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C 3

RN ZEZERITBWTH b OB C1T 5 & Sl HE RN & ONE IR K D #
FEICHEIE I T4R 2 B TR RS ZE5TI & U €, SR BR R I iR RS2 v ¢
B O v RITHR DR BTN 21T - 72,

PRI O 7o BRI, M e AW, A e FEEMEOANTAKE F s
W RIE & LT ARINENRE, kM, AR G-E e, A, G - A ENE,
BnaEFEICET 260 TH D,

MR e FRFTIC L DIERNAREL LT, BB THERINTEIKE B ISR L
7o HUBIZ 31T 2 1% PRl A Tl BEIRA., FEIEMR B R OVESH - JEAEEN | AE)
KPR REEETFHICSEO LN TS, ZRHDORED S B, K HIKWVIRE TF
BNHLONTZOIFEERETH Y, f/hiEttsE (LOAEL) 13 7.6~125 ng/L, J84EHE
D 5%IIMNT X F~—7 RED 95%EH FRfE (BMCLos) (3 19.5~54.1 pg/L
ThoT,

Fo, e BRFEICLD, B MTBWTENA (B, BEEE) RO 5,
F PR B E S DOBIEEMENE SN T WS, g FREIC L H2EDAICITE R
PEDEE L TWAD Z ENRBEEINDD, BUESONTWDHHEIAN LI, B ROEHER
72 DNA ~DEBOFEIIOWTHWT¢ 5 Z Lix TRy, £/, BWER ((Fok
) OF =251, B BICE DDA A D =X LIZHONWT, JHREFFEI 72 £ DNA
WCHEBEER LAIERZ AR T2 80 ) Ko b, BN ERICE Y DNA BENG] X
B ENDHZENRBENT VD, 29NV TBUENLBIEA = X LPMETE 5
AREME D B DA, BIRFAIZB W TIIEREA AR LTV 5,

PbEXy, REMFHES E LT, BORABRERICBT 2BEEOF TV Tl
T DRPUT T2 &l L7,

AFHBIZ BT, EREO b 3B THEYR I NTACEK & B WIRE R L 72 F AT L0
EIKHRECEENIOERTI2EZMKR L TCEE LB ZoBREEE
(NOAEL) (X% LOAEL) IRy F~—7 HED 95%154 FIRfE (BMDL) @
fEIEX. W4 T LOAEL 4.3~5.2 pg/kg {K8/H % O BMDLos 4.0~4.2 ng/kg A=/
H, #f% IQIET) ~D% < NOAEL 3.0~4.1 ng/kg (K&E/H ., LfH « BE~D
F2C NOAEL 8.8~11.1 pg/kg R/ H |, fififs T NOAEL 4.1~4.9 pg/kg (KH/H I O}
IZEEE © NOAEL 5.0~12.1 pg/kg K E/H & O BMDLo1 9.7~13.5 pg/kg K&E/H T
BHolz, LIRS BEKIBE 2 ¢ & 12 LB SE 25 O NOAEL XX BMDL
DEEIZIBNT, SEDKIRED D O— H M b F B IEHEE ORISR EBIED
W/ IMTFHI STV D ATREMED & 2130y, KD DI m WA IZB N T,
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BREHKOBZEOTFLG DR E WVEFNRHAEIND Z LD, ORISR
TERVEENFE-S-TWVDEEEZ LI,

fth 5. FAEIZBW T, FHECTHYRIC X DB EI 7235 Clin <, @y oLiFEE %o
TWAHEE OHEE M b FEIEIL, B OREEFAIC X 5 FEHET 0.130~0.674
ug/kg KE/H TH -7z, D H LRMEREZEES (2013) M7 -iiE TIX MM
0.315 pg/kg IKH/H, 95 /X—& ¥ A /VH 0.754 ng/kg KHE/H L DT — 2R3 5,
AP CHEE L7 NOAEL XX BMDL Offi & . HEEEMK e HEREICIZTFHEN
WCRHEEMENSH D B LD, WA IINTBEENZH D TidZev, D72, HA
NIZBIT 5 — 58O mERGESE TlI4 R E L7 NOAEL XX BMDL % #8 x % #f v %
EERL CTWDATREMEN S D,

b RGO T b BRENDREKR e REREZHET 52 L oYM
& FOHEEEIZ IS < HEBUSHERHA D5 R 2 BBHK 22 B O EANT & A E 720k
INEO b FBIRFIROFHICEA T 5 2 L O LGP O W TR ALETH Y |
NOAEL /X BMDL #%&E L TlHA— HiERE (TDD) ==y U R 7 ZHET
LEERl 7 U R 7 BN A2 B S R AN & U CSEMET A I LA T iE e o 72
WERBEHIZZ W, BT, OB KB I & BN E & O RANE, BREE, fARIE, IR
EHIL DT A 7 AL A JVOENIHE S Bix IR BERIC K AN, e RIRFEICLD
TR EOIBLOENCEE L TS AREMERH 5, £z, Eie BRETHLND
R B Z 09 2 BB DL B D EF HAZ DUV TUI AR SR L0,

HEMFHMMZL BRI NAA T AL EIZOWTOMEANRE L, 72, IBREE
FFAM O A FEME DS B NS EIT IR, B OFFER A RIS < B AL BRI L o
THMHATERWVWERNELEZEENTEY ., TORR, #E & BLE L DM o TRk
MBI DINTeEBZDHRETH D, AFETNRE R & BIEOTR N E ORI & 3L
EHGEEITE, BEORNEEZD Z ENRMETH D,

L7eRo T, 4%, BBEEHMICHERIGT —# 2241TF 57200, BAEICKIT
LUEFEEIEL VB FHRO e BRFELH SN L2 BT, @5 OAETE TORE L~ L
DEMEG L LIEFREROEMEA D= XN ZET AW ERLETH L, FT-.
AHE RIZHOWTIE, BRAMEFEEMCE T 520 e BICHT 23R8Iz
RHT—ERRELTWNWDE I D, b T —XOEBPYLETH D,



I. &R

RMEERFZER TR, VA7 EEHEED ORI E RS % 5% 1 TR R R 217
INED, H O OHWr CRAMEFETM AT ) EEHEZA LT\ 5,

Z OB DM B OV TIE, EROEE~DEENRKRENWLEEZ LD LD,
o EHR G OHREOLEERNE WY O R URHE = — XN EICE W S S D b o
DFNG, BIAEFELEMOBEENENEEZ LMD b O A2 E%H P FHE S
BEL, BERNMOOER - BHROFEEELITo7- LT, AMEEEESNPIE L TH
%o

[EfoeFE (BfeFE, BEeFR) | 2o TE, 2003 FI2EAFERKE D
O I RECEK OIS FEESOE IR DL FE & L C e ROR Shd e 25T o 25
MRS TV, ERIFRA REHICHEENTWVWDHOT, BB ERERIG & LT
MEITH LERH D2 L © ZOEER O % EfiT 2 LE R H D 2 L EOBRHE M
5. 2009 4F 3 H 19 A0 278 MIEZEBARARBITHBWT, H bR MR AN 21T
I EEPIEL, HEFREZAGTHZLLEINTEHDOTH D,

I. FEXNRHNEOHRE

bH#EIT. (R ° TOE] REOELEZHAVDLZENHLIN., AiHMEETIE e
R EERFRLTHILEETS,

1. VB2 HE
ERIFEEETHY, BRREOEE (BEeFER) OlFn, BREF CIX@EFMOT
FEEALEbEmE LTIEET D (ATSDR 2007) . E#E(LAEWIT. KFELEHED
BEESEROAM e BLEM E TN LS DILEY Th DM BLEM & IZHE
S, AFHEETEH, BHAREOe 2SR H LR L, Be HLEWIzoW
TIHR 2D A BLEMIIOVWTIESOBHELZANLZ L LT 5, £/,
3ot FEE AsUID), 5D HEE As(V) E £ T D,

F KM ETIE, e B LEMOERNOHEA L £ K L L TOERS ug As
ERELT D,

(1) €S

b RITTEEYETE 15 BIZE L, {LFEHIEEIXY 2EEl LT b (EFSA
2009a) . FIROZEL[F TIIZEM LRV, #E, IKELKOERAD 3TEORFERN & D
Cai B L SERE 1998) . F7e &8 b HEOMEMLEMRHEZ £ 11283 (NCBI 2004;
NIH 1994; The Merck Index 2006; &z F b 2FFE8L 1998)



® 1 EREROYEILFMEE

==3
WE 4 arsenic
Wte & JKE e B R
IUPAC 4 arsenic
CAS 6% 5 7440-38-2
b= As
g As
R 74.9216
VIZZIN N5 b A =7 bR e e TE T
S W EIRIIRD B DK 4 o)
B == R — —
Al (0) — 818 (36 atm) —
Wi (0) — 615 (-3 1) —
FHE (m3) 1.97 5.778 (25°C/4°C) 4.73
i RN i -
WERET, BEREROK | WEESCRRIERIC L Y
REECAL, = =7 | =@r v FE. vl i 5,
% D BRdy., EHAIRT

F DY, SIS
XVIKtaeH# LD,

(NCBI 2004; NTH 1994; The Merck Index 2006; % Bt 7 F¥H 1998 L 0 51 H)

(2) BEERILEY

e FEWDH b, T LG - RSO =k _eEThHsd (il
KIRH A« GBI GRS 2012) . =@k e R, KIZEIT 5 L5 b
(HsAsO3) 12720 &fh. AEHNTIHRRHE L THEET D, 07D, ZOFHEET

%, Hefge L U CRHME 2,

TR e BLAEY OB LR RE 2 3 2 12787 (NCBI 2004; NIH 1994; The

Merck Index 2006; = FR L8R L 1998) |
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K2 TLERERIEESYVOMELZHRE

% 3 il
=k e FE V2% vibH U oA
Diarsenic trioxide Arsine Gallium Arsenide
WE4 (4 KT & 1) (e fbKkHR)
Tt ) 7 a—7 EE
74k ZA4 k
IUPAC 4 arsenic(3+); oxygen(2-) arsane gallanylidynearsane
CAS %4375 5 1327-53-3 7784-42-1 1303-00-0
=== As203 AsH; GaAs
Al
it c( \l}u " “as” " Ga=As
A y
DR 197.84 77.95 144.64
2N ST R HARE | #F8mad IS AT e
il i i El A
x| SRE) fE(n i) HE(n KA
ERNRD B 5K
B i3 — — A= =78 WogED ==/ 8
s (C) 275 313 — -117 1238
s (0 465 — — -62.5 —
HE (g/lem?) 3.86 3.74 — 3,186 pg/L (gas) 5.3176 (25°C)

7K:20.5 g/L (25°C), 17 g/L (16°C)
wK: ®oL VIETD
15 parts DK, AiERE, KEELT

T VR IRBEVR: T

7K: 0.28 g/L (20°C)
W~ H BT ) T AR RIEK
FlcliEhn s,

7k: <1 g/L (20°C)
DMSO, 95%T % /J —/b,
AH )= TEhri<l

glg

VSTt e Toa—), raaZ g s, T—F b SN

v FEEINCRYE

VAN -SRI

su—7 %Ak

Tl TV A

TF )= R

— ZER P CIE SN T A0 24T —

Z Of %, 300CTERLARICHMHES S,

B

K[EE 2.7 (air=1)
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it 5 iffi
W, ek JLERAE % BT A
Arsenic acid Arsenic pentoxide Calcium arsenate
IUPAC 4 arsoric acid — —
CAS B 7778-39-4 1303-28-2 7778-44-1
[[as==v AsH;0.4 As205 As2CasOs
e} (@)
I 1
HIE HO— Al‘s—OH 3Caz |-O—As—O-
OH é, )
5f& 141.94 229.84 398.07
2N WSS (1/2 ZKF04) HETET OB AR FEfE MR R
i Al (12 KF) SREN [ERE)
B — — 5L
il (O 35 — Uit 7)
s () 160 (1/2 K Fn#) — —
P (g/em3) 2.2 4.32 3.620
7K: 590 g/L., 7k: 658 g/L (20 °C), 2,300 g/L (20 °C) | 7k: 0.13 g/L (25 °C)

3,020,000 pg/L (12.5 °C, 1/2

TH =) TR

Tl W

AR KFn4) fe, 70 A FIRVRE: R
K, Toa—i, 7Yk Y .
SR (112 7K Fni)
KF & LT DRIFLE, 300 °C THfif —
D BIR T DO BIELE,

AKFIE, 160 CLLETAKS

FEKI,

(3) ARERILEY
OHEYFICHEET SHERERIELEY

HARA T e ED AT IUALRAE L, B HICIZT ) AT ve B{LEW, A
FNeFEY. FUATFNLEeRILEMROET N7 AF Ve BCEVMIBPFET D, E

(NCBI 2004; NTH 1994; The Merck Index 2006; =% Bt 7F¥H 1998 L v 5 H)

A e FLEY OB TR R A2 K 3 12k (NCBI 2004; NIH 1994; The

Merck Index 2006; {bRKEEL 1963) . 708, AFEMETIZ. T/ ATFAT ALY

21X MMAV), €/ AF Lk iRl MMAID, YA FALT N B (2P Vg)

T DMA(V), ¥ A F Vil b E2lE DMAID & KT 223, ZRCERICIHV T 31NN 5

flindid SN TRV B O, MMA, DMA S0&iE 05 2 & LT 5.

12




3 TLARERIEESYVOYMELZHRE

WE 4 T AFAT IV T AT TAF PAF VR R FYU 2TV
YU i b TN TN UARYA R
(a2 )VER)
Monomethyl Methyl Dimethyl arsenic Dimethyl Trimethyl
arsonic acid arsonous acid acid arsinous acid arsine oxide
(Cacodylic acid)
s P MMA(V) MMAUID) DMA(V) DMAID TMAO
IUPAC 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===2v CH;5As03 CH5As0q C2H7AsOq C2H7AsO CsHsAsO
Mk OH OH CH, CHs CH,
CHAS=0 | oy As CHy=As=0 CHa—AS CHy=As=0
OH OH OH oH CHs
Tt 139.97 123.95 138.00 122.00 136.03
2N HALBT A — =R —
AT L — Rk
(=X T V=3 —)v
£n)
i e — L) —
R — — R —
fils (C) 161 — 195-196 —
i (C) — — >200 —
I (g/em3) — — — —
T 7K: 256 g/L — 7k 2,000 g/L (25°C) —
(20°C) [LE T SR
T )= T T )= AR
[ P F T —F
ERG
oA figk — — —
R M R

13




WE4 TNl REA Tk a) s T RITAFNT IV =T A
Arsenobetaine Arsenocholine Tetramethyl arsonium
s AsBe AsC TeMA
IUPAC # 2- 2- tetramethylarsanium
trimethylarsoniumy hydroxyethyl
1 acetate (trimethyl)
arsanium
CAS B+ 64436-13-1 39895-81-3 —
[a==2V CsH11AsO2 CsH14AsO CiHi2As
i C|H3 C|H3 (iH3
CH;=AS=CH,CO0™ | CHy~AS—CH,CH,0H CH3—|AS+ - CH,
CH, CH, CH;,
R 178.06 165.09 135.06
JZ2'N — — —
i - — -
R — — —
s (0 — — —
i (0 — — —
I (g/em?) — — —
TR — — —
DA [ SRR —

(NCBI 2004; NTH 1994; The Merck Index 2006; {b2# ke 1963 L v 5| H)

QBFERRICHEET HSERERLLEY

MR RRRICAAHET D A e FMLEMDILFIRRIIZARTH Y | Kistatke &
Le? LIREMEATE e BIEEMIT KBS D,
MR & E 5 SO EMER A € LA ORI IR, ik

n~ h7T 7 40— RS HE (LC-AAS) X° LC-iBEEE 77 X~ R34t 5
#riE (LC-ICP-AES) 2FIH ST 72, wHETIE S HICEEE 7 LC-ICP- ’%TE;
ohriE (LC-ICP-MS) 2B i, JRSFIH SN TS (Inoue et al. 1996)

N, BARANOREMBERD b FEBRET L2 5O S WEEM T O e FEl C’Db\“(&i
EFOWMEIZL > THLIREDHERPEE SN TNDE DD, RIEAT43 7RI T
b5, WHEERBRIIET D EAM e FM a2 117 (B 2011) . 7
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It )2 T —I2iE, STV AT A A R T L LT LY =
U LR OGFERRD BTV D

F & U CHEEENM Y T SR PHSAAHET DK R A e F LAY

OH CH, CH,
| |
CH,~As=0 CHAs=0 CHy~Ad—CH,CO0™
| | |
OH OH CH,
MMA() DMA(V) AsBe
CH3
CHg | CH,
| + |
CHs— As’=
CH3—/|-\S+ ~CH,CH,OH : |5 © CH3—,IAS+ - CH,
CH3 CH3 CH3
AsC TMAO TeMA

T & U TR I E T DK IREA R e RLEY

0= AS ~CH» \Q/

TR —
O/Y\OSO3H O/Y\OH O/Y\803H
OH OH OH
1(®R) 2 (R 3[R
o/\:/\so H /\‘/\so H
é 3 o 3 0 CHS
4(R) 5 ([R) 6 (R)
) T 8®
COOH COOH NH2
ANV AN /“?/ o/\{/ % y
; OH N N
9 (R) 1o(R) 11 (R) 12 (R)
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CHg3

]
CHs-As <CH 2 o R
) ° 0SOH o OH
CHs
OH OH

OH OH
Tk )2 — 13 R) 14 R)
. ////\\\j////\\\\As~CH2 ’///\\\\(///N\\\‘oso )
OH =COOH Q/
15 R)
/\vﬁ\%
HO Y As —CH> /\/\ 0SO,H
OH =COOH Q
16 (R)

E& U TBEEY PICFET D IEE AR e B Law

o
1l 1
CH,0-C-R
? 9
CH20-C-R* CH3 =2 \UANANANANANANANS OH
| 0 e ! .
CHZO-}%I‘-O - CHaCH2-As¥CH3 CH, )
1
OH CH3
17 18
Q OH o
Hoofel M/ T ' A NAAANNANAN
! |
CH, CH,
19 20
o o
n n
CH3—AS \/\/\/\/WW\ CH3_AS/E/\=/\=/\=/E/E/\/
| 1
CHs CH,
21 22
Y NN EwR A
F & U I AT DR A e BLEY
o)
1l
CH,0 -C R!
1
H,0 -C R?
T 20 g CH3
1
CH ;0 -+'|9' -0 - CH,CHOHCH ; O o CHz-As =0
OH OH

23

K1 EFERBRICEET S ELGAHBERIEEY (EM 2011 XV 51H)
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(4) ERDAITE

EZOGHTEE KRBT 5 L, e FOoik e bs ZﬁE%U@tﬁﬁﬁ/ﬁ%é 2:
L OOGHTED B RO, RS (AAS) | Rt (AFS) |
1358 (ICP-AES) | ICP-MS 72 R A7 MV aHriEA EIZHW 62@2.60

DR EFRDITE

TERPEIKRSCEBIEM T OR e RORERIELE LT, 7y MY 74 MEIZY =T v
T F NN VRERE & D o T ALFER R EIERAEEE LTHW LT E M,
B AL LT TR%ELL EOMREZA T2 RO N LRRIE] 2EHTL52 L

DRROHLLTEY, bk e Bommike LT, K\ FHAE AAS (HGAAS) X
UIKFW 54 ICP (HGICP) -AES BEFEMHWLNTETW5, £, 1EHAE
KOBEERAE T HGAAS XX 7 L—A L Z-AAS BREREE L L THESNL TV A
BT O e FBL o+ B3y, et oM L TR TORED b 3 4 ik
t?’?%z‘/k LT bKRBIEFEICSI &R E, IITZFOEEFMELEMT 5, F
7o AT 72 » TRFBAL R A 2 ED v ICP-MS 12 X 2 EESHTENHV G
HE D \—7260710

HGAAS X° HGICP |Z L % b FE0HTEORTLEE & U C O fREOBRIUIIERIC
BHETH D, A E BEEW D72 ITILIET I EE R @ OB OIRE (~
200°C) TIEEM L ZE THOML2WEOND D, HER/MRELABYE R 2 ., 320°C
£ TNE R L 72 & AsBe DEIGETE 100%1272 5 720y (Narukawa et al.
2005) ., BRI AT4370 % £ HGAAS X HGICP TERT S L. ROMDOARE
b B DBIKRFBICHE TR LW oD ST, EEBEORE LV HRVEN
JFohd, —F, KEIBAEIZEL SROHHETIEE T EREE 22 00K 5
DT TR,

a. RFWRASH (AAS)

AAS Tix, REH O e FILEMELFR UIBRIINEA LA KT = — 7 3T
7774 MENTEEL, 1:%c:ﬁ%ﬁmﬁzﬁ@t@wy%/ﬂm#é HGAAS (.
Bt o e FAMAETAIC LI > THAROT LY > (AsH) & L. R
ML 72T 2 — T NICEE, 22 CTRAMEL T RO EZ EST 5, H
ZARE “C%Zot&’)ﬁ%ﬂ:iﬁ“\@%lfﬁéﬁm<Wfﬁ>mb\ F o ORE~ R U
T AMBGBEESIV TN DTZDIZANRT MVFERRN, EWOFIEND D,

HGAAS % 1970~1980 ﬁﬁwﬁéﬁﬁu HoReBELZAET 25 S KR FE
THY. AHIZBVWTHIEASFIHEN TS, HGAAS Tlix, BT O #EEH
228 0.02 pg Aslg (HlpEE) FTHETDHZENTED,
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BT O FEEZ HGAAS THIET 5720 “FEEHO J7 i EKIN IBU THEYER
RTFEE L TERASNTEY (CEN 2005 CEN 2006) . Ziub “fEEO FHEFR
BEO S REIE NN A LN DT TH S,

ERINBE %S HT (ETAAS) X, 777 7 7 4 MAKTEESHT (GFAAS)
EbEbiv, bE (I 10~20 pL) OREHAKT O b FEEBEKAITME L 7=
77774 NFa—TNTHRMHMET D HETH S, ETAAS (T IIITRED B
WITEE SNTWED, ZOFHETRE~ N 7 AORELHLHT20IZ, K &
F[l % T AT S LB & 72 %, ETAAS 13 2.3~79 pg As/lg (RifpiE&) ORRE
#iH T 8 MEOWEMRE PO e FEWET HHFEMECTHEHAINTEDY
(Julshamn et al. 2000) . BKINIZIWNT Z O JFEITHEEEY H O b HHIE OFEUE
72 TIEE LTROLNATWS, ZOHETIHO0.1 pg As/lg ((RERE) FTERE
HETDHZENAFETH D (Julshamn et al. 2000) , FeNENTBWTITAKE KD
STEE LTHWSI DA, &0 REHER D EHE 7 kOB LR, Rdh~DiE
AT TV,

b. [RFHNLDHT (AFS)

AFS TlE, KAEF O REAITHRFE DR E O E RS L, m v —RERIZJih
i SR DA AT DR RN R A TET 5, KRB R LR L HAE D
72 HGAFS TiX 0.01 pg Aslg ZF RO EKE R EZMEN R TH D
(Vilano and Rubio 2001) . L22L7Z223 5, ZOHFEFFERSEIZB VLTI KA
TiI7e<, BREMRBERIZE EEoTnD,

c. FERHETSXATREFRENLHH (ICP-AES)

Frice BT L TEERESWDIT TlER, B Oe FEHET 572012
BV SN TWA FETITARWA, ICP-AES 13 &E THE oW TEL < H
NWHNTWA T HETH S, JRFIIEoIT I, EFICB O THRILHE Z &SR
IR —IRRBIZEEIE L, 2O MR R L F—IREBICR D BRIC, £ DILRFFE O
ECTRETHEHEZRALZLOTH S, ICP X, FROTZORIERE L TENRT
W5, KEDREE EHBEDET HGICP IZ AT FATHMEEALERL . &
JRE T, £90.015 pg Aslg (FlgEE) FCTEERT —Z0nEbod EHEITW
% (Boutakhrit et al. 2005) .

d. FEHFKETSATE=ESH (ICP-MS)

ICP-MS IZEEETHY | ORI AT I v I LU VEHATND I Enb,
B FPOMETLTESITICBIT D2 EERGIELE LTHYL. SN TWD, sl ocHEix
BITRNLX—=T LI T T X< (8,000 K) IZXk-~T, figli—R 1{b—A A4 1Mk &
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:n

. HEOHFH TR SN D, ERHITEER DO/ T7A4Y F—T7Th
D

ICP-MS TR O ZOWEITIHAS FIHI N TWD, Fl2iX, BdmHoreFE
Z ICP-MS 74t L7cfai OMFFETIL, #atigtr ofE R 5 ICP-MS 13uR o4
BELTRYTHD EHME SN TS (Julshamn et al. 2007 ) . ICP-MS £ 0.01
ug Aslg (HZJRHER) DL~V OEeRLHETH I LN TE DEEORE VB RAE
FETHY | BT O RZOE G OEBEMEORWERETH 5 (EFSA 2009a) .

