DNA HEICET 28R L HWIZEBROBEITDRVR, & b
Eifa 2 QOB ORBROBRENRH D | b MEEMIEICT L TEEK e RLEaw.
A e AEEME I DNASEUIZ5 SR I, £/o, 2 Ay b7 v A 135
HETHLIN, HBIEOREE LTT R =V ADRB VBRI TLEI L%
BELTBILERD D,

e. TOh
(a) HEREF &SR sHER
OAs (ITI) BT As (V)
HEEET U U AT~ U ARHESF RIS LT 749 pg/L T w = —JERkEE
EEANL7= (Sabbioniet al. 1991) . >V 7 /b A X —IRfRIC % LC, #i
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EEEF R U A (0~375pg/l) . LEEF R U A (599~8,990 pg/l) Tl
BIRTFEMIC a0 =—FROEMMNA S5 7- (Lee et al. 1985a) , £7-. bk
Y7 AT 129 g/l TREEBROEENEGEIC EF L7 (Kerckaert et al.
1996) .

OB#EZRLLEY
AsBe (3, ~ 7 ARHESEMILIC T LT, 37,460 pg/L T b MR E i 5RIT
et Td -7~ (Sabbioni et al. 1991) .

f. invitroBRBOFE L
L FLEMIT e MIlEZ & OIEEEMRICIE VT, DNA 85 LY AR R
BEplEEZTeEx NS, Z20EMOMIIE, AsTIDOFHFR As(V) LD
m<, o, BEERrREAEMWOFTNEHR e R ILED IV bEVWEBEZOND,

@in vivosE&
v ELEMD in vivo REEOIE R AR 11 IR T,

a. B FEAZTESAR

Muta™ ~ & % |2 ZE{L " & %1% DMAY) (5,756 ng As/kg (K%) % 5 [EI
MENE G- L& 2 A, i, Bk, A OVEREIC LacZ BT OERITRD
727 o 7= (Noda et al. 2002)

b. #BAEE
(a) FBEAREEAR

OAs(IT1)

Swiss ¥ 7 AZH bR Y U A% 58 ng Aslkg (REE TR T#&E (4[F]) X
1% 1,442 pg As/kg (RE CHEIRGE DR G5 21T > 55 1B MR Yk
BENBDO N (Das et al. 1993, Roy Choudhury et al. 1996, Biswas et
al. 1999, Poddar et al. 2000) . =f{k — v FE% 2~8 BMHKEE (250,000
ng As/L) SUIRERERE S (12,000 ug As’kg (KE) L7z & 2 A, BhiMia kO
SRR e B R EE M LA B D> 72 (Poma et al. 1981, 1987)

OF#EXRILED
ICR ~ 7 2|2 DMA(V) % JEFEN#5- (162,870 ug As/kg IK&E) L= & Z A,
BRI W TEEEITFREINZD, REaEREEIFERI AR
(Kashiwada et al. 1998)
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(b) /MZ%ELER
OAs(IT1)
H LT U AL B6C3F1 v 7 2 IR A& E (2,884 ng As/kg K&E) (4
[]) Z1T-723E6<° BALB/c v~ 7 A|Z 288, 2,884, 5,768 ng As/kg (K8 CHE
VENT G 21T > T2 35E 121k, BRI T 2/ MEFR RO BN #ER S -
(Tice et al. 1997, Deknudt et al. 1986, Tinwell et al. 1991) . £ 7. Muta™
<~ AR b FE % 5,756 ng As/kg (RE CHEENKEE (51E) 24T7-7- &
Z A RPHREE b el U TR BRI/ IMETE RO B B 7203 #esR S 4172 (Noda
et al. 2002) .

OF#EexILEY
Muta™~ 7 2|2 DMA(V) % JEENF$: 5 (5,755 ug As/kg (KE) (5 [E]) L7z
LA, MIRMERD /NERIT A B 72 h -7~ (Noda et al. 2002) .

c. DNAEIE
(a) DNA 215
T ) VEHIEE AW Z B CILLUICR ~ U A~E A& DMA(V) (702,463
ng As/kg fAHE) ZHREIROEETHZ LIk, 8BS 12 BRE#%ICHC DNA
SHOGIWr 3 A B IV T D3 FFlE, B g OVEiE TR o b 72 - 72 (Yamanaka
et al. 1989, 1993. Yamanaka and Okada 1994) .

(b) aAY rT7yvEA
HED Swiss T/VE ) ~ U A ZEE v F (98~1,629 ng As/kg (KE) %%
A5 Lice 2 A, &5 24 FFREILIEICHMMERDO DNA $HUIWHEIN A & ivic
(Saleha et al. 2001)

d. ZDfh
(a) EBHEEIEEER
OAs(I1D)
BALB/c v 7 AIZHEEEET U 7L (2,884 ug As/kg (REH) ZEENEEG L
7o 2 A EEBEERRICBW TAEREZEITZR <. AT LBEEEITA
SN7po 7= (Deknudt et al. 1986)

(b) HHESMEEILAER
OAIEHERILLEY
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L auYa AR LT, BF YLV U E 1,953,890 ug As/L THEAE S
1,988,638 ug As/L TR G4 L= 25, S MEBIE AT B RO RN
X7 b o 7= (NTP 1989) .

e. /nvivoRREBRDELD

t FEWIZ LD in vivo R DOHREIT D720y <7 22 AsUID % O #% 5
FEREN G- IR THR G5 2 LI L RBEEE . /IMERR O KL T DNA
BIENE X Z &b, DMAV)#5-Tid, fifioo DNA HESHR O AR
HOFEREOREN DD OO, BRTEAER L VIR OFERITRD b1l
TUNZRUY,

#£10 EX invitroBEEURBER

. B & ) i -
By ¥ L&Y e N i kA FEATAE
(ug As/L)
a. BI-FEARLEE
(ERZEW)
BIFZesk | e, R oA Escherichia coli
. 1,87 — 1.1
75 A WP ,873,000 Rossman et al. 1980
Salmonella
typhimurium 144 pg _ Kligerman et al.
TA98. TA100, As/plate 2003
TA104
| e N . j 1
R . yphimurium 1,200 pg Kligerman et al.
TA98. TA100, As/plat - 2003
TA104 siprate
I . j j
MMA(ID S- typhimurium 7.07 pug Kligerman et al.
TA98, TAL00. | \ rlate | 2003
TA104 P
DMA(III) S. typhimurium .
161 Kl t al.
(C2HsAs) TA98. TAl00, | '% S PYvet
TA104 P
N S. typhimurium 1,156 pg Kligerman et al.
TA98, TA100, As/plat - 2003
TA104 siprate
DMA(V) E. coli 749,200 N Yamanaka et al.
1989
. typhimurium 1,170 ug Kligerman et al.
TA98, TA100, As/plate - 2003
TA104 P
Bin %4 oYy S. typhimurium 9848
SRS TAL00, TA1535, |0 ig — | NTP 1989
B TA1537. TA98 siprate
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S ERY))

A T2

WERM | Wem by o | Saccharomyees 749,200 Singh 1983
cerevisiae
(" FLYEAm )
BlAf%E |We®S ) vLs | w7 A L5178 577 (il £
SRR B (Tk+") 173 50% Moore et al. 1997c
B 1% 44%)
865 Oberly et al. 1996
VUT UNBAR
— Al (77N | 750 Lee et al. 1985a
A i)
VUT UNDAR
— il (6-F4 | 750 Lee et al. 1985a
77 = )
S,H‘/OWQA‘TE (7775 525 Lee et al. 1985b
g};o :f liﬂ?&%;j 750 Lee et al. 1985b
CHO fij 3,746 Gz
(CHO-AS52) AFEER Meng and Hsie 1996
24%)
S’H/Oﬁl{;lfiﬂ? (w73 375 Rossman et al. 1980
gl—;Ojﬂi/ﬂ’;]&;g;)ﬂ' 7,492 Rossman et al. 1980
CHO i 749 Yang et al. 1992
E MANLAS — _
AT Y R ?;Q;;(ZEI;EE)E Hei et al. 1998
(S
|73/ NV ~ 7 A L5178Y .
(FU 7T 32,651 ?grrglgcher and Paillet
VUG
~ 7 A L5178Y 4571 Gl
(Tk+) A7 6% Moore et al. 1997c
X% 35%)
VUT UNBAL
— e (7o) | 7,492 Lee et al. 1985a
A V)
VUT UNBAL
—rHfE (6-F A | 7,492 Lee et al. 1985a
77 = ARG
MMA(II) ~ U A L5178Y 21.0 (M@ :
) . Kligerman et al.
(Tk*") AAFER 2003
53%)
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21.0 ﬁmﬂ@ Kligerman et al.
EeE 2003
43%)
Fx A =—A A | 45.0 G
A 4 — PR ELH R LR Klein et al. 2007
(gpti&fnT1) 43%)
DMAII) ~ 7 A L5178Y 96.6 (fifa Klicerman ot al
(CsHsAsD (Tk**) R ) 00g3 '
43%)
176 (ffaZE Kligerman et al.
175 16%) 2003
MMA(V) ~ 7 A L5178Y 1,156,530
(Tk+-) Ghmpa A= 1R Moore et al. 1997c
55 or 66%)
DMA(V) ~ 7 A L5178Y 2,341,543
(Te) ;ﬁiﬂzfo?Jr Moore et al. 1997¢
70%)
=S ~ 1 A L5178 (k| 284,824 (i
Vot F Iy | e NTP 1989
RPUE) 341,840 )
b. EAKER
(a) 2 BIAEEHER
(EiE &)
ﬁ;gﬁ mERS VA i%j_)L’éNSY 865 Moore et al. 1997¢
iﬂuﬁz;%/mx e Lee ct al. 1985a
:;Ijm a/a e TS Barrett et al. 1989
CHO i 75 Wan et al. 1982
749 Lin and Tseng 1992
(CCI_II_I%#I:??) 2,997 Huang et al. 1993
75 Kochhar et al. 1996
Fx A =—A L | 285 (50%4
Z 2 —NT9 Hilfa Je HE B Eguchi et al. 1997
476)
=BE—t R i;i\?;g—;ﬂ;éA iz L Endo et al. 1992
=Hafee R j;i{,}; ;H;’F;A FAEIRAD Endo et al. 1992
ERT PRI UL :5?728Y(TK+ o |eT Moore et al. 1997¢
i%l:ﬂ]é;m 7 4195 Lee et al. 1985a
4,795 Barrett et al. 1989
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CHO i 3,746 Wan et al. 1982
749 Kochhar et al. 1996
T XA =—ANL |
SoEi 7 E 1. 1992
2 5 —V79 il EE A ndo et al. 199
13,486
(50%HHfiu .
" Eguchi et al. 1997
21,104)
DMAII) YT UNLBARE .
(CyHoAsT) WRAI 75 Ochi et al. 2004
A
MMA(V) VU LSITEY 1 ar0.448 Moore et al. 1997¢
(Tk*")
F XA =—A/A | 104,880
A K —V79 ke (50% 4l i 1 )
—— Eguchi et al. 1997
374,600 )
DMA(V) ~ 7 A
46,4 M 1.1
L5178Y(TK-) 3,746,468 oore et al. 1997c
Fx A =—ANAh
1 E 1. 1992
2 5 —V79 il 33,93 ndo et al. 199
52,444
(50% Al a1y .
S Eguchi et al. 1997
1,791,565 )
TMAO F v A =— AL | 524,440
A X2 —V79 fijia (50% 4l i 1 )
SR > Eguchi et al. 1997
5,508,823 )
AsBe F ¥ A =— AL | 5,244,400
A5 —=V79 M | (50%H A .
GBI > Eguchi et al. 1997
4,208,989)
AsC Fx A =—A A | 457,012
A2 —V79 fijia (50% 4l i 1 )
GBI > Eguchi et al. 1997
4,540,606 )
p-Arsenosobenzoic | F¥ A =— A A | _
3 7 E 1. 1992
acid, sodium salt 22 —VN79 Hifa AR L ndo et al. 199
Methylthioarsine Fx A =—ZA A | ..
Shak 7 E 1. 1992
R sCE R L ndo et al. 199
Oxophenylarsine FrA=—ANA | _ .
LAY 7 )
2 5 —VT9 il o L Endo et al. 1992
(2-Diphenylarsino | F ¥ A =— A\ A
ethyl)diphenyl A& —V179 i RLAk 7R L Endo et al. 1992
phosphine
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4-Aminophenyl

Fyv A =—ANLh

arsonic acid R 2 —N79 i FLf7e L — Endo et al. 1992
(p-Arsanilic acid )
Tetraphenyl F XA =—ANA
arsonium chloride, | A% —V79 fijia FLEZR L — Endo et al. 1992
hydrochloride
4-((2-Arsonophenyl | T v A =— A/ \ A
)azo)-3-hydroxy-2,7 | A % —V79 fija
-naphthalen RLEk 7R L — Endo et al. 1992
disulfonic acid,
disodium salt
2-Amonobenzene F A =—A A |
SoEk 7 — E 1. 1992
arsonic acid A K —N79 HifiE AL L ndo et al. 199
(B EEMR)
Yuta K% | HEE@ES R YU U A b hRRM Y >R . N Nordenson et al.
R Bk 1981
37 + Wan et al. 1982
172 + Sweins 1983
60 N Beckman and
Nordenson 1986
Eastmond and
+
225 Tucker 1989
375 + Jha et al. 1992
0.75x10°8 + Vega et al. 1995
0.07 + Ramirez et al. 1997
674 (+) | Rupa et al. 1997
187 N Kligerman et al.
2003
= EK
I R 1.800 N Nakamuro and
Sayato 1981
b b ERERRMESEA | 375 (Rl AR :
+ .
W % 13%) Yih et al. 1997
= HARRMEZEN
@%%m‘%%ﬁ 285 + | Oya-Ohta et al. 1996
b~ S
+ H Leel
(HelaS3) 375 uang and Lee 1998
b b SEE A
+
(Hela CCL2) 225 Huang and Lee 1998
b bR S
+
(KB) 225 Huang and Lee 1998
b b S A
+ H Leel
(HFW) 375 uang and Lee 1998
b~ SR
+
(HFLF) 375 Huang and Lee 1998
= = SEEE R
h T A 375 + Huang and Lee 1998