— I v%)ﬁx@%@%@iKPMSbiét%Mm@W EN=RA )
2R B2, L LR, 0.1%0L E (CE&/AFFE) OREIREORBHARIXIE A
&ﬁ%W¥%@%ﬁﬁ%0vwfﬁéﬁ%4ﬁ/imPMS@7»2/7727¢
\Z ArCl* (m/z 75, AstERIUEE &) 2K T D52 LIl > TARY AT
EAEUDAREMENH D, ZOTHITa ) Par - VT 7y g aAEIc L oy
THZENARETH Y . ZOFEHIFTIITHED ICP-MS D% IZEASNTWD, AlfE
7RRR 0 RTINS L DB AT 5 72012, KFE(bA Rk % ICP-MS & OfH5 %
BEbH 5, HG-ICP-MS X1tk D ICP-MS & i L <, LW EERRAEGS
ZEMABETH D03, HG-AAS OFLENERD AAS IZHA~TEIMICEGE SN Z
TR L ST EOHEEFTA LN (EFSA 2009a)

QILFERRERI 73 HTE
EROBFHEIIMEFIEICL > TRES BRLZ LD, DRI LRMBIZEEND
b ROFE DAL TR E S BEE &S 2 WEMERGE S LTz, B Bk riEs
”ﬁ%i EFLAMDOSEEL . SHELIALEMORINO — DD AT v FITHT 5
ISBECII KRB AER ONEIR 7 o~ 75 7ERB L . HEICIZO Tl
&kﬁ¥XA7%wAﬁ&@w¢ﬂ#@ﬁ@%mm R o Y

a. KFREYREEIZKBEEBERN ST
KFIEZEA DT 1970, 80 XD b FALFEERER it & L THW LT
oo e R (e el £/ AT {beFE (MMA) KUY A F Lk FE (DMA)
X7 R TR UEET N U LR EOETLHNCL > TENENT LT (AsHs) | A
FNT N (CHsAsHs) MO AF LT L v ((CHs)AsH) @ 77 A ARAKFHEAL
MEERT D, ZHOKRBIMOBSEN R D (EnEh-55, 2, 35.6°C) Z &
R LT, BRI DR LTKRFMMZ IR ERIBE TR 7 vy 7 LTERE,
AR L TENENDIRE D & O RFEM LA ITEANT 5 Z & TRFE
ﬁE%U@”ﬂE 11977 ChH 5 (Anawar 2012) ., TMAO & KF LW ETEET 5,
WRIZE DOV A a~ N7 7AW 5ERH D, bRt
g4 \%IJ . REHATR D pH Zi#+ 252 L THRETH D, — T DAL
TERED KT A DFGE SN B D 2 & FEEEOAR - BREEHTIZKFEL
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MREEGET DR NEGENDZ L, £T2 AsBe T vt/ vali—7FOR
mHICE END FER e BIEEWD KB L LR LRI, TVl U o
DR A L TENAFNTMAO L O'DMA & HIC h U AFALT LY U BN A F
NT b UTHBEMICERT D2 USMIFIER W2 & e EORERH D (H
JF1997) | BUETIIRICE AR DK 7 v~ N 75 7 ETHBELT-#% DO e FEDRK
HUTAK B R AEEDMER SN DHANH D1 0E 1T E A CHER IR TR,

b. ®AYV BT T Z TEICZK DILERER DT

KEMED v B O BEZIX LC 2358 LT\ b, —fixMIcfEH S5 LC 0o
AT E (ImL/min F2F) X, AAS. ICPAES., ICP-MS 2 Ok aEHE AT &
EDZyFUITNEL, LCHTLDT U My hEZDEE AAS EOREREA
REDR ST THEIZ VAT ANHK ERD LW FIRRNH 5,

g s LCEZDOREDOE S5 ICP-MS BNEEDOERTH D, —H TER
FE DI % & e R BN MR LR FE O s W BN X ICP-MS IZIE R CTh D720,
BEE - e — FOBIRIZ—EDOHIRNH 5, AAS X° AFS TREEICHRE T
L7202, LC mito#% e EeazkFEmE T2 HEVZHINTZ, LaL,
FERDLXHIT AsBe 07 vt ) v ai—R EOELTOERER  F LAY ORI
121X HG ORI~ A 7 v 0okt (photo-oxidation, PO) (2& 5T
AsBe 72 E AL T H U AT LB ANDMENRH Y | LC-PO-HG-AFS 72 £ D L
INHEHEIR T AT DR DR DD,

B2 E OB v EEWEZ T 212563 > T, B 6 B R{EEH
WMz, WEEZDZ MM TH20END D, WEMEGLE LT, /7rnH
BRIV AKX —)b /K (Beauchemin et al. 1988) . A% /—/L : /K (Milstein
et al. 2003) ZfhHEEEE & L CBERMHEZITOH, BR (R 7o, 739
— %) (Lo TREHAM D217 5 6] (] 21X Lamble and Hill 1996) 7¢ &
N5, & OMAEEE) O AEREIC LV B e F2 3 5 515 (CEN, 2008;
Nakamura et al. 2008) | K b F{LAWOMHEE LUK (Narukawa et
al. 2008) . 7l (Hamano-Nagaoka et al. 2008) 2EE STV 5,

E FEEMOITIZ IS WO N 3BEE— RiZA A XTI v~ 75
T4—bAF R ra~v NI T T4 —Thb, 2721, 5 pH FIFITHBWT
e FLAEWIGA A B A WA F e Kk R THET 5D
T, =20/ ux I 74 =FfMTEHEOERILEWME —FIIOMEET 52
CIINEETH D, BA AL BB A AHAD 2 FEED T T A BT
RI# Cefg, #it@, MMA K O'DMA %, %% C AsBe ®° AsC, 7 h 7 A F v
TN =G EAF IR EDOGBEE T 5O —RETH S (21X Larsen et al.
1993) , Shibata and Morita (1989) LiFHEGA A2 ~7 WifHkEA 4 X7
KOV VgD 3 FEED N EES 2 VT, e 3, AFLHEe L O 6
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DT NE ) 2T—0F 15 D FLEMESEEER L TV 5, B, T E
TR AK R EDOREMIIEEND e FLEMOERICHRK D K< HNHLATND D
I%. 2@ Shibata & Morita D AW Z2 KT LTc, T2 ANVKRUBREA F
AR7HIELE L, C18 Wi T 22 WIS TH D (Narukawa et al., 2006;
Hamano- Nagaoka et al., 2008) .

[P OMEEE © RO KD ITIKIRED e FEEWO T, ICP-MS DOREE b
STLTHORETDHENH D, v AT MIEHME 72D, KBILFALEEZ
SISt > @R L (high efficiency photo-oxidation, HEPO) v A7 A% £
i L7z LC-HEPO-HG-ICPMS v A7 AIZ LY | [ i & 3512 0.001 pg/g
Al OB TREASELNATWD UNES 2011)

c. BAMERDAH

HHLAZITREI NS 7 m e R L A7 EOREE T SN b O R EEE e F L
WL, TOMFEREICONTIE I ra RV AEE S BICAY ) —V/ ~FH
72 &GOS Ut FERRME O IRTANE & BRI TET D0 MKDIRED D HHEE
THHENETH- T,

KT T, LC MEZXR/NRICT D, 77 AVIIMBELIRELFEIZL > T ICP
~OEBEOEANZTREL L, IHHZ o~ T T 7 4 — BT AW 7 L&A
L7=filo LC-ICPMS (Schmeisser et al. 2005; Amayo et al. 2011) DiEH>, A
2rma~ 777 41— (GC) -ICPMS X° GC-~ A 7 BiE#HEAY 7 AT T X< i
FHRIEE, GC-MS, GC-TOFMS 72 & Z0FH L7 tric -5 < & Z Il ek
b F AW OREERNT (Arroyo-Abad et al. 2010) 72 EHiThbiud L 972> T
X TW5,

2. ¥-5HAERVEEER

SEEFRIX. EIZeALB Y U AEOLEYEEROEKITHEHN I 51E0, 8K
T AERA, St ommAlE LTHEA IS, e R LEaWIT, B3, ZEAK
AMBIIERI E LTHWONTE -, 7L i3 GaAs Bk FO= B % X2 v Lk
GaAs HEAFEE LTHWOLNRTWD, Bk — b R ix2MEmi s BEERE A fiF
(APL) OIRIFEIEE LTSN TWD, F, R 7 A0 7 A RS O I5 7
AL THERAEN TS,

AAICET 5 =@k e BOAERIT 40 tHERRETH D0 (AR Y A « &8k
WgliRE 2012) (R 4) . ENFEERO =B e RZOIZ LA LEFFEN T
ASINTebDTHD (AMRERT A - SRILEIRERE 2012) , £7-, 2010 Fi2k
T2 BB R EHI W e m i R b R IE ENARES DS 64.0 t, fi 23 12.6 t,
RA NS DAN 33.4t Tholz CAMKIRT A « & EILYEVHERE 2012)
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R4 ZBHRIECEROTELEERECAES (B D)

44 2005 4= | 2006 4 2007 4E 2008 4F 2009 4 2010 4
HA 40 40 40 40 40 40
[ 30,000 30,000 25,000 25,000 25,000 25,000
F 11,500 11,800 11,400 10,000 11,000 11,500
TRy 3 6,900 6,900 8,950 8,800 7,000 8,000
N~ 3,600 3,500 4,320 4,000 4,850 4,500
P 1,650 1,750 1,600 513 500 1,000

BT AL 1,500 1,500 1,500 1,500 1,500 1,500
7y 1,500 1,500 1,500 1,500 1,500 1,500
AL 1,000 1,000 1,000 1,000 1,000 1,000
Z Ot 1,960 1,760 590 360 465 460
R A E 59,400 59,800 55,900 52,700 54,400 54,500

(M RIRT A - & JRInE TR 2012 LV 51 H)

KETIE, FEOKGEOFEHANAIE LT, 47 ) 72= VTV Ui (T b
Y= LfE, CAS BERFE S :98-500) . 4= ha 7 =7 VY U (=X 0,
CAS B k&K 5 :9872-6) . N7 v F)N-4-T I ) 7 x=)LT IV U (T LY F
CAS 5k 7 : 618-22-4) k4B X -3-=ha 77 Y U (mxd
LY v (CAS BkEE : 121-19-7) ) O 4 FEEOEER e #LAWNEH ST
L5, AARTIHEBEHRIIAI S U THRE S L TWRLy,

HARCTITEEERE IS X B L L TRBR SN TV A e F AW, 1998
I TRERN R L TV D,

F7-. e ELLEMTHAY 7= AT L (DPAA. CAS G %K =
4656-80-8) X, [HAAREDOBHEN AWEDFELE L THWLN TV, @ HRRIZ
IIAFAE LWy RIRAE T I B W TR E %2 3 DREEM DS NMERIE S, T
HFHFKZBYT 5 & & bIERICEFEHENA U (P55 200652584 2008a)

3. REDDH % - BhRE

(1) KK

KEAFOBRERDO & FiX, S & ORILCKITEE 2 SIcHK T 5, b RITHE
KM IS EEN TR MR OB X EIFOHEMARIT L - THRKH I
M S4#v5d (ATSDR 2007) . —J7, A&EJEOEFRIX, KIEE, SR FEIEY

(BAIE AL S V7= A EE) BEAIZ2 © opE2EiREhic sk 95,

RZHDO e FEEMTIARERICE 2O ANAERICELS2 b0, HWEENET
HY. AFubEni=boizd 7wy (Pacyna 1987, ATSDR 2000) , KxH Ot #E
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D% <ITASTIDTH Y, b e ELRETHS5 (WHO 2001) , ZD AsTIDD—
ik, Bbic kv As(V) &7 D 2 Enb REAFIZE AsTID & As(VPNREL TV D

(WHO 2001) ., 72 ¥, FensE o E P8 & )m il (Pollutant Release and
Transfer Register: PRTR) & TIke B O/MBURFE TH CAN LRI EN D
ZEPHLNCENTND, ZRHOH LAFOERIT, R eFETHDHZ
EMbNo>TWb (Cheng and Focht 1979)

Schroeder © (1987) ORFRIZ X 5 & R&H D FBIREIL, #HHH T 2~2,320 ng
As/m®, ZOMOH ST T 1.0~28 ng As/m*®, 1HI 7T 0.007~1.9 ng As/m*® & D#H
WY FRICETTE TRV,

EAETIE, BEANLREINTWD AL 28 R RKGIGIURILUIZ SN T (F
ERKGEWEE =42V » TRERBRHRE) | TR TR 23 FEDOE FELRZED
LB OEHEIL 1.6 ng/m3 Tholo LS Tnd (BREEA 2013)

(2) *iE

TP O FRITHERTIZIAS OMA L TEY, K 8.4 ng/lg BEFET D EME ST
W5 (Wedepohl 1991) 23, SLIRMAGFAET D Hidk oo L O b FEIE T png/g~100
uglg A bEE R&EIE550TW5 (ATSDR 2007) . EWN T, /MNES (2013) (2
LR EN DD, BARENO—RFREENDINE L BEF ok e FEFEO FRET
10 png/g (4.6~36 pg/g, n=38) . HiK &AM LA &R (0.07mol/L) THiH FIHEZR AT
#afe (bioaccessible) Rkt F (As(V)+As(ID)) 1%<0.02 pg/g (<0.02~0.33 pgl/g.
n=20) . As(III) ¢<0.01 pg/g (<0.01~0.02 pg/g. n=20) . As(V)T<0.02 pg/g (<0.02
~0.32 pglg, n=20) . AFILT VY UEET<0.01 pg/lg (n=20) , FAFALT IV
1% <0.01 pg/g (<0.01~0.12 pg/g.n=20) Th ol LWEINTWND UNES 2013),

THEF O FORRE L LTI, MBS T HHENE I =k e #
DLWV, SRR BRORT VY H/F7ET D (Bhumbla and Keefer 1994) . Z il
SOeFEiL, gk TAI = A XIRIb~ U ST 5 2 & THARME L 22 ik
I E DN, BEICHRBRE CIXAEM & e D M FAR~NRBET 5, KBTI e X
FIZ As(V) B O AsUID DFR b AL & UCHAET 5, F7o. b R HHRE & OBIfR
12 L0 FHifICZLE) T % (Bhumbla and Keefer 1994) , HAREIRO b #EiBY L LT
X, RROGA LRI, e 22 G0 ORILIERSC, KILTESR), AWiEE e &2
FE72%5 (WHO 2001) ,

TG YR RTE (CERR 14 4F 5 H 29 BERS 53 75) Tld, e R K TZDLEMIL
FEAEME L L THRESNTEY, TERHERMET 10 ng As/L LT, HHEEfH
BHAEIT 150 ng As/g AT EED BTV 5D, BREEA (2013) @ (g 23 4E)# 18
15t AL OREA TR DL OV BB YA - cEREFIZE BT oE /R ik, v &
KO DALEIZEB T D L8 O RS T 281 R LA ST 5,
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Flo. AGERJEOERICE D TEGROFE LT, b RITTHEY IR BEEFH
WZEED BN S 5, BIE, BARENTIIE 2 G0 EEREIMH I THRVN, K
E Tl e BREBREA(AF ATV VT Y A (MSMA), 7 = P LER(DMAY)),
T aPNAEEFT N L) REGOHERMY (vXY Y %) MEHIN TV,
FENOHEH EN D FEOHWEE L EOBEFEDICE TN DIREEO T vy T,
B OMADIZ L > THEEEO F~LZEH IS (Stolz et al. 2007; Makris et al.
2008) .

F7o. BARTITEIGRE TR O L EBAC 1T H il b fpidiE & BRI A2 BiT
% BGRIZ AL S LD IR OVG G H B3 o 5 (H AHVE PR BREHE MR Z RS 1998) .,

(3) K - KB - #hFK

— AT O b R 2 pg/L & i ZEE LT 5 (Andreae 1978) , i
KFOBAREFEOEFE L LT, BESCEAOBALIER. KILTEEID 5 OKIBA~DHEA
IZEDbDOBB2 NS, £To, TENPOEMR LI TFK~SBITTH200HF 65T
% (Nriagu and Pacyna 1988) , ZOMIZ AZEJFROEFE LT, RIO HHERK
M L DKF~DH (WHO 2001) | PEZEHEKDOF)ILUEHRA~OHEHIZ LD 6 D23
FIT oD (RREFPEZER L BREE 2005) .

Wk CToOe ROREIL, BELLEFOMAKELOTUKTIE As(VRETH D,
AsTIDMN L FBED 20% %8B 25 Z EITITEAERNE SN TV, B BIZFLR S
TWRWHFIRE Tl 5~40 nglg (HREE) ObEREFZATWD, iz, BBLHIER
FIZHHEE TIL As(V)R £ < | BICAEREICH 5 JEJE TiX AsUIDR %V, 7235, &#
TEERBEIZ & 2 IR Tld, MRS WA IIIHREA ZER L, S0Hen%E oty
AT OITIE, WR~OEMRE, BEMESME< 725 (Neff 1997)

HAREIFOEM e BIZ LD FAKROBEYRIT, A K (BXUHL) | R T T35y
=, BE. PEALEH, N AV —, AxTa, FU TABUF U, T AU BERE
(FRlZREE) | Z A, H—TF R lHREMTHRESN TS GRS 2004)

FIIKOEEIZIE, WHO OFCEKKET A RZ7 A4 M (0.01 pglg) #0320 FE
% 0.001 pglg LTOL_AnG, ZOHA RTA EEILDDIEZ S L-LET
BRx IR CIET D CRESINFESE 1985) . IHFICEBEO v ER MR S
NDEGAETIE, HIRBAERDIE), NABRTEYIR, 20X, SLlds D OPEKR0E R
kel bEZoND (RES 2002) .

(4) WIRFR b

—RIGIR N AX A SO REEL LT, FA Y OHAE T 2.1 pg/g (Seifert et al.
2000) . A F X O T 7.3 pg/g (Butte and Heinzow 2002) . 7 A U B OFfA T,
12.6 ugl/g (2.6~57 ngl/g) & 10.8 ug/g (1.0~49 ng/g) (Wolz et al. 2003) W NZ
10.8 ng/g (1.0~172 uglg) (Tsujiet al. 2005) & W\ HEAHE S TWD,
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F7o. NES (20138) 12X A TIX. BARENO —EREN LINE LIz ENED
E BLEMO T Z1ToT2 L 2 A, ZOFRAEITHR EFE T 2.5 pglg (0.3~7.8 pglg.
n=40) . HKZKE L= HER T I 2B e £ (AsTID+As(V)) 1% 0.24 pglg
(0.08~1.2 pg/g. n=20) . As(IID)T 0.02 ug/g (<0.01~0.25 ug/g. n=20) . As(V)
T 0.21 pg/g (0.06~0.99 pug/g, n=20) , AF /LT /LY UEET<0.01 pg/lg (n=20) .
CAFINT Y UEET 0.02 pglg (<0.01~0.05 pg/g. n=20) THolzE@WMEINT
W5 UNES 2013)

(5) EBRICBTSEXRDRER

GEPE CTAET D e M, EARBRRICBOWTASKR SN A #ewae., &
& L COMPEEEYC., Zn afaets U CEIL 72k B 5B iAte, F7z,
RO CRER N &, HEFEAFICHR T 5 e BEEW & 22X CEEENIIZ, HDH WX
HERE S D 1387 DHEERRIC AT L2 ICHEERIICE D JAA TV D EHERI SN D,

WEAEY L EAEY E ORITIX, EROBFARIGEVRALND, WIEEYOE F
BEEIIE ng~100 pgl/g BEE) IChSE SN TWDEMN, AW TIE 1 ug/lg (HiE
HiE) #HALZEREEAER N, £, FENDEREONFEREICHIENDAD
1% (Francesconi and Edmonds 1994) . = Z Cld b FD(LFERE L SHIEKL OE
VWIZHER L, MELROPE EORARERZE LT B ROAEWIEERIC OV TRET,

OEFERR

WEEIZRBWT, BRI, AESE W77 7 Foroifm) EHEEEDORD R
WEgH & &b, ofifd GREEOMAY) L IEAEMNEREZ & - M A RE
REPEERLTNWD, ZOERBERICHDL LSRG 2K 2 1277 (TEhf] 2011)

MEAKPICIE, ERRo B0, 2ug/LEEDO BNGFET D, e BOLAE, FH
B (5 5 IeEOWHEICRT 228 B RIZHEEICA D Z DnFEOeE) 1X
BEHTFEELESNTWS (]2 19915 WA 1998) .

HH e F LAY D AsBe HEEN I BRI SN D A e BIEEW) S AsC
(MEPEAERERICH 1T D AsBe OHIBRIKR) 13, K25 EEIITHRE S,
L22L, 5 um O 77 by b L7z dEKD SRS 2 v Claly
L2 E M 11X, b O A e FZEEM A IAE L Tz (Hanaoka et al.
1997) .

HEK T O L FOIFE A L1E AsUIDUE As(V) & LTHETE L, 5 £ SRR CIE,
e TR E D MMAV) X O DMANV)DFERN#HE ST % (Andreae 1983)

WK O e ERIE, MEERBIC LY b e RIZE oS, LITAREEMIC
ffbsn s, ZOAEMTEENZ XY e O E SN ITEERE ToRePE, RET
BN+ 2, Wob b RKEHMDO T 07 7 A4 VERmT—F, AsII), MMAWV) Kt
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DMAMW)IZFEE D FEIZT THOAi T 5, HWHEEMY T 7 v 7 b ORI ELY
WEN-ERITEREL, BYEHZE L TRERE 2T 5,

MK O As(V)Z Tk &+ 28 b 3BT, MEEEY 77 7 b oM B Y
AEN, BE - AEEINS, ZOFR I FLEWIE. BYESHZE LT T
NER AL 2 52 1), AsBe & L CIlBEEIMICERI S NG, 2O L) IcRYE
Piaam L TR A M Z Z T DRER. BEEAEDIITE~ ORI e FLEMNIFIEL,
RS b R IIIFEAMRR T 2, —TJ7, AsBe B OBIL— R & LT, K
RO R DA L2 AsBe Z RN E RIMAE D, WHFBEIMWIZEE L & HITH
DIAEN T TICERE SN ORI L H D, AsBe 1L, WIEBIW DML, B
WNZBRAE D oy it % 52 Con D IR b i BlRd 5,

BHEA B R LT A FLAWIMMAN) 2 58T 5580 kb %< . ﬁ%t
FIL—EOBEFOMBEI BN T EE RS ThH D, W77 7 b, MEE,
DR L > TEBINTZ EBOBE LKL REIUTHES A T HbIZ X - T, EKF O
DMAW)EEDOFEHNEHNEE HLEEZ LN TS (Neff 1997)

2 BEERRICBEITAREE L THOERTEIRR  (EM 2004; 2011 XV &ZE)
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Qe LARER

b FAERERICBIT D e HEIL, & L TREITOA T IMERISIC XL WL FBREE A %
RMMBIEER LTV EE 2 5 TW5A (Cullen and Reimer 1989; Ridley et al.
1977) . —EBICITMBEAY L [FERIC T vk ) v 2 5 —=<0 AsBe 72 & O L 0 e/
ﬁ%%Otﬁké%_W@éﬂéﬁ%%é%@k%wéhéot%%ﬁ@%w#/

DT TIE, MMANV)D A& SEICERT 2 b0, As(ID & As(V)D 4% HFE T
5%@ DMA(WV) % £y ET25H D, AsBe 250000 H D EOMENDH D

(Byrne et al. 1995) .

b REEOREWVEREIZIX, R CHE & =Bk b R LME O EDN RIS S
T35 (Oremland and Stolz 2003) ., F7-. HEIBWT, ZaA KU A
BRI T Cr Ly R R e FICEHT S (Stolz et al. 2007) . K&
PICEEND ERITBNTH, MEMOEEIEM 2 EORFNITHEE L ZEZ AT
%o TEEICHUR SN A TF T IV R DAED 72 E OEMREHIT L > TU R
FNT N AATEZ BIVTHER L%, BRP CRICEE L% 51T T DMAMWIZREY
MEEIZ A LIIRIECTEN N TV DR E X T % (Mukai et al. 1986)

4. BITHHFE
AARENOR ST O RZOHENL, 1955 4 (HEF1 30 4F) OFFK e FE I V7 FHEN
gL 70 1959 £ (BEFN 34 4F) 12 H 28 HIZEME ORI O B EAIZ W T
(B, IS OBIRERE] (BB 34 iEEARERE 370 5) BNEDH LI, £
LR, BRI TRMAEAE] XV REMIZOVWTHEAIZR RS TS
b EORM L OB LINI BT 5 FR BN W TER 5 ITRT,

x5 BARDEITHRE

B4 EREX 4 AL/

e E e R A B s | R ss — Ml e L e b &k OE O EEALE
2

) B ORI IR A ) B3R, eRLEW

Ranfir bk PR AL YR 1.0~3.5 ug As/g b FEROZE DAY

(EIXEmIC L 0 27 5)
i OB IEE: TEECEK OB | e BROZEDILAEY
B B Eninz s (As & L0)
FRH - AR IE ORI SBE O | e ERREOLED
HIAEHE: 0.15 pg Aslg

HEDNEMI BT 58526 | e ZBROZDILEY
RAIysRVzFLr, RUAFL U5
OFBIEHE 1,51 ng Aslg
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FLEN A BT 25016 | e BROTZ DAY

MT &8 EOR % 0.076 pg

Aslg

AEZEROMT 28MBIEN L | © #BROZOILEW

TR =T LEONEM T E R

DAL S 5 B R O A4 v

1.51 ug As/g

BLHLORKERE 5oLk, 1Y | e BRVBTDOLED

M, b= U RRERE, RV e

=V A ERE T DM OB LY

0.076 ug As/g

BeiF A Oy HRSE: 0.038 pg As/g b RZKOZE DAY
VSRS KB HNE 10 ug As/L t #H R OE DA
B FEA A KEGEIFR D BREEAYE 10 pg As/L | B37

TR OAREIGE AR D BRERYE 10 | B3R

ug As/Li

TIEIEY AR DR AEYE 10 pg As/L. | B

(A BR . R (HI R

iE) IZBR - Tik, 2, 15 mg As/kg -

A (1mol/L Hifeli) TH2o 2 &)
TAKEE KB FEME 100 pg As/L b E R OZE DAY
KETGEY] Ik HEZKFLHE: 100 pg As/L EFE LAY
ST o> O IG YL B IR ST | R S ek R sk D FR E AR - | B R
B9 5 ihf 15mgAs/kg (1mol/L HEffhH)
THEG Y R E s R E 10 pg As/L b HE K OEDILEY

+HEE AR IEME 150 pg As/g b #ZROZEDILEY
FEHE 2 b #. ZDLEM MR OZ

Lo ORI,

B AR SR b =ik e #

SR VR lae =7/ EFEKROZEDILEY. t
bk

RN AR E e e /ML E)

Paf. EZSeeX e S FrEfb e G5 mE. g | e EROZOEY (b

WE)
YR BT SR R A EY)
(EREDWI 21T 5 NS HERHED

fEARFEKR AT T
LEPR<S, )
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TEZEBR BT AP A AL e B BRIRE: 3 pg
As/m3

fERRY) FTRIE D FT A T

LREL BT _XE BRI KR OEEY | e EROREOEYD

M. £ RMZBITREE

1. BOKRE

t FEAEWIE, —BERE TICB W TE, EICRM EE KM BRSNS, &
(IR N OV e e £, SOBbKIZIZ T L TERE EZR G En T
5, TSN A A MO 0K E FEREITEMAL S 2138/ UMEDSH
2013) ,

(1) BEMhLDRE

b RIRERESCAMEICE<EEN TS B 1993) . H AT EHAICHEE
HOANEEBIT 2REEN S 720, siE LKL T D RE2RENLE
LTS, WEDIZIZAsBe T vt ) v al—72 PO E BILAEYNE L & F
TW5H,
BMOEZEHERICOWVWT, MERBELLT, K- /hE - a— KON 95
W= HANTH 1 pglg IZEL TV T=DITxt L, RISV TiE, 50 73—
B AT 20 pglg BRE, 95 X—t L Z A LT 140 pnglg L. mWL b FREE IR
ST, 95/ 3—t XA THRIATIE 30 pgig ML B, HETIL 40 pnglg L ETH -T2
N, BEEEFEELTL, 75 /83— X AL TH 0.1 pelgEETHo7mEHESNT
W5 (X3) (Uneyama et al. 2007) ,
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(a)fn b R, (0)EERE b RIREE, (M v BRI D 5 HARRE7Z o 7o &I B L CTIERKIR
7T 71X 5~95 N—k U Z AL, FOmHKRIZ 25, FROFERRIT 50, ORI 75 R—E X A
N,
S EBEMODEREEH=E U\—t2A)L) (Uneyama et al. 2007 X V&%)

OBEY

MEPEEME 1T, B FEVEDICHE L TRIREO LR ELE X TWLHIEIT TR, £
DILFIREL S TH L (K1) .

~ATVAL TV TV YN U RO A T O E FITHT DK
# (As(IID+As(V)) OEIGIE, 0~4%TH Y, WHEFHETIE, E VXN 60%, v=
YTHK 8%, VAR T%Thole (F6) , B, ZORICKBITS, Rate#
DKRENE e FITRT DL RIT, ST HEIC L > TES BIZE L RD RS &
5 (MR 1992) .

AsBe [T Al U CFET 2 FEER A e F{LAW TH 5 (Edmonds et al.
1977; Hanaoka et al. 1988; Francesconi and Edmonds 1994; Francesconi and
Edmonds 1997; Shiomi 1994) ., AsC (I ECAKR T A FHIZ, TMAO [T+~ XD
—FEZEIZ, TeMA 13"~ 7 U (Meretrix lusoria) Z£IZ& £ 5 EE e ELEW
To 5 (Francesconi and Edmonds 1994; Francesconi and Edmonds 1997;
Shiomi 1994) .

Tk v adl—id RSB L EEReAMEEWTH D, L, BHA I
AXHTWDH Yy alhA DHe5T (Edmonds et al. 1982) | WM~ 77 h v
NIXEHEEE LT DLTHI XA TARKZ T2 ERkx 72 “fH (Shibata and
Morita 1992) . % H (Morita and Shibata 1987) . & O\JITEW 77 7 b %
BR8N 777 FAZHRO BN D (Shibata et al. 1996; Edmonds et al.
1997) ,
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b FOBHRDUL, FOTIZ L > THE R > TWD, D H ORISR E AT
IZBEWTIE, BEeENZEETLIZEPAMEINTEY (Lunde 1977) . Y
F OB CIC e FOERBPRO LN TS (BED 1999) , RALRGICE
WL, BALTWD AsBe O RIZHT 2EEMN., EORNHDIZERL,
AN, RIERAOIEIETT5 Z Enn, AIEORCENLD 270 63N il
RMRAFFER IO EELEZ T HEE 2015 (Velez et al. 19955 1996)

WEPEY) O HERE N OVE 1 b B AW E &I QNI KIEMER OIEEME B BE &ITOW
T# 61277 (Shinagawa et al. 1983; iR 1992) .

%6 BENOEMRUARERILEMABRUKERRUISSHERAE

. Kl it b EEE gl (FoffE R L)
! FML e | AsID | As(V) HHE kWM | IR
~ A A 36.0 0.00 0.00 34.2 34.4 0.22
o % 7 Z 5.0 0.05 0.12 4.2 4.2 0.24
=T Z 25.6 0.00 0.06 24.0 24.3 0.18
U Z 5.4 0.00 0.00 5.1 4.6 0.54
VAV g I 5.5 0.05 0.17 4.8 5.1 0.31
~A U " 17.3 0.00 0.28 15.0 15.1 0.23
gif; <Ry I’ 95.0 0.00 0.05 243| 173 7.6
T4 ~ ) <= Z 12.4 0.00 0.10 11.3 7.2 1.0
EL7] LTHFU= | LR 7.3%1 | 0.16%! 0.22% 7.0%1 | 5.1% 1.8%
we | 27| e 413 0.00 0.00  39.2| 39.8 1.0
Al Hr ST | Af 7.6 0.07 0.00 7.2 6.0 1.0
k= A 15.0 0.00 0.02 14.1 9.0 4.9
T EEXIN 17.5 0.04 0.01 15.9 11.7 5.0
LA IRAXHa A 49.0 0.00 0.00 48.8 47.3 0.20
L Y P u 17.2 0.00 0.00 161 15.9 0.22
TSI 9.5 0.0 0.00 9.0 90 026
RIZEIY) IhuA 2R 5.1 0.00 0.00 5.1 3.3 1.5
vEo* z 61.3 36.7*2 15.2 — —
e ~ay7 Z 25.4 0.8%2 20.2 — —
T H A Z 8.3 0.6%2 6.5 — —
R RN 2 AsIIDHEERE+ As(V)HERERE

(ML 1992 & v oZs)
WP O e BIREIL, —MRICHE M > fLm i > o ORI &V, £, 20

TR RITEE T LY ) L a T —Th b, BHEICEEND b FILEWHIZHON
T# 71277 (Francesconi and Edmonds 1997) .
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KT BRIZEFNDIERLED

b RIRE (ng/e) ) == A=Y
i Yo K FEME
PTACERE: 8 w7 T Significant Minor Trace
TR Ecklonia radiate (713 2) 10 >80 3,2,7
Sargassum fusiforme (t .
10 >80 B, 1 3 7,5
U¥)
Laminaria japonica (< =
N 4 >80 3,4 2,7
> 7)
Sphaerotrichia divaricate 9 75 9 -
A vEXY) , 3,
Undaria pinnatifida (V71
2.8 71 23b
A)
Sargassum thunbergii (7
<= 4 51 1 - 13
NN D)
5,
Sargassum lacerifolium 7,3, 4, DMA(V),
- 40 >80 1
(Fn&7e L) 2 6,
8,15
Spatoglossum pacificum
. 16.3 69 3 2,7
(' 7H)
Pachydictyon cortaceum 167 79 3 .
(& 79) ’
o 7
Codium fragile (V) 0.6 67 2 ’
& DMA(V)
Ulva pertusa (774
17.1 40 2 7 UK
)
Bryopsis maxima (A7
N 19.4 20 7 2 UK
%)
Caulerpa brachypus (~7
8 11.6 32 UK
A UVH)
AL PN Corallina pilulifera (£
. 21.6 15 7 2, UK
| /\)
Cyrtymenia sparsa (tF
e P 44.8 69 7 2
VAY)
Ahnfeltia paradoxa (/™1
s 11.7 58 7, UK 2,1
VES)
Coeloseira pacifica (A Y
N 23.1 35 7, UK 2
<)
Laurencia okamurai (X
V= . 19.2 47 2,1 7, UK
VYY)

a t FLEVOFE T, M1
Significant, #/KAENMEE R D 20%LL E; Minor, [F] 1-19%; Trace, Al 1%LLT; UK, Kk #b
“Y

b fEvatE B R

(Francesconi and Edmonds 1997 X ¥ 24%%)
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RN XHR XTI IRNRT A2 e UF, THEY, IANET EoTz
R ClL, g/ PO e ZOEIE 23 E W (Francesconi and Edmonds 1997)
—HIEE L TV DR E U O b BIREILEMEAK 110 ug Aslg, FKIE
2350 154 pg Aslg & STV 5 (FSA 2004; Almela et al. 20065 /NI 2006)
R Z T TRUANDOUERETIE, ThAt /) val—72 0K Ee ZOEIENE

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

BERMEET (FSA) X, BVF, 7T A, UBA, a7 KO/ U 5P O
e RLOERE RREZHE L TWD, e RTERENGHRE S, Frlce Y
INEGETH Tz, T2, B VX 9RIKICE T 2 M & FIREIL 77 mg As/kg

(#iPH 67~96 mg As/kg) Th o7=23, D 4 FEOWHRIZIS 1T 5 M L FE &ITHR
HERA D 0.3 mg As/kg Kiiii T o7z, FH OIX, b P FIIMMOWRBER I A
ERIRE, B RREL BIZTEVEHREL TS (Rose et al. 2007) . 7235,
FSA @ 2004 FEFOFREIC LD & Wl Z /KR L Lz e X O b RIRE Tk
KT22.7ugAslg Thol-t#HEIN TS (FSA 2004)

AARTHESINAESFOEHEHBEIZOWTHRENRR2ENTWS, Mohri 5

(1990) TN 4 4 (B4 2 4) OREN O LIVZEEY T O b R 2 H
ELTEY, Y% (NEGHE SN D) fTofke FE, HEE e FL DMAN)
I 1.204, 0.479 KX 0.569 pglg LA L CW\Wb, 72, Nakamura 5

(2008) (%, LC-ICPMS ZH\W\WT, HEHDHWIIA——~—7 v F 1 6HELN
THEE A UX G 16 30k R o e &, AsTID, As(V), MMA(V), DMA(V)
MOTNE ) al—GABICOVWTHIELTLEZ A, £NEH 1.2, 0.031, 1.2,
0.010, 0.030 }1*0.028 ug As/g (LHEE) Tho7#isE L TW\W5DH (Nakamura et
al. 2008) ., BEMKEBIC L2 HFE(FWEESHEEREICLX, ERNTHREL
TWHEVX (#¥) KObYUF KELY) ICEEN5#EFE%Z HGAAS THIE
Lizd A, ZNENFH) 93 ng/g (28~160 pglg) KON 6 pglg (2.1~20 pg/g)
ThoT-, £7-. B F X HPLC-ICPMS THIE &h., THZEN Y 67 nglg (4.5
~130 pgl/g) KON 3.6 pglg (<0.5~17 pglg) EWME SN TWD (BMKESR
2012) .

COEDICHAARENOE PHXICEENDIERBEIZONVTHEHEOREN RSN
TWDN, ABORBEOENR ENORERDPRESER > THDHLORBRTH D,

EEEY

WHEEMDGA LTV D e RIREICITEug/g~ B8 tuglg OERHDH L ST
WD, B EORMIZE ENTWD B RBRREIZIIRERENA LN E ST
% (Lunde 1973) .

JREEMIZE L Tld, BMKER I X D EERED T O e REOPFENTOIL,
NARINTND (F8) , LAUTKIUR, = AH (XK) Oftke FIFFE 0.17 pg/g
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(0.04~0.43 pglg) Tholz, £7o, a AP OEME B34 0.15 pglg (0.04~
0.37 puglg) ThHo7= (BAMKFESL 2012) ., Hamano-Nagaoka 5 (2008) 1%
Kok F (FRREEY7-0) 0.12~0.26 ng/g 1ZxF LT, e F13 0.11~0.23
uglg T, WL ZOEEIL62.2~96.3% THo7-EME LTV 5D,

PR FHPICE EN TV DR E RIREITR 0.01 ng/gBETHD EOHED
H5 (LN &Lk 1980) . e RIHERINIZTETE X/ 2L T, #&
REEE L LT e T 1,420 pg As/g. DMAV) X 970 pug As/g 25HERR S MU= i 23
& % (Larsen et al. 1998) , WFLEMW) O RIEIZ S £ D b FIRE X, 4R T 0.024
uglg, IKHT 0.018 uglg STV sd (LN & LA 1980) .

FDA 1%, 2005~2011 I KETHR SN TV IV 2 — AR VERLY
AHNZEZENEENTNDLZ EE2RE L TEBY ffricHvwenzl) 3 va—2
TiE 160 B TARMH~0.045 pglg ORE FENFENTEY | HH Y 2 — A TlX
142 B TR ~0.124 pglg O E RN EEN T, 23 ppb (0.023 pglg) %
ER2 e EAREESNIZHERLY 2 — AT, B e . MMA O DMA O4554F
2TV, ZER 0.005~0.06, FfH~0.088 K UVRHHI~0.003 nglg & £ T
V7= (US FDA 2011; 2012)

BHEMIZE LT, AR F AW THY . ZEOEIRER & L T CFRIH &
NTWDHr XLy A%, EEOKEGPENODREZMEATHH SN D & HE S
LTV % (Morrison 1969) 73, Institute for Agriculture and Trade Policy (IATP)
OWMEIZL D &, KEICBWTA— N—<v—F v N THEALZRFHBEOHBA DK
55% CEZNMH EIN-Z LD, KETRITSN TV I eEEEHA LI
Vo TV = VR & W o T BRI 258 U CRBRANE Y STV 5 ATREMEN B
Z 6N TW5 (Wallinga 2006) .

8 ENREYMHTOREREESTER (FR15~17 F5E)

E BRI
oo/ Mt e KAE LA
X A D R E BRI
1EW)
v 4 TE B RS E& DY~
mg/kg % mg/kg mg/kg mg/kg
K (EK) 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
KE 300 0.01 278 93 22 <0.01 0.04 0.008
ML X 100 0.01 94 94 6 <0.01 0.01 0.004
IVt (o) 98 0.01 59 60 39 <0.01 0.04 0.01
ItV (KELWEHo) 29 0.01 29 100 0 0.006
WA 100 0.01 100 100 0 0.004
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AT A 100 0.01 100 100 0 0.004
Tho Lok 100 0.01 100 100 0 0.004
¥y 100 0.01 100 100 0 0.003
Tayal— 100 0.01 99 99 1 <0.01 0.01 0.003
F<aw 100 0.01 100 100 0 0.003
L&A 99 0.01 99 100 0 0.003
E5NAZD 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
ERE 100 0.01 100 100 0 0.005
XwHb 101 0.01 98 98 2 <0.01 0.02 0.006
NN 100 0.01 97 97 3 <0.01 0.01 0.006
=k 100 0.01 100 100 0 0.004
| 100 0.01 100 100 0 0.004
UNESES 100 0.01 100 100 0 0.003
ERVAT A 100 0.01 100 100 0 0.003
LW 100 0.01 45 45 55 <0.01 0.14 0.02
WhHZ 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
Bk (&) 40 0.01 40 100 0 0.004
Bnh BNREE T W26 D) 60 0.01 60 100 0 0.003
ASOT NV

30 0.01 30 100 0 0.003
AR ETNTZH D)
ASOT NV

70 0.01 70 100 0 0.003
AR X)
& 100 0.01 92 92 8 <0.01 0.03 0.005
XA TN—Y (REOX) 70 0.01 69 99 1 <0.01 0.01 0.004
XA TN— (REETWT

30 0.01 30 100 0 0.003
Ho)
7L 100 0.01 99 99 1 <0.01 0.02 0.004
b 100 0.01 98 98 2 <0.01 0.01 0.004
BN ) 100 0.01 99 99 1 <0.01 0.01 0.004

I/ME B DORB O IHERD 5 B REED R B> 7
RKME : B DORB O IHERD 5 B RED R G HA -7
T - R DB D TR R O R T,

B S HTE % JTIZ GEMS/Food 2378 LT\ 5 JFIEICHiE» CTEFB (WHO, 2003)

=

=
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Q&R# K
SERK 22 A FE D KB FHT

{

LI E AN

S S T

HEcEERITH D & JRAKIZIBWT]
28 & & - 7273,
77 F72. HAKIZBWTIZ

BT DR LREOEDOBHERDIL (R 9) 26 £8

(X, AGEEAREEEEE (0.01 mg/L)
1T & AED0.001 mg/L AT (4,512/5,319) TH -
& AED0.001 mg/L LT (5,173/5,679) T o7z,

£9 KEKTOERRUZDLEYRHEKE (BAKERHSE 2010)

H R x5 5 FEERU i 2
10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90%
\ 10% | @ | e | R | Bl | ER | BE | Bk | B\ | Bl | 100%
@/* Bl DIF | 20% | 30% | 40% | 50% | 60% 70% | 80% | 90% | 100% | i@
Bk FKURFER] O U U LU LI U LU U LU LU
. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 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) ~
B 5319" | 4512" | 408" 158 65 64 30 19 16 11 8 28
K 1,077 878 124 35 15 8 3 2 2 0 2 8
UK 25 HIHK 281 231 27 15 1 4 0 1 0 1 0 1
HR K 3,100 | 2674 187 84 40 42 22 13 1 8 5 14
ZDfth 839 709 68 24 9 10 5 3 3 2 1 5
ERS 5679" | 5173 242 121 56 39 14 14 11 5 4 0
K 1,052 996 29 12 6 4 1 2 2 0 0 0
Bk | A A TEK 267 258 4 3 1 0 0 1 0 0 0 0
H Rk 3,005 [ 2650 170 81 44 30 11 6 7 4 2 0
Z DAl 1,340 [ 1,254 39 25 5 5 2 5 2 1 2 0
PRk 22 RS L)

KWK EKIRE L TAEARNEME S NDGE
ZHZDHEFREERTDHZ EE720VN,
WXZDOFEFHIeT-D, T KFPICEENDEENETEIIIND Z L

W2 KB 23 AR T KE
HEEZ LRI eHZ2E5ATEBY, ZTNETIZ
KAEIX 0.65 mg As/L TH D & LTS (BREEE 2012)
Flo, ARICBWTHRICHWOINTWDIRRKFO e EZ2HAE L7 81 Mk D

T ZTHDH AsSTIDE N AsV) DL B S, e &
~1,024) pg As/L TholztEIN TS (FES 2008) .

HHIERRICED &, HARTI

D Ky, ¥ AWE, HFK, Zofos

AR O £ E R,

AL

36

i85,

%, AGEEAKEEAE (0.01 mg As/L)

AR ZEEAK L LRI 256, —%’

e

I 2 %@mrm@mﬁ&m
HAROH FAKHMmE Sh/-eFE

ERENANED B D 75,

IR

T3 120.1 (0.116

AAKERZ (2010) @




(2) BOBRZEEDHT
D =x

AARN DR &L OB KD 6 O b B EITRRE X I~—F v bR 7
v FHREZMNTHRELFEf S TWD,

Mohri & (1990) X 124 (B % 6 4) OEANERRIZIERET XA HWT 3
A O e FEREZAE Lo 2 A, — B b FEIET % 201.6+2142.9
ug (31.0~682.0 ng) Tholo, /o4t (B K 24) ORAIZHONTT HH
HEZIT-T2E A, — Bkt REREIT Y 182.3114.0 ug (27.0~376.0 ng)
ThHolz s LT,

Yamauchi & (1992) 1£354 (B 124, & 234) DAV TCRERETT
IZE Y — ARt FEREZ Y 1951235 pg (15.8~1039 pg) &M L7-,

JEAGHBE D h—2 v Ay MAE (2009) TlL, BEKZ SO 2R %
14 BRSO, ERER - REREICI2BMEREICESE, IEEEN LR
ZHEAN LML U CHE L2k, B EEZ LI HGAAS I X A HIEZITV, HE
1 NS0 o —AEREZHEET A ~—F7 v bRy FHFHRIT LY
2002~2006 2B D HAAD —Hi b HBEIESL 177.8 ng (9 HECEKI 0.1
ug) LHEE L7Z,

R ZEEZES (2013) X, REEDO (XA AF U UVHEZITIUD & T H0FWE
DN~OFEFEA ] PRk 18~22 R FEHE) (2361 DAl TR L 72fi&
KR O LT 3 HORBFMAEHI DWW T, K42 7 ¥ LIC—HEIR L7 319 508

(3B 944, 2 2254) IZOWVWTHREEDOONHEZIT-72, —HORKRE BEE
I3 1991272 pg (3.14~2170 pg) . AAE Y72V @ 95 /X—& ¥ A JLfHIT 8.88

(ng/kg IKE/H) LS LTz,

QEHER

Mohri & (1990) 1FaA 124 (B 4 6 4) @ 3 ARILL EoRREEZ A
TIRFWASHIECL Y —AS 7 o e FERNELHE L2 A, 187
7.8 ug (1.2~31.7ug) Tholo, FERIZHKAN 44 (B &£24) 2R LT
AMOFAETIT 1 A 4720 O e FEREIT VY 10.3£5.5 pg (1.8~22.6 pg)
Todh o7z, Yamauchi & (1992) 2pkA 354 (5 124, %« 234) OzkERE
AW TIRFBIEOHIEC L VIEEITo72 8 2 A, —H Y20 O v FiE R
138 33.7125.1 ug (8.34~101 pg) Th o7,

Oguri & (2012) 1%, EEEH{EEORR AN LM 25 4235 L Lz =z Xk 5
— H Y720 OEEM e FEIE A VY 6.52+111 pg (2.0~57 pg) . AARZENHIL
£ LR 141 A ERE - Bt L TER SN -FERHEEYE (NIES CRM
NO.27) 7o OH#EFE—HEREZ 27 ug L HEL TV 5,
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BN EEZES (2013) 1T, REEDO XA 4 U HE X LD LT 2L WE
DAN~OEFERA ] CERL 18~22 FREFM) 1231 2 2REHA IS THRILL 72 319
B (B944, &2254) ICHOVWTHEE ROSHTAEZITo72, —HOMEKE
FHEREIL 18.619.6 ug (2.18~161 pg) . KEYH7-V D 95 X—& & A JLEIZ
0.754 (ug/kg KE/H) L#HE L TW5,

F7-0 85 (2003) 13, AFE STV DA TR T b 2 E OREE & A0
ICEESE, BT AR E D BARANOEK e FIRFEE L ZOWNRHEH 2 WS L
Too TAUTE D EKEKERAT DFEIETORERRIT 0.42 pg/kg (KH/H T, %
DIHLEMZEDHEDN 94.3 %, HEOEHEEEIZEIH DN 1.3 %, KEWA
IZEDHD3 01 %EHEESNTND,

QFHER

Mohri & (1990) 1% EFC & Rk D 715 % FHV CRERESURH T O G © BRI % 04T
L7z, BN 124 (Bl % 64) @ 3 AL EOREREREIN ST, —H Y720 )
MMA7.6+7.9 pg (0.6~36.0 ng) . DMA34.0+34.7pug (0~110pg) . b U A F
e FLAW 120.4+297.8 pg (0~425 ng) Sz, A 44 (Bl %2
&) wRtgrl Lic 7T B OFETIH. 1 H%720 MMA6.5=4.6 ug (0.6~19.0 pg) .
DMA49.9+49.8 ug (2.8~183.6 ug) . hU AF /L F{LAEHY 87.3+76.8 ug (10
~271.4 ng) N Sni-,

Yamauchi & (1992) O#&ETiE, A 3564 (B 124, & 23 4) Oz
BHERIE LT A, —BAME FEEET MMA ¥ 2.25+52.5 ug (0.16~9.63
ug) . DMA ¥#)12.9+11.1 pg (0.36~38.0 ug) . ~ VU A F Lt F AW 148
+226 ng (1.95~946 ug) 2K iz,

Oguri » (2012) X, MMA(V), DMA(V) & TMAO 22\ T, HHEBIEED
NI 25 A axtgil Lizfafe U L 5 — AP EBRE S £ N2 1<0.18 ug

(<o 18~0.39 pg) . 1.8+2.3 pug (0.35~12 pg) K 1<0.053 pg (<0.053~2.4 pg) .
POREYEDE O OHEE — HEREEZ ZNZ1 3.9 ug, 12ug XV 5.9ug L& L
TW5, £72, AsBe (oW T, FitiBGHEEYE NS OHETE — BERE % 140 pg
EHE LTS,

R ZEEZES (2013) X, REED (XA AF L UVEHEITIUD & T H0FWE
DAN~DOEFERA ] CERL 18~22 FREFM) 1281 2 2REHAIC THRILL 72 319
e (B 944, w2254) #IELI-L A, —HY7-0 0ERE% DMA 1T 6.47
+4.59 ug (1.97~39.7 ng) . AsBe |% 88.8+205.8 pug (2.05~1,680 pg) TH -7z,
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2. RARE

ERDE PDBERGEREEO DL LT, FFIRIZ KD KRR S OWABREIZET S
%, BMAETIZ, NEDO (2008) 23t #RDORKKHEE (0.011 ug As/m3) 7> 5 W AR
BRI LD — HEIES 0.22 ng As/AN/H EHEE L, WMAREOEREY7-V o—HER
% 0.0044 ug As/kg K&/ 2 LT\ (NEDO 2008) .

/NS (2013) 13, AERRIGRMEE=2V 7 @Trﬁ&z 22 FEEFEVHE (1.4
ng/m3) NOHEEF L7 HARANBRADO—HEZRXERERESY, —HIXEZ 15m3 &
RET D E 0.02 ng/H EHEE L/(b\%.’) AR ﬁﬁ%%@ﬁﬁ?ﬁﬂﬁﬂﬂtfi Exfss L
THE, RBEBEORKTIZITIZEAEATF VL BRI SNT, 1TE A ED R
% (Bl As(V)) THD k?ﬁ/&éﬂ“(b HZ 5 (Lewis et al. 2012) . D
FEIXE#K e ZO—HREE L ART I N TE, B L FOMRKIERE L ~LIIRE D
REE L~ D 0.1%RETHDHELTND,

A e ZEE0LRENMEDN TV & XTI F N aiTHiFE 52 puglg DEENREEN
TV, ERZEIE%IT 3 pglg £ TR T L (Kraus et al. 2000) . 1 A% 720 D)
GHEREIT 15 pg EWMESN TS (US EPA 1998) . #Z /32O EFEICIT 1 AN/
» 0~1.4 pg (Cogbill and Hobbs 1957) . EIEIZIX 1 A%72V 0.015~0.023 pg

(CEY) 0.018 pg) ODEHZENEFENTND LA SN TS (Landsberger and Wu
1995) .