(C33A)
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b b7 S
+
(293) 375 Huang and Lee 1998
—Hifbe & t bk AIfER 450 N Nakamuro and
Sayato 1981
=Wk e R b b~ E ik 180 N Nakamuro and
Sayato 1981
= Sl VRN E R D X 939 _ Nordenson et al.
ER 1981
Kligerman et al.
+
749 2003
= S
W PIRFRERHESEA | ) g + | Oya-Ohta et al. 1996
(73 v h AnEk 5.400 @ Nakamuro and
Sayato 1981
FfRk _ e+ b EK
73| ES ~ B ek 5.400 @ Nakamuro and
Sayato 1981
MMA(II) b R R Y R Kligerman et al.
. 45.0 +
R 2003
DMA(II) bt NRREI Y X Kligerman et al.
. 101 +
(C2HesAsI) Bk 2003
MMA(V) b hARAEIM Y % Kligerman et al.
+
Bk 224,760 2003
= A 2R
e PIRFAHEE | 04 gss + | Oya-Ohta et al. 1996
DMA(V) b MR Y X Kligerman et al.
+
Bk 224,760 2003
b U RER 8,469 — Endo et al. 1992
= AR A
W PIRHRHEEA | o 4ad + | Oya-Ohta et al. 1996
TMA = S
0 W MR | 77 904 + | Oya-Ohta et al. 1996
AsB = S
sbe W IR | 604 120 + | Oya-Ohta et al. 1996
= A PRAHE A
AsC e MR | 5 547 600 + | Oya-Ohta et al. 1996
Tetramethyl b I R E 2
arsonium iodide fia 1,423,480 + Oya-Ohta et al. 1996
(CH3)4As*T
Arsenosugar bR PR E
(2',3"-Dihydroxypro | i
pyl-5-deoxy-5-dime 1,123,800 + Oya-Ohta et al. 1996
thylarsinoyl-b-D-ri
boside)
(b) IMZERER
(B 22 /)
NSy ~ 7 A L5178Y
BB [Nl SRV (’I?k”') 865 + Moore et al. 1997c
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CHO #ifia

Wang and Huang

+
(CHO-K1) 749 1994
CHO i
+ F 1.1
(CHO-XRS-5) 375 an et al. 1996
CHO #ifa 2,997 + Liu and Huang 1996
2,997 + Liu and Huang 1997
2,997 + Wang et al. 1997
749 + Lynn et al. 1998
_ . F XA =— AN A
ke 3FE +
3 F 2 4 —V'79 Sl 75 Gebel 1998
. VUT UNDAH
. . )
v T A " 5,180 Gibson et al. 1997
A L5178Y
=41 al NURVVN ~Y ) b178 4,571 + Moore et al. 1997c
(Tk*")
A
MMA(V) ~v _L5178Y 1,850,448 + Moore et al. 1997¢
(Tk*")
A
DMA(V) < _L5178Y 4,683,085 — | Moore et al. 1997c
(Tk+")
(b hEEFRAE)
AN T 7 3 il NIV b FRAHI Y >R 375 N Schaumloffel and
ER ' Gebel 1998
b B A 375 + Yih and Lee 1999
c. SCE :XE&
(B kEAR k)
=Y bW RU YA | UT U ALR
SCERE | IMERT RI A oV 7o maA g, + | Leeetal 1985a
— IR e
CHO el 75 + Wan et al. 1982
375 + Lee et al. 1985b
1,498 + Fan et al. 1996
CHO #fia
+ .
(CHO-K1) 1 Kochhar et al. 1996
g FU T A CHO i 0.75 + Kochhar et al. 1996
VUT UNBAHA
R 749 + Lee et al. 1985a
(b hERFRAla)
SCE#®Ex | e+ U A b RRMAEIMmY o8 292 . Nordenson et al.
£k 1981
60 N Beckman and
Nordenson 1986
375 + Jha et al. 1992
Hartmann and Speit
+
375 1994
Kligerman et al.
749 2003
B~ U U RIEER
KU 2 7R3EER 37 5 N Rasmussen and

Menzel 1997
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73 b b U L N3EER 749 _ Rasmussen and
Menzel 1997
| NURVN b FRAEIMm Y >3 11.238 B Kligerman et al.
£k ’ 2003
MMAID) b RORIEIm Y >3 135 B Kligerman et al.
£k 2003
DMAII) b SR Y % 930 @ Kligerman et al.
(C2H6ASI) Bk 2003
MMA(V) b R oRRYIm Y X Kligerman et al.
+
" 224,760 +) 2003
DMA(V) E R Y X Kligerman et al.
+
" 749,200 +) 2003
B R U U RIEER 749 B Rasmussen and
Menzel 1997
d. DNA$&1S
(a)DNA 515
(FEZ4)
Ak b s DR . coli , H
SOS ikl |Wivs,- L~y E. coli PQ37 60 36 (fﬂ; Lantzsch and Gebel
a4 H & — 1997
30,193)
E. coli 239,749 - Rossman et al. 1984
recrassay | MLE@ES KU DA A B 3,746,000 + Nishioka 1975
—Hlke & Tl B 3,746,000 + Nishioka 1975
BT R Y T A B R 3,746,000 + | Nishioka 1975
Prophage | MMA(III) E. coli WP2s(}) 0~749 B Kligerman et al.
gL 2003
DMAID) E. coli WP2s(Q}) 0~749 _ Kligerman et al.
(C2HgAsI) 2003
GREBREN)
DNA = i =l 73yl NV NI T VAT 7—
Ve v ®X174 DNA 22,476,000 — Mass et al. 2001
T vEA
=73 al NV RN NITIVF T 57—
© X174 DNA 74,920,000 Mass et al. 2001
MMAIID) NI TVFT 57—
. + .
& X174 DNA 2,247,600 Mass et al. 2001
DMAID) NIT VT 57—
. + .
(CoHoAsT) o X174 DNA | 11238 Mass et al. 2001
MMA(V) NI TFVF 77— | 224,760,00
& X174 DNA 0 Mass et al. 2001
DMA(V) NI TIVFT 57—
< X174 DNA 22,476,000 Mass et al. 2001
(Bh B2 NE)
TIvHh Y = SN A ~ 7 % L5178Y 299,680 (4
FNRRER fa 73 + Storer et al. 1996
599,360 )
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(b hhEEHLD)

T il 73yl NN b R RS
c ) 75 + |D d Luo 1993
Vs i ong and HHo
il # .
DMA(V) b b fiifa B R I N Yamanaka et al
1990
DMA(V) b b II WUAfRe B Rz | 374,600 + Kato et al. 1994
R Yamanaka et al.
+
749,200 1995
DMA(V) b b I Uik Bz | 37,460 + Tezuka et al. 1993
(C2H6As02Na) i) 749,200 + Rin et al. 1995
Kawaguchi et al.
49,2 +
749,200 1996
DMA(V) =B N i 573 Vamanaka et al
(C2HsAs0:2Na - il 375 + 1997 ’
3H:0)
AREH Fefer hY A | b SRR
DNA &k A (2BS cells) 75 + Dong and Luo 1994
filter & | DMA(V) =S Y Ol Y7
N 749,200 + Kato et al. 1994
&k i arocta
b)ary b7yeda
(EnppiEEMpa)
2 Ay b [Tl 73 ml NI VAN CHO i
+ )
SR (CHO-K1) 749 Lynn et al. 1997
CHO #Hufa 5,994 + Lynn et al. 1998
Hr; SRBIRAE | o0 + | Lynn et al. 1998
v ERN B | 375 + Liu and Jan 2000
(v FEFEMIE)
D b fig N1 N = f. BK
SAvEh \BEBRT )Y h B 0~74,920 () | Mass et al. 2001
Tt A
E e 1 L i
il 73yl UMV = = Vi 1R2 ) 14,984 N Hartmann and Speit
1994
7.49 + Wang et al. 2002
=7l DRV b b A mER 0~174,920 +) Mass et al. 2001
MMAID v ki ER 1,498 + Mass et al. 2001
= SRR 7.49 + Wang et al. 2002
DMAUID b b A mEk
+
(CoHoAsD) 394 Mass et al. 2001
MMA(V) t kA iER 65,555 — Mass et al. 2001
B FEIUBAE | 749 + | Wang et al. 2002
DMA(V) b AifLEk 74,920 — Mass et al. 2001
DMA(V) [N =R ] o)
(C2HsAsOszNa -
+
SHL0) 74.9 Wang et al. 2002
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e. TDfh

Min g | mefgt FU oA ~ 7 A
RN (BALB/3T3 C1 A | 749 Sabbioni et al. 1991
31-1-1)
iﬂyﬁz;ﬂgmx 7l o~s7s Lee et al. 1985a
[ RN UT UNDAH 199 Kerckaert et al.
— 1996
|7l N RN YT UNEAR 1,008 DiPaolo and Casto,
— s ’ 1979
599~8,990 Lee et al. 1985a
carboxymethylene | ~ &7 Ak EM A
trimethylarsonium | (BALB/3T3 C1 A
bromide: 31-1-1) 37,460 Sabbioni et al. 1991
CsH12AsBrOq
+ B, (1) BB — et
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£11 EFE /invivoBEEMHRER
HED
R4 lozy? x5 (ng As/kg | HE5E ik
R EE)
a. BIEFEARZLE
EBEREME | =@kt Muta™ < 7 A fifi,
L7 B, BEME. ARE
5,756 - Noda et al. 2002
(IEENE S (5
=) )
DMA(V) Muta™ = 7 2 fiili,
B g, ERE.
5,755 - Noda et al. 2002
BHHE (EMENS-
(51a]) )
b. 2BAEE
(a) 2EBAEEHER
BEERE [HemT Y on (g
SER ) . 1,442 + Das et al. 1993
" MG A 5
Swiss ¥ U A B #f
1,442 + Biswas et al. 1999
Al (Bokeh)
Swiss ¥ 7 A5 #ll
1,442 + Poddar et al. 2000
MG e 5
Swiss ¥ 7 A F#fl
Roy Choudhury et
a2 THeE (4 58 +
al. 1996
=) )
=Mt " ek Swiss ¥ 7 A F#ll
250,000 pg
HlfE (R K P 52~ — Poma et al. 1987
. As/L
8 )
Swiss ~ 7 A
250,000 pg
A (R ok $ 52~ - Poma et al. 1987
As/L
8 i)
Swiss ¥ U A B HE
12,000 - Poma et al. 1981
A (e e N 3 )
Swiss ~ 7 AR
12,000 - Poma et al. 1981
A (T e N 4 )
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CFLP v v A (A4

VT ASNOW AR | 21,589 ng ) Nagymajtenyi et al.
+
(IR 9~12 A I As/m3 1985
%4 hr))
DMA(V) ICR~ v 2B #i(iE Kashiwada et al.
162,870 +
e 5) 1998
(b) /M i%EHBR
/IR R g hU A | BEC3F1 ~ 7 2H
H (Rnks (4 2,884 + Tice et al. 1997
=) )
BALB/c ~ U REF
288 + DeKnudt et al. 1986
(BN S
BALB/c v 7 RXF
" 5,768 + DeKnudt et al. 1986
i (ErENES)
BALB/c~ 7 A§F
" 2,884 + Tinwell et al. 1991
i (EENES)
=Wk e E Muta™ < 7 A K
FH i A8 7R i 2Rk
" 5,756 + Noda et al. 2002
(g5 (5
=) )
DMA(V) Muta™ <= 7 2K
i 1 ¥ R i R
» 5,755 - Noda et al. 2002
(MEpeNFe s (5
=) )
c. DNA#E(S
771 V¥ | DMA(V)
ik (Dimethyl arsinic | ICR~ &7 A ffi(f 0 Yamanaka et al.
702,463 +
acid sodium salt : | ¥&5) 1989
C2HsAsO:2Na)
ICR~ v Afiii(f& 1 Yamanaka et al.
702,463 +
% 5) 1993
ICR~ 7 Afiii(n Yamanaka and
702,463 +
%5 Okada 1994
ICR ~ 7 A Jiflik.
" e Yamanaka and
B, MR GRR D | 702,463 —

5)

Okada 1994
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ICR ~ 7 A Jifi,
Yamanaka et al.
W, PG B | 702,463 —
1989
)
axy N7 | =k reFE Swiss 7/VE /=
v A 7 A A ek 98 + Saleha et al. 2001
(RN s)
d. Zoith
BEEEER | ek MY v | BALB/c v U A
2,884 - Deknudt et al. 1986
7 (hEreNFE5-)
LSS | ax Ly v ayvavusx | 1,988,638
) — | NTP 1989
SRR (FER#5) pg As/L
TaUYg UL 1,953,890
- — | NTP 1989
(FEA$E) ng As/L

+o Btk (4 5Bk, — - katE

VORERMN XU () O5E  ENHER SN RIRRE, FERD— DB FICHE LRWIRY %
BORO R RE

6. SEDAH=XLA

L ZBOEAKFIZOW T, BB RBENLEZ OWENLRIN TS, ZNET
IZ% TARC., EFSA. ATSDR ZEDWAGEREICB W THRFN R IN TN H DD,
ZOERBFFIZ OV TR LIZ SN TV R, RIETIE, IARC (2004, 2012) .
ATSDR (2007) F#Z .02,  RIEEWIC L DN AMERERFICET 22095 A
PR T-,

(1) BEFRAZLR. FEHEE. DNMEE

AEMAFAESIZEBWTL, BEEEOBRFORE. UTOXSICRME £ LHTW
Do
B TR, L RICK DB FRERERZOBEERBE LR ZR O 58ME T2V,
LML, XREFBONT Y XNRE NSO FEICEE L 72 B> T2 AlRE
HbHLIEIHET O ENUETH DL, —FH ., YRR E kOISR 657 (R

(SCE) 22\ Tk, K O b HIBRFEIC X 0 JREE LR, O FEREREmIE & OR
I Y > BRI B W THEIBEENELS D EREINTVD, 62, B D
PRI ERCHERE, 1RSSR R ORI ) > RERHIREIC W C/MEFE R OBEEE I, &
RNRAG I U o7 SBRIZ I T YR B T UMk Y 60 55 IR A3 8 2 F BSOS 2 B 7
TWb, 728, SCE ZEl&EchntnwrELH L, o, B RBREICE DK
ST, BEICIVEMIND ETOMELH LD, 0T IHMELH D,
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tFLAWIX, b Mgz S0 EEMalcin T, RafBE KU DNA #EIE%
SIS ITEEZOND, —RICEEOR S X Rl 3MOHF R 5ME Y &<,
Fo, R0 5 lOLAEITE#E FLEME D bEH e FLEMOHTREWEE X
bihvd,

E FILEWIZ LD invivo REBEOHEIT V7203, =7 A2 AsTID =R N5, 8
PENEE IR THRET 2 Z Lok D el RE . /MR O IR O DNA 8153
FlEEZ &5, DMAWV)#ETIL, Htio DNA 505 O el B OR35S
DMENRDHD OO, BInFRREREKROVIMEOFERITFRD ATV,

INHOEFEICLDIEBEEEOFEEICHOWVT, IARC (2004) 1Tt HEBREICL-T
HLDBETORNEEMIZELG L TWDLABEENRHDLE LTS, £70, ERDOAT
MBIz 5 R T H 2 MMAUID & O DMAID X, in vitro THIFEIZ DNA
BELHE UIEERFELN L DNASHUM A5 SR I FETHLZ L, 2D
DR OVEMEFEZ N T » NEBOBRICB W TEE o &KE 2 Ri-5 2 L2UR
mEnTws (IARC 2004) .

EEERZEIL., E BEEMOBREEIZ LY in vitro,. in vivo DWTIUTEBWTHAE L,
As(II), MMA(ID X% O DMA(ID(Z & 5 DNA 85 CE LG FREA LS5 A ML
AJSBEICEEE L CW D ATREME N H D (IARC2004, 2012) , b FEIC L 5E{LA DNA
BEIZSOWTUL, TRROLIICEVFLEHENTND,

RRED 3Dt FLAWICRETE S MiRiXE2{LA DNA #815% 779 (Wang et
al. 2002, IARC 2012) . As(IIDk O MMAQIDIZt R R AR 38U TR LAY
DNA BEOFHERE L OFEENF%ETH S (TARC 2012),

Bl 21X, MAREERE 280 T, AsUIDITEMEBRFEOAERKZ T LT /AR H
—NA TV R KR E R RREREZ NI 5 (Hei et al. 1998, TARC 2012)
DMAIDIZ LY, Z=UFrnb8nER I, ZOEMEKIZEIY 72 b RIG
RN N =T ARG %8 U CHEERENAE LD, £72. MMAUID XiZ DMAIID
Z in vitro TS 72 X174 DNA 2B W TIEMEEZ O AR A2 L7- DNA 84871
NEHEIN TS (TARC 2004)

RIRED 3D FLaWwiX, G-THEEERZA LS EEZX LN TWVS 8-0HAG
NERESNSEEE DNABEZ AT EVWIEERHAICHLEDL LT, AsTIDK W
MMAID 721 Tix7e < DMAUIID $ Bl & 772 RZSRE B E ClX7s v ShTnd

(Klein et al. 2007, IARC 2012) , Z#UZE&(LAY DNA HBENHEAIIEE - BrE

INLHZEICErbnEEZLNS (TARC 2012)

—J5. DMAMW)IZ X (bR DNA EEICET 2 ME L H 5,

~ U AT, DMAW I, BxiR# 2z T A F ez VoL

((CH3)2As00-) |2 L v ifife 21y DNA 54 4 U 55& M T DNA UJ#<° DNA-

BRI ERIELAE L 9 5 (Tezuka et al. 1993, Yamanaka and Okada 1994, IARC
2012) .
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DMAWZ# 5 7= v FORFIZIE DMAIDAEENTEY, TOBRICAEL
DIEMIEFIC L DBETFHEEIZ. 7y N THLND ERIZLDENEIC L > TEHER
BEZE L TWDAEEND 5, BIAIE, BIER DNAEBED~—I—L L TRb—
XENC AW BTV D 8-OHAG DOFERLA DMAIID®E 512 & 5 7~ MERBE THEnL
TV EEIN TS (TIARC 2004) .

ek, ERROX I BWMEITH DO DOD, BETEARERES DNA #1570 E oA
1. BR{LAY DNA fHIMEDIEE 72 & OMBER R BB 2B+ Z LT Lb@E LT
WRWERBRARZHAWVWTELNTZLOREENTWVWDL L EZEZEETLILNERD D,

(2) DNABEDOZEL
bR K DERFMEOHEEIT, MERREEE R EEREEEO VT NI LT
LZEICEVAELDFREENRHD L SN TS, TARC (2012) 1, b FZJEHRHESF
MR 61T 2 BZBE R EEE DR E T MMAUID T b 58 < | 7k C DMAID), As(IID)
DIETH -T2 LTS,

O EHRERLELEY

IARC (2004) THIHA SN T3 Hartwig & (1997) O TiE, AsTIDi. 2.5
uM T DNA GIWrE R 2, 20 & UV50 uM CTIEDNAFE SRR HET S 2 LItk - T,
b h ORHEIEMIAR TERAME (UVC) 12XV 5| & i 2 s vz DNA BIEOKEERFEHE
ZHRETDHE LTS, 72, IARC (2012) 2k B &, AsTIDIX, BHFEDZ 17
BEEETLZ LM, —# o DNA BEBETORIEEZMET5 & LTWDHH,
FEFITARVRE Tl MRaNHIEREEAER & & I DNABE OB KIEM & v o 7z
DEBE RITTAREENRSH D & LTV D,

IARC (2004, 2012) 1T, it HRIC LD DNABEDOHRED A H =X LIZONT
LLFTOXSIcE 0TS,

As(IID) (% DNA E1ERER OFF R HEME Cid/e <, &L A DNA BEZHIHT 5
DNA {5 7 T I B Y KT T, V7T VEZEICES T 548K (ADP-V AR—
A) WY AZ—F (PARP) -1, DNAB1E ¥ /X7 E T&% % X-ray complementing
group 1 gene (XRCC1) ., DNAKRY A Z—ERKNDNA V H—L I IZHAEEAT
52 ETHEBREEEICEESE L TWAR, 202 &% AsTIDIC X 2HEEREEEE
oo LiEeRELAIEET S eEMENH S (TARC 2012)

AsIDiX, YAV T ¢ FEEFEAICEE L= DNA UV 7 —+1 1T ROV I IO Hgh
T =B R E e E B DNA BERFE A LET 5, #ifh~ ¢ U —DNA
BIEREFE RO —2>TH D PARP OIEMIZ. 5 uM Z TN 10 nM & W\ o 72 (KB FE o As(TIT)
IZE->TCHESNDZ EN, B b THIFEY >/ &K Molt-3 #liE K ) HeLa flifa <
IRENTZ, LU S, WFLEOBFMERLLIE A B Y X7 EOMBE B RO FR L L
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TIRNEBEUIVDNAZ Y avI—EBEWoTlclDiigh~” « 77 —DNAEERER
13 As(IIDIZ & » THHE 1720 (TARC 2004)

@ AHERLELEY
IARC (2012) 1%, MMAID}% O DMAUIDIZ As(IID &V $587)7¢ PARP [AEY

BThV, £/, PARP OIFITHI 7 4 I — FAA BT HHOBERIC L -
TALSD LTS (TARC 2012) .

(3) DNAA FILIEDEAL
UL, EFRLEWN, BEMEAE ERNTIE Y 22T v 7 B2 KT Z

L %‘:?aﬁﬁ'é%&%ﬁﬁﬁzf% TWo, PIzIE, eRXO e Z WO LE 7 DNA A
F AL R OB FRFER 72 DNA A F/URICRT 5228, TN e BLEWIREIC X
HE A NAERG, Za~vTFUEER DA 7 7 RNA ICHT 28 EPREIRL TV

(Rossman and Klein 2011) .

FIZ XD DNA A F/ALDOE L, BAOEITIZEE LTV D AREMERH Y | in
VztIO&U\ In vivo FEIZ 60T, BERIZ L DN AN DNA O X FIARIRIED LS
WEI 72 A TFNAAERBEA T UL L > THFEEINTWVWLZERTBEINTND

(IARC 2004) , 7=, b RILEWIC XL 2B THEIES. DNA A FIALOZE{LIZ &
LBEFEBLOZIIHONTORENR 2RI TS (Klein et al. 2007, IARC 2012) ,
TIARC (2012) T HEN TS E FILEMIT L D DNA O A FABICE T 281X
LT L) ThD,

As(IID X O MMAUIDIZ LV, B X hfEffizfE D5 DNA A F LD LA A

b7z (Jensen et al. 2008, Zhou et al. 2008) .
IRIRE O As(IIDIEFEIZ L D DNA A F AL DAL & e R EBIMED G % éﬂf:
T XA =—ANLAZ—VT79-13 Hild TlL, BEEIRLZEMNED XLV RIS
M7= (Sciandrello et al. 2004) ,
As(IIDIZ X Y IREEH S LB OMIAIZ BV T Fr RV G T OEFE 7 A
F L & BT, 2r72 DNA O X F /L2588 5172 (Bendbrahim-Tallaa
et al. 2005a, Liu and Waalkes 2008) .
As(IIDiZ X 5 DNA OEE{rEIEEILZ. DNA O X F b/ 2 — NI Bfb%E b 7=
5 L7= (Cerda and Weitzman 1997) .
DNA A F b2 — o 0 id, Ml &7 7/ P AF 4= (SAM) &
FEOELK T DNA A FNAALEBER OFEHEIE TIZHRKR T 27 RErH 5
(Hamadeh et al. 2002, Benbrahim-Tallaa et al. 2005a, Reichard et al. 2007,
Liu and Waalkes 2008)
ERICBEFEINTLE MTEBWTH DNA A FIHEOEEBFER I N TN D
(Chanda et al. 2006, Marsit et al. 2006) .
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(4) HRaR EHenth

EEOBBICLY, MBOBEEBESFEEINDIZ LR RIN TN,

b #EIL, U T A AZ—IRHIR, BALB/3T3 MR OV » +AT#IRE TRL1215
IZBW TR EERR A58 T 5, HEFOMIBE X — N~ DU AZERET L2 LI X
0. i~ % T AEREOFE R NHER STV S (Lee et al. 1985a, IARC
2004) , ¥7-. b MEREMRICKIT 2 AsTIDOEHE N EBEOREIZL Y,
BEARZEERED R EL L TERKOEERLE T L, ZhbDZ kX
MMAID TiEA L2 e LTW5 (Mure et al. 2003, IARC 2012)

(5) HRIETEDZEL
b EOBREIC X DB O, £R % 72 EBR SR CEER XIMENITRINT
W5, TARC (2004) (X5 &, BlzxiE. in vitro TiE, ERICIVEFe NEE
ALMIE CHIFRIETE N A H 4L, DMAV) 25727 v MZiW T, BEEOEEAL
DEZEINTWD, £, MlEEEONA T ~—H—Th DA /N =F U BLIRFEEERTE
PO, e FEEEINTT v FOBEBXIIFE T O 51T\ 5 (IARC 2004)

(6) MR T FIInEDNEILE

AsUIDIC L 0 A2 F A EER YV FIVRERKEO—o1L, EENHELETF TH
% ps3E N LR THS TARC 2012) . R RILEMIL. ps3 & & ToiiiniEsE
LOBENICEE LI x RERTFRELZEM T L2 R RSN TS (ATSDR
2007) . 3 i & FE(LAEMIZ. PARP K pb3 & o /X7 E OIEMAVICEEE RIET 78,
ZAUEX DNA BERICKIZTHERORAEREHMEOFERE LN L TR 500 Lt
V. PARP 1, DNA EECIER RMEROIA K CEEICLWEATH L0, 3Dt
FLAEWIT PARP OFEMALZBHET S, pb3 # L /37 E1X DNA BESEICB W TE
FREE R L, 7 DREE MR LIREH T = 7R A > b e LTHRET S
DAMEERTED TH LM, MO HBLEMIL b3 ¥ v XV BEEN LIV 7T
GiE#HZET 2 (Rossman and Klein 2011) .