V. R2EIIHMBNEOBE

1. ARERE
(1) RIR
DE#ERIELEY
oG sz AsTIDRe As(Vix, 12 & A EOBEIMFET 80~90% 2N HiH I (L
BB & (NEDO 2008) | Bk TlX 55~87% (Buchet et al. 1981; Crecelius
1977; Kumana et al. 2002; Mappes 1977; Tam 1979; ATSDR 2007) . /"L A X
— T3 40~50% (NEDO 2008) & #iE ST\ 5, FCEHKFICIF(ET Dl b Rt
(As(IID) K Oefgif (As(V) 1%, BEE, 20 213F5%Ee (1 95%) 12N
ENDHZLEIRENTWD (Zheng et al. 2002) 73, BFEHOEM L E ORIV
b LB OviRME, BBENOMO RS K OREBERDOFELCICE S~ R
o7 Ak o THERLEEN TS (EFSA 2009a) ., RIEEMED =Hifk b #ER
L b FE, eAbA Y 7 AIEHEAEE LRI SIS WE ERTWD (Mappes
1977; Vahter 2002; ATSDR 2007) . JECFA (2011) 2k % &, ~7 A~D 5ff
DO FLAEY OO G X H2HEEWRIIL, Odanaka & (1980) (L H#HET
&L URIPHEIE2Y 48.5%) . Vahter & Norin  (1980) T L 2 #&E TldEmu
(R HEM R 89%) 3. Z ™7, Vahter & Norin (1980) Tidd 7L & b#%
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5.2 FEMATD G G- 48 £ £ T~ U A & SH T\ 53, Odanaka & (1980)
TIHEFEREAR2ENTWARWNWEDICAT S EENTWS (JECFA 2011)
F7-. Juhasz 5 (2006) 1L, et hU U ATHELRINTZKEHWTE Tz
A H IR TR GE & TTIRO 3 A B2 {HEYK TR GE & OEMFRIRI =%
THDEERNTT VAR L THEE L TW5, BiE I DMANV) 2 312 & WS
FIFHRIT 33.1£3.2% 1K<, A ITEHED As(V) & & AR HFIL 89.4+
9.4% & @ olz, FEEHE DX, I ACEEND E FOEYFIFIHEITE ROLFE
IR L, AEHKRT O e ROFIEL ZDOILFERBIC O RE B2 T 5 &5
bbb E LTS, £72, Juhasz 5 (2008) |, 7#IZEB T 5V 27 U (mung
bean) O L EZDNA T XA FZE U T £1XUFIF 100%TH D03, ZOEEIX
LE AR ONTZ V0 (chard) TIiE50%& 720 b HROH BRI 2 KD
FEVHL SRRy DR EIURIB LD & LT 5,

B, B %MEDO~ T A (C57BL, C3H KLU B6C3F1) % AW TIUHIA G
INTEY, eBORAOBEOHEITHELE D OWIIZZRBFRD b v & His
TN TS (Hughes et al. 1999, &5 Z2FKE S 2009) |

QB ERILEY

E hOAHKE FEORDEBIUC L DHEILEND OWINICEET 27 — & 13 T
720y (EFSA 2009a) . Buchet & (1981) 235fi L7z, "7 T 4 T HXRITL
72 MMA(V) X iZ DMA(NV) DO W Nho b FEOBE KOG58 (500 pg As) %12 H
L7-WF9ECld, 4 B E CITRPICEE S N7 e BRIZZNENERHED 78% M
WNT75%ThH Y., 5liAHE FLEYOEIERI>T5%THDH Z EPRBEINT
W5,

Tt )2 —I2 20 TiE, Francesconi H (2002) 723, BRI T 47 1
AT BNTT v v a T —OBE 4 BZICK 80% 3 RHPICHRE SN D Z & 2
HELTWD, LrL, RPPEIHICES S FEDOT =20k, 7t/ v ali—0
RIS CRERBEAENH D Z E N RE I TS (Raml et al. 2009)

AsBe 122\ TiZ, EFSA (2009a) (12X % &, Brown & (1990) WA T T 4
T 64412 1As-AsBe x5 Lo L 2 A KRG 1 RO EA EITEIEDK 50%
THY., TOMHEIT. TOBEBEBICOEDEELZE®ES TS, L,
Brown & (1990) 1%, $5 1 B OEERTIIBEICIN 47z AsBe D% < R
WIZHEft STzt E 2 bz LTnd (EFSA 2009a) . £7-. Yamauchi &
Yamamura (1984) 1%, SCANMEICHIET S AsBe 1THILE > HIRGEICRIN &
. b FOEAITIE 72 BEELINIZZOIE & A ERRPICHE Sz L #iE LT
%

F oM TIX, RN 5 MDOIFEE L L TFEET 5 MMAV) & U DMA(V) 7 & DAk
B, BEAED >40%2 8 HE ORI S, 3MHOARE t LG ORI
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TRV E STV D (Goodman and Gilman 1980; Vahter 1994; Hughes et
al. 2005; EFSA 2009a) , £7-. EFSA (2009a) (2 X % &, Juhasz & (2006) 1%
72281 D MMAV) O DMA(V) D B IR ENZEI 1T% LT 33% TH 5 k
wWELTWD EINTWD

(2) 7
DE#ERIELEY

AsTIDIFAEE A7 pH TIIRBERETH Y . A A ALIEETH D As(V) L D I1x D
WHGEIZATFHIIEIZ B A 29 < (Lerman and Clarkson.1983) . 7= As(II)
T As(V) XV 10 g EF4— & LN E v (Jacobson-Kram and
Montalbano 1985) &#i& ST\ % (NEDO 2008) ,

AV RDOLANA (IHARRA) OFRTHET Lzt b (i, HERIREE) ©
AR O BEAEERZ ST LR RTIEL, BAENKRE VD, M 3.911.0, MK
5.9+3.9, & 12.4+20.7, Tl 14.5+£6.9, K 15.2+16.6. fifi 19.9+22.7 ng/g
BEETH-T-, MO FEGHENMEOOX, MR- A & EDOM~DBITE
T TV D ATREME S RIR S 7= (Dang et al. 1983)  —J5. MM, g s
ATHLE LT HARDRRA (36~T795%) D As & DAY ORER A 12 BE 9 2 BF5E

TiE, MOBEIIMMOMBEESHE VW EDLL T, 2TOMBCTRERBAERDH -T2
LIE I TS (Yamauchi and Yamamura 1983; NEDO 2008) .

F7o. b RBICHERINTEE O VHRICET e hofSEF Sk, e 3
(As(IID, As(V)) . MMA(ID, MMA(V), DMA(ID, DMA(V), AsBe } U} AsC)
PR Sz s SN TS (Suzuki et al. 2002; NEDO 2008)

HECD1~vRIZelEF U v A (As(V) (0, 2.5, 5, 10 mg/kg {K&E/H) % 9
AR OEL L, A ORFIRO B FBREAZHE LI & A, e R &
AR TEBERE ML ORFIETHEIN L, 10 mg/kg (AE/ Q&5 TlXZzh Fh ki
FELHEARTR2HEAUR 3ETH o7, FH LML b RN TIZ DMA, T
B CITEME ETHY . ZNFN 10 me/kg (KE/H G THBEEOK 95, 93
B CThHoTz L HEINTVD (Rodriguez et al. 2005, ATSDR 2007) , F7=. M
C57BL/6 v 7 AZEfeF v U 7 A (As(V)) (0.5, 2. 10, 50 ppm As; 0.08, 0.35.
1.9, 7.0 mg As/kg (KEE/H) % 12 BEMHUKEG Lz & 2 A, ke ZEMERE (I
Bt &, MMA KO DMA O&FHE LTHIE) 1XZ2WIED G, B > il > BEE > f
J& > ik > i cdH v . MMA IEBEICB VT, DMA (FifilcBW\W T b %< A5
N cho7- L #fiE ST 5d (Kenyon et al. 2008; EFSA 2009a)

it\ﬁﬂmwﬁéM5t%ﬁFiﬁ@1w%f%5*k%ﬁ%éhfwé
Fangstrom & (2008) (XA N7 I7F7 v 2 lZBIFHHEICHBWNT, SEKG
@%t%ﬁ%(ﬁﬁ%ﬁi®$%ﬁﬁw0%m)_%ﬁbb%f\ﬁﬂ#y7w¢
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OIS (FRAE 1 pgrkg) « HRLICBATT 2 e BaWidFIcEE L ETH
ST Z ERFEINTWD (EFSA 2009a) .
t &G & L,f:ﬂﬁ?@b%“@ i ?@?GH%E FROZEDAF ARG T S5 MMA
O DMA 1Zvd i b ia i WL, BE~BITTL2ZERHESNLTVD
(Lindgren et al. 1984; Concha et al. 1998; EFSA 2009a) .

QB ERILEY

EFSA (2009a) (X% &, Vahter & (1984) 1%, ™As-DMA Z#H#&5 L=~
UAKNT v hTIEHEL% 6 RFEILINIC iw@_mm>m>% FEEE > H > KSR
TEENEL, Z2< O TIE DMA OREITEHITIE T L7, M, FREEEW]
BRI CIIR b ES RSN 25 L TWah, £7-, Hughes & (2005)
% D B6C3F1 ~ 7 A (2 MMAID } O MMA (V) % % Z 3 H R 1 % 5 (0.4,
40mg As/kg fAHE) L7zt Z A, MMAV)$G-8EClait & OB igic, MMACID
P GRETIIMIC R L ER L (MMA L O'DMA & LCHIlE) | Mokt 5 DMA
DEIETE, MMAW) 58 (0.4mg As/kg (RE) TiXf+ T 0%, iT19%TH -
723, MMAIIDE SR T T 756%., BEbE, Bk 0N 100% Th o 7= L
I TW5,

(3) &
DE#EZRILEY

KT D As(V) 13, 1ZE A CoBPRETILT T AsID & LTHRIEND

(NEDO 2008) , ARWICHIN Sl E R IX A F/UABREB S, B T
+ & LT.DMAV). MMA(V), b & OVl & @223 R Iz ki & v 5 (JECFA 2011)
Flo, AV RERVIVINO v FIEGHIIZ BN T, e BHREEREZ 2T HERD
R e FE L DMANV)TiEZR < FIZDMATID TH S5 Z & nfE ST b (Mandal
et al. 2001) , fUEHHC L W 2 F L b &7z MMAV) & O DMA(V) 32k s g <
EEDORATFIMUITERIZB T MEEELZEX N TE T, LrLRnb, 2o
M TH D 3 i A F ke FE (MMAUID, DMAUID) (oW TiE, T4ETIE
AFIALRHENT I e FOME &V ) L0 i3t LARBNEH o7 nt 2 L& 2
5L TW5 (EFSA 2009, &M Z R ES 2009) .

X 4 M BEAE D A F ALEHEFE 2 ~7 (Aposhian et al. 2000) , —
EPTiE, AsTIDD B As(V)~DER{LIZFE/R N A FIVIEDNE A S L HER{LIY A F L
(BN & 38 OACHIERE & L CHRE STV 5 (Challenger 1951; Aposhian et al.
2000) . £7z. M5 T 3flit FE— I NE T AL EEERDIAM AN Lz A TF L
{LHERE DN E ST % (Hayakawa et al. 2005; Thomas et al. 2007) ., Wi
DA F AR S b FOBETCIREOLHE) (L Ry 7 XY A7) OFTSTT
J UL ATFF =2 (SAM) BAFAPEGRE 20 3 ik R A FLVIEBRER
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(ASSMT) Zhah &+ 2 A FNVEBEERIZ L HMBERIETH D EEZ BN TND

(Thomas et al. 2007) ., Z DR TIEMEBENEL, B{LA NV RAEFHEHRTDH
ELHEIN TS (Huetal 2002) . fiti)7Tid, DMAIID O 5 72 5 3= oA EHHE
BRCERTDVATFATNANY G TFRBFRLEDORISIZEDEHRT VIR ED
7V =T A NDERPNERE STV 5 (Yamanaka et al. 1990; Kitchin 2001) ,
Flo, RPICOATFATFAT NV B EOE e BEEMB R S, EbiX
VAFNEREAERNEGEALEY & OIS LV BT D RTEEME MR S 4TV
% (Yoshida et al. 2003; Raml et al. 2007; Naranmandura et al. 2007)

QFEHERILEY

WPEEMH D v FRBMOME XBHBR LR, Tt/ va T—EFEN
mUWERE R ETHE ‘YV@F?EP&U“J]']IEP b 3R & TEREBINZ 34T Lf:’ft% PR K
QML O F 723 1X DMAV) TH O | R, figgs  OEEICBIT D E ?’%/;af“
bt RIEFEEO L Y L L CEVVEE R Lf_ (Feldmann et al. 2000) 5.
~ U ZEmMEE L OEEEE HNTT Ve ) 2 T — @é%ﬁ%@_owf
FRET L7ofE 5, M #2272 RONRGHR (837°C, 1K) TIX95% D7 vk /) v
a2 N —NFARICEBR I N0, GHER D 2 TIETF AR~ D EHRITE ) - 72

(837°C 48 W[ 77%) (Conklin et al. 2006) , 7/ &/ v a b —%4EHRLI-t
F DR PR E LT, DMANV)DIENTF 4-DMANV), F4-VAF LT Lk /)T
% /) —)v (DMAE) . 47t/ vali—7¢ Eiﬁ*ﬁ.ﬂ ENT=N, ZhHDRF
b FZHEIT DMANV) 2RO T2 (10 mM) ([2BW T MR
Lo 7= (Raml et al. 2005)

fEEEA# e Bl THDL T L/ U E Y Rid, & hOKNTDMA (V) (218
X5 (Raml et al. 2009; Schmeisser et al. 2006) .

AsBe O 1 9 72 v FLEWIL, B BEEMITHATIZE A SMREH ST,
LV RPIC et <D (WHO 2001)

QKBFniEE - EAE

e B0 A TFBEHZIFEZEZS RO NS, v—FEy b, T —K
CENLEY b TIEHHFBOE FEAFAVEBEENRBE L TEH MMANV) KT
DMAV) D JRHHEIIIFE D DAL TW ey (BRMEREFES 2009) . —J, U—
AEF—, VX, v TR Ty N RONARY — [ THEIC & R A T LR RE SR
DHEEL, EHRDATFIALIREHEEEZ A LT 5 (Goering et al. 1999) , £7=, =
LD EEREMW) ORI HEN XD MMANV)OEIGITE b &g L CEERIC D 7
<. MMA(W)7> 5 DMANV) ~D A FIAUALRNRBITHDH Z ERHPEEI N TS
(Vahter 2000) .
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< U ADFREFEZ OV T, C57BL, C3H LT B6C3F: # WV THEF SN TR Y |
tﬁiz@ﬁmﬁﬁ ZEBHEEED D OWIUZZREPRD 5D H DD, A F AbIGH

ITEEDPBO LN TN L ST % (Hughes et al. 1999)

YT, ASSMT 2t EDA L IRBICRE % KIFT 2 L 2T EBRN3IThb T
%, MEMEEPAARY (C57BL6) v A (LA TWT) w9, ) (28]L) & ASSMT
Kb~ 2 (LLF TRKOJ) &vwoH, ) (28[8) IZENEhMeE) M) oA

(As(IID)) (1.73. 17.3. 43.3ppm : 1, 10, 25 ppm As) % 33 HREIfK#EE L.
MAEF OB e FOREZRIE LR, KO X0 WT BREn-o 7203, RIMERH Dk
ERREIIWT L0 KO BREroTz, EAflE, Bigk ok e ZREIX, WT
X KOBENoT-. WTFnh, e Eh o X F Lkt FZ(mono-, di-. tri- A F /L
fbe FEEWOEIEN WT TlIeEo 8 E 2»‘:5&3‘(1/\7173> KO TiH&kh -7,
FHHIX, KO TIEERDO AT ILREDNIEFITIR T L TWAIZHE 2 0bbT, AF
AL E FED KO ORAEFIZ HF80 L RRIL, BE 5 < leﬁfrm-% &5 e FH#EMK
WREZLNDE LTS (Chenetal. 2011)

vk OEEZEIZOWTIL, ASSMT 7¢ & b FEREICEI#E T DR OBE 28 L
R\ AF Ak b FHEM & ORI FEEF ST % (Lindberg et al. 2007;
Hernandez et al. 2008a) ., T U AIZEBWT ASSMT i&fs+ D Met287Thr @ 1 ¥
AN L R MMANV)S ER$25 2 ERHE STV 5 (Hernandez et al.
2008b) ,
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OH 2e” OH OH

L—> H _l_ H A_>SSMT HO—A|s—CH
-« (6] S (6] 3

HO——As—OH

(¢] 2e”

arsenate arsenite methylarsonic acid
As(V) As(l11) MMA(V)
2e>-\l
OH
HO——As—CHjz
methylarsinous acid
MMA(III)
SAM
] AS3MT
SAHC
CHg CH3 . CHg
AS3MT ze
HsC——As—CH; <—C HO——As—CHjg HO——As——CHs
o SAHC SAM ) o
trimethylarsine oxide dimethylarsinous acid dimethylarsinic acid
DMA(II) DMA(V)

TMAO

SAM: S-7F /) o -1-AF A=
SAHC: S- 75 ) 3 N-L-REV AT A v
AS3MT: 3 fii & & A F/VIRFE I

X4 EREEYVORE BRAEMGAFIVERES) (BaZeZEs (2009) X0 HEGH)
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OH OH 3 GSH SG

| ¢ |
Ho—A|\|s—0H L’ HO——As—OH L—" GS——As—SG
2e

arsenate - arsenite 3 GSH arsenic triglutathione

As(V) AS(I) SAM )
AS3MT
SAHC

OH OH 2 GSH SG
HO——As——CHjz 47— HO——As—CHjz L—x?_ GS——As—CHj3
o 2e 2 GSH ) )
methylarsonic acid methylarsinous acid monomethylarsenic glutathione
MMA(V) MMA(IIT)

SAM
] AS3MT
SAHC

THa CHs GSH THS
HO——As——CHj 47— HO——As—CHs L’ GS——As—CHj
” 2 GSH
dimethylarsinic acid dimethylarsinous acid dimethylarsinic glutathione
DMA(V) DMA(IIN)

K5 ERIELEYORSE GEEZ—JILEFAUEESREEEN LA FILIERE)
(BEZEZES (2009) LV is#H)

(4) et
DE#EHRILEY
b FELREORBEDIT, FITRLOBEF IRt D, 7y MIEELRZED
REIPED) 2 BB B ~BEIE T 203 5 5 3, £ < OMWELEMFE L e ~ Tl
t FEMITEIZIR B HEM S5 (Schuhmacher-Wolz et al. 2009; EFSA
2009a) , t MRFTIE, &I, DMAV) (40~75%) . BN O =f{k .t
# (20~25%) W N MMA(V) (15~25%) 2i@HHid (ATSDR 2007) . L
DUZRN G, ERESCANEIZIIT Ve ) v a T—X° AsBe e EOFHEE FLEW
L GALTEY, MENOERIZIVZENLOAME ENRFICHEEI NS,
HEL F22Z2< G0 UXFONMLEMEREZDRY v RDOIEREHIGHT & & Dk
P2 b 2 BIEE L7oAE 3. ele, =k — e &, MMA(V) XU DMAV)idt o %&E
Bt Z 2 4,.6.5,13 LN 17.5 B T — 7 B |2 #E+ 5 Z & (Nakajima et al.
2006) . b UFEHEE 48~50 FE% T 50~90% D b FEPE XD = & 3
INTWD (U &R 1979; fEH+ 5 1981) o
e EO e MEF o EIIE 1, 30, 200 @O ZFETHY | FAHT
K DR 2 B L= (Mealey et al. 1959; Pomroy et al. 1980) , & h®
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FCE D IAENT- B FiX, T5% N0 4 B, 720 25% 134401 10 B THins 5 HE
M2 ZFAETETARZYLE TS (Thorne et al. 1986) , £7=. REtt
D FLEY TIT LR IEIN 2V IERESND EHE SN TUVS (Brune et al.
1980) ,

QFEHERILEY

b T, BERENZ MMA KO'DMA X5 LTRT GERED 75~85%)
W21 BURNICHRt S S, 202 Lid v VA, Ty PRONLAZ—IZ LD ER
THRIANTWD D, B TIE, R & Rk FEHIZ b P S 415 (ATSDR 2007)
T AR ONDAF —TiE, MMA KO DMA [ ZAEICERANSIERT D Z & 230
HENTEY, Hl2I1E, 7 2 TlZ DMA QL0 85% - 2.5 ] Tt
ICHEE SN D, — . HBAIICT v b Tk DMA OB E80D 45% 23455 13 R
CTHEM Z 40, 55% 23 1983 50 H CTHEME < 415 (Vahter et al. 1984; ATSDR 2007).,
HARANRTZ 7 47 210 4 TIT o T2 AR R TIEL IRPICE T 5 AsBe OHHfE
25 61.3 pg As/L. DMANV)DH A 42.6 ng As/L &, EVMENHRESH TN D
(Hata et al. 2007) ., —#%IZ. AsBe IZ% DO K4 MU & VB EZ LN R
HHEE SN DN, Tt ) va bl —x—EMosice L TEIAEEZAET D
DMA(V)X° DMAE 7 EIZfR#tE# S b L fE ST\ sd (Ma and Le 1998;
Francesconi et al. 2002; Heinrich-Ramm et al. 2002) .

Qi DiE=E

< AR b REFIRNKE G35 & 90%28 2 B CHEIE S 1D D%t L (Vahter
and Marafante 1983) . & ~ DAY FH)HEIIE 4 A TH 5 (Buchet et al. 1981),
7w h T, ~EZrbEro AsTID EOBMENRE hA~E 7B B AR TEL
(IARC 2012) | fR#4ERk L7z DMA(V)2SRIMERICERFF SN D720, B b, w7 R
KON ARG —Tp B O ELENY) & beig U TR P EERDSEE S . B BRI E I
e84 % (Vahter 1981; Marafante et al. 1982; Lerman and Clarkson 1983) .

2. BECRILEDDOEE

(1) EMZBTEEE

tFE AW 20 NS B ETE L TEEND Y, SARISAT, FEERRIBAT,
T AREZE, FERPEE & CREMERE I L ARERENRSIN TV,

—J. e B LD EM~OFEREF G ENTHESINTEBY, BARTHH
12,000 4 OFAERNHEAMEFFELEIE LEFRNS 5, £-, WMV TIE, &
Bl Z A U R v BIRBIC L AR OV THRE SN T WS,
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DRAMRVEIMEE

M FLEMIIE RE2RICESR L2 DD, b EOFMITEDIEME ., (b
FILREIC L 0 e %, — %I As(IDIE As(V) X 0 eV & T b (JECFA
2011) , B FRAICBIT 2 EF BB EDOFRHINS . ZiR{b "t F TITERNRIN
& LT 100~300 mg/ A EHER 4L, B L 0 s ElTmn g SnTnsd (N
MEMEZRETRS 2009) . £/o, ROBEBUZ XY =t e RO e g N o
PIBIT HE/NESERIT 2 mglkg RE, /NRICB T 2B 0/ EEIT 1 mg/kg
KELOHRENRH D (RTECS 1998) .

arke FREBEOMERIL, BB, THI, =95, BEKOMEGR, M-, BE, B2 W
EDIINEEIIERE BT D, BN AR, BIE e & ORBERELR., WIZEET 5
£ 9 72 B OPIEOME N INEEDNE Z 0 | B GERFR R G e, 18R, T
Fi7e & OREEER DS HEBLT 5, EERGAIIEFV R, WU WIEM:, KM T H#
ETL, BKIZED Y a vy 7, fEsE, OffEELKOEREENSHELL, R0GE
(2% 24 FERILAN TR T 5, F7o, BEUE 2~3 HE L 0 RIS & U TR
R A EETHERBMPBRANHE LT 5 (b LS 1987) , AIRICBW T,
R e FIEAEMITIER SN I vy OB (Fh55 1.3~3.6 mg/ HHY) THoH
FILANIZIRED R BT 5, KRATH 3 mg/HO e ELAYWOEEIZ LY 2~3 R
TRIERDOIRBER BT 5 (RMEEZES 2009)

EREICB T2 hEEA L LT, SEFEETIEIERILO S U—F, Stk
TIHABRKEEI N FHERET NS,

WA (FRE) IRETRIC L 2AMETRFRICOW T, EREDO v FELAEM DL K
ANLTSGE, DEENBYEPAET D L HEFIZE D B RITHEEICEDY A RIS
N, FOZ LG, FOEERE RIS, HibaiEk & UCTEL, T, B8R, &
(AR & R OfpEENRO bND Z b H D (U.S.DHHS 1998) , EiEED
SR e FBEAWA LTBE . MR~ DORITNE & 8B 7= 6 | EUREIE IO R
B S ORI R EE S B U, iAKIEZ 272 L CEET 562 80305 (R ED 1987)

a. MFLH L —EMEASH

Rk 1046 7 25 B, FEkILUHEEICB W T 67T 4N AaMe FhEICARY ., 44
D) 12 RFRZIZIE T Lie, AFEIX 634 THM 294, LtE34 4 ThHhDH, 1~12
kld 20 44, 13~67 ) 43 4 Th D, JRIKIT =k e FE T, £FE 63 4lTE
FAHEEERE (WINAE) 137 53 mg, 100 mg PL EOEE 4 4, 50~99 mg
DOEIMN 25 4 ThH o7, 2D H B g AKOEIEIL 141 mg, H/hO#EEEIL 18 mg
Tholz, 12 FD 20 4 O b FEIUEIT 48.5+123 mg, 13 kLL LD 43 4 Tl
55.5+26.3 mg TH o7z,
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T L—IRASNT = b e T, KREDDRETHEML A ALl —&
IO EFER SN, 7 V—BEE, £ 5~10 0 CHEMIERZRD -, ERL
&I XA 3@ T DR T THIRIER 2V THEL L 72, TR bilzo
IFEFE O T, B eRPEHECTHBET HER TRV EBHALNE R oT2,
FEROEES TR E AR E ., Bk, >3 v 7 bbb, BT LIE TIETE
BRenlE EN TRIEIN & 7otz BEIER Tl mifEE & LC, 8. B, &
g N OV AR 23860 7=, W« BJER T 2 WM. VUBRRY SR WA el Rt R
AP E N B L, R R B 2RO, R, EESICREREE S L
T, RLBEMEZE (%) 2MEE. WMo TR OEMICRD bitiz, S 512, JNZ Mees
f(ERR) DIRAICHBL LT, Zofhlc, flEk, BimieE, DRk, B, BiE
IR EEDBOBF IR, B T e FORBEERLZEBEFICE T, B
X B EAIHRE © XARIEBEMEDE & L T EENIC e FOSRBEESRD b,

634 DEBEEITL T o hELEZ SN OIC, At e BhFEOEKRIEER TH D
& L — Al BAL (British Anti Lewisite) 23%&5 31TV 720,

INRD A FALRBITARA LY bm<, e BEIWIEIZBW T, e RBITRPI2E=ER
PINZHE S 7e, 2D Z LR EOEIFICR S AL, /ANROIE 138 1~
10 A BIZIZEEMEMIC & > 7225, A O sk ZEE O T m~tEA T, B
OHINZITA 10 FaE LT H RIFMREEZTORIEZRBO TRVt H 25 (LN
5 2002) .

b. HFKEZINLIVDEEHK

BI~OBER e 750 LT, ke FE I V7 hEFHXEN TR b IEZ 72
HETH D, 1955 4, BAKALEME T TRE L Tz THI VY ) IZiRmT 5
TERAOE U VY — X IO As(V) DI 10%IR A U 7=, ] (L IR A BRI 1
Gutzeit (RIC L DI N7 HEeRBELZHE L, Moo v MZXVEWDRH 505,
SR T e #EE LT 20~60 nglg S L2 (bR E kI 1955) |
FRKAENRE LA I Z I3l AARZPLE L TAL Jitil L b HEHY
L72f 2 v 2138 3 A MICh - v RS ke, LK 12,000 4 3 fiatE e 37
FEE L0 1334 LI ENTWS, AWERKHIAZ 0 6ERLZ1 HD
b FEEEIT 1.3~3.6 mg. WEREIL 90~140 mg EHEH S 7= (BA 1955)
WESNTZERFTRZRAET S &, BIRICA O AMER IR, BB, &%
Wk, SR, AR, WEM-, I, BEUE., HEEOREHEAE CTH Y | BRI
& LTiTAIMm, FRiEkEas, DEXIEY . REEEmE X #0782
WEINTWD (NAS 1977)

15 4F H DARRIC 31T 2 IBBFAARE R (RIRKRFE ) Tk, R OEN, AR
FEIE  FAUIE  BERE RS AR R A . C AN A DIMEE RO b= (NAS 1977),
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FRIE AL 50 LA B3R L7 BIEDRBUZBI L T, KRIRIFZE AR & —
IS ER 6,104 4 (B 3,738 44, Lok 2,366 44) A xBE LZRiH & 24— M
7% (1982~2006 4) % Fhn L7z, BILEBRAFEnIL ) 27.4 k. BIEHIMITEY
24.3 I Th o7z, HEHZDOIL LI 258 4T, &K K 5 B O HE(LIE
Tt (SMR) 12Kk 1.1 (95%EHXHE (95%CI) =1.0~1.2) . % 1.0 (95%
CI=0.9~1.2) . &M 1.2 (95%CI=1.0~1.6) T, ZELWEETROBIBIZIA LN
RIS TEN, MRERFERICE 5F LWVIBEBE T A B (SMR=3.7, 95%CI=1.9
~6.2) , BB YYNCIEREFIRRE CH - 7= BIEMIEHR 408 L DTV A7 1T
IR THEIZE L (SMR=2.8, 95%CI=2.1~3.6, p<0.01) . F7-. ff#ﬂrﬁé?ﬁ@f%
B (SMR=25.3, 95%CI=10.8~58.8, p<0.01) . MR DEE (SMR=8.6, 95%
CI=3.1~16.8, p<0.01) . fEERADOFEE (SMR=3.2, 95%CI=1.6~5.2, p<0.01)
KOOSR (2@, H&A%) (SMR=2.6. 95%CI=1.4~4.1, p<0.01) 1P
WTCHHEREICEM Uz, EH IR, —ERE LT, AFEFOER OFRRR
DTERBIZL AT ) R BNEFEEICEN->T2E L TW5 (Tanaka et al. 2010)

Qg
1@t e R EFIIR A BB L2 FFR RIS THY . 77, PREKEE, 0k
I8 EITB T D B b SRICTHR S R ORI D HBUC K5 H6ITH 5.,

leit??qjﬁi@%bfif@ﬁﬁaﬁ IIRE &I TH D, FHFKEEIFIZERT
5HZ LI KV IEMERIC e BICRETE SN TWAEMTIE, fBbkdo b 2N 100
ug As/L ##8 % 5 & $®J|§ﬁ7§>i%'7m¢67 fEM:N S D (Grantham and Jones
1977) L TWwW5b (JECFA 1989)

B, BROBBUCL A2 EHDOE h~DOREIZHEHT HHAOKISIX, EHEEED
EKZ N LTEIBRICE D2 DO TH L7120, RFHIETIXZ L Z T FeHk Lz,

a. EMNAM

IARC % 2012 2 b FRFEIC L DHEBAMEOFMZ £ & TS, BB D
b HEN, BEhE, kORISR E S ST oA B Y . WTRORAD
HAEEGFEN RSN TS E LTS (TARC2012) , BILE 2o 7=mA 0% < 1%
R e BROZOIEWIT X VIBYRINTH KR EOREN DR S iz fk R
THY ., HRERE CORNPAMITEE L OMFFET— ﬁbtﬁ%f%é%@@\ﬁ%
ECORBREIZ —EOHEAE X HIIZIEE > Ty (NEDO 2008) .
® Baastrup b OHFFEIZIBWN T HIKEE OB B RIRgE L BN ALY 27 @Fa‘g
XA BTzt HE STV 5 (Baastrup et al. 2008) . BHHIZEIL CTix
AARICBWTHE SN VX000 e BFERENOHEF SNDIEBNALY XA 71X
FRTEHLUL% kEAD Z X (Nakamura et al. 2008) . T TIXAARAIZE
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THEeFREBREBUEGBE L TWABMHIZBIT DD Y 27 & ORI H &G
R NFE D LTz & OWED 726 ENTW5 (Sawada et al. 2013) .

—Jh. WA (BREIE) BEICHOWTE, BEICBW I, JEekfskiT,
R T 70 E ORRFEME VR @%Tﬂﬁ)%ﬂ HILTWD,, FEHET & Ry A B oD #i Hd
PRATH B 839 4 & xtG L L7z 1949~1971 4ED 2k — MR T, fififs, FF & O
AERGIE I L DIMEIFE LN D 5TV D (Tokudome and Kuratsune 1976)

(a) K&

2012 4=, TARC I%, BB HERE e B O MR Z £ & o, KEE (FRHOR¥ LK
) & ORI FEBIRZ MR Lz, Mt LRI IR R OMRERE L U R % FaE
ETHEE (FICHEEEO b FL3MIE) OERRFNFTIA (Tseng et al.1968; Chen
et al. 1985, 1988a; Wu et al. 1989; Chen and Wang, 1990; Tsai et al. 1999) . &
U CTORJEE DT F| ’Fﬁﬁ“éiﬁ%?ﬁﬁﬁﬁ (Rivara et al. 1997; Smith et al.
1998) BNEEND, £7-. BEBICEBIT S5 adR— FAE (Chen et al. 1988b; Hsueh
et al. 1995, 1997) 7¢ & Mﬁéaﬁ@xa“%%ktcoto IARC i, EREWTNoREEICE
WTH B L TERE RRREICLDEFEOAERY A7 RN RESLZELT
W5 (IARC 2012) .

Baastrup & (2008) (2K 57 »~—27 TORRIMNMN A K OREICEET 2 HijH & =
AR — M A& (EPIC: European Prospective Investigation into Cancer and
Nutrition) (Z33(F % HIFEEH > 27 & (GIS) AT Ti, ﬁk*ﬂﬁkqﬂ@té%&fﬁki
0 B I S OV A I D RS I T MU B A 22 [R] D FE A% |2 BB IR & B V7R D o T2 28
2 ug/L % LIE % L~ L OREBRE 1S =< M L Ao 7,

(b) FERtsE

IARC %, 2012 FED b EMEFEIZ L DN AMEORTHIIZ I T, fCEbK R oo FER v
F LR & ORI A LD BERIIMBARAAL T AL D b0 TIER <, HERIEG
BUR B A LTINS Z Enn, BERICBWTRHRBAERS D & L2, B (Chenet
al. 1985,1988a; Wu et al. 1989; Chen and Wang 1990; Chiang et al. 1993; Tsai et
al. 1999) . ¥V (Rivara et al. 1997; Smith et al. 1998; Marshall et al. 2007) &
W7 V¥ F 2 (Hopenhayn-Rich et al. 1996, 1998) D/EREZRHIHIZEC. BB

(Chen et al. 1986) DJEFIxEIFZE, B (Chen et al. 1988b; Chiou et al. 1995,
2001; Chen and Chiou 2001) <°HA (Tsuda et al. 1995) <°#F:[E (Cuzick et al.
1992) @D ak— MR &% 50 TRl 21TV, SR ORANE & mik B X OV
IREE CORE LR LTS (TARC 2012) .

Kurttio 5 (1999) (. 1967~1980 27 1 > T & FDKIERRE D 72\ Hitts o
ER 144,627 A i & LT, MR OV g & P KIC X % b SRBREE O B2 o
WA, e 72 R 6 5235 1% 1981 ~1995 4RIk & W S vz 61 4 (35

51



50, Zc11) | Ehgks L2y 494 (5 24, % 25) W ONTHhn fe ORI % ~
v F B RREE 275 4 (3B 163, & 112) Thoiz, HFAAKDY 7 i 1967
~1980 FIZHEH I TWIH PN ORI L 72, XREEOH A KH b R I
STz (P 0.1 pg/l) . BligE Y A7 B L Tix, kP eREE, —Be$E
Ha%%@ PR ERBFEEOVTIUCBW TCHL A ERBEEZEO 2N T, ﬂja‘ﬂ)lEJ;;)
2B L TiE, W 3~9 FRTD I FAKH b RIREE & BENFE O i, Fim, o+

%[J&@@iﬁfﬁﬁﬁkbf_*HXT) A7 (RR) 73, 0.1 pg/L RimilgEEHe & i LT, 0.1
~0.5 pg/L BEFERE TlX RR=1.53 (95%CI=0.75~3.09) . 0.5 pg/L UL FRRFRAE Tl

RR=2.44 (95%CI=1.11~5.37) Th-o7-, L)L, B EBRBEELHEEL L

ElZIE, BEBEE U A 7 1ZB LT 500 pg RimigRgE e & bbig LT 2,000 ug LA EIREE
HTHLAEEZRD -7 (RR=1.50 (95%CI=0.71~3.15) ) .

INETITONIEFHED H> B, Bates H (1995) (%, KE= X MIzF T 1978
HEIZfTH 7= National Bladder Cancer Study 7 — 4 (JEGFIRE : 117 4., 5 97
&, 204, ) 64.2 5%, STHREE 266 4. B 1944, L 724, Y 61.1 %)
ZB i LANEN 4&/;§ﬁ@ﬁkﬂ7k¢t§'%ﬂﬁ‘e & BB O BSE 2 M L 72, BAE b SRR
BLTC, R RAFRFEE (index 1) L OMEMEENS IR S DR & RIRE % K
Bﬂ%bt%‘b%‘%ﬁﬁiﬁaf (index 2) DO SOFRIEZ iz, SR O b BEEIX
0.5~160 pug/Li (*F-¥) 5.0 ug/l) Toh o7z, Flin, MEAI, B, HIRWEE SR
KEZER AT, BEDURYYE OBEIEEE, 20F . ﬁﬁﬁﬁzﬂﬁ@%ﬂmt&zﬁ/w )
A BEHE~ONEE THE L2 o4~ Xtk (OR) 1Z, index 1 2= L L7255
A, BB 9 19,000~33,000 pg (50~90 pg/ B IZHHY) BRERE T LAEAAZED
b7z (OR=3.33 (90%CI=1.0~10.8) ) . [RAEROFIHEH, index 2 ZfEIE L L7-
B, 2 30~39 4R =13,000 (ug/L-years) BRFERECHEMLREE Y 2 712 L HH
MRS Bz (OR=3.07 (90%CI=1.1~8.4) ) ,

F7-. Steinmaus © (2003) (%, LLATIZ 100 pe/L i < OHCEIKF b FRIZIRTSE S
NWTETKERANEMNEELD 6 BRE TV 7+ V=TI 7 AROERZ %5 &
LU CHREBIXHRAFZE 21T\ it & b BHBECE & ORRZ A L7, IEIREE 1994
~2000 FIZJFAMEREBEE & 91D TRWr S 7z 20~85 kD B 181 il (15 34, %«
147, ¥ 69.8 i%) . XTHABEIXAEMS &R A2 — B X w7 328 f5i (B 76, £ 252,
E¥) 70.8 %) Thoio, bRBFEET. ACEOKIR, BUKE, BE, BEZIZOW
TEMICLDEMERELAIT> THEE Lz, B D 27 oL, 4, %IJ
IHEN ﬂﬁ@ﬁﬂf};\ N, 2B M ONHE CRig#E% . B 3 82,800ug UL HIREREICH
WTHROD BN ->7- (OR=0.73, 95%CI=0.45~1. 17) BRI (2T
e, PERI, WZE. IUA, BE R OAFECIEES, 40 FLL ERTO ERE b RRE

(80 pg/ H LA L B 177 ng/ B I L DA E R Y X7 D80 61172 (OR=3.67,
95%CI=1.43~9.42, p<0.01) ,
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*7-. Bates © (2004) %, 7L F . Cordoba {2\ T 1996~2000 H(Z
i, MK OMZ ~ v F 72 114 fHOFEFDG AT CEBIRE : 75 94 4, & 20
FH. 1 68.9 %, <HHRRE - B 94 M. Z 2040, WY 68.3 %) A E LT, EE
FERIEGIRT RRBIFSE 2 FEhE L 72, 25 40 2B T D(EBN KOV T L T,
FRRHRAT OFE R, A K b BREICEE SV CHE I U7z & & s i 2BE L <
WRWZ ERIBE I, Lol HPEABHZOL ORI LE LI84a. MER,
HAE, Rre—Vy (w7 H&RA e —) IZXb~T KO HE, #HELO—
H Y% 7= 0 O SR CR#E U7z 50 4FLL ERTOHFRER (51~70 4Fa0) 1, M2
JEEIZR Y oV 27 8EmEEET 2 2 &EnRme stz (OR=2.5

(95%CI=1.1-5.5) ) ,

Chen 5 (2010a) %, HEILEHES 8,086 4 & 12 ERLBHRRA L. BEbtE & 153
ST HFRD b FEREE K OO O 528 DWW TRl L 72, b D38 41323
ABERTHER LT, T2 > 7 RBIAY — REUFET LV TITo 72, ORGSR
450 HEORERERE AT AE L, b RIERE OB AL - TR O3 AR 2 BN L <
Wz (p<0.001) , FEp R OPERICIEZE L7= RR 23, 10 pg/L ARTmMgREREIC 5 LT
50~99.9 ng/L EFEAE TiX RR=4.18 (95%CI=1.37~12.8) T&» Y. >100 pg/L ®
EIRERETIE 5 5L E (RR=7.73 (95%CI=2.69~22.3) ) Il72o7-, £7-. BfE
b FGEE 5 400ug/L-years (219 2% BAFH b FEiRiEE & 5,000~10,000 (ug/L-years)
FEC BT DA K OWERICiHE L7~ RR 1% 3.88 (95%CI=1.18~12.7) Th o7z,

—J5, BERCEEOMEF Y R 7 % e f%fxu\%@%%oto il 21X, Baastrup &

(2008) 1%, 1993~1997 FFIZT v ~—7 BT D RIAIE 2R — MIBGE L7z
VON= U RO — T A EET D 56,378 44 (26,876 4. 1 29,502 4, Bk
IR AE 5 T B 56 %) 256412, 1970~2003 4RI BT D~ Db FHIRFEAHEE L,
RIEEOCEIKTT e BREFEL NV A7 EOBEICONWTa v 7 AT — R
EUFET L ZHWTRE L7, 24— F O b BIREREIT 1.2 ng/L(0.05~25.3
ug/L) ThH o7z, BE, #F. body massindex (BMI) . Ky, Fk3E5%E Cilsstk.
IRFFRTINEE ) b R & &Hﬁﬂfn%-? (p=0.75) DY AV \ZITH B RBEE AR O 2o
72,

F 72, Meliker & (2010) 1%, KE I > H 2B W TREF BBIFZE 21TV, 2000
~2004 FIZEDEE L2 ST 4114 (55 315 44, & 96 44) KUK 566 4 (
418 4. L 148 4) ZxtGe L L. fHlx OEERGE 7 0 7 7 A V&2 FRESE L=, JEH)
K OSHHR D 90%75 b 22 0.02~25 pg/L OEFHPN OBREE T & - 7=, MRIHEE HE |
A Y AT BREEVESEIE Rt OFIEEE . i, AR ORI TRl H#Féﬁb@
AR TR 1 ng/L AR RE & bt U C > 10 ng/L BE CREMERE U 2 7 OEIINTRD &
n7pino7= (OR=1.10 (95%CI=0.65~1.86) ) , MUHEHE|ICBNTH, HBF. A
U A7 WSE~DUEERE, Bt OFEEE, Fhn, AFEL OWERCRli#EtL, [RERIC >
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10 pg/L BETEERLRE Y 2 7 O#INEERD bt -7 (OR=0.94 (95%CI=0.50~
1.78) ) .
b3 EBEMEICES L T, Mink 528 E =2 —%1T7-57 (Mink et al. 2008) , —i
@zﬁ% TR L AUVIRE TOPREDO B LRI T 572 0 ORI 23550 2
LB bo s bz,

(c) fififE
IARC 1% 2012 FD & EIRFEIZ K 5B AMEOFH Iz VT, 8K &2 9 L 7= i
e FREEIIMICBOTHERNBAMEND D & A7e LT 5, 55 (Chen et al. 1985,
1988a; Wu et al. 1989; Chen and Wang 1990; Tsai et al. 1999) . VU K OT7/LE
> F > (Rivara et al. 1997; Smith et al. 1998, 2006; Hopenhayn-Rich et al. 1998)
e oIz Z . F Y (Ferreccio et al. 2000) KN T TFF L =
(Mostafa et al. 2008) DJEFIKIFEIFFECHETE (Chen et al. 1986) @ 27— Mjf
e PIC ke ERE A S X TS BIA S S & L7 (TARC 2012) .
Ferreccio © (2000) (. 1958~19704FDHEIK b FIRFEN860 ug/LTh - 7=
F VAL B T1994~19964F I fififs & 2 S - B 1514 (B572%. 161
k) & FEEEET D &b oRELSN D AGLEFE 4194 (561%., FH645%)
x5 & U CEBIR BB SE 21T > Too #BRFE IZITHORIKIR, BEEIZ DWW T A ¥
Ea—%1To7c, BY AT 4 v 7 BRI OfE R, ﬁ’x*ﬁkﬂF‘@t?@%rﬁ@ﬁém&k
HIZHFEE OORDME R L, 10 pg/LATHMEERE & el UC, MR, Fin, RREATEM
S SRAOREENETE K O SRR E R HAL CR#E% OORIL, 10~29, 30~49, 50~
199 }2 T8200~400 pg/LIEF=#E CTE L€ 41L0R=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) & (*OR=8.9 (95%CI=4.0
~19.6) Tholz, F£7c, WOBIAKF b Rk & WS L O A/FERIZE L Tk, FEH
JEE O F49 pg/LLL FRRFERE & g LT, BT 0200 pg/LLL EHgEEE R Tl
OR=32.0 (95%CI=7.22~198.0) & 721 *a%xﬁ%mb&wmto
FENL OO O v FRE LR RBIC LD TRICET S a2 dh— M
2335 (Smith et al. 2006a) . 7 v ]\777’3%5? & DR T EAEICERE (8
1,000 pg/L) O e JBNEFENTWHIM (1958~1970%) M ->7-, ZOWIMIZH
A LT FE N+ D IR N O OERTOWIF (1950~19574F) ([ZHAE LT (F
ENEREE OV S/ BB EERE D 1989~20004E DL A, F U OF Ot Hilsl, T
AR U 7o sef BERE & beifig U 72, g/ b IR R L2 351 2 SMRIE, il ©7.0 ((95%C1=5.4
~8.9) . p<0.001) . K& LIEIET12.4 ( (95%CI=3.3~31.7) . p<0.001)
Thoto, FTEN+HDIIRERICEK T 2SMRIZ, ififE T6.1 ( (95%CI=3.5
~9.9) . p<0.001) . &4 XHLIEME46.2 ( (95%CI=21.1~87.7) . p<0.001) T
HoT,
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ChenniZ (2004) . BEMELD2,5034 (B1,1544 ., #1,3494) K OHLHED
D8,0884 (14,0634, #4,0354) & Xt & Lfﬁﬁsﬁﬁaﬁiﬁﬂxﬁﬁﬁ%ﬁoto b #
WREE . MUK QMoo U 2 7 [R-IZB8 T A F 8T s I B ZE 2 W TAF LT,
Jitifeg DI AT BBIT I 1T 5 1985~20004F D 28 A B gk THEFE L7, 83,783 N-4E-DiE
BRHARTR . BT L < il E W SN =13 1391: CTh o 7=, M, RS, PERISE TR
et M U A7 3B K b RIRERIRE L BhE L (p<0.001) . 10 pg/LAmibg
FERE & Lhi L C100~299 pg/Lig#EERE CRR=2.28 (95%CI=1.22~4.27) . 700 pg/L
UL Eg@ERECIZRR=3.29 (95%CI=1.60~6.78) Todh->7=, MlifsV A7 IZkL Tt
FNGRER & *ﬁ%xﬁ%mm%ﬂto

I 512, Chen 6 (2010b) &, BEEILHEIOER 8,086 4 % 11.5 - BHFHA

BOEAIC B RIREIRE RO 1,198 %%H%Lt 6,888 4 (%5 3,481 4., &
3,407 £, ¥ 59.1 %) [ZOWTHINT L=, BEBICRBITA2BARE T 17 7 14 WIZ
X0 178 th iy s E s L=, /K E %‘%/;ar“ X8 117.2 pg/L., HFKfE
R 42.0 47, SAFE b FRER 1375 3,528.5 pg/Li-years Tholz, 27
AL AN — REVFRSHIC LD Wi U A7 & v RRE L OMICHEE 220
RO HIL (p=0.001) | Fhn, PERI, HE. WK OEEAFE% O RR X
10 pg/L AJHIREERE & bl LT 300 pg/L DL ERREERE Tl RR=2.25 (95%CI=1.43~
3.55) Th Tz, b RIEHEE L BEDHERZNEIL, MR- B & O/ I E s TR
DB, E CIIERD b e o T,

—J7. Bk (B) fERt#E D Baastrup & (2008) I XKB5T7 v~—71Z Téﬁum
X ak— MFEICE W CIE, REFINE Y b BIREE & s R AR OB O FELIEER
oo Te (p=0.78) |

Sawada & (2013) 1. HA®D 10 FroHiskizisiF % 90,378 4 (5 42,029
%, 148,349 44, 45~T4 %) ZERHE LT 11 EMOBHREIEZ1T- 72, A
b ZEREIIAEYERSEEFA (Food Frequency Questionnaire; FFQ) (2 XL v #
EINTz, A& L7z 138 THE OE ML OEEIKIZOWNWT, EEEAREME L TI12
B (75 THA) IR CTEREEHE LI A, Aak— MIBIT ke FEEL
BT T 170.0 uyg/ H Th o7, 7o, KEKF OB FREIT 0.01 mg/L LA TIZ
RS TND Z D, KL OBEUIEEOXG L Lo T=, FFQ ©

PEIX A S RLEk & O LB TR S LTV 28 RFHE TldsA 4~ — 0 —I3HE
STV, P, EEMIE, B S08, BMI K ONEBRR UL G R 1 &
LI Sz, BRI 7, 002 % (B 4,323 4, 20 2,6794) BB LK
SH, B FBIEICED 4 0BT TN 21T 72 8 2 A, BT W TEHAL
BNCHRNT L CA D &, e FEEE L MEomRER (trendp =0.07) | ML &
BEE i OREESE (trend p =0.05) K O fgE OMERES (trend p =0.06)

IZHEHFRINCITA BISZE L2 WD ERISER 2 BT, 5 1 USAE (b B
& 88.3 ug/H ., M 3E 40.5 ug/ B) 1TxF9 25 4 WAL (b FRIEBRE 247.5 pg/
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A, R e FEEE 99.1 ug/H) O — Rk (HR) 1%, #& b 3B Thfifs 1.23 (95%CI
=0.96~1.57) . ¥ v & ChliE 1.28 (95%CI=1.00~1.62) . &gz 2.05 (95%CI
=1.05~4.03) Thotz, £, MEICBIT 25 & BRE & BREOMFEL R L2 ML
el 2 A MYERED A 72V BPE TR b BEEE & iR O RAERICADEEN AL
Nz (p=0.01), % 1 USALIZKET B 5 4 UL HR 13X 0.49 (95%CI=0.27~
0.86) TH o7,

—J5 . BUE S M LTV 5 BTl e BEIEORNNC T % i REED
HR OB A 510 (p=0.03). F 1 WUASALIZHT 55 4 WAoo HR (%, 1.87

(95%CI=1.06~1.77) Th o7z, [REERIC, MM FEIE L B S AERD

HoHil= (HR: 1.38 (95%CI=1.07~1.77. p=0.01), ZPETIiL, BERED /2
NI © SRR EE & iR ARICBEENR AL (p<0.01), % 1 WALk 5
%4 WUASNEO HR I1Z, 1.57 (95%CI=1.12~2.20) TH o7z, ZHHDFEREND,
FH DI BUERE L T D BHICB W T A LN b FBIRE & LD Y 27 0
IEDOBI#E N ZERE DFRERTH D AHEMEIZH D OO fOWFIE & O—F K )Y
HATRE R A W = R APFET DR, RRBEFREZRETH DL LTINS, £
T-BUENMEMIIE L LT TWnA E LTW5 (Sawada et al. 2013) .,