As(IID (%, DNA #5142 p53 Z v /X7 B DIEHAL=S p21 OELGTRELOEK T 280
#9225, ZoMEliE, DNA BEZZ T -MiaicBT % GL #2006 S #l~oHmia/E
DOfE1E (DNA BRETNCITON D IEE 7 DNA BEOHKEZE57-0) (TR EE KIF
T EnD, BREMERO—HOFRRZHHA L THE00E LIV, ps3 1IEERENR
EEERICBWTHLEETH D, AsII)), MMAUIID & U DMAJIDIZ L5 F 4L K%
VIUBTEREOMREIL, BT AL FRL U 0EREEAE L., pbd DERER 2D —K
LR o TWBAREMERH D, AsTIDIZ L > THEL S cyclin D O X 5 7 o BB s &
BT OFBUEMT, MBI OREREZHEICEC T LA RERH DL B DN
% (IARC 2012) .
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FILEWIT., MRSHEHRFEH LT e T A o3 —¥ 77V —ZET 5 Jun
v*\")‘“*‘t%ﬂ{%b DNAESIRER T+ CTH D AP-1 #EINE¢ 5, £7- & FiL, cyjun,
cfos. c-myc K OEBEHEFERF (TNF) ockb\o?iﬁuﬁ)/uL{K?@%\éﬁ% HET 5,
Mdm2 % > /N7 EOEIMAEL TELU S pb3 # U /X7 EHDORMIL, eFEEIML
7=t MLl (HaCaT #fE) TEROLNTWD, b RFEMERERDADET L
L LT, ps3-MDM2 7 4 — Ry 2l —F O A IRE LT, 1E# 72 Mg
DOREIZIEET Db D EEZ BN TS (TARC 2004)

(7) ATHA FZEREE LECTFRADEL

MR e R, BEa T aA RRBRE~OAT oA NOREEZMET D2, 7 F
nyy A Mayy B AT ad RETa S AT a R/ E~O Y T R
BICHBIRIFS 20, ZOMEL, ARAMBICEENL T n S AT 0 UREED
A 24T 5 L TR VT a4 REEE~OBRILEAE LT, EREZERATE D
AREMEDN S D, Lp L, MCF-7 Milg TlE, ERIET=A NI VA —LOTA fry
Z&E-o (BR-a) ~OfEEMELZLVOIO#ELDH D, SHIT, ERITADAM
JRICB N T ER-aDREBZAE S 528, ERPOEHRIIXELZIT 2N &b, t
FIE ERaGMELDACH L THIRIBRFEL RV 90T 0HELH S (TIARC
2004) .

(8) BEicFiEME
BT OHEEIL, ERORNAMEICEEGT 52D AD=ALLLTEZLLNLTY
% (IARC 2004) . R t 33~ 7 X 3T6 MldlZ B\ TPt Fu g iR (DHFR)
BILFOHIEZ IR L, ZOEMRIT AsTID L » As(V)DOFRFERN E STV D (TARC
2004, ATSDR 2007) .

(9) BRZEE E-EHDRE

EZOFENAERIL. BB AOREERITERT %74 @#Fwéﬂfwé =
ﬁi@%ﬁ?ivﬁxfﬁgﬁ%%a%£_§&W#\E%kﬁ%ﬁ@ﬁé%

C SEAMVRBEMIRFEIC L > TALD L O X EEC KX éﬁ§i§ﬁﬂbfcﬂzfgﬂ$%%ili
5_kﬂﬁ%éhfwé(AmDRmm)o%%ﬁ%€@§<®ﬁﬁﬁﬁ%%oﬁ%
(genotoxic agents) & OFEEHIZIBWT, b RITMEERMICELEFHE LR T L LE
EJF (coomutagen) ThHoHE TS (TARC 2004) ,
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V. EIRFHEE 0T

1. ERAISABFZEHEES (IARC)

TIARC OFNAMEFHMHIZE N T, EREXR Ve FLEY (TARC 1987) | fEIKH D
t 3% (IARC 2004) KR OVEREE # (TARC 2012) X, WIdinb 7 L—71 (kB MKt
LTCHEBAMERDH D) LS TnD,

2004 FEDOFAHTIL, IARCIZ, b MIEBWT, BEOKIP O v 20N, BEDCE. FiE &
OCREBEAZG EE TR AH 0 | WThoRA S AEERFEEP RSN TN D
EEELTWD, BtEIcBW T, BB L UHE (Chen et al. 1985; Chen et al.
1988a; Wu et al. 1989; Chen and Wang 1990; Chiang et al. 1993; Guo et al. 1997;
Tsai et al. 1999) & VU (Rivara et al. 1997; Smith et al. 1998) D EREZZAIFFIERC
fihod AR — FMFZEAR EITESNWT Y R 7 F-li 24T - TW %, il L, 58 (Chen et al.
1988a; Wu et al. 1989) <°7 /L¥ . F > (Hopenhayn-Rich et al. 1998) DAREZH)
FE7e I X AEREENHER IN TW5, BKEREIX. B8 (Tseng et al. 1968; Guo
et al. 2001) OAEREZAIFEICMZ, AF 2 (Cebrian et al. 1983) TOREERD
LT U (Smith et al. 1998) TOIR RO EOMFENFEMIC AV S0 TV
b, T, EBRHMICB T 2B ZOENPAMOEIIREN THL E LTS

(IARC 2004)

72, 2012 EOFIHMM T, ZEMb b HE, HeE, tBRES0O8EKLE~D
IBREICL Db MIBITAENAMOILN 050 | EBREWICONT, BEET MY
U LI KD~ U A TO MR & ORIESE R AMEE O (Cul et al. 2006) | #it [z
FTRUDLAIZES Ty NTOBEEOHEM (Soffritti et al. 2006) 72 & DFE NS AMER
BROFERICESE, EREIMICBIT 2B ZORNDANMEIIT RN D & L.
IN—"7"1 OFHlZAERF L TV 5,

I 52, TARC (F 2012 FOHFFHMICIB W THBEE BORENAMEIZOWVWTOLES
ToTCHYH, DMAV)Z&E OGSz Ald ~ 7 A CTHIRIE SO HEE O A4 D #Y
S (Hayashi et al. 1998) <°, F344 7 v M CHERISERZ R~ TEMBTMARRE O
#F¥ (Weietal. 1999) RN HbnsZ &, LarL, MMAWV) 2% O&kE5 SN
v h R U AT, KEMHIRCEFROETIZALNLL DD, R ADORHERIGE
RIS o722 Enh . DMAWVIZEREMIZBWTENAMEE T 547
AR B 5 8. MMAWITFEILA R+ TH 5 & LT, DMAV) XU MMANV) % 7' /v
—7 2B (b MZxt L TEBAMEORREERH D) 2oL T\ 5D, 72, AsBe °t

MZBWTRB S h WL OMOFARE e ZMEEaWT 7 v—7"3 (B MIHTLFEB A
PEIZOWTHETE ) L LTS,

F72. TARC (2012) IHFHEICHEWNT, EFEOERFEMEICOWNT, BEFEIT DNA
IZEBICROSIT LW AR EE o AsID TAEE L7~ /a2 13k DNA #2E2
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D ELTWD, £, MIAEMEREE O AsIIDix DNA S840k, Ye iR % 5]
TEZFTELTWD,

2. FAONHOE RIE&AMMEFREE (JECFA)

JECFA %, 1983 F£0F 27 HEAICBWT, AFAERTFT — X I CESx B #
DOEEMAE— HEBIES 0.002 mg As/kg (KE/HICHEE L=, BEFO L FOFE
BREL#ET 5703tk —# 00 e LT, O&MEUEBIK R O~ 72
FERROERICREZE Lot MIBIT 2 EHROEHE, QRLF (FricAad) O R LEW
DOFRIE, WU, PeH Kk OEE, Qe ROENARICHT o8P0 FEOFS, @B
DIEOE RITIRE L CEFOEFHREDORFTRVPLETH DL L Lz (JECFA
1984) .

1988 FEDE 33 FI=ATIX, MHPOAME ROEEMELZFMT 5 Z LIZONTORK
BN ST A e EOE EMAEEEBIE (PTWI) 2 BH#58 L, Grantham and
Jones (1977) OF —Z N HEEKF O b TN 100 ug As/L 282 5 L FEEDIK
BRI RN H D & LT, SEKERELZ 1 H 15 L, AE 70 kg EIREL
TPTWI % 15 ug As/’kg RE/H L REL T\ 5, 7238, JECFA (1989) 1. EFIC
EERE CTBEEENBO ONAEEE PTWI & OENHEN ERALNTH D
23, BEPKBRH TEIREOEK E RIRFEEO L ROBRMEL KRS T2 Z &2 BIEIC
Wﬁﬁﬁﬁﬁg_owfi\%%ﬁﬁaﬁmkbt&ﬂ%/kbfméoit\ﬁ@
HEEOZ WIS CREEFOFH b FEIMEITN 50 pgkg AEH/A L 72> THY
ZOEMIZET 5 b RIZXDEFRE T2V, MEED O BRBEROFH L FER
Lt FOREREBIZOWTERLIEFHENLETHDLH L LTS,

Z D% JECFA X 2010 FF D% 72 BIR AW T PTWI OFFMZIT> T\ 5,
BECRICIDENPALY X7 OEERFHE 24TV, Chen ©H (2010b) DOEEIKHF D
M RIRE L BICET 2EET 200, iBOREIGDI N TF~v—F L AR
% (BMR) % 0.5% &¢RELIZEORF~v—27 R—2% (BMD) O 95%E# TR
fE (BMDLos) % 3.0 pgrkg (RE/H (W& OECEIK A L7k O iR IREE & O HEEE
DRI IS E 2~T nglkg (KE/A) EEH LT 5, JECFA X, Z® BMDLys; DR
MM, MIRZEEICET HARE L, AEMNRERICK T 1KY X7 BREORE
REECfh D A TR BRI K 4 BB ~D BMDLos OAMEICEE#E L TWH E LTV
%, JECFA X, ZhEThD PTWI 15 ng As/kg (KE/ME (2.1 pglkg KE/H) 2 L
BMDLos @ 2~7 pg As/kg KE/HOHFEANIZHY . HITP@EITHRVWE LT, K
IWWI%W@Tﬁfmé F7-. JECFA I3, E#t ZoOROBEIMAUET 57

DI, HESNDRFRIZBIT2BEMOEKE REHFEREO LV ERRIFHR& U Y%
DHER SNT- B P EE e ZOSNHESENLETHDL E LTS, 208, AFHEIC
BT, JECFA X, #CEIKF EHRBEEN 50 ug/LLULTFTH-TH, TOBRENE
g (>10 pg/L: WHO WA R7 A E) I W TR, R b FBETUZ L0 8UEK
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BB U AERENRET DRSNS D5, BERNDEWZDEZNIEIZ LD
T2 IIREETHD & LTnD (JECFA 2011)

3. HREFEMEMES WHO) SREIKKEHAS K540

WHO i3, 1996 FEDOEEKKE T A KT A4 V5 2B W T, KT O v RRE
ERERERBAEROEMBABD bNZMRICE S ZEEETAVEANT, KEED
APEERIEDN A Y A7 105 123 e T AEEIKH E RIRE A 0.17 pg/L EEH L TW5
LU, BB KF OO EY) O FIRHREE O FIREMS, BEIZWNLD Z &R TE e
STERBNCBW TR I VEDIHEERGEHLRENR DD Z Enb, ZOREIIRERER
AV AT ZBRKFHMEL TS E SN, T fREVKFO e FZE2BLTEAND
KGEKFIEEOERRERE FRIETH D 0.01 mg/L (10 ug/L) Z2EH TR A R
A UEE LTEDZ, 70k, WHO 1%, ZOEREOEFERFIFRNA U A 71X 6X101
ThHhbHELTWD (WHO 1996) .

2004 0 WHO fEKKE T A R 74 8 3hk (WHO 2004) Tix, BFRIZR
EELZE L THERNRTA 74 E0.01 mg/L (10 pg/L) 23#EFFS i, 2011
FOFE 4k (WHO 2011) IZBWTH, b FROLBNE K O E DR FTREME 122
SE, A RIAfE 0.0l mg/LL (10 pg/L) NS TV 5

%4WTM\:@ﬁ%P?%V@@%&&%&LT\ﬁ%ﬁm%ﬁ5£@®9x7

ITERIRE L CEE T REREEENEINTEBY . (ERAEFICBET 2 AFAfERT
~&iﬁﬁﬂﬁﬂi# MEE AN DD OEYZEREEE L 72 0 153, Bk

HDERERETHEOBEENLRESL, ERELOFEETRIE 1~10 pg/L 2B E L
<. 77/( R4 ME 10 pg/L Z/EFF L, BEME LTRELTEE LTV, it 53
WHNCIXE RIEEZ 5 ng/L LLTICT 52 EIXEBFETHLIN, TOEDIZIFEE
@wm%z&@%EM&wﬂ@ﬁﬁﬁfkb\%%%@ﬂﬁ(%.%ﬁ)_ L%56E
121X 10 pg/L ECEMRARELEBX D FVBRE THDH E LTS (WHO 2011)

4. KERFEGEET (EPA)

(1) BEER

EPA #& V) A7 E# A7 & (EPA/IRIS) (. {bZ#WE OFMi% . TDI (ZFE%9
HiAZBAE (B0 RD) & L TEBEIERDAMEDEFEREZEZMAEL TWD, £/2. b
) —FH T RBBAEBIZONTENAMESEIZONTOFRZRZM L, LEIZE T T,
ROBFEICLD U AZIZOWTOFEREZRMEL TS,

DEHIERIPAFE

b FEROERE e BOEMEIERN A EOF N L LT, EPA/IRIS X, Tseng &
(1968) DEBIZIT 5 b FDOFHFAKIGEDOEWIIFIE T LT > e EROGBSE
&R & AILE DA E1E12 L <, NOAEL % 9 ng/L. GAH{#; 0.8 ug /kg IKE
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/) EEHL WA, [FMEIC Tseng (1977) OBRBIZEIT 5 EHRICK D SHIED
F EARAFRIEE NN B4 2 AR5 4 12 LOAEL % 170 pg/L. (54H; 14 g /kg K5/
B) EEHL WD, HFKRBE (ug/L) 7»HEHRE (ug kg FE/B) ~OHE
DERIZIE, RBREFAOBFHRO L RERMENAHThH-T2Z &b, BB TOH
HWETOHLLIAKIII YA ENLDOEREBINEZ 2 ng/ HTHDLEHEE L.
NOAEL X% O* LOAEL & H I H LT %, NOAEL 0.8 pg /kg A=/ H I IZ R iEE
125k 3 (BB MEORBEYRT 527 — 2 B RE LT D Z & H UK NOAEL 73 &
ZHEOBWNWETOE h~OEEL L OND0E D NICEET D R HEEM) %A
L. &0 RMD % 0.3 pug kg K&E/H & LTW5,

QH I AN
a. ENAMESEE

EPA/IRIS (X, W AT L I-EHOERICE W THIE O ROEMN A BT
b, Fe, BREOEMKE ENE ETNTHEIKICERE SN ER I BV TR
FE. B EE . R K OVERERE IC K DR T RO L &R O R AEDEMN A S5
2ZEmb, E hOT—=E b+ Riin b o e LT, e BROEREFEL S
A (v EPAMEYE ; human carcinogen) & LT\ 5,

b. #OREIC Kk DHEHIAMETE

EPA/IRIS IZ, Tseng & (1968) &\ Tseng (1977) OREWIIFIE TH L NTZFHF
KHEOERREEIZLDE L WVEEERIEENOT — X ICES3&  RAEMAICL D
ML~V TF AT =T NV ERAWT, B ZOROBEICLHERIFENALY AT
EEMELTCND, TOFRER, YEWEITAE 1kg 4720 1 mg OAETAEICDIZ
DRROBRE LGS OBRBEICER L THRANRELD VA7 (BOAR—F T 7
7 2 —) 1%, 1.5 (mg/kg {KE/A) 1 & LTWD, ZOEICHESE, AKE 70 ke,
—HOKEZ 2L EIEL T, SEVKICE DR NAZ=y N 27 (YEDEE
1L %720 1ug S08EKEEREICHDIE VBRI D L EOBEIRNPAY AY) 2
HL 5X10% (ug/l) 1L TWb, ¥, ZOEICESEX, BRLZEZIZ—E
DRENIY AT LV ERDEEIKFORELZEHT L, TROLIIZRDEL
TW% (US EPA 1998) .