AKFENOBILZI N Y AT L, 1.3 FE & i/ s <, WERKE - Th
LU DB A TE L XN T RWAREER S 5, £io, BEEN 2L v Bk e
e FEIE L MEOREBRICEADHENSH D Z L2 OWT, HaRiillnz s
TRV, Zhbid, FFQ IC XA ANDEIREZHE T 2 2 & ORI S (20
TW5 EEbhb,

(d) Z DDA A

IARC (%, 2012 -0 b RIEFE I K 2FBANMEOTHIIC I T, M b 57 & 1Pk,
Bk, AR O OROERAL DDA & OIREEIR S — I OWFIE TIIRE X TV
b DD, RIRLNA T AOAREMERHEFRTE e LT 5, AP EIZE
W, HF OHCEIK TR v 3R & Bl & OBEZ RE T 5 b 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).
R — MFZEN D OFFLIZIREN THSH & LTW% (Chiou et al. 2001) , RINZHR
&I BT 2RO T — X BRIE CTIE R T OT — X ITEKF L TN D 2
EORRBEREZFTRD 9 2 TOHKI & 7o T D, BRI & SRR & RIS
IR DFETZRIZEA L CTiE, B8 TITO N iRIC B W T B H &SRR A B
7172 (Chen et al. 1985, 1988a; Wu et al. 1989; Chen and Wang, 1990; Tsai et al.
1999) 73, B AR ORBBENIEF IZE N EDE LN R OZ Y PEXRER
b5, Rivara & (1997) WF U TH - 7 HFE ik, Mt b FIREE & 317 I
KD THEE OMICEEITA B> 72 (RR=0.9: 95%CIL: 0.564~1.53) . JIThi
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BB L CTIZAAR—B L TELT, B TITONTMETIIEER A LND S D
@ (Chen et al. 1985, 1988a; Wu et al. 1989; Chen and Wang, 1990; Chiang et al.
1993; Tsai et al. 1999) . F U IZHIT 290 CTIEA B2 BEMRIZA LT R0

(Rivara et al. 1997) ., ZOAR—EIZ 2T, TARC (2012) DU —F 7 7 L—
7L B BN RDBEHE ThH 2 BB OEMDO T REAL Y b & RO MER &
AREME AR L TV D, Ko T, TARC 13 & OMWCEREBERNAREIND b
DD, IR T ZADF RN PR TE 20 E LTV D,

b.RE~NDEE

KEBRBERET (US EPA 2005a) (%, #ROMRER, ACEK O 8 b 3875943 R
T Z D X 9 gk v FHE O R/ NEEEEIL 7T00~1,400 pg/ B, Z OEEE DT
ke L7236 Al OER & U CHIEHED - Wil R ILE & RN RIS
RO HIL, WNTRESRETICALE (5~644) BNIIETHELTND, 1k,
1 HOWgGERED 3~5 mg/H & @mWiaI12id, B ERO MBI i, &Rk
BTN & RIRHCALENRIET 5, BEREO 2T R —x U0 L & O
FIE D RRD D,

B2 g 0 355 e O eV IE 72 & O R &R I, B EERE v FR O ER O
BIEHEECTH D, TN D DOREE~DORET v FIHYEK 2 U E R D gRE &
Gk POFEDOKEHE THREIN TS, /X775 v 2 (Ahsan et al. 2006;
Rahman et al. 2006; Chen et al. 2006) . - > N (Haque et al. 2003) M OH[EO
NE L 2L HTEX (Guo et al. 2006; Xia et al. 2009) IZBWTHEN THNLTEY .
ZDH B < OFE THEK P & FIBE 100 ng/L A C O B2 &R O F AR N
MHE SN TN D,

Ahsan & (2006) 1%, /327 553 2 Araihazar (238 T 2000~2002 42 b
TR R 29 (Health Effects of Arsenic Longitudinal Study:HEALS) @
XGE 11,746 4 (B 114 44, 40 10,724 4) OFEART — X & HT, Sk F e 3
iR & RIS AREETH 5 K EREDOHEBERISERICONWTIRE L7, B VAT 1
7 EIFEET IV, S CHEURET VR ORY Y CERET IV E AW THET Lz L 2
A, EORYFET L TH B L THERICBERN O bivlz, i, 5, BMI,
HE., MU, koNa 7 BOtEREE (BME) KOLHETE GESRERefEE) CH
LT ERADOERES OR X, FRDUNEH /Kb BRELBE S LG4,
0.1~8.0 pg/LAf & i35 & 8.1~40.0 ug/L A TOR=1.91(95%CI=1.26~2.89) .
40.1~91.0 pg/L # T 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 -7z, £7-. Cumulative As index Z &t & L7=A . 100~48,100 pg
& b3 % & 48,200~226,400 ng #£ T OR=1.83 (95%CI=1.25~2.69) Th >
7=
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Rahman o (2006) 1X. N7 T 5 2 Matlab I2BW T, HFE/KICK 5 b FHig
RSN TV AERZRZRIC, Tl OMERNC L 2 b BFRMERERE OREMICD
WTCRHIE L7z, 4 zﬁui@éffﬁé 166,934 4 (5 74,408 44, £ 92,526 4) DAY
J—=r7—>EIZ Wi R OZE N N EEICES EMFEIC L bR L
WO EEEAR T, B ﬂaﬁ% MR REIR A 504 JEB 2 /e L 7=, xtH & LT Matlab
DIERDS T 2 F BT 2,201 4 &8O, ﬁkﬂ%{tr?@a AT 51,8304 (15 83344,
1 997 4) IR L7, A O RFEREIZE L T, 1970 FFLUEOKIRE D A
VA E 2— RN AAS I X BNV jﬁi%#):‘ e RBEEICESHNTHE L, 20
fE e, 1970 FELIRE O b EgEER 2B L C, B RF O K v FIRE (5 200
ng/L, Zc 211 pg/L) 133 fEEE (15 143 pg/L. & 155 pg/L) KV @movo7-, Fink
ORRFOEE CHRE L= OR 1T, R RBFERELZEE L L2GA. LMo 1,000
~4,999 png/L - years £ T OR=1.94 (95%CI=1.10~3.42) T&® V. Iiéjt FgR R
BAEEL LA, BED 10~49 pg/L £ T OR=3.25 (95%CI=1.43~7.38) T
Hotz, T2, FH e BRBEEO IO THD & xIRRE L Ll U= m RSB O
J&Z2 0 OR 1%, B OR=10.9 (95%CI=5.80~20.4) . % OR=5.78 (95%CI=3.10
~10.8) & BHERFEICE N -TZ (p=0.005) .

Chen © (2006) I, RNV T 52 2 ® Araihazar (28T 5 HEALS @ 11,062
% (B 4,721 4, 6,314 4) OFERT—H 2T, KT b RgER & 7 JE
VA7 L OBRA, WUE D AR K ONEEHC RO I Lo T2k
%7, KERTIFSE 21T o 7o, il 2 OFFF OERED G RIINEH PR b RIRE 2 HE
T L7z, s, BML, 5. SoKkE, ooy M, & mAEm . Bk &k o
HotigEs (59E) CTHEE L7z 28.1ug/L AN OBEEREICXTT 5 OR I, 2otk FEmR)
# 28.1~113.0 pg/L BT OR=2.3 (95%CI=1.1~4.5) TV, FHIEME 28.1~
113.0 pg/L #T OR—2 6 (95%CI=1.5~4.5) Th 7=, BlEzHBW\T, BEL >
113.0 WL OWEZEIZFHFEDEIRD BT, WED A NREEILE DO RIFEHTH
FIEIRAED U A7 IR ST,

Haque & (2003) 1%, £ > K, WU HIITEBIT D 1995~1996 4FE DA
NH | b BB EIRAEBE N O & R E ~ v F ISt 28R L7z, 20
EUL 2T D37 b FENRETE A 2 V), 1998 K T 2000 4E (2 AT L 7=, 4R,

PERI, MRS BMI, fh AN ER ((IREOHE., HHEOHE . X558 Ok
%)&U@z%ﬁw 7T U7 ORI, BT @ 2454 & L7854 50~99 pg/L
BRZEREC OR=3.3 (95%CI=1.7~6.4) TH o7, YDOBETEN DR ERENRIES
% FE TOVEERMMIX 28 £ TH o7, b HEIRHE L LEHRE & OMIZIEWHERX
ISEARRZFRD T2,

Guo & (2006) X, FEIDONE L I/ HIAEX Hatao Plain #1235V T, 1996~
1998 fRIZ J G iR & 2 &7z 227 44 (B A IE (162 44 : 55 69 44 5 20 93 44,
oY) 42.5 wk, FEE IR 165.6 ) | GSRILAE (664 5474 ; L 18 4,
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¥y 52.4 %, 162 ) ) KUOBK S oTo 2214 (5 93 ;5 & 128, F
¥ 87.6 1%, F¥) 15.2 ) ZXRGIT, RIEAIER NMARILE & v RIBFRE L O
B OWCHRAE L7z, %ﬁ%ﬁ%@ﬁ’xﬁﬁ LTI KREERIL T RIREZ T L
Too AR, PERI N OWE CIHHE % 0 O AT ¢ v 7 [BRSNT &21T - T8, ok o
ERREN EFTHICONTERRFILED Y X7 3L T\ (50~199 pg/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) ., —J5.
AAVIE & b BIREOREIIAE Tlder o7 (p=0.346) .

Xia b (2009) (X, HFAKIZL D e RFEEN 20 FLL LN THDLFEONE -
Z/LH{RX Bayingnormen HUkDOFRZXISRIC, b RIBFIZOWTHAE L, [Ehb
2k 2 BRELERBARELOH P EICX KR ROBEBRIZOWVTEE
fliL7=, FAE LT 12,334 4D 5 H 5%LLEIZYST-% 632 eI K DREERE

(fALAE. FEILAE. AFNEL) ICTREL W, BRI T—4 0 Hio7z 11,416
KRGS BRIl MR HOE . ML REZE. BUAL KR KL OVE#S CTIEE L 72K
JEIRZE D OR I, 0~5 pg/L BEE 3% &, 5.1~10 pg/L {KBEZERE T OR=2.52

(95%CI=1.47~4.30) ThH V., KEHRZL LA KPP FIFREEL TV

(p<0.01) , F£7=, FEWREOAPF L BCOREIZL 2 0ME REESBEE L T
7=

c. £ - BRE~DFE

HERE b RITIG R SN KD B HHEOMFEN G, BIRERE, JLPE, FED Y
A2 (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) CHIAERHMAEOIX T (Hopenhayn-Rich et al. 2003; Rahman et al. 2009)
INHRESNTWD, LinL, 2L D6, [EFREEICET 5 HHITFRE D EIRE ]
RO LT RICER L7z V2 E2a—00E0oNn T, Zo%54E. BOOEE
WL > TWDLREIEE D TRWEE LD 2 OFFEELH®ET D lnetk
D> 5,

Ahmad® (2001) 1%, N7 77 v 2B 0T, BEK A LTk R
#x SAVICIEIR AT REAE S (16~495%) O &ctE9et A gEIEE LT, AR M4, JEE
M OYE R PE S OV PEIZ BT D AEIRERIR I DWW CIA Lz, Fls, fHaid iR,
BE K OFEEFZ ~ v F SIS IEREREO MR FTREFkr (15~495%) & 1964
DRI & bbig U7z, BREEREIL, 98 %03 B B =100 ng/LOKAEHH LT,
18 b BRI RIS 2 R EERIT, BEERED22.9 % TR bive, HARIE, 3L
PE, FEERI|C Fﬁﬁ“éﬁifiﬁﬂ)&%ﬂm i R I T NTREBEH CHEICE -T2

(%p=0.008, p=0.046, p=0.018) ,
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Milton & (2005) 1%, #CEKH b3 L MRRREO A Fisln (BRRE, JEE,
ASET) OBMRIZOW TR R 21T o7, N 7T T ¥ 2O b RIFYHIRIC &
L7 228 KO RREZREL, ZNOLOHFEZFMTHEREDH 5 15~49
ik D FERRE £ 533 il 2 x4, ERIZE 2 W iid b mE 21T, R, &iE
OBEPRIA OJRIE, FrAERELE (F% 28 HUW) ([ZOW CIIWIEEEIREF OIS
WTCHHEE R, 0 VAT 4 vV RURSHT & T o T, EORER., BB b ZR N >
50 pg/L OIEFERE (51~100 pg/L Ef 10 #1, 101~500 pg/L £ 37 #1, 500 pg/L LA
EHE 20 f1) & 50 pg/L LA OAREREERE 2 ik L7oR R, BRI E OR=2.5

(95%CI=1.5~4.3) . % OR=2.5 (95%CI=1.3~4.9) . #HEM1T OR=1.8

(95%CI=0.9~3.5) Th -7z,

von Ehrenstein & (2006) X, 2001~2003 42, A4 >~ K, WX A VIfETe
20~40 5% (P RAi 31 %) DOEEMS &M 202 44 & x5 & L. ik PERE 2 vk b m
PACK VA Lz, 7, EREPICHEH I 409 A FRREZHIE LT,
b FIREDVH U 7oA iR 644 BIIZ DWW T UEIRESIFICE T 2 n P A7 ¢ v 7 [Blf5y
MradT o7z, £ DOFER, 200 pg/L VL EO @R & FEREEREICIB I DEED U X 713,
EAERASHE IR 7 2 %t . OR=6.07 (95%CI=1.54~24.0, p=0.01) Th-o7=, F
7o, EEEMICLDREREEZRDT 12 HITIE, FEOY R 7 THEISHEML,
OR=13.1 (95%CI=3.17~54.0. p=0.002) T&H 7=,

Cherry © (2008) 1%, /X7 T T 2 =2 ®DF) 600 ATk L~V AT 282 LT
WD K72 NGO T3 % Gonoshasthaya Kendra (2 X W IRE S 72T — % Z v,
Z OIS I 1T D FERE DRI & HF KD b GG K D EIZ OV TG
L 72, 2001~2003 2 31T D IElR Kk OV pERRIF (IR A, SEE) 07— % 30,984
B &SRR L ORI dERERE 2 EICBA T 57 — % & H Vv, National
Hydrochemical Survey 76 #HUBOEKHAAK T € BREL AF LT, RILERIT
3.4% (1,056 ) T, BFEEEMN 10 ug/L RMEED 2.96%I2% L, 10~49.9 pg/L
BETIE 3.79% TH D L ODOHEEZITED 5T, 50 ug/L LI ERETIE 4.43% & FE

(<0.005) 72 FRThHolo, Flo, FHEBREHY & OMERE R D ASHs & JiE % D =
VAT 4 v ZEUFSHT T, B BERE 10 pg/L R IR HIEED OR 23, 10~50
ng/L Tl (OR=1.23, 95%CI=0.87~1.74) . 50 pg/L L ETIX (OR=1.80,
95%CI=1.14~2.86) Th 7=,

Hopenhayn-Rich & (2003) (%, 7V ® _#WHICBWTHiA & 2k — MRAZ
T, fBK TP D e BRI OREICED XL 5 B A 5 2 2> THRE Lz,
ZNENOERTH TOHCEK T & F2E 1L Antofagasta Tl& 40 ug/L. Valparaiso T
11 pg/ Thotz, MEHFITFEMRmEREICEE L, RV 7V 2RI LT,
ERERLER D D AR X OV AEIC BT #2157, HAEROEREIZEET 200 Tk,
1998 45 12 A»5 2000 4E 2 A £ TIZAE TN D 9 B FEFEK ONEZIRIZRI
72 F D5, Antofagasta 7> 513 424 4753, Valparaiso 725 1d 420 4 O HIR A
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BRI 72 fRAT DX G L 7 o Tz, BREORAGH I L VR ATV, SE M 21T
7= & Z A Valparaiso ®FE 1 Antofagasta DFLIE LV & FHEHAERMKED 57g
WIghoT=n, ZHUTAE T o7z (95%CI=-123~9g)

% OBgEFET — H# i Uiz adh— FEEIZR STV 508, u\ﬁ“zm)/vﬁ7
T/:L@*ﬁ@fﬂti@%ﬁfi%)0)75>$&¢éhfb\5 Kwok & (2006) 1%, N7 FF
2 ® 3 BBV T, 18RI (KRR X, 2002 EICHIR L TV a
P 2,006 4 (CF¥) 26.4 75%) | _ou\f b FgEE LU LR (AR A, B
PE, PRPE) OBEIZ OWTHET L7z, iHRICBEID 2158 215 5 7212, Community
Nutrition Center DFLEkIZIEED X K FIETHPEZITV, ERECEKIRO b FRIEEIC
DOUWTHRAT LT, 3 ERICEIT 2 & RIBE O P YRfEl1X4 0.073 ng/g (KRR ~0.528
uglg) . 0.139 ug/g (R HBR~0.635 pglg) &Y 0.024 ugl/g (kR ~0.668 ng/g)
Thole, BV AT 4 v ZEFET NV EANTHIT LIz L 2 A, SR (e
KAB) OHRTHTDICHEHFEIABZDRB O b2 (OR=1.005 (95%CI=1.001~
1.010) ) 73, 3£ (OR=0.999 (95%CI=0.996~1.002) ) . {&HHAFHAE (OR=0.999

(95%CI=0.997~1.000) ) | Fh#HFEEEELME (OR=1.000 (95%CI=1.000~1.001) )
RO IR KA E (OR=1.000 (95%CI=0.999~1.001) ) Tiib HFHigFE L ORH

IERRD N o7z, LML, WTiLh OR OENMEL | BRI ECMOBREEN
%foc EL L ODRIER T OREE+HRTE TWineE I b5,

72, Rahman & (2007) %, fHRF O v ZEENSHRIE L OFLIR O THRIT K
ETRELZME L7z, 1991~2000 2, N7 T 7 v a Matlab 128152 T
ENOENEEICEET 20— XA T AT AT L) IZX i U7 0E0R 29,134 5] & %t
BUTHIM X 2R — MIEEIT o7z, B RBEEEITOWTIX, FOBKEE A &K Ok
HARNC R U7z F kv BB EE 2 FS 0 T 2002~2003 4R 12 B D FA 21T > TR
fili U7z, RSP FLIEZE T (A28 12 DA IN) SIS H>WTIE, i H OFEEM
WEOWAE L, 2y 7 XtMﬁJA*f‘~ RET/VERWTHREET K OFIEET & B
FRTE & OREE A RN L7-fE R, LR TIC oW T, B REKE 164~275 (i
i 224) . 276~408 (1 HfE 339) KON 409 DL (el 515) pg/L O FK%E
A L% E. BETHEZD RR 274 1.19 (95%CI=1.00~1.42) . 1.29

(95%CI=1.08~1.53) KO 1.19 (95%CI=1.00~1.41) ) tAHEIZML, b©HE
MR & AL CICA B HERCBERAFE O bt (p=0.02) .

X 52, Rahman 5 (2009) 1%, /N> 7' F 5 2 = Matlab (235 T, 2002~2003
EIZ 1,578 O BREFIZ W TR & 2 — RMF%E2 505 L, HARTO b F[igEE & H
AERFARAL (KB, &, FEPH. MPH) & oREIcS>WTHRB L7, b RIBREEIT,
AN 8 3 & TN 30 WAFIUT TERE L 72 RED JR o D iR & 38 [ O A F /UL DR FE
DWPEIZ XL~ 72, b FHERTE L HARMRL O BRITRERIROITC L 0l L=, %
OFER, BEEORHM (6~978 pg/L) [T\ TIIRE R & HAERMRLIZ A &KX
JSREERITRE O b o7z, —JF, IR e F 100 pg/L K OMKEERE (BB
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51%) (TR WTIL, HAERFOMKRE, BAPH K OWIPH & b RIREOMITITA DA ELUG
BARDFERD AL, JRAEFED 1 pg/LEMT 5 T L1124 1.68 g, 0.05 mm &1 0.14
mm 0 L7o, b RIRER 100 pg/L Bl o mREE ik, AR L IRE RO
M BEIIER O Hiv7e o T,

d. fHRERE~DOLE

EERBNCB T 28 OFEENIEFICRKEN L L FTIEHEREY L LT
B EMRN RN L2 BET 5 & IER R EEHEIT e N CIEEREY X
D BARVWATREMEDS B 5, HERE b FRER O L) IR K ONIRE OB EE~ O BT, N
77T v a, WEINEE, A2 KXV MCBWTIE I Tn5,
Wasserman o (2004) 1X. /X7 75 2 = Araihazar CTHEfTH O b ZEIREE O
WAL AT DM & 2R — MIRICBIT 220E 11,749 4O+ L6, 10
R 201 1) (B 98 4. £ 1034, 1 10.0+0.4 5%) ZEEARH L. b FHgE
& HIIHERE & O BRI )T DRI S 2 550E L 7=, BRFIEDOH K e FR N~
AU REE, HEHIEO S FEZFHEL TCATL, AREOFEREL DT =7 &
7 —RINAEMA & i L7, SAKP O b FIEEIL 0.094~790 pg/L () 117.8
ug/L) . = AT 1,386 pug/l Th o7, tHE AL R KR O~
VIRPE A TREEAL  OBK T B R IARRSRE DK T & R FRIICEE L TR Y,
b FIEE 0.1~5.5 ug/L 1IZxt L, 50.1~176 pug/L XI% 177~790 pg/L Tlix, 7/LA
=N AaT KOEEREREDO R a7 IR TRERTE > 72,

F72. Wasserman® (2007) 1%, /X7 75 v =2 AraihazarlZB )T D HEEEIC ST
T 5 b R ORELZTET HETM SIS L7211, 74961 % 8 & 55 /)
B, 630141 (5 1504, % 1514, F¥J6.1+10.18k%) ZM/ERfM L, B3R
WRE & FIAOBEEE & OBIRICOW TG L7Z, 2004~20054E 124 FEDHH L T
LHIHFREBRRL T ELRNY T AREEZME L, S OICKEREOHA & O%F
SRR % Ehit 7=, HSIEITY = 7 27— BB RAERE O FTIRE %
FAWTCREM U7z, BBk b 32 130.10~864 pg/L (F#120.1 pg/l) . ~ >4
CIREEIR1,302 pg/LTh o 72, BRI~ v i LoV R O A
FHIRFE TS 2R T, AOBKH b SBIREITFEREOIX T & BhE L Tz,

Wang & (2007) (22X 2 FELVEEOMZE T, FELVEE LD 8~12 ik
D/ 720 B (35 376, 4 344, Y10 xSl LT, fAKFOEHER W
7 RV OHRE K OB E I IFTHEZME L7z, “Combined Raves Test”
282 1Q A= 7 KOHKAER R (R, KE, WP, HEE) I2o50n T, Fi
FEv FERE (91611, 1422106 pg/L) . milRiE v FEEE (180 ., 190183 pg/L) K&
OERE 7 v FRE (253 ], 7 3 8,300+1,900 pg/L 7>>t 3% 3+3 pg/L) &%t
PERE (196 5], B3 223 ug/L v > 7 w3 500200 pg/L) Llbig L7z, IQ A =7
RTHREED 104.8£14.7 12xF L, HIRSE B FEHE 100.6£15.6 (p<0.05) |, miEEE
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FH£95.1+16.6 (p<0.01) . EEE 7 v FEHE100.5115.8 (p<0.05) & HEIZIK
TLTWe, MBEETIX, FENERE Y vHBHECHLAEICEL (p<0.05) |
RENERE e BRI LAREICELS (p<0.05) | MiiEENSHEE e RRECHL
BEIZZ ) -T= (p<0.05) ,
von-Ehrenstein & (2007) 1%, bt FEEFEIC X 5/NEOFIEEEE DG O "TREME:
IZOWTHETT 2728, 2001~2003 4EI2 1 > R, PEXUH LD 7,683 47026 5~
15 ik D/NR 351 B (5 54%. 2 46%. THAE 9 %) Al LTRSS 2 St
L7z, FIIBEREIX Y = 7 2 T — B HAREMRA O 6 FFHO FALREEZ XL 0 FHi L7z,
Flo, RPERBEKLD409 OHF IV ERLIZKO e RBRELZHE L, RP
f&F%S METIR, BHEE, AT R ORISR ORER A a7 DR T & v RRE
WIRHER A LT, R B RIRE 3 M0 ENEIZBWTERD b4 LR E
@Wﬁ%ﬁ?éi HEE 12%., A 21%. faW5Ek 13% Th o7, Ll 7
xkﬁ%kﬁ%%*a%rf&%z%ﬂé%&%ﬁ$t%&f&@% (X BE )
WO BN T,

e. DIER~NDEE

Tseng & (1996) X, A, SHFEIAMIIZIBWT, 20 2L EHFKENL
THEREO RITFER SN tk, HEOERZTIELER 582 4 (55 263 4,
1z 319 4., V) 52.6+110.6 i%) AXFGUT, T ETICZIT - b RIEE L RHEEIR
A (PAD) & OBR#EMIZHOWTHAE L=, F o 2B Ekif/tt <0.90 O
RIFEHAEIZ LS T, 69 B3 PAD L 2lisiviz, e RFEZEEIZHOWVTIE, OBH
JF3 5 AL I C O SR AR @ 7 A A AR OAE B IE . H7 kAl R K O = Ak
b RREICHE S = O@hﬁ%+ﬁt%ﬁ$E&LTMELK@PM)kt%ﬁ%
EDOEEZ T A7 0IIZZEa AT 4 v 7 AR E Wz, Eln, MR,
BMI, M2J iy = VXTHH/I/&UEP%HB%%:Q@I%& L Cili#%, Eflot
FIFTE B O TUIARE L ORI HE-ROSBER AR D i, 20,000 pg/L - years
UL ERET OR=4.28 (95%CI=1.26~14.5) Th 7=,

B KTEIC L A v BIRTE L LIS RER & OBLEIZIZ < OFEICB W THE S
NTE Y, Navas-Acien & (2005) PEFHITET V ADORMII L E = —% EiE
LTW5, SBDKZIRERIR L 55 13 OEFHIHAE (95 8 HKITHE) b=
—DXRERSTEY, = RilRA > b & LT, BIHYR, REPMELERBORER,
R LE B OSSR L REE KOV AR AT O TR L RER L
W o 72D E R ORR ORI, BEWOMERLZZ RARA U MeT5H, =D
DEBORED 5> H, —OOREFIRIEGHAE CIX. 30 FLLEHF/KEEEECIX,
FKOIEFBEGE L bz LT OR 3.47 (95%CI1=2.20~5.48) & 72-7- (Chen et al.
1988b) ., JRH & F A2 HE U725 O/ NEUSE G G A (GEFIE =20, *FH#1$=20)
TIE OR 1.66 237D HAVZDY, ZAUTKEHFRIC A E Tlid/eh - 72 (Lin and Yang
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1988) . HHHEZ OO/ NHETHAE EFIE=31, FEEFIF=30) TIiL., B
KRR O b FIREFE 2 PE L, SR EE R CREFHFEICE WL L THh D Z L1y
o7z (Wang and Chang 2001) . L E=—I(Zi&, AOfEIK b R EICEES
% S IEIE OB R S - BB T O A REFHIFHAE (Tseng 2008) 135 £ 4720

>72,

f. ZDthDEE

MRS b B OIRTEIC L D 7L a— ARG E K OBE R~ D BIZ OV T,
EFSA (2009a) I2& VW L a—NR2IiTWb, N7 I7T7va, BENOHE
BT DA TIL, BIBREFEICBITOMRFOY A7 Z R L TWnd, LL2aR
H, ZNHDEL OFAETIL, BMI OFEEN 72 TR, K~ FRE OIREE
BT RERICBIT2EICL D L, b RRE ERKE & OBBEIIEO bR
Ripolol InTnd, iz, ﬂ:ll&ﬁ%ﬁ%%aﬁﬂﬁ (NHANES) ©»F—#% %
W, Navas-Acien & (2009) 7%, JRHEFRE 20 X—E 2 F A /L E TOKIER

BREL LR TIRF ER/RE 80 /N—k ¥ A VLI Lo @EgRERECIE 1T BB RIR O
BRBEDHEMLTCEHEL TS, 2B, 51X AsBe OFiEZIToTW15, L
ML, FIUT—# %MW T, Steinmaus & (2009) 1%, AsBe ##t R HERW
THEMRE RIRFEL L TBEALLA. BELOERA LR ST EHE LT
%, EFSA X, B ROEREEMCE T H2EMEID v RIT K DPEIRFEOERE
URAZPRBEINDN, b RREE L HERA & OBEICOW TIIARHEEMEDNTED |
KL -VUIRER CHEMSPHBEIND Z E2rnT I3 T —R” AR+ oThd e L
TW5 (EFSA 2009a; JECFA 2011)

\

(2) ERBMEFICEITLEE
O MHM
=l b e & (As(IID) DOHEREO#EGIZE T 2B HESCHE (LDso) 1£, vV
A (C3H, C57H46, Dba2. Swiss-Webster) T 26~39 mg As/kg /AE, 7 v b
(Sprague-Dawley, Sherman. wild Norway) T 15~145 mg As/kg (KE CToh -
7= (Dieke and Richer 1946; Gaines 1960; Harrison et al. 1958) ., 7=, gD
v I (As(V)) % Sherman 7 v MR OEEE L7z & 2 A LDso 1% 112 mg As/kg
RHE, vgsh (As(V)) @ LDsold 175 mg As/kg KB ThH -7 (Gaines 1960)
MR E RO LDso OIL LD X, ®ipfE, Rfe, &GEW & OEREOHEIC
EobnEEx b, SEEERRTIEZ OFERE K% 1 HTHRTCTLH L
Wbt Tuns (EFSA 2009a)
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QREXRSEMN
*&%KAMW&DAﬂmﬁﬁD%@%ﬁLTb5&V%mjﬁ%timé%@
RAERE D %5 CIIEBREs. PP, TE gy, EMas, mEaRE . Ebss &k OFRIC
%<@%@%525&%z%h1w5(WHommLAﬁmRmmﬂo

B EHRER
(a) 4 EFEIMEEHRER (¥TVX)

P ASSMT RiE~ 7 A2 (LU KO) & EpAR (C57BL/6) ~ 7 A (LLF WT)
(M, #4GHE 7 P8) (2, siefe) U oA (AsID) (0. 1.73, 17.3. 43.3,
86.5 ppm : 0, 1, 10, 25, 50 ppm As) Z=fKFEH- T HRERNDT1THON 7= (Yokohira
et al. 2011) ,

AERBHAE 5 H BIZ 50 ppm & GRECEBWT KO BT 1L L=z, FHIZ
50 ppm FEHHEETESIMR L=, KO Tl 6 ILH 4T TRt bR o 25 o Bl
W TR Hiv, WT TiX 7 Ve 5 PECHREEDREDE 152 o BFEE R A%, 1
TR O BHPEETE RS RO BT,

FERBALAN O 4 WMRICAEF 225 L7z, KO XTYWT @ 10 ppm As UL E
DORETEHEOBIERZAL N D LiLlen, ZOREIT KO OHFN LD KE <, 25
ppm As H&HGHETIE, KO T 7 VL 5 PCIZ#EFEE OFEDE 15z o BiffiMa@ iz k0358 o
I, FRD 2 PUCHIEREE D BURGEE F  3 BR w%mtoﬂﬁ WT T, hﬁ@@ﬁ
PR RN ERD 7223, HEELL EOZLITRO b 2o 7-, £72 KO Tid.
10,25 ppm As HHGREZBWTENZIL 767 1,3 FI T/KBIENFERD 511,25 ppm
As BHRZBWTHIROBEOBMERIENED bivle, LirL, WT TiEefl<T
O BT,

FH O, e FROKGAZ X 2 HERICHEDREDE - ~D 525 KO &N WT i
HECTHLIL, KONXVEZERENZ EE2RT LI, i@ MY 7 ADHE
EH & (NOEL) Z KO, WT &£ $1Z 1 ppmAs ThDH & L/TU\E) (Yokohira et al.
2011) .

(b) 4 BFEEIMESHRER (v k)
Sprague-Dawley (SD) 7 v & (MRIAB, K& 58 3~5 L) ([ZBIT HHi g
F rU A (AsTID) (0. 2. 5. 10, 25 ppm: 0, 0.12, 0.3, 0.6, 1.5 mg As/kg
{RHEE/H; ATSDR #1%) @ 4 BRIk SRR THoi (Lee et al. 2002)
5 ppm LA EOEGFETIT M/ MREEE DN A B, 10 # L <% 25 ppm &5
BT/ MRIZE T 5 P2 V7 F UM O BN, EALERIZ X 5 AT RIEICE
B I A TR R O ERE SBL R S Tz,
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CORERNGEE L ITEEE (NOAEL) #de @S- FY v AL LT 038
mg/kg (AHE/H (5 mg/LLX0.024 L (1 Hfk/KE) /0.31 kg (KHE) ) & LTW5,
ATSDR (2007) 13A#ER D NOAEL % 0.12 mg As/kg {A&E/H & LT\ 5,

(c) 2 RIF4AMEEMESHEAR (Tv k)

ATSDR (2007) iZ & % & . Bekemeier & Hirschelmann (1989) iZ Wistar-Barby
7w b (M, BEGBECECRE) 128105 “{b e % (AsIID) (15 mg/kg R/
H:11 mg As/kg &5/ H; ATSDR #15) @ 2 Je O 4 08 GA 5 AR 0% 58
EHE LTS,

2 KN4 EMOBEERETIZ, /AT X7 U ATk B 45 RS E DR T 232 &
AUy 2 O BGEECITERRERE & L CEEE RPN RD b7,

(d) 28 HEIEAMEMERR (Sy )

Wistar 7 v~ b (M, KGR 180 2B IFAHH e <Y v A (AsTID) (0.
0.4 ppm : 0. 0.14 mgAs/kg K/ H ; ATSDR #1%) @ 28 A MK GRER AT
P17z (Chattopadhyay et al. 2003) .

BHRETIE, IR, 5. HiRoMxrEE, JPRF DO A5 3-8 Rrd T A7 a A
Rt R4/ —+¥ (HSD) . 17p-HSD i&tE, figEh o ijasiigr e, ik
RIVE KRR A N T DF— il NI B K A RO~V F F 2 F—BIEHED
BERIETHRAL., T, BT o7TAh) 742772 —F, 7+ A7 7 4
—B, NI VATV OB N T AT I T BRI AT I URE LV E R
T AT =R OFELRBENAEE SN (ATSDR 2007) .

(e) c EHEEAMSHHRR (Tv k)

CD 7 v b (i, #&58E18 L) (BT 5 EemT MU A (As(V) (0, 20,
40, 85 ppm As: 0, 3. 6, 12 mg As/kg {KH/H; ATSDR #25) o 6 i Rk 5
KER N T (Fowler et al. 1977)

85 ppm G- TIFAEEDOEEMOENIC L 5 A ERBREROILTRAL b=, 40,
85 ppm As FHGRETIIHMIEANIZE TSI har KU 7 OAE & BEOAEL)N
Blz2E ., 85 ppm HGHECIIIHFMIENIC KA OISR, HREIZK T 230Kk
AN SN,

ATSDR (2007) 1%, A5Bk D> NOAEL % (REHEM~DEIZBI LTI 6 mg As/kg
RE/A . O FZ(IZEI L TiE 3 mg As/kg (KE/H & LTV 5,

(f) 16AREAMEERR (Tvy b, EILEY M)
ATSDR (2007) (X% &, Kannan & (2001) X7 v b GR¥EARH, e, &%
GRS KOV VE v b CREARE, e, &R GREICECARA) (28515 5 As(IID)
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(0. 10, 25 ppm: (7 > F)O, 0.92. 2.3 mg As/kg {K&H/H: (£~ )0, 0.69,

1.7 mg As/kg {KE/H; ATSDR #4%) o 16 #FAKZ 57 BR IOV THERE L Tu
5o

Z v N TIX 10 ppm & 58 TIIARMER & OV A M ERFE NS AR MMER~E 7 e v
VIREDD N BT, 25 ppm G EETIIMREEDE (F—RI2, /=T
Ex7 U kw b=r) LV B ST,

ELE Y BT 10 ppm & GEECIIORMER X VA ek, mHs-7I /L7 U v
7 b F7 2 —BOmd, FERINERETE, FEARMEKA~E 7 1 v o &\l N AT
HOS-T X VT UL X —BOMNNERD Hivie, 25 ppm 5 5-RE TlrIphgR
CEWE(F—1Ir, /e xT7 )y kr hb=r) LYLORERBIESH
7

ATSDR (2007) 1%, AR/t E (LOAEL) %27 v b OZRIMEK R O'H
B D ZERIZBI LT 0.92 mg As/kg (KT/H . EAE v kOARMERL O MEREK
&R OZEAIZBI LT 0.69 mg As/kg fAH/H  NOAEL %7 v  f OME/NLE Y RO
HRMRIZEWE OZALIZES L TENZEH 0.92 mg As/kg (RE/H . 0.69 mg As/kg (K
/HELTWD,

(g) 200 HEIESMSHHRER (Tv k)

Wistar 7 » b (H, &BGHE 8L (BT Hd e FY v A (AsUID) XX
bz U oA (As(V)) (0. 50 mg/L) @ 200 H KSR ERDN1THNT- (Yang
et al. 2007) .

fiefeS Y L3S ) U ABRGHEOWNTIZENTH, &51% 80 H
IR CGE MO A /2Bl S, ZoZbiTefgr M) v ARGREX
DHEEfT MY D LARERECIVIEECTH 7=, e MY U ABRERETIX, &
SRR, MERORA—R—FF v RURA LY —BIEEOFEREM, 1% 7—F8
EHEOFERIKTRALIL, e N U A5 T, iEho 7 vz F4 0~
NAX T H—BIRE RO Z T —BIREOF B RME T NEO b, SILEDRK S
—RRIBE CH DT AT o o EEERE (ACE) 13, MEGHICBWTAER
BT I BN Do Te Dy, FFIE A OV gtk § o CYP4A & X7 B O R HlL &I
W GRECH BRI BIE SNz, D EORKRENLER LT CYP4A e EHE
PEEmEICBNT ACE X0 EHEREE Z R L TWDAEEEZREL TWVD

(EFSA 2009a) .

b. BEEMHBRR UFENAMRER
(a) 48 BRIEMHSFIEHR (¥VX)

A2uaFrxrAr M) BoFazXBISEZMT-VII /v 277 v~ (MT-null)
KOBAER~ 7 2 (MERE, S5 4~6 L) (2B T HH e MY oA (As(TID)
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(0. 7.5, 22.5. 45 ppm: (22.5. 45 ppm {22\ T) 5.6, 11.1 mg As/kg {KE/H;
ATSDR #15) Tef) Y 7 A (As(V)) (0. 37.5, 75 ppm: 75 ppm (D>
T 18.5 mg As/kg 1K/ H; ATSDR #15) @ 48 B MA/K B G35 23 T4 7= (Liu et
al. 2000) .

e Y ULAII e N U ABRGICEAERE~OEEIIA LGNS
72o BT NV 7 A 75 ppm HEEETIE, MT-null X OREFERA <7 2OWFHICE
WTHFBROMMEEOAEREMABE I N, g MU T A 75 ppm #SKE
HRETIE MT-null, AR~ 7 ZONTHUTB N THBFEFEORIETH 5 I IRFE
## (BUN) OfER¥ENAA LI, A<D 2 &g LT MT-null v~V AT
KXVBEETH-T-, LLAaRbiiefrS Y U A 45 ppm #& 58 Tld MT-null
~ A TOH BUN OFEZREINNBD D, X pEFOY A A~
ICHBREEFIRO N2>, e, FU U A 22,5 ppm HEHETIL,
MT-null, FAR~ 7 ZADWNT I T b IFEE AR B TR R
B LRI O ZERZENE . SRERIR DR, TV MR 2 S VR - B Al el oD 5 il OF
(ZHVE ORRE(E A DAL, IR CIXEE O FMRBEL I A Do 1oy, &5
TR O BERGZE ME & ONR R M O AT RIRR B SE 2 £ 5 RIEA IR A BlE2 S iz,
Bp A< 7 2 L i LT MT-null ~ 7 & 3B M O C 88 B 0 B 7 s R
AT E L E R LT,

FEOIX, ZORBERENOEE e RORBERBRIIZEBSREELFE L, B
EICED LT e RFEMoFMEICH LT MTnull ~ 7 AL — KA E AR~ o X
KNG, AZaTF A3 @M e FEMEIC L TRENR O H 5 il
KrThsnLHZEL TV,

ATSDR (2007) 1%, AREBOA T b Y 7 AT el R U v AOHUKE S
IZxt9 % NOAEL %~ 7 2 DIRE K OWTIE O FAZEIZE L TENZ£i 11.1
N1¥ 18.5 mg As/kg (KE/H, b U v AXIIEEET U U AOR g ED
LOAEL #Z N4 5.6 XiX 18.5 mg As/kg (KE/H L LT\ 5,

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

Osborne-Mendel 7 v & (M, KBG5HE 25 J8) [CRB T DM eEET MY ¥ A
(As(IID)) (0. 15.63, 31.25, 62.5, 125, 250 ppm: (Z D H 5 31.25, 62.5, 125,
250 ppm {22V C)2, 4, 9, 20 mg As’kg IKH/H; ATSDR #t%) Xixe@gr+ Y
7 2 (As(V)) (0, 31.25, 62.5, 125, 250, 400 ppm: (Z D 5 5 31.25, 125, 250,
400 ppm {22V 0)2, 9. 20, 30 mg As/kg {KE/H; ATSDR #15) @ 2 F[HiReH
B 5RERNI Tz (Fowler et al. 1977) . $£7-. ©—27 VK (Mg, &£&G58E3
) ki adie S R U A (AsTID) XiZeEEF RU 7 A (As(V) (W5
BEE Y 5, 25, 50, 125 ppm: (Z D 9 H 50, 125 ppm T2V )1, 2.4 mg As/kg

{K#E/H; ATSDR #t5) o 2 R BG5BTz,
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e F) U AREREO T v b Tl, 62.5 ppm THERE S & (AT O ININH],
125 ppm THHAEE RN OHEE, 250 ppm T TRED~E /0, ~< k
7 Uy MEOIK T L OO JRHE ERIEN O ERILE DL Iz, BT b
Vo LAEEREDT » T, 31.25 ppm THEDOMAKRE R INHH], 250 ppm CTHEE iE
K. BlgEDRAE AN O @AIREE &K OV NEOFRERE A BIEE S v,

el b 7 AREREO E— 7L RI1E 125 ppm TS 19 2> H £ CTloMEREEH
MIET L, 44~61%DIERERAD . T <BEE~FELEOF M, JHLE PN H i & QT
~ a7y —VNONETYT U URENALNT, BB N U LAREREOE—2
JVRIE 125 ppm THH-13.5 7 HITMED 1 VERET L, BEE OMREHINME] . B
DOE ML W~ 7 a7 77— NO~NEDT U VIREDRRD b,

ATSDR (2007) (%, AiBRoOd e ) U 7 AIZxt9 5 NOAEL 2 7 » h DOk
HIZBI L TIE 2 mg As/kg (KE/H . AR O FHIZALIZEE L Tl 4 mg As/kg 1K
H/H ., MR VB g O MR Z b2 LTIt 9 mg As/kg (RE/H, L
. TEBRES M OVHALERICBI LTIt 20 mg As/kg (AHE/H & LTW5, A XDIAHE,
MR ZEAL TEIEE O IR ZEAE K O O # AR #0028 bIZ B L TIE 1 mg As/kg
IRE/H ., B, PR K OMEBRSRICRI L Cid 2.4 mg As/kg (KHE/H & LT\ 5,

%72 ATSDR (2007) X, ARBRO RS U U AIZkT 25 NOAEL %7 v b D
e b OV IR O AR RO ZS I B U Ci% 9 mg As/kg IKEE/ A, ik, "MEkgs., 7EER
R HIEERIZEI L T 30 mg As/kg (RE/H & LTEY . A XOKRE, MEFHZEL,
RPN OIS LIC B LTl 1 mg As/kg (8TE/H . B, PR, BB e X O
LA IZBI L ClE 2.4 mg As/kg (KE/H & LT\ 5,

(c) 21 hAMEMHSEHER (Sv )

ATSDR (2007) 2% % &, Kroes & (1974) |3 Wistar 7 v b (MERIAB, 4
BGHECHCR) ICB T 5T MU U A (As(V) T e s (As(V) @ 27 7>
A MREE# 5Bk IOV TG LT b,

T U U A Tmg As/kg (RHE/ B & GH TITEREBEMOMHINARO b, —
¥, bfEth 30 mg As/kg IR/ H & 5RE TIISE T RO, KEOHMIGH, =<
B DA M, HEEEOILRME NRIE A FE O IR NRO b,

ATSDR (2007) 1%, Ao NV UL oM, Ik, &g ek, 76
Brdw, THib#s., NOWER X O/ EIZET 5 NOAEL # 7 mg As/kg KE/H, K
A IZBIT %5 LOAEL % 7 mg As/kg RE/H | EEREhOMKRE, Mk & ORFIZ B
9 %5 NOAEL # 7 mg As/kg IR/ H | B, MElkay. fhfRas. ML, NOWER&
OB RS LTI 30 mg As/kg (KE/H & LTV 5,

(d) 18 MARMEMEMRER (Sv b RU10MAMEBERESERAR (V9 F)
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Wistar 7 v b (., SEGHICEARH) 2B 28T MY U A (AsID)
T e e+ b U 7 A (As(V)) (0,50 mg As/L) @ 18 7> H ok #5785k . New Zealand
UY X (M, SEGRERECRE) o AHie RS Y v A (AsUID) (0. 50 mg
As/L) @ 10 A fok#& 532317304072 (Carmignani et al. 1985)

e hU 7450 mg As/L & G5FETIE, 7y RO FONTIZIEBNT
HOED 1 EHHEL N1 Y4720 OAHEORCD . EEHEDO A A 5
e 7w FTCIEEIC 1 N7 ok EORD bEE Sz, £/, v b
TR ENMEERZET 5T 7 I &5 (250 pglkg (K&E) . ¥ XTE7T KL
VANEEHETH L7 ==L 7 U &G (20 pg/kg (KHE) (2 X2 ME EF-OFERM
H23F8D BTz,

bz b U A 50 mg As/L %58 TILOMAE R ~DEENIZRD HIL72 )2 7203,
HEMROIWNIC X5 FERMED F&H | MREENIETHL~FY A =0 L5

(2.5 nglkg RH) IZXH2AERMTEET, 77 I %5 (250 ugkg KHEH) 1285
A ERME EFIHEIEN A (WHO 2001)

(e) 18 MAHERMNAMRE (THRX)

R RRFED HIRFEE  (spontaneous lung adenomas) NAHILDRHETHD Al <~
A (e, A8 5-8E 30 UL, BHAAKE 5 8 (ce@ ) U v A (As(V) (0. 1. 10,
100 ppm) D 18 2 H @K 538k 23 77 (Cul et al. 2006) .

18 A%, i oW FIZ W 23T, RNA & DNA 2sEI Sz, E
e b U A (As(V)) 73 pl6INKda 7 (R RASSF1A E{n+? DNA A F /A b/ % —
NERIET DV 21T 4 v I IR OWT, A F IR PCR 2 X > Tl
RNz, pl6NKia (N RASSF1A i85 1D mRNA KOV X7 E L)L TOE
{EIZ DWW T RT-PCR & UMl b 52 VTR bz,

BHIZL D | MRk e BOHEIKRFENREREN A DN, £, FERGHEL
g5 & BEFIZBWTHiOIEE OB O A oMK, K53k fifi i o &
AR OHEMARO bz, &5, HEREHCBWT, MESICET 5 A Fbed
BEFE O H BAIRAFRI 72807 0 b T, & 5D~ U7 2 O MfilEEHFRAE Tl p161NKia
M O RASSF1A BAR T OFBLOK T UIXERN A BN, Z6 DB OB L
~ULDIE T LB O | A F I —E L Tz,

Fo, MIREDOFRAZY 0, 1. 10ppm S TIX 0L TH 7223, 100ppm & 5-
BETACH B, MRS 0, 1, 10, 100 ppm EHRETZNEIL 9, 10, 11, 19
VT & FASRDEINB B BT,

FEOIE, R RIEEG - CTH D pleNKia KT RASSFIA Dby =37
ot 7 IREAER As(VIZ L DRSO RAIZE G LT\ b EH#EZ L T b (TARC
2012) .

70



(f) 104 BREENAERE (T k)

SD 7 » b (HERE, &8 58F 50 VT, BRAAEF 8 M) CHie e ~ U w A As(IID)

(0. 50, 100, 200 mg/L) @ 104 FFEKKE GREBRNTONTZ, 167 Bl K%
OB BIRFET D F THEN T, HIfth, 2 TOREMBAL., laork23 =]
IS4, JRBAAR M I A 23 T o7z (Soffritti et al. 2006)

MEREF AR IC VT, HEKAIITERE, SOKER OB ENED Lz, £72, 100
Y 200 mg/L & 65 7= 50 P 5 5 5 L (10.0%) (2 B e OV B 5% 73
I, ZHUIKIIREED 50 U 1 JC & 5 FEASEE & b X THREHEICITAEE
T2 h o7z, 200 mg/L & GREC BT 2 OWNRIT, BIE 2 T (4.83%) . &
PR 2 VT (4.3%) . BduE 10T (2.2%) Tho7o, F72. 100 mg/L BEHRECRT
2 MEFONFRIZ, B IIE 3 T (6.0%) | Bl 1 U8 (2.0%) | & S FLEEME 1 PE (2.0%)
Tholo, HETITMEZ EBEE 2R OEINLA B> 7= (TARC 2012)

(g) BEBENMAMSRBRRVEERZICIIFEISAERR (TVX)

Waalkes & O3 7 L —7 1%, ~ 7 ZAOH B T N U 7 L OFRIEME & OV JER 2
ICE DD AR D —EHORBRIZHONWT, BEOBLE LTHREL TS,

Waalkes © (2003) (%, C3H ~ v & (Hff, 558 10 JC) ([CHE@FT Y ¥
2 (As(IID)) (0., 42.5,85 ppm: (HED VLB 42.5 WD VLEW) 85 ppm (25U T)9.55,
19.13 ug As/kg R E/H; ATSDR #5) # 4Tz 8~18 H TRk G L, HFohizi
T & et 4 Bl CERBREE (MERE, BB GHE25 0 2Bl L, £0%, MO
Eid 74 B, MO IREMWIT 90 EEIRE S -k A =i L7,

fi e g~ U o A% GBI ORENM) O R E &K OFOK BB BT A T, Vi
MOKEIZENTH AT bivien o7,

HED W BN II50ER 52 W LAKE, FIHEM DTS2 K 5 AAFE B DI 13 7
BTz, FARBERE M ORI R B IR D FE AL B Y 42,5, 85 ppm ¢ 5-8E CTH B ITHY
AU, WESS DI AT 85 ppm B G-RECHBICHM LT, £/, 2 TOMEIER
25 R OVEEME RS O3 A HEE 1% 42.5. 85 ppm THEICHIN L 7=,

it o> VB CIEERBR M O A FEM A LITRD b v o T2, INERIER

(BER O COEBMIRZA) | B L OE OBEMRZA GBI, 4 COHEH
PESRZS) DFEAEMEDS 85 ppm & H5-HETHEIZHEI L, = OHFAMERZ GREK.
ETOMIEMIRE) ORASEEN 42.5, 85 ppm H G CHREICHEM LT, Tz
PERESS DR AESE L 42.5, 85 ppm THEIZHM L7z (TARC 2004; EFSA 2009a;
ATSDR 2007) .