£R12 BEDYVRILRNZE T HEEKPRE

UR7 L)L T
10 2 pg/L
105 0.2 png/L
106 0.02 pg/L
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Flo v FOEKE RIZEH5RENBAIZITZEZ S OERBEF RS LT 5 (US EPA
2007) ., EPA ® Science Advisory Board 1%, As(IID K O OfEY) X DNA IZE
BROL LWz, EENRBEEEITVWE LTS, LarL, DNA 2 F Ul
DEACITE K S 2 BEMESS/ IR OBEE LR PRBEN BB L THFRT D
Th» A9 L LTnD (USEPA 2007 .

(2) ARESR

EPA |Z, 2006 42 MSMA. disodium methanearsonate (DSMA) . calcium acid
methanearsonate (CAMA) . DMA(V) (B 2V LEE) KO a Vi h) oA
BEHEERGRER 21TV, BE Y X7 I T, MMA 2 v—7 (MSMA., DSMA
K OY CAMA) KO DMA 7 v—=7 (DMA KO a Vgt ~Y o) OZME RD
K OVEM: RfD Z#8%E LT\ 5,

MMA 7 =220 TlE, A X DOEMEEMERRR TR ERGH% ORI O 1 EF T
5. 2~5 K] CFEO LIV FRIE NIEM:-ZF51ZE & L7 NOAEL 10 mg/kg (AEIZ
FLRE 100 Z@AH L72 100 pgkg REZEMERID L LTW5, £72. 7 v FOl1EME
FHERBRICK T 2EEBD . TR, REEN, BEE, EE R OFRROFREER
ZHEHE L L7 NOAEL 3.2 mg/kg (RE/ H |2 RESEARER 100 2@ A L 7= 30 ugkg A&
/B %M@M RD & LTW5D,

DMA 7 v—7 (DMA OV 2P Vg R U U L) 1220 TIE, 7 v NORBAREMN
RBRIZB I OB IRKREORD, HEROEME., FOBIEXIIRMEEELE L
NOAEL, UH#XORAEFBHHARICKIT S, HTE, JE, KERYD. BEEER D %
FEHE L L7- LOAEL /> 5E X H L7~ NOAEL 12 mg/kg (KR E/ H (Z R FESRE 100 % w4
AL720.12mgkg AE/BEZRMERID & LT\, £72, 7> MBI DB LED
FAHESE 2 FEAZ & L 7= BMDLio 430 ng/kg fRE/ B 2 fESEAMR%L 30 238 A L 7= 0.014
mg/kg (KE/H #18 RfD &£ L C\% (US EPA 2006) .

B, ENAMEICONT, EPA L, BEFRFFEEOROFHEICEWT, 7y Mk
W~ T RZBTLREDAMEOTR AR+ ThHDH E LT, MMA % [F25 A OFERL
720N 5 no evidence for carcinogenicity] (2773 L T\ % (US EPA 2006) ., DMA
IZ2W T, EPA/IRIS (1996) TlE, EBAMIZOWTE T —Z RN LK
CEWDO+372 T =202 b5 D (b REDPAMEDRSIETE 2 ; not
classifiable as to human carcinogenicity) & L CU\7272Y, EREHEREFEE OO
CiE, THEAREELY 7257 HEE TR ALV ; not carcinogenic up to doses
resulting in regenerative proliferation] & LTV % (US EPA 2006) .

5. RMERZEHES (EFSA)
EFSAD 7 — RF = — BT 5158 E I3 582/ % )L (CONTAM /X% /L)
1 2009 FHICELF O FRICETLIAFENERELH L, Eile FROBZRICER T
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LHEE, e, KEEROKREREICET e ]‘@f—%nﬂﬁ@ﬂfi% CEOEEHEE
RIZET 25HMmZ1T > T\ D, LR, i, REE&KOCREREIZOWTAFLE
f@f“ T—HI%, BEIC L ERKE ?’éﬂ)f’ﬁﬂﬁ‘e%a75>{EUméz}mﬂ\f£b\7‘_&> AR}

KPR BEEZEFHEREES L TEALTWS, FEREZICEIL TiX, Ahsan &

(2006) . Rahman » (2006) % (X Xia & (2009) OF —H|(ZXRF~—7 770 —F

WA L. FEEICOWTIE, Karagas © (2002) A& L7282 FHEIC VLT

Wb, XUFv—r 77 a—FEERTHICHE7-D, CONTAM /~x/LiE, BMR &

LTHEET—X0O&HNICH D 1%HBIR Y A7 2% TW\W5D, Fiz, BEMEICEEL

TlX., NRC 78 Chiou & (2001) OTF—H#noLREH LRV TFv—7RED 95%(548

TERfE (BMCL) KON Karagas & (2004) OF7 —Z W bREMHINTELEE, FEIC

DUV TIE NRC 28 Ferreccio & (2000) D7 —# 7 bEH L7= BMCL % FHEICH VT

%, CONTAM /L3R v 32 0 H ERIGFEmIC AV 727 — % KO BMDL O & Hifs

BA2H# 131277,

K13 EFSANEREROAERGFHEICAN-T—%

e . e b R 00
Ak (ug/L) (ng/kg (AHE/H)

B I 25 zA}; ZZ?Z;OOG) BMCLo1: 23 @ BMDLo:: 2.2~5.7 ®
B R 2 ZR;fn:nit/a? 2006) BMCLo:: 5 @ BMDLos: 1.2~4.1 ®
B R 2 (q;; Zt’ :1., 2009) BMCLoi: 0.3®@  BMDLox: 0.93~3.7 ®
i (?grreccio et al., 2000) 3\11\%%1‘0210(:)[11) BMDLox 0.34~0.69 ©
il (J?:ijiff Eﬂ., 2001) 3\11\%%1,‘021(:)3%) BMDLoi: 3.2~7.5 W
L ?Iza(gzs:;;/l\;(?o;) v LA @:1~2  ZMbsA 1 0.16~0.31©
T KB (== 7y —iH) FELA < #4950 ZAEAL : 0.9~1.7©

(Karagas et al., 2004)

BMCLo1 : 1% DBk 5 R F~— T RED 5% fEIE R TR

BMDLo1 : 1% 5245 ’iﬁ“é/\/%v 7 &8O 95%/5 R TR

(a) : KBERED-HIZ CONTAM /3L EH

(b):1 H47-D @ﬁjvk% 3~5L., & e © 38 50~200 pg/ B /K 55kg & K E L T BMCLo1
7B A

(c) :1 H¥7= v OfEK 1~2L, & R b 38 10~20 pg/H |, (AHE 70kg & {iE L T BMCLo1
> B AL

SRR N
(d) fHEXNHEEITRD ﬁu@rﬁj:r“/ﬂt o Z4UE BMDL Cld/a < SR L~V OIEE L 72 5

(EFSA (2009a) ™% 43 X v 5|H)

HH S BMDLy (%, 7V OEHAE x5 & L7 (2B 5 5 Ferreccio & (2000)
DT —H ZFEITHEE L2 034 pg/kg RE/A PR BIELS . BB ILEE CREMEIC oW
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THHA L7z Chiou H (2001) OF —H OHEE L7z 7.5 ngkg RE/H 23 & b mEvME
Tholz, 277 L. ZNHDOFEEREZHREIIIRBEICAEEERH L7290
CONTAM /X3 /viL, H—DOSRMEDOH Y I BMDLy O2#5H 0.3~8 pg/kg (KE/
HZFHHICHWS Z & & LTWnD,

F 72, CONTAM /Ui, i b RBICITEHEH 72 DNA OGP < | BB LkEE
TEY 2 XT 4 v 7 IREER O DNABEEEICHT 2D L 5 702 < OFD ALK
BRREIN TV, ZNHITIEWTNOEEA D=L ZRETE 506 LA
WEBRRTNDG, L Laehnb, ARKCEROBICET 5 EEELEBET L L.
TDI UL TWI 2% ET5 Z LITEU TIE RV e L T D, Tokd, BE~—
vy (MOE) Z#ZHWTEHMisn & ThoHE LTS, LinL, BRMOMEKE FE
OHEE— B RBZERFEREIT, YT 0.13~0.56 pgke KE/H, RADOERERE (95%
ZA V) T0.37~1.22 nghkg FEH/H TH Y, ZDfEIL BMDLy OHIPIN TH 72, F
7oy BRMNIZHE T 2 2 A OZEERE OEK e FOME— B EFRERIIO 1 ngke 1k
H/ATHY, mERLOZEERE OEME  FOHE— H BEFIRERIIN 4 pgkg B
E/HCTHHo7, MOEIZIZEALEH DL WNITEL oW ish, —EOEEEICHTD Y
&%%%ﬁé:kﬁf%@mkbfwéoK&ﬁ_%o%\a»mmdAxwm‘ﬁ
BeROBEFRBEEF KT RETHLEHE L QD F2, BHELeREDO Y A JFE
iz X0 EMRSOIZT D702, BEBEFMSCHERIST — 2 2 BT 2720 OFFE
BB 25T —F 2 EB T OMNERH DL & LTV D,

723, CONTAM /UL, S EICE < EEN 5 AsBe IZITAERFEEIT 2V &
SNTWHEL, 72, B MZBWTHEZDMA RPN TVE ) v all—X
TNtV Ey FERhZtoMoF#KEe RIZET 2B8EFRIREEIZONTUIT —
EVRBTONRMPSTZ ENDL, TNHLDOFEHE BILAEWZFMOIR EITL Ty
(EFSA 2009a) .

6. BF
(1) BEEHE4E BEEREESRS KEEEDRE
mﬁm@mgﬁﬁ_@ﬁéé%(1&1&%5ﬂ305f$w@é 45 101 &)
IZBWT, EERRZOIEYOREEEEE LT, e EOREICEHLTO0.0lmg/L LT
ThHDHZENEDLNTND om FHYED RE L OBOFMTIX, R AMEICE
S eFEO TDI £7-13FEEREE (VSD) 3bE kv, ZhicESW=gkhkd
@t%%ﬁ@%%ﬁ@%w@%%%ﬁ%éﬁmﬁzkmﬁ%ﬁfmf%&woJk
LT, TEZERVAMECET 2V A T7TERARX L FEEDO)NR Y ORHEES LR
KD D BEREOEBEMZ2HEE S ST, NS ORUEE : 10 pg/L 23R
ENHZRETHDH, | LTS (BEEHEHE 2003) .
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(2) WMIATBCEAFIRILEY— - EEBMLEEFEE (NEDO)

NEDO I, m%%g@mﬁjxﬁﬁﬁ%ﬂ%w(t%&w%@ﬁ%m%%@t
NMERRIZKRTT 2 U A7 5B 24T > T 5, B ZROEMKE FLEMOR OREIC
Db MIXT DEMEEEIZOWNTIL, EPA (2005a) RNEEICEBIT 5 b FETIHY é
NI HFARKEER LUTERE S L UI-BETSE (Tseng et al. 1968; Tseng 1977)
NHBFNE L AGEORMAfEE L L CEE L7~ NOAEL #: 5 {& 0.8 ng /kg (K&
IBEHAWT, ZOEEKEE 1kg ¥7-0 O#HE— R OEBIE (BY+EEK) 0.73
ng As/kg AE/H T L7- MOE ZEH T2 Z & CiHMIZ1T> T\ 5, ZORER,
ORI T 5 MOE (X 1.1 &7¢ 0, ZOfEILX NEDO ORI T H /o RigE
RS 10 L0 b/ha <, BERA TR e Ride MERICERELZ KIFT Z L AVRIR
SN ELTwWs (NEDO 2008) .

(3) RIEE PRIREFERZS ARRENEBEIRIVKEEMERER (5%5)

& [ z?@ﬁg E@ﬁ?énﬂﬂﬁf (X720, FREBEEESIIRIIRESS@EEY 27
e R ZNZBNWT, RIBEEFO L FRPEDILEWIIRLEEFEY A7 O
nﬂﬂﬁ%ﬁo “Cl/\é

e REMET. ELTFEEEREL RN H 5 —FH T, B FOERL D
IRNFEN AT =X LDOFEZ BT DL S & 0 | BIEOHEIZ OV TR
e T T EIIHREMCIIR#ETHLE LTS, L, EEROEHR L FLE
WX, WABREIZB N TE NO~ORNAMEETTHZERHALNTHY , BEE
TEEMEEZET D 2 L 2R TRENGENAE LN TV DR G BIED 720 LK
ELTURAZFET 20N RE TH2D &HR LT D,

FENRAMEICHOWTIE, HERISERZ R~ T 97T —20H 5 KEY > kN
Tacoma (Enterline et al. 1995) | K[E-E > % 7 JIl Anaconda (Lubin et al. 2000)
KA =—F . Ronnskar (Sandstrom and Wall 1993) O#i#EFTF CTH =>D
aR— MFENOIBBRETCE = KR, bE Liza=y R A7 % 1.7X10
“3/(ug/m3) EEH L, b FBROER e B LA ORD AR HFHEEZ 105 D4
JEEFIFE N A Y A7 KIS T D RKIFRESL LT, 6ngAs/m3 & L TW5,

B HEB AN DOFERICONTIR, TR REEBNT —FBRNZ EEND,
FWAMELISAOFEMITAE LB E R LTy (REEE 2010) .

(4) BAEEGEFER E‘F’&EJ"F%’I B4 b5FER (%)
AAREXBEETFRTRREZFICEATL2ZES (1997) X, BFEOREDAMEEFEN
ATFEE 1R (B NI L TEPIAMEDRSH S LT 2WE) LFHELTWS
F72. 2000 FED v FE RN BLAEDOFTMHIZIB T, H%%t)x&%uﬂﬂ
104 LEEL, VA7 FHMIICIEBE R LOBERET LMY LWL, kBT v
kPN OSRIGE TIHHEER 2,802 A2 KR E LT-EFHEDT —4% (Enterline et
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al. 1995) /6, BREBREE L FEIZ LT 40 £ O HEFEIR OBEIREF 255 AFET Y
Xﬁ%uﬁmﬁLTSMgMWﬁ\m4:ﬁLT03ugmmﬁ&?$bfw5(E
AREEM T2 2000)

VI. Bfm@EETm

ERIIREPICEHRLEBE L ORI ED L L THFETS2¥@RTH D, BEEH D
BRIT, e EORECKILTEEY, AZBNEBNCHERT D, E$mA%i FIZR
m&%ﬂmﬁ%ﬁﬁéhé BT EER L AR E RMEaRa Eh., ek S

TIFEL LTEERERENGTEN TV D, FIC, BEDTITIIZ O R LEWNIE
ﬂfkb\%mifihﬁmuﬁﬁﬁ%ﬁj@%ﬁﬁ?éﬁ”@ﬂ L7120, FESME
LHB L TEZDOERLBFENOLERL TS, 70, BEMTIIKI L OERA L
WHIZWMEMICH 5, Z 9 LITRRLZB E 2 BT O B R ICHOWT, S HERERAGH.
TSI RE 2 O TR A R RERTAMN 2 5206 L 7o, MBI AW 7o RBR AR,
%t%k%%\ﬁ%tﬁkA%&UAIﬁwt$kA%%%%%gkLtWW%%
SMEENE. RIERSGEME, BOAM, A5 - AEEE BaEEICET L0 TH S,

1. KRERE
EBREW filIl%EEréht As(IID*° As(WITHE I THILE 7> BRI S 41, FRICEK
BIKFIAFET 2 LIRIERRIITRNEND, L L, TOWINRIT e ELEVORE

fig e | %F*W®@®ﬁ%&“@%%%@f?*i@ﬁ??é b b TIRAEERIC
UL S 7= R e RIEEWIT A T b, REICIIeBEOHE LB OIEHN
MMA(®V) . DMA(V)RE & L THEE D, AT LICITEENRD BN TR,
v —Fty b FNT—RPENE Y N TIEHFEO & A TFILVEEBEER N K
LTCWD 7D RFIE MMANV) KT DMANV) OHEHTERD SRV, ~ T A, T
v by NBAH— TP XN —P ZAF 2 —TlEFEIC b A FLVERBEESZE N
FEL, EEOATFULREREEZ A LTS, -2 b0&8wTid. MMAWN)
25 DMAN)~D A F AR AE T, RPICHEES NS MMANV)OEIE X
bR EHE L TERMICD VW ERESNTWD, 72, AT kiX, B HEIC
L2FMEICRESBEET D EAREBIRTWD

B RIIRDIRNENRE @ﬂ%iﬁbfmﬁwﬂ ROER SN MMANV),
DMAMW)E QT vt ) v a B —iF, & b TEZDIEE A ERTHELE S IGH IR
S, FICRTHLHPEN S, Tk v aH—iFk FTEEL LT DMANV)
IR SN D 3, AsBe (2T & A ERB SN TITREIZRF 0 RS 41 D,
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2. &%

b NCI, FMFICLA2EE e FOROBIUC L 28 ERE, EAMEREICLY
MREENTED ON TS, -, B ZORYBROBRNEERE, BN, ¥

BB FEMREE, DMERELEE T AEESARE SN TS, 209
B, BAZOWTIE, BB TIER I NI BT 288K 2 LT-BBREZEICET 5
B CRIENE ., i X OBEME I B W CHEIRIFENRO b b, £, &xiT.
FFQ |2 XV HEE S v BIERE & B AR ANBMEOBIEOMEE 12351 2 i
DY 27 L OMICHEMGMERDFRD bl & OWEBRLINTWD, —F, EB
Y CliE, BEEFoRKOKRGICLD., LMER, FFERIR, HibssR, MKR,
FIER, HRER, BEMRESORZEDNRE SN TND, LL, BHAMEIZONT
I, T o lWEICB T 5 —EOHUKF GRS~ U AR T DI 0 AMERERIC
BNWTOAHEIN TS,

FAHERIZOWTIE, & h~DOREICET 2R RITT L A L2, EBREW) T,
7 v b ~® DMANV) DR OG- CTHERENRA NI T 5RENH 53, N THHK
LRbEME GO THMANRONTEY | @R EMmICE T 5 X 0 RE I
MR TE 2o,

ELRFMEICOW T, b MEfa/e SRRSO T, E FLE¥IT DNA#EE
FORERBREZF ST, ZOFMEOMIE, —RICEKEE BLEY., At
FEWme b AsUIDDOHN As(V)E W |, £72, B e B LaMO TN EH
LERILEMEV LENEEBEZBND, in vivo IZOWTIL, R LEWIZ X D8E
T, v 2 AsUID R AL, EEARGS IR THRET 52 LIk
0 Yuta KR INETEE O R O DNA BE15| i - &b, DMAWV)#& 5T
%, o> DNABEESBEHMORAEKREEEOFERFEORENRHDL DD, BT
SRR BTG OVINETE R DFEFITFRD BTV, EBEIFETIEE FRIC L Y Bia T2
REBROFGEREE ERZRBO2HE TV, REERET . SCE KUOVMERE
MHLNTND Z ERRESNTND,

Flo, ERBICEDEDAICHOWTIL, BETFEREEDNEERFKX TH S ATtk
IRV, REREE, DNA S, DNA EEOZ L. DNA X F/L{bDZA4lk, Hika
W hsH, WIAEETEO b, MY 7 FIURZEO BN, AT oA RZEEEE L&
EFRBEOL(, B TR, BREREREEFEORENFEDL L OIEREF &
LTREBINTVDEN, WTHOBEFIZOWTHEDRFGOREITHA LN TIERW,

UEXY | KREMAFESICEO TR, ARERBECHEERBUIIBWTHEEN K E D
ZEMBEREMOT — X 2V TEHMET 2 O TIER < BEICE DEFHRN O
HEMERICOWTHERGHEZIT) ZEDBZYThHD LRl Lz, 7z, HEE
b FROBREICLDEFZOMAEZBREF LR, ARRIGEHEICHNWS Z LN TE
LENRIT. FERD BBV T, KEWRZE (Haque et al.2003; Ahsan et
al.2006; Chen et al.2006; Guo et al.2006; Rahman et al.2006; Xia et al.2009) .
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HREGR~DOHE (IQMET) (Wasserman et al. 2004) . W ONZAGHE « B4AE~DE
Z (Milton et al. 2005; von Ehrenstein et al. 2006; Rahman et al. 2007; Cherry et
al. 2008) . ENAEEIZBWTIIME (Ferreccio et al. 2000; Chen et al. 2004;
Chen et al. 2010b) K OV (Chen et al. 2010a) Z3EIR L7z, BEHEIZHON
TIX, BB K A L7 B b SRIRFE ICE T 2EFRENOREREPTBOOND Z &
MH, BINAREL L TELZDI ELEZEZONTEN, REWREITEDAED LD
HHTNDLDITTIERNWZ L h | REREZIERNDAOEMEREL L CEHMEEAT
2T kE LT,

B BHEIRD AT E A EROVEKE RIZOWTIL, AERISFHHORBEET
KR LT Lo T,

3. BREE

ENTEM SN AZXGR & LI RBEREICS T 2 8% b REREOFHHEI,
Mohri 5 (1990) T 10.3ug/H (1.8~22.6 pg/H) (KEY7- 0 FEH 0.206 pgkg
{KE/B) . Yamauchi & (1992) T 33.7 ug/H (8.34~101 pug/H) (KEHZY
SE44 0.674 pg/kg RE/H) . Oguri » (2012) T6.52ug/A (2.0~57pg/B) (&
B2 7 ) F4 0.130 pgrkg (RE/A) | BRELEEES (2013) TI18.6ug/H (2.18
~161 pg/A) (KEY7/-Y FH 0.315 pgkg KE/H) L@EIN TS, 72,
BihZAEEES (2013) X, 95 /X\—k ¥ A VIE% 0.754 pnglkg (KE/H &85 L
TW%, Mohri & (1990) . Yamauchi & (1992) KU Oguri & (2012) DA
I REBLNP LT L+ TiEe<, Oguri 5 (2012) ROBHZEEES (2013)
TIZ1 BODOAERENRE L TNDELOTH DL, iHEORFHCEAT L 272 5 %xf
ZIZBWTH—EDHFILH D Z b, ZEHEE L TRT,

4. AERKEEH

(1) NOAEL/LOAEL ;%. BMD ;xmi#E A

(D Point of departure (POD) &R Fi%x

WE . BT OFEWED Y A7 FHmICBWTIL, FOWEREPAMEEZ 1273

WS, EEBNREST — 2 PFRIRARARERGEILEWER) 55 515 NOAEL
XX LOAEL 78 TDI # & HJ 2 BED point of departure (POD) 22720 fEZED
THEFEMERENER SN S, 70, ZOWENRTBEFENS, BRAMOEER
JFRTHDZ LBRHETRNGE S, [AERIC NOAEL it LOAEL 7»5 TDI &%
T 5FENEHINDGZ LN D, —FH, EEFHTATRERE T 7 — Z D3 F AT
RGAITEEIIPDPDOIAREEEZBE T ALEIRVWDE, BFET — X1

2 @Rt b OEFRHER S OGN HE-FUSFHE O RIZB T, B M TO#EE OEHL
A U 2 R R A AL 2 R E T D BR O FEMESOS #h#k 0 JEHE & 7 2 S R D fil % 5
9, %, NOAEL, LOAEL, BMDL ® Z & ##54 (ILSI JAPAN 2011) .
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NOAEL/LOAEL {EZEH L7235 E101%, HERSG O I v M7 (8% Z 8L Er 5
WEICEDSEIBRET L ENRETHDI L, HERY T L OMRER DL EIZ L -
TIVAZHOFEOHSLT INELTH L, VA EOKE ZZX 57 LOAEL
MEEINDIZ L, BEOMEEZRET H2NENCEL > THRIENINREZL D=1
LOAEL IZZEZENET L Z LEHOMBESR DD, 29V ooH T, THE, EFET —
% Z Wiz ERSEHMEICH VT BMD #28 POD 2 E#9 5 Hike L TERAS
b X Hil-T&7=, EFSA (2009b) (%, BMD EiX &S O TOILEDE I
BWHT& 52, #I1Z NOAEL 735 519 LOAEL LS50 & 9 REBAER, %
NAE DG~ — VOB RN T — 4 OB SHEi72 £ ¢ POD BApnE L Sh
L2587 ETBMD EEBRAT LA LEEBO TS, L LAERS, BMD EICE
WTh, B ERDET VOB ENHGE CILR <, AT 22T MICRELSK
BFTHHEERHH L, ERTORFENRES Tl Vo =EARH 5,
REMFAESICB O CARFHEICR T S BMD {EO5@EHIZ W THRET L7 /E 5,

CFRHTICAE S Z L DO TE DR EM TH D

cB—OTFT—=XZHTIEL2EHOET VOM T, BMCL OfEDZENKE W

- EPA @ Benchmark Dose Software (BMDS) % 7=/ CTIIASHE 2 ik

HTEMTERN
EWVo TRESNH D — 7T,

s TN A XSV ERT —HX DX SO E R RE WA, EHEBER

DOIEMNIEL 720 BMDL IZ X 0 {RVME L 72 5

- RENMTONTHEREICRESND Z NN

-HE - RS —T7OREZBEIZANDSGZ ENTED
Lo 72 NOAEL/LOAEL {EDF A # 5 Hikk LTEM Th D R I,
L7=-> T, EFOAMMEFEEETMIBWV T, BESEZZEEICANEZET,
NOAEL/LOAEL ##§ 5 72 BMD {EHIEA L, BMCLZHH T2 &L LT,

@ BMD ;&M@

BMD %12 X5 BMCL OEHIZ% 7= > Tix, EPA ® BMDS ver 2.1.2 #ffi~ T
BMCL NEHFREZ: 8 LEkDT —# (% 14, 15) 2O\ T, Gamma, Logistic,
LogLogistic, LogProbit, Multistage., Multistage-Cancer. Probit, Weibull &
Y Quantal-Linear D& 7 /L% AV CTHENT L 7=,

a. BMR m:E4R

EFSA (2009b) X BMR O#RIZOWT, BWERT — X Tld=> FAHRA > b
DEFEEDOEGE T 5%, IFEFET 10% 2 EEL L, B M TIIRBRELNZ TR
1% bR E LTS, iz, BRBEROEBAERS 2%E T 10% 213588 Th
HELTWD, L, EHEF—4|ZBMD i@ 284, BMRIZANK, %
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G338 OFEFES° NOAEL/LOAEL & O— T3 fEEMICHFAETE 5 U A 7 HEN
DERIZESTRDODOENIRELDTHDLEZXOND, ThbDL, DADE D7
BEAREROBEE S TITEE L (BI2IX 1% XE 5%) . EBIFERREETITEN
FEEE L < 72< (5% XUE10%) . 1Q 72 & OB E X FEFEIEE (surrogate marker)
THDHIEND, TR D WVITERE & O30 NSRS OIZRE L, BERL
IZERD & 5 /07 (minimal clinical important difference) (219 & & & %
END, T2l L, N2 750 RIEbEO0ZRHDHEEZLNDHT2D, 1%HEMN
DL YVTEHE EHE- L LTH, FEMICITE®REZ LRV AR L H D,

Fo, BRBEBENR W ENE LR ITIER R WSEEIEIFIHT 2T VICKE
HRTFEL., £, RIERFOBEENRREVWGEILTENEZZE LR ITILR 20T
B, JIFEEEEBRDSREMICHESL L TV D O TIEARWIRY | FHEIXIEE TR
< TE7R B0,

L7eh» T, ARFHIZHT 5 BMR &, BEBAZBIZOWTL 1%, BERZEIS
ODOWTIER AT EBFERI TN Z LB 5%, AFHE « FBAEIZHOWTIEERK 291
L7 RBEECAHAONTANBFET R ORI T e FREDINOBERICL Y £
THAREMZBE L T 5% &ML,

b. ETILMDER

T ILDOBRICONWTIE, F 14, 15 DET —Z 2O\ T BMDS % VTR
TR, WA LIEETAOS S, pfEA 0.10 L ETH Y, BMCL iz d 7
4 T 4 7N L L, Akaike’s Information Criterion (AIC) WMEL . =D 9 b
HIRWBMCL 2B LEET AV EZBRAT A Z L2 FAIE L, 2720, Bl
72 BMC & BMCL OZER KXW E DI OV TILETEMEDME U & W L
BMC/BMCL 28 10 INIZADET LV ERAT D 2 L & Uiz, 72 ST ORE R,
FH S 37z BMCL 23 17E SERIME O #H 48k 2 7= 4MEE & 72 557 VIEbRIN LT,

& 14 B EICAW-FHMEDT—4% (FEEINATZE)

i e MR A BMD iV . N N
Sk TV RARA b (ug/L) R (ug/L) ISEE B3
Haque et al. 2003 RS TR A =300 404 34 26
200~299 242 54 40
100~199 147 115 66
50~99 74 70 32
<50 12 132 28
Ahsan et al. 2006 Fe &R 175.1~864.0 255 2,183 242
91.1~175.0 125 2,185 162
40.1~91.0 62 2,202 144
8.1~40.0 23 2,122 90
0.1~8.0 1.8 2,259 57
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Rahman et al. 2006 R &R =300 400 345 108
150~299 224.5 745 194

50~149 99.5 675 124

10~49 29.5 314 53

<10 5 255 25

Xia et al. 2009 B B IR >300 400 95 9
100.1~300 200.05 1,072 107

50.1~100 75.05 1,624 128

20.1~50 35.05 3,670 235

10.1~20 15.05 1,336 53

5.1~10 7.55 900 32

0~5 2.5 3,467 58

Rahman et al. 2007 EHE - R =409 515 5,607 511
(IBIRsET) 277~408 340 5,606 528

167~2176 225 5,611 488

10~166 77 5,602 453

<10 0.5 5,612 464

AEBH - SR =409 515 5,109 285

(FLHHEFEL) 276~408 339 5,131 308

164~275 224 5,122 282

10~163 74 5,113 269

<10 0.5 5,119 229

* ARSI SN TV D RERIRE O YLE, 7272 L. Haque et al. 2003 % U Rahman et al. 2007 OfE X
FSCIC R STV D IR EEIR E A SR

& 15 BWEICAW:-BHMEDT—42 (ENAEE

)

ik e b | R el | g 50 e | e
Ferreccio et al. 2000 | it 200~400 300 208 79
50~199 124.5 174 50
30~49 39.5 31 8
10~29 195 44 5
0~10 5 113 9
Chen et al. 2010b Jiip) =10,000 12500 632 29
(40 “FHIRAHEE) | 5,000~<10,000 7500 524 23
1000~<5,000 3000 2,078 51
<1000 500 2,583 43
0 0 1,071 32
i =300 400 7,809 31
100~299.9 199.95 10,4092 28
50~99.9 74.95 10,3092 20
10~49.9 29.95 24,1712 51
<10 5 26,5192 48

139




Chen et al. 2010a B e =10,000 12500 632 11
(40 FF[# R FREEE) | 5,000~<10,000 7500 524 5

1,000~<5,000 3000 2,078 12

400~<1,000 700 1,120 3

<400 300 2,534 6

B e =300 400 691 11

100~299.9 199.95 909 8

50~99.9 74.95 907 5

10~49.9 29.95 2,093 8

<10 5 2,288 5

1R G ST RO S AT 2 BRER IR oD P R fiE
210 5 N Y7 O FEABEE R OYEGIER A O b 8 4 A F

(2) ERILAFE
HERIGFEMICAWD Z N TEHIERPAREICET 2MA (KER
(Haque et al.2003; Ahsan et al.2006; Chen et al.2006; Guo et al.2006; Rahman
et al.2006; Xia et al.2009) . ##& 2 ~DEE (IQ /& T) (Wasserman et al. 2004) .
FEBE « B HE A~ D 22 (Milton et al. 2005; von Ehrenstein et al. 2006; Rahman et al.
2007; Cherry et al. 2008) 22>\ T, FEFREICKIT 2HEIKEE D
NOAEL/LOAEL DO EIZIZ . NOAEL/LOAEL % 9 7212 BMD 4% W
BMCL OFE R FEENE 2 DMRFT 21T - 7, BUEKIRE O NOAEL, LOAEL XY
BMD £ X 2 fETRER 23K 16 12~
R EIRZE T, NOAEL B H T& 2 - 72 b DD LOAEL 1% 7.6~124.5 pg/L,
BMCLos 1% 19.5~54.1 pg/L, BMCos 1% 23.2~84.4 ug/L ThH o7z, MHEER~DE
4 (1Q £ F) ® NOAEL (3 27.8 ug/L.. LOAEL & 113 pg/L. T - 775, BMD i
WA CE 72T — 20z l=72% BMCL (ZBEH T 2oz, £FE - %
HE~DEZ DO NOAEL 13 30~221.5 pg/LL, LOAEL |3 70~342 pg/LL TH > 72D3,
BMD J£I2E8WT BMR 5% ClEHTE 5T 072> 72728 BMCLos I(ZHEH T
X 7o T,
UEXY, IERBAEED S L, B FREICE O TR B EEZEN®EWIEIEIT
FEHRETH D Ll L,

(3) BMNAEE

FAEFIGITHIICH WD Z N TEX ARNALEICET 55 HE, (i (Ferreccio et
al. 2000; Chen et al. 2004; Chen et al. 2010b) ) . fERt#E (Chen et al. 2010a) (Z
DOWNT, FEFREICB T HEEIKEE DO NOAEL/LOAEL @R E KX BMD 4%
VT BMCL OB HSFTREN & 9 IM#ES 21T - 7o, BB KR B NOAEL, LOAEL
KO BMD (£ K D fEfTfE R A2 R 17 12T,

fitigE > NOAEL 13 19.5~200 pug/L. LOEAL (% 39.5~400 pug/L. T& > 7=, BMD
EIZBWT BMR 1% T C&x 5T L7 0y»> 720D T BMCLo IZEH TE e
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>72, F72. BEBEEE O NOAEL 1% 75 pg/L. LOAEL (% 187.5~200 pg/L, BMCLo;
I% 140~186 pg/L, BMCos (% 230~288 g/ Th-o7-,
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(4) SKKERIEO—E M FERBOHE

FIRGRFA G 52 & 7 o T AR AT C 1, ORMK o oD 60 1 SRR EE 2 VR S
BLLTVDH00, RElEE S )0 L RORBERIRRIC/R SN T
I To T b D, BB ORI > b U S OWREE B4 JIDk L 72— F
OB ~OWE 51T 5 LIRS b -7z, MERSFHEO SR & Ui OETSH
BWChoAw KBS AN, A/ TFva, fENEY DVARKE, GBROF
VI BRI RO Mo b OB, MUK B O AT L, kKI5 e
ST B — S R A HE LT,

OERFIKBEIIBICE T IBEEHROER ERENMERUVSKE
a. 41> FERVAL

A ¥ REX T AT ON T, BFHRO £ FOBRMEICEAT 2 EHOHMER
& o772, Roychowdhury & (2002) 1%, W2 A0 2 HBIZI 1T 2K FEED>
ORI L7-8HH, N B3R FEAEO—BYY oFEREICESX,
HEARENDDRADOKRE FEREL 171 LN 189 ug/H EHMEL WD, £
oo T OHIER OB K ) b RIREIE 133 pg/L. SOKEIXEMHE4L/A,
ZME3L/A EHEL TS,

Signes © (2008) %, FWEEAKIZ 50, 250, 500 pg/L Z M H L7256 O KA+
M e RRE) D STREKEBEICBT 2 KA EOEME REREL TN
104, 399. 750 ug/H EHEE L TW5, ZOHEEDERIZ, #iokE% 2.5 L/H 1K
ELTND,

Signes-Pastor & (2008) (X, BFEFEICB WV TEREL L2k, B3 K OFECEK
2B D AsTID LY As(V) D HTfE R 5 B K& OFCERK B Sk o 4 v
FEHERELZZNEN 63 ng/ B KXV 88 ug/B EME LT\ 5,

Pal & (2009) 1%, bR {54MIRICIH W CRIBRO R D 2 O K & Ji
b BIRE<3 pg/L OFFEK TR\ KIZE N5 E BIREN L, KERE OKH %K
DR v FPLEREE 34 K ON9T pg/H EHEH L T 5,

b. N>F5TF2a

NRUTTFL 2 1ZO0TIE, MEeZBOEBREICET 2ERORENDH -7,
Watanabe & (2004) I, FFQ X U'BRFIZE TN LR ERRENORSF CK,
SN 0h) HEROKREFEREL BT 214 ng/H,. T 120 ng/H L HEE
LTCW5, ZOEITHBEKEEZET, SRR Ck, N, B Lb—) Zhlis. B
T16L/H, METO095L/AEHEL TS, £, fUkELEAMEICESE
Bt 3L/ EHELTND,

Smith & (2006b) (%, # b FIEE 200, 300, 400, 500 pg/L DK% KA
FEA L2 O KER B SO B v FZPHEBIEZ E 24 19, 1563, 232, 53 ug/
HEHEL WD, /o, k&R 2~4 L/AEHFEL TV D,
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Kile & (2007) 1%, &ME47 4 %2%x5% L L7~ 6 BREIOBREFRE L, BFK
OREPKHEEORE FEREDOFRIEL TN T 48.4ug/H & LTS, Fio,
ZOLEOHEIKkF EFRREOFRIES 1.6 ng/L. (FFH<1~450 pg/L) . 8k
BEOYHEAZ 2TL/IAE LTV,

Rahman & (2009) X, N7 T5 2 2 2B 5 FEHRG 72 K DOIEE & 400~
650 g/ B Kk ke & FIRE 0.5 mglkg 7> 5 KkH RO b FEDERE % 200~350
pg/ B EE LTV D,

JECFA (2011) (. 2N HE2EOREROEBMET — X ICHESE, e HE
D T0%NEME R TH D EREL T, HERIGFEHHICHW S BEEHRO MR &
FEMEDEHA 50~400 pg/H & L, BFHKROEH L FOVHHRBREES
T5ug/lBE LT, N7 I 7 vakRBl LEREICS T 2 HERIGFHEIC AW
TWb, iz, BKEICOWTIE, ZNOLDHKET —ZICESEN T TT
2\ BT AL S ATHKELZ AL/A & LT HERISEHHIC ATV,

c. BL

BIBIZOWTIE, Schoof & (1998) 1L, KK Y LA ETDOHEE (K 225¢g/
H. Y AAE500g/H) EEEERBENORADOERK L EE4 T 50 ug/H (&
P 15~200 pg/H) & LTW5A, 72720, ZAUTITFHERIZHEH L7oKd 6 o
EFEREITEEN TR,

F72, JECFA (2011) 1%, AFFRIEERT —Z b HENIGEHEICHW S BS
FsROEM v FEOBERE D&% 50~200 ng/H & L., FHRRIREES 75 g/
HELT, 8BE2x5 L LEREICBIT2HEBRSEHEICHN TS, ¥2. &
BOHKEIZOWTIEX,. Y LA TOFBEICBIT2HFEE2EZE L CGREAKREEAT
k&L 3L/H & L. AERIGFHEICHNTWS,

d. FERNECIIEARK
HENT Y IVEERRIZEBIT5EFEHEKROEMK & FEMEN OFUKEITHR S
T =R NFETERNoT,

e. 77

BEHREOEMKE ZOEMEIZOW L, EPA (2007) 1%, 7 V7 &HUIKIC
BT HEBRBET —XIZESE 7 V7 MO TR G RE M O R SHTIC B
T, B e FORE) L OEBIMEL KK 50~ m 200 ug/ H DEAFERT 5 &
IHELEL T B, F£72. EFSA (2009a) 1%, ERROEREOFHRICESE, A
BRGFHIICBW T, 20 50~200 ng/ B 27 V7 MO T BT D& 5L
MEeFZEBREL L THEHALTWS,

WK ENZHOWTIL, EFSA (2009a) 1L, 7 V7 £HIEIZRIT 2 HKEDEHR
\CESE, TUT BRI 2EKE S AT SKkES 3~5L/A & LTH
A ARG
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f. FU

FVIZOWTIE, Diaz & (2004) 725, BRBIVKIREOR7: 2% 2 HIFIZB T 54
B3 SAEE A, SR OEEKRF O e FOSITRER PO —H S 720 O
fEMS e FEREAHE L WA, B FEO—H Y70 EREIL, FOBKEEN
572 pg/L OFEHEEHIMICH W TTIEFO LN LY 55 pg/H, fEIKEZ & H
% &) 1,389 pg/ B, BCBHKIBEEN 41 pg/L OFEHREREAMIC BV TIZEED
BB 31 pg/ B, BEDKZ & D5 L) 125 ng/H & LTW% (Diaz et al.
2004) , JECFA (2011) 1%, ARHEFICHE S A DI b Z LB RE L 5
IR BEEERE TREEDOALND 0.52~0.92 pgkg AE/A., BEIKkEZED D &
2.08~21.48 ug/kg KE/H L L C\5 (JECFA 2011) ,

HOKEIZ DWW TIE, EFSA (2009a) i NRC (1999, 2001) 2 X% kEICk
JHEKE 1~2 L/ETHDHZ &, KELDTI FTZIZET HKOBEBIEDK]
10%DFREAKRTH L Z L2, M7 AV WEFICKIT A2HEBEAREEZAR
HOKEE 1~2L/H EIREL TV 5,

QEHMERPHKFEEN—BRIENMEDHETE

AFLEBENPLOLZRO—AEREICETA2HAIZT REeRICET I MAE
ZOTHRLNATWND, o HETRE LTWAEBEEICRY H Y F—EF -
I IC BT 2 EREICHOHE S S ICERNA LN TS, F7-, E b FORER
B U THBIKDEENENE SN TWATBRIEIC BT FHEANESENT
WOHHEAETH->TH LT L EFHEROEMKE FEIEN LW EIIR LN &
WORTH D, LIen-> T, #EICHWD F R ORI Y 72> Tk, FTeERiR
0. BCEIKIBEE ., BOKE. BENDLORE EXTEZK L FEREBEOFBRNZ S -
TWAZEICEETDHZ L L, K18 OXLMOIFERICESE — AREREDHE
ExTHIZ L L, B, BEHEDO L FEREDT — I NAFTERNSTZ
HFENEY DVAETBERIZOWTIE, — HREBEREDOHEDOREN LN T 5 Z &
L7,

EIK R OB e RIBE O O— HREBIREOHEEIX, RO Z HWT, #k
KNHDOERELAEENLOEREL R LADE D HIEILIVITo T RERE
OHEEIL, AFLIZIERAZ MK L, Y%l CORFERBELEIC, TEXHRVHA
BEHLT —H NS L Lz, EHIT, IR L0 e FEBIEZHTE L
TEZEEEE LTHWS FE (FR 1) RUOFHRICHW S KHERE e FHREO
Bk & LCEMN L OEBREEZRET L HE (FX2) O @Y OFEICLVIT
oTc, FR2IZHBNWTIE, BBk e RIRE OB E L TREN O O b REH
BOWHELEH L,
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\ BFNHO
B A4 5= =
[ﬁkjﬁqﬂ{mtit i J + R R
i (ug/B) _ BAEERR
KE (kg) (ug/kg IRE/H)

BEPLOEHK e FEREOHFRIIB LN RS TR E BEIEDOE R Z
B T LN X THOBRICESS BENLDEME E— A BREICHOWVT
X, A AR E R ED D EME FE|E % 0.7(Rahman and Hasegawa 2011) ,
BPIEIE 1, FUT 0 LARUE L THERF L7, E72, SBICAWTEKOFEELE ER0
B D O E FEREIC OV TIL, Watanabe © (2004) ([ZESET V7
M 35\ CIIFEERA & LT 1.3 /A 2T 5 L RE L CREEL RN G
OEREZHE LI KEIZOW T ABEAEE L2200 E AW, 7238,
BERNEONR>T-BEL TV OBKEICOWTIL K E G T —4
TIEH DN, ZNEIN JECFA (2011) KX OEFSA (2009a) (2> % 3L/ X
W15L/HZ AW, £7- KEIZHSOWTiE, EFSA (2009a) & O JECFA (2011)
THREICHAVTOSEEZANDE L E L, A2 FENUHL, BBROAL TS
T2 2IZONTIE 5 kg, FUICONTIL60 kg & L7, BEDHKREE 19~
22 1TFRT,

IERENAHEBIZBWTIL, FEHRLED LOAEL 2 4.3~5.2 ng/kg KE/H .
BMDLos 7’ 4.0~4.2 ng/kg {58/ H TH - 7=, R OFE (1Q 1K) » NOAEL
I% 3.0~4.1 ng/kg {AE/H . LOAEL (% 7.7~10.7 pg/kg (K&E/B T - 7=, £FH -
FAERED NOAEL (X 8.8~11.1 ug/kg {A£&E/H. LOAEL (% 11.9~15.7 pg/kg
AE/HCTH - T,

BN WTIX, i NOAEL 28 4.1~4.9 pg/kg {8%/H. LOAEL
7% 8.56~10.6 pg/kg (KHE/H Th o7z, BEMEEED NOAEL 1% 5.0~12.1 ng/kg AE
/BH. LOAEL % 11.5~16.0 pg/kg KE/H . BMDLo IZ 9.7~13.5 pg/kg {KE/H
Th-oT,

7272 L. EFE® NOAEL, LOAEL & BMDL Ofix, ko Xk Hics—#
DRBERELL DIREZ BV ETCITo - REBEREHEORKENOEE L2 L
LB LDOTHDE, 72, A ADLDT—ANLHEETOTWAEHLHY |
ERMICEREB/MNIGHI SN TV D AR L H 5, S HIC, FEREDOER
ICBWTC— HREREICED AHEVKOESN 5 &2 TR HDH%<, S
KIBE & BRISEBRNR A DI TND &3 5 SR FRE CHEIK DO FE R E
ZEEAREELTVWD I EEEEE 2 D & AR ERRIGY RIS T D RE O
ERELTEBEL CWDRERE L RIS NS,
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5. TEHRUSHEDERE

WL BIRFBIC L DIERPAREL LT, E B THRINT-HEIK 2 RS MER
L 7o I Z 3610 2 Fal & CIlIREIRAE . REMRR B R UG - AR EN, #R
Bk R b FRIBERFRICRD LN TWDS, ZNHOEED S L B HIRWVEE
THENLLNT-OITEERECTHY ., LOAEL X 7.6~124.5 pg/L., BMCLo5 I%
19.5~54.1 pg/LL Th -7,

Fo, EEEFRBICLY, B MNIBWTENA (E. EDEZE) 283E0 5
., FRAERREFEEOBBGEERALNTWD, 2O X5 WEIZO>WTIE, 2
IVE TIERENANTIZRENR 20 E LTU X7 3l ThiL T X228, TE, Yk
A (indirect) EH . Eefb A F L A2, DNA &KL EZ & OER 2R B#ERE
EEMEMEIC L DEPVICITIRENTFET D EDOEZFNBEAINO>ODL D, £,
ERENEEEERNAYE (E# DNA IS L THIMEE A3 2WE) Tho
T, BLEEEOBRILCENAICBITS “IREIER A =X L0542 EE LI-%
A, EFENEELZRETETHLZLEHLIES SN TWD (FREDH 2005)

E N T ERICEVREREFEDNFERINDSG LD, BEERBZICLDOHE
PANITIBIEEENEE L TWA Z ERRBEINDED, BIEE LI TWAHAEND
I3, E BOEZEH 2 DNA~OFEOFREIIOWTHETT 5 Z LixTE e, 72,
W ER (FomlHE) OFT =20 6I1E, ERICLDEDPAAT=ALIONT, £
RERFTFF 72 & DNA ICEBER LMK EZ AR T2 09 L0 | MER72RER
12XV DNAHENSI SR IND ZEIREBINTND, 29 W\Wo=BLEAn b
BEA = XLDMETEDHREHRDL H D, BRFRICEBWTIMAENRRE L TW5D,

UEXY, REMBAESL LTI, BERABRBEICBIT2BEOFEIZHSOWT
W C & DARBLUT T2 v & HIEF L 7=,

AREHMHIZIB VT, EREO e B THEL SN AEDK 2 EHIRER Lo EFEHEIC X
DEEK BB ENHERT B2 Mk L CEE L8 0 NOAEL (X
% LOAEL) X (% BMDL Offi, FERZE CLOAEL 4.3~5.2 ug/kg {K&E/H K
BMDLos 4.0~4.2 pglkg RE/H, #ifR (IQ IKT) ~DF 2T NOAEL 3.0~4.1
pglkg KE/H ., AFE - 34AE~DFE T NOAEL 8.8~11.1 ug/kg K&E/H ., i T
NOAEL 4.1~4.9 u g/kg A5/ H I NI T NOAEL 5.0~12.1 u g/kg K5/
H X% O'BMDLo; 9.7~13.5 pglkg AE/H ThH o7, LLARNES, SREKEE %
H LT LB SEE DS O NOAEL XZ BMDL OFEEIZHB W Tk, BOBHKIEE
5D — B M b BEIEHT OBRIC 2B EE DB/ NI FHE STV b AEE
PED N8 D1ED, BRBIK B DIBERBENE WIGEICE N THE 19~22 TRT LI IR
FHHEOBEOFENEEAIREWEFINBAIND Z NG, ZTORRICITER
TERWVWEENMESTWDL EEZ BV,

7, HAENTEBWT, TV K 21BE 72 RE Cld <, BE OEEZE
STWALEOHERM L FEINEIX, HEOREREIC X 5 FHET 0.130~
0.674 uglkg KE/A ThoT-, DI LELEEEES (2013) OIT-ZFHET
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IZEHIE 0.815 pglkg (KE/H, 95 3—t& % A VE 0.754 pglkg (KE/H & DF
—EZ N D,

A CTHEE L7 NOAEL XX BMDL OfE &, #EEE e EEREICIIFNE
TUCHREEEDRHH EZEZ 6N L0, MAFILNTEENTZ S DO TIERY, £D720),
HARNIRT 52— 0 EmEES CIE45EEE L7z NOAEL XX BMDL % x % &
e FEEERL TWDAREERD D,

b BB R OCEIK R BIRENORER e ZEREEZHET S L0RY
P& ZOHEBMIZE S < HERISHERHE OFE R 2 BB K ) b OBENIE & A L7
WENEO e FRERROFMIZEA T2 2 & OZEHEIZONTIRFNBLET
HV . NOAEL X/ZIBMDL #&E/EL TCTDI 2=y U 27 Z¥|ET LMY
A 7 FAM 2 B AN & U CSEET DI L2 il e 5 72 WERE I
2\, BT, BCEbKIB YR & TN E & ORETE, BREE, BAEIRE, ERIRHIL
WT AT AL A VDB NIE D BEA R BERIC L DEN, B RIREIC L DR
HEORBEOBEVCBEEL CWDAREEND D, /-, Bl ZRFECHALN LR
FE B T 5kh3 B BBt DAL AW DB HAZ DWW CIEARBZR SN,

BHEMFMIZMLERENAA TN AL EIWZOWTOMANRE L., £o, BE
B MO RHEEMENEWVIEAICIE., BFORFAE RICEES < A i 212
Lo THBATERWERNELEZLSGENTEY, TO/BR, HEELHELOM
DOTBEN 7D SN B DHRETH D, AEEMEGR L BEOCENPE ORI
EMRVE D GEICIE, BIEORREEEZ D ENULETH D,

L7l o T, 5%, BEBEEMECHERIGT — % 2B 57200, HAEICE
THOBBEERELORFHRKOE RFERELHAONIC L LT, @8F OEIE TORE L
~VDOEMEXRE LTEEFRERLOBEA D= X LICETIMERLETH D,
Fo. AEERICOWTIE, BAEFEZEMMICET 26K RICHET 2B MEFM
WREBIMRDT — AN RELTWAZ LD, BB T —HDOEBNMLETH D,
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<A - BBE>

AAS JEF R

ACE TDUFT Y ISR

AFS JRFH# T

AES JR T

As(IID) 3ot 3

As(V) 5o

AS3MT 3l & & A F LR

AsBe Tk S RE A

AsC TN/ a)

ATSDR CKE) MY B B

BBN N-n-7FIV-N-T X b-F—-= a7 I

BMC R F~v— 7 B

BMCL R Fv—7 BED 95%(5HH T RIE

BMD N Fv— I HE, XUFv—T F—X

BMDL N F<w—20 F—2D 95%IE#E T FRIE

BMDS XN Fv— R—=AIV T sy =T

BMI body mass index

BMR R Fv—T VAR A

BUN JRFBEEFR

CAMA calcium acid methanearsonate

Camk4 CaZ/INEV 2 ) AMRKE®RT 0T A %7 —F IV

CHO #fifa T A =— AN LR F —JIEL SRR

CI B XA

CONTAM <51 OE‘}FSA D 17— RF =BT HEE T 582
INAJIV

CpG Vv U T =

DEN N-=hryoTF Ly I

DES VIFINNAF IR ha—)L

DMAIII) U AFIVHE b EE

DMA(V) CAFAT I UEE (AP LER)

DMAE CAFNT R ) K ) —)v

DMBA 9,10-Dimethyl-1,2-benzanthracene

DMBDD #L{& Zlifan A = T — a VALE

DPAA T 2= VT IV R

DSMA disodium methanearsonate

EC HONEIES

EFSA RN B i & i R

EPA KERERET

EPA/IRIS KEBREREITME Y A7 IERS AT I
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