Waalkes & (2004a) I&, C3H v v A (M#ff, F{&GHE 100) ([ZHiefS FY w
2 (As(IID)) (0. 42.5, 85 ppm) ZHILAE 8~18 H THUK&E L L. & o= REM
B 4 B CAREBREE (MERE, &% 58 25 I0) (2Bl L. RSIES OfeEEH
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N5 12-0-7 75 H ) A )ViKE)VER—1-13-7&7—F (TPA) (2 pg/0.1 mL
TR, KB TR BB OAR) A 2 B BITE L7 EEIC 21 BRI
DoV Lictk, BB % 104 BT L7l a2 S5hE L7z,

i@ N U U LB SR CIItEo HEY) (42.5, 85 ppm) TIHNEJEE (JF
BMRIE, S TOINEEE) OFRAEBE ORI, HEO W BN Tl R &
O XX, FpE o TR ZE (85 ppm) AP ONZEIE BE IRiE (42.5. 85 ppm)
DOFRAEBEOFERBMNBLE I NIz, et N v AL TPABEEEGIZED,
b GEECIIBlE SN o O IRE) (85 ppm) THFHIAE D IEEAEE 25 D
AR R N OB EC-O i IR O R A O A 7o 80N, HED IR &) (85 ppm) T
Jiti e, il oD REIZS I 228 D FE AR SRS DA RPN B ivTe, dE ) MU U AH
MFEHRE, e MY v AL TPA HERGHOWT B W T HIED KEY) T
BEEMIRAE L ZE 2 DS H (42.5. 85 ppm) . I (85 ppm) DIBEEIRZE
DA BERMAFED bivlz, TPA IXRJEERE ORI E L KT I 2> T203,
b FIZ K o THI S oo B O RPN . MERE D B o ififEgs o 38 4 212
1 x#7- (EFSA 2009a; ATSDR 2007; IARC 2012) .

F7-. Waalkes & (2004b) 1Z. C3H ~ w7 % (Hff, &# 58 1000) (2t e
U w2 (AsTID) (0, 85 ppm) ZHEHE 8~18 H THK&KE L., BHoni=lEn R
Y4 74 BRGFE L, 0ppm & 58 (5VL) . 85 ppm &5 (8 VL) | xHHE L
L CHEALE D C3H ~ 7 A (HERE, 4 10 DT) 7 & i 2 B E LG PRAT & D W AR
N~V UEEZIT- B2 L, AR T, PETEHEE O b R IR
Bx SIJERA (AAE, GBRE) ITRE LA 34) . xREEL LTKE
THRFINZZ T2 B B4) »2oifEE AF L., FREICHEERFEEZITV., £0
AEHZ DWW TOREFE R b STV D,

<7 A KO FOJFBICHOWTT R A U2/ Ko (ER-a) . cyclin D1 85
T T ADORIRIZ OV TIEFIZ CYP2A4, CYP2B9 & Of CYP7B1 &fs F- 2D\
T real-time RT-PCR {EIZ CEEM B TR OMT 21T o 7=, BB L L
TR-actin BIETZ AWz, ~ U ZADMFEICHO>W CTHAERFHAEIZ HW TS 2 A
DNA (28175 ER- a7 BE—% —fHKkH D h U V-7 7 =2 (CpG) DA
F AL DO HBBEEIC OWTBIE 21TV, Ab~ U U EERE 2 O TR B EA
ZER L5t ER-a., cyclin D1 5k % FV 7o S0 Rk IR SR 2 FEhi L 7.

EEOTENRELZZT T~ U ZADOMECIERREO~ T 2 & i LT ER-a,
cyclin D1 mRNA OF ERFBUIENN, ik 7R I2B VT bt ER-a, cyclin
D1 SR OGRS O MR S iz, F£72 CYP2A4, CYP2B9 mRNA OfF K
72BN, CYP7B1 mRNA O A E 238, ER-a” 1€ —4% —fHigk+ ® CpG
DAFIACDOFBE MR T RBIZR SN2, B FORFBICE W TH FRIBRIC b FBOE A
WREEH IXFEMREE S & i L T ER-a., cyclin D1 mRNA OF EREBIENNTED 5
i,
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LLEDOFERNG, EEHIZIT A e F Uy VP IVRERKEORE N, e ZBOTE
WIRZRIZ L > THHlE 2 FE T2 1K1 272> T D AREMER S 0 | FRIZATIRN
® ER-aDiEREZEHIT 7 1T —F —FH O A F /AL 28 U THE L D AHREMENRH Y
EEORNAMEICEE L TNWDHE LTS,

X512, Waalkes © (2006a, b) %X, CD1 v~ 7 x (M, KHEEGHEVCEARH) 12
fiefgs Y A (AsTID) (85 ppm) Zif#z 8~18 H THUKEE L, bl
BBV 2 BEFLAR IO A e B (e, &P 58E 35 D0) |Z/0Hd L7=tk, AR ZEFEERHE
AHETLHOTFILAFARZ br—L (DES) (2 ug/~7 A/H) XIZEx
7= (TAM) @Q0pg/~vA/R) &4tk 1~5 AT &G 21T - 7o iliR 4 FE i
L7, DES XiZ TAM #5-O%HHBEEE LT a— 2 F A MBI O B ORERRE 2 R E L
oo O, WEMWIT 90 BT Sz,

b S8 BN GRE C Ukt RAEE & bele U M . MBI BRI M OV g o> 4 C D il
BRI ZE OYEIND A B Av, Wi . B R B R R OV S R AR a8 T2 Bl D HE T
MR LT, R KO DES HE®RGHE Tl b FHME 51 & kel U gl
IR OBEE M L, 2O LFFITHEM UZ, F7- b BHEMBE G T8
SR Do T ENERAT ERGRIRRNES (FLEAME X OYE) OFA BN L7, BERHEGE
PR (IS K ONETERKR) (xRSO e BB 58 & e L€, e E LU DES
XiE TAM BN GRETHEMMA A iz, bB#E&O DES Xix TAM BN 5-REI
X DR ORECHFAMEE L, =& a7 T IOURERKE O R 279 ERo
OIBFPFEBLZ A U ZAUTRD AISE OHITRIK - D—D> T 5 A REMED /RIE Z 7z

(EFSA 2009a; ATSDR 2007; IARC 2012) ,

Waalkes 6D 7 )L—71%,. il ORIGIERE N AMRBR O R 2 E 2. CD1 «

U A (MERE, SBEEEE 30 L) 2 W T, ok Gic kL pdie i U v A (As(TID)
(0. 6, 12, 24ppm) OAJERGRERZ i L7z, HOKEGIIRELO 2 HEF#FT)
O, AR, L. BERL%Z O 104 HEIC s o TR BTz,

b FROEPEREIC L - T, Ml (e | IRE (MERE) | IBSEMED (K
R OB N BARFICA BN U, B RIS X DI MEE (NS b &)
M OB (EE) o F BARAFRO 22 BN, KA EN DR S iz, A JEgReE
T T~ 7 R ZB DAERALIE, —E O T AMERER T A DL BB
DIRED T TORETZEZ T2~ A LIRER L TH o722, LR HEDE
BEDO DN 5 TERY | FJERFE~ 7 ACBT A EEO TN X0 BEECTHEIZR
ERREE DN o T EREE STV B,

Fo, AVERE LT T~ U RO E TR, RHREEO BRI A LT
B & b L C, BRI ER-a 23 HL L T\ e, X512, =& hu s v o Ol %
=1F % cyclin D1, NF-xB, Cox-2 & W o B Ian OB~ LD EH S A BT,
EEOSIL, EEOEFEBRBICLIAIRNADA T = LD—>L LT, ER 2/ LT
PRS- L TV D A[REME 23 X T 5 (Tokar et al. 2011)
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(%)
(h) BERILARER (TDX)

SK-1-ArBR (~T7 L R) ~7 A () ZxE#E (5P8) | dHe@i+- ~U 74 (10
mg/L) HAMHAKLE 58 (5 L) | %E4ME (UVR) (1.7 KJ/m2: UVB85%, UVC<1%,
UVA4%, 3 [F]) HMMHEE (1500 | dief@rT Y v A8 KE 5 & O UVR
HEE (15 P8) 125700, 26 EE#Z%1T>7- (Rossman et al. 2001) ,

fie fEF U U A HMEOK SR 5B o0 IR & bRl U CREIINC R ZIT A b
oo, RIREEL DM L F2T N U » A BUREKE 55 CII RIS O A 13580
Hiviemolz, fieET hU U ARKKE S &K OV UVR FBETEEE UVR FREF 8 [ T
A DNEERS AR 2 ffeR8 L, UVR B BRSTE Tix UVR B 12 B £ Tl o
AT D Lo T, UVR HAMPSREE L el LT, die BT U o Af0K#E
5 R O UVR FRETRE T2 B AL 7= Bl I AL B e 2 R I B S - 72, UVR R
§EZ a2 Tois UVR S 26 T2 &b —20@E+#4£E L7, L
L7235, UVR B 19 Bl e fE) R U o AUKEE S ) OV UVR BRERE IS
AR 100% TH 7=k L, UVR BEMMPBERETIX 33% TH -7z, it
g b U o ARG K OV UVR BBERECTAH S -8 S 50T 127, UVR Hh A 5
BETIZ 53 Tholz, HiEEET MU U ARKE G KT UVR FSHHETIX 127 OEE
DHH 64 (50.4%) . —J. UVR HMHHEETIL 53 OIEED S H 14 (26.4%)
THEFITREMEDIRVEE O V- ERaE S B S v, W EREoss A5 H>
WTHERHFFEMICA B R ZE=ZN A BT (TARC 2004; EFSA 2009a ; IARC 2012)

(i) EEEIPAHR (TUR)
Skhl (N7 L R) =D A (PRI, ILECRB) (2 21 A oHie i) b YU v
2 (0.0, 1.25, 2.5, 5.0, 10 mg/L) % 29 MK ZEG L, & 5242 HiH) 51
40 (UVR) (1.0, 1.7 kJ/m?) %1 3 [A] 182 H[#IFS L 7= (Burns et al. 2004) .
UVR HUMIRSRE L i LT, BE BT MU U AfUKEKSE (1.25 mg/L ML 1 T)
K OY UVR FRSHEE TR V- ERCEE O F A 2388 L 7= (EFSA 2009a; IARC
2012) .

(j) EEENARR (TVR)

Swiss-bald (~7 LX) v U X ([, F&GH 10 L) % HEAOLE .
9,10-Dimethyl-1,2-benzanthracene (DMBA) (25 pul/PE, # 2 [6], 2 M) 28
i L7 DMBA B 58, e MU oA (25 mg/L, 25 H[H) SKkFELH, t
7 b U 7 A KU DMBA #5253 3lliR 2N Tt S 417 (Motiwale et al. 2005) ,

HEALERE, bl N U U AFUKEGEE IR EIEE OB EITRO Lo Tz,
—J7. e NV U A KON DMBA & 5-8£Tid DMBA Bl 5RE & b LT, &
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BEOFAR 1 PCY 720 OFEBEFRAL ML, 3 mm KLLEO KA D B S 7L 5HE fE
DIENAFZIZEEIN L7 (EFSA 2009a; IARC 2012) .

QmiEE M

EFSAICL D&, Ty PRIV RAZMNEL < OIRIZENT, EEE FIZLD
B O 072 2B MHEOFMEITRN E STV DN, BREOHBATEIRZIIZED LT
% (Rodriguez et al. 2003; EFSA 2009a) .

a. 60 HEIBKIZREHER (¥ XR)

~ A (MERIAR, &% 58E6 XX 10 J8) (2351 5 =kt 3% (AsIID) (0,
1. 4 ppm) @ 60 HMEKEGRERRTTHOI 7z (Wang et al. 2009) .

Morris DK KEEFER THEKARIBRHLEDNRBO bive, 2, /MO ER
] (LTD) @ Creb K FEIC BEE U 72 EE 72385 1R B L~V DMEAT S 41, 4 ppm
BEREZBWT, 25 OB FD OB Caz/ ey 2 ) URIEET T A4 ) —
¥ IV (Camk4) . Fos X ONJun OFERRBIUL T NA ST,

FEOIE, S eF (AsTID) &bl oIy C okt
MIE Z2 %5 LTt Camkd OFBUK T ZHIET 2 Z LR TEX R 0D,
bR LV EBIIRIE L2 WRRIEIZ L > T Camk4 DRBKTFRAELZbDLEE 2
bl E LTWD,

b. 4 MAMEKIZERER (YO X)
C57TBL/6J ~ 7 A (e, & GREVLECRI) IckB T 2 e 2 ) R U o 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, 6.58~17.34 mgAs/kg (KE/H) ® 4 »HREKAKEGHRBRITHORT
(Bardullas et al. 2009) .

HRITEN D M H JE Sh, HETIE, &5 4 0 A THRBITENENY OKEBE), #H
178 . —EORFATRILEIE 240K+ Z &) 230.05 &0 0.5 mg/L % 5HE CTHE
WZEEIN L7228 KSERBE) O Tl 50 mg/L ¥ 58 CHEZRBIN LR T O 55 23 5
Ni-, METIX, KEBEID S 2 7°H B 0.5 mg/L UL E&H ST, 3 KOV 4 A
HO2EGRET, WEITENIZ 1 KON 20H B 0.5 KT 5.0 mg/L B 5-7E, 3 XU 4
A B OERERETHEICHM LT, HETITRESER L ORRE T R—s32 2
BT T SR o T2, METIE 0.5 me/L UL BB GEE TSR D R— Ui, &
BEBETHATHO F— "I U PEEISHED Le, 7o, BEHIREEICE VT, 1
M BT, AFEETTFeY v FeX Yy T —B R OF AL FFR -1 D
mRNA HEEUX T2 A 57z,
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EHOIX, EBOBRMEREN~ U A B RIEIEME. F— X AFEE, s
BRI LIER 2 RT=9F 4L ¥ U RICHIREHRZ b2 b7=69 2 & Mo
FiN e FBITH U T ENE W EBRRENT-E LTS,

c. 15 HEIXIL 4 BEEHEBEORSHER (v )

SD 7 v b (M, K#&%58E 8 L) (BT HHieEEF MY v A (AsTID) (0, 5,
10, 20 mg/kg AT/ H T 15 HH EER 1) LT 10 mg/kg AH/H T 4 @M GUR 2) )
DOFEHlRE O & 53R 23T 72 (Rodriguez et al. 2001)

bR 1 TlE, 20 mg/kg KRB/ SRR ONTE G 1 KO 2B BICHEE/RBH
EETEEOIK TR b2, 10 mg/kg K/ H G TIX, HREEBTEMEOFED
O bE G 1EMAE OBEEBFHAOALICHEERIK TR, k2 T, &5
2 KO3 B W TG THSESEOIR TRA LN, R 1 L2128k
T = oOFEFE (T KBEERE, BURRKR IR K Q22 75 50E) Tl Bk
2 DEGFHCENT T REIREO = 7 — OB N LT,

d. 4~12 ERERBOKRERER (S )

Wistar 7 > b (., &&58 30 [ZBiF2defF MU v A (AsTID) (0,
3.10 mg/kg (KE) O 4~12 BRIFRHRE 08 5382 Thi T, B RRIZRB VT,
FRRGRIBRRE T Y 7 o= FZ R0 (NF-M) M O R 7 2 =
N7 E (NF-H) BEUCZEALIZA DR Do T2, B GHE THRE AR HER
Y 7=y NF L X7E (NF-L) 385 4, 8 kO 12 8 B THEK O 54
MRFRICEBIZRA Uiz, UNERSG 2 > 78 (MAP) -tau ORBUIA B
AT H 572> 7= (Vahidnia et al. 2008a) .

WIS A N me XA B R BN R G RECHE RIS L Tn
2B FEE DIINF-LOEENMEATZLEEZ BN E LTS, £72, NF-L
Jo O MAP-tau O Y e b3 A U, Ml SR O ARNL el & RELHE ., &
BENCEN RO M ZS I ZRE T BN E LTS, FEEDLIX, 72, NF-L
ILNF # o _ 7 EOHCHE— Invivo TH LIEMA OIES TE 5 Z &6, NF-L
DIEBDME T U 7o ARRERRE R 13 b FF BRI 2T LA ORI FI A& R
TEHERKREZREZL TSI EEZLNZELTND,

e. 4~12 EREHBEORERR (Sv )

Wistar 7 » b (ff, &% 58 1008) (2B 28ie i U v A (AsIID) (0,
3.33. 6.66, 13.3, 26.6 mg/kg KHE/H) D 4~12 FREFRHIRE 0BG RERMTHOI
7= (Schulz et al. 2002 ) .
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26.6 mg/kg (REH/H & GHICHB VTG 4 1 j—7°y7 4 — /L RakBR CHT
EH DL AVEHEDAH E 72D 3 A %mm» 8 &U 12 8 BT A B2 134
LR o T,

f. 28 HEIEO®RESRER (S k)
Wistar 7 v b (., #5850 2Bi7 s MU oA (AsTID) (0,
20 mg As/kg KE/H) @ 28 H F'ﬂfiﬂ?&“ﬁﬁ%ﬁﬁﬁbﬁﬁ (Yadav et al. 2009)
BHRICRBWT, BREBEE (BB, BRI, (KRR, 26 B 01T
#) | B RO REEERER GEEERETEE) OB BRBEIR TR LT,

g. IMAMEKEZERER (Tv k)

SD 7 v b (ff, K458 20 L) ([CkiF e e N U v A (AsTID) (0, 2.72,
13.6. 68 mg/l) O 3 A>A Rk 532377 HiL= (Luo et al. 2009) .

Morris @7k%ﬁk§f§%ﬁ 2BV T, 68 mg/L HHHICEMEEREOAERIKT (7
7 v NR— LOEFIZREE) NALITE, Fiz, MRS i fE N BRI O Jp B
2 L, HERIZBIT % 77\/\7 ¥ U RIR D NR2A mRNA OB 5 -3 BUK T 23
HEIEFIIZED b,

h. 4 ™MAMEKEERER (Tv k)

SD 7 v b (M, K540 [CHEeEET U v A (AsTID) (0, 86.7 mg As/L)
IR 15 AE® D WIEHA®Z 1 HANOB L ZE 4 A2 5 £ THKE ST 5
AR T 7z (Rodriguez et al. 2002 )

R 15 H B DG IR B W CHISEBNEEOBINN A DA, ik 5-5%
IZEB W TR T AR IC S 1T 258 (delayed alternation task) Dk
BT (=7 —0fhn) RAHsT-,

(5&) /invitro

EFSA (2009a) TlE, AsIDK QN As(V)D in vitro \ZB T HEBIZHOW T,
LUTFDOEIICEKR LTS,

In vitro T i@tﬂx‘j‘ U DA (As(TID) KOefr N v A (As(V) (0,
0.3, 1. 3uM. 24 Xi% 48 W§ffI55388) 1BV T NF-L #{x - RIUCE LI A B
723> 72 (Vahidnia et al. 2007b) , L2>L72235, In vitro 2B\ T, =k
— bt (AsTID) TN AL T AR SE (Florea et al. 2007) . H /Ly
T LNFEEMD IV RA AEVEIZ L o T p35 X U NI EN p25 £ CTHESINLDIR
KE720, #EFRE LT MAP-tau 2 oMl Ets & X7 Eog ) iz 4
U AHEMEN D TEWb EB X BTV 5  (Vahidnia et al. 2008b)
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ST, BB UL EFER L LTA L D MAP-tau O EEER DN filER o 1
B ARt A 2 Llco RTINS EEZ 5N TWS (Vahidnia et al.
2007a) .

(5%F)]) #EEHOERKRF

EFSA (2009a) (ZXAUX, B RITKREHL N E RS> TRV ZE U T

PIZAD | IROMMOEAL L Y HAREHEICE ENRZLEHETH O LEEZHNTH

%o, ERITIT o wBHOKENIZB N T2 U AFEWE, 27V I AEEIELOE T
L UEEMMEM R ED E A 2 b S, R— "I UMFER SR OEELZIT S, &
PR TR ) VI ENELE L T D e, EEHEAZAL., 34
dihydroxyphenylalanine (I-DOPA) ® 2- (3,4-dihydroxyphenyl) ethylamine

(dopamine) ~DEARZHET S, b BEIZT A — NV EEWAEERHZA LT 5
e, angBRe /e UK EREE & o T RKAE ARG BEE 3 5 BE R
REZSLT ATREMENAEZ 2 51T 5 (Rodriguez et al. 2003; Vahidnia et al.
2007a) ,

SO, EE L FRITMEA P LV AEZFFET L2 LML TED | Rkl
IEZEREmWNE END, ZOROERIFHFEINTW{EA N VAL in vivo IZ
BT DM e RHEMMREFEEDO D T A=A L L L TEZLN TS (Mishra
and Flora 2008; Hong et al. 2009) .

@fREEMN
a. JEMESHSEEAR (TVX)
White Swiss cross v 7 A ([, #£#&GHE8~10L) (BT HHefiS N v
2 (As(IID) (0, 0.5, 2.0, 10.0 ppm) @ 3 FREIFKIZ GRER T 7= (Blakley
et al. 1980) .
0.5. 2.0, 10.0 ppm #EGHETII Y UIRIMERIZ X3 2 flgiiin o 77 — 7
FHERR SIS DA R 28 22 B AL, — IR e O IR RS2 8 D & % il 2 s iz
I NEER <72 (EFSA 2009a) .

b. SEMERMSMERAR (TVX)
C57/BL6 v A (M, &4 GHE 3~40) I[ZH T Hd @ MY w4 (AsIID)
(0.1, 1, 50 pg/L) @ 5 HERHARAKE 5B 1704072 (Andrew et al. 2007) .
HOKE G TS~ 7 A Dfifi &2 W TN T2 FEhi L7 & 2 A, 1L
B, IREMA, R, 7R b= A MR L O E N I B b
BFHRBUCABERZDPRO bz, 25 ORIGDO—EIL¥E & RT-PCR, #%
7wy MEIZE Y RO R S,
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EHELIT, IO ORERNSAEOER TER L-K I3 b BB L7-KER
PRERTH ETARRAEYMFN~— T —I22 0 5 D A[REMESCE Y X 7 O
WA THHZ L oL TWwb (EFSA 2009a) .

c. b~6 AMEAMEMERAER (TUX)

C57BL/6J ~ 7 A (I, £ 58 4~6 L) IZB T 2H e BT N U v A (AsIID)

(10. 100 ppb) @ 5~6 MK ITIREEE 53BN Tz (Kozul et al.
2009) .

R THRIC~ T 2D i O CHEFRIE S T 2 £ L= & = A, 58T
IZBWTHlilaEsE K OVDR, T ¥ 10, SRR, b OHEFENE DN B SR 0022
BIZHET L2 OBEBEFPABEICETH LT, Zhb0E{bo—HILE =
RT-PCR., fE7 1 v MEIZL Y RO NEE SN,

FHOIT, BRMIEICEET AR FICEENL LN Z b, B FITFFITH
DOFERY A7 OEEINCBEEHT L AREMENH D E#is L T5d (EFSA 2009a)

d. 10~12 B EIMEEHER (TOX)
C57BL6/6 B6 ~ 7 A (fff, &% G-HEVLEARIN IZHB1T 2 gt MU 7 A (As(V))
(2.5, 25, 100 ppm: (100 ppm {22V T) 20 mg As/kg {AH/H; ATSDR #i#)
D 10~12 FFHKE 5B T (Kerkvliet et al. 1980) .
B &N~ U AOGEREEE, TFIBRE OB BE IO bznoT,
ATSDR (2007) 1%, fu/Etne, el OV igicBI4 %5 NOAEL % 20 mg/kg
RE/A & LTV 5,

e. 12:BAFERMHSHMERER (YU X)
C57BL/6J/Han ~ 7 A (M, %58 10 J8) ([2BIFH T U w7 A (As(V))
(0.5.5,50 mg As/L) ® 12 K G380 03 T4 7= (Arkusz et al. 2005) ,
ORI G TR~ T AL BB S EIEN~ 7 0 7 7 — P Tld, RV R—
NIV RAF BT AT VR L DTEMBBREOEA, VARV Y T4 R
(LPS) I X 5 —F{LZEFR OPEANA B Ly, LPS I X 5 35E
B 2 R A R E S TNF-a D FEAS mRNA OFRHBIZE(LIZ A Lo T,
ZHDIIeBT N UAIBREINTE U ANLEONTEBEN~ a7 7
— VOGRS L ER OFEAENG B Uiz 2 &b | [EYE RS
IR O BB A KIE T A REME 2 "8 LT\ % (EFSA 2009a)
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OH%%E - HKESM

R e RITEREICB VT, RIERFEECHEGEEEZE T2 ERMbN TS
N, %< ORBIIRHEFEDE T 21ZEOENHAETER ST 5 (Golub et al.
1998; Wang et al. 2006) .

RN A S W E CTE S -kt OB T, oS58 (<3t
e (As(V)) ) 1T U, MBIRORRIRIE, Mtk QUi O 23 BlgE &
N TW5 (Wang et al. 2006; Hill et al. 2008) . +EWNM;OHAR BRI O~ 7 2|2
E# (100 pg/L DL F O b B2 S Tefok) ZIREE L. 28 A~ 2D A # =
U IR T D RGBS E OB PR STV D, ZOELIT S X7 E R ONE
{n I8 & B L 72 <GB JE P O RR PRI E 2 b b 72 o 72 (Lantz et al. 2009)

OFEMESEM

MRIT AR IR ICHESS T 0 | IR I & FEIREE ) OV AR B 1% DGR | TRt s 2 5 |
SR, BRELTUUTENEER AL D EHE SN TS (Rodriguez et al.
2003; Wang et al. 2006) , EFSA (2009a) (%, FEBREMWICIS T HHF5ETId, BHE
~ORE ARG 2 U v BoHENIREIC L0 IREMIC I T 2R E TR A
4 BB IR E BIEN QNS GEENE M L ONZE M OB b &2 & tempi s e 4 U, Vi
MNZFIT 5 5 OWRERATENC B L 72 RN e~ — I — a2 bS8, £70, B3R
DAFNUALILEN NS OB EFBHEEEMSELZ LR REINTVNDHELTND
N, FEENKE L, BERART+0THDLZEND, B h~OIMFEIXREETHD & L
TW5,

a. BEHIKESHE (TOR)

C57BL/6I <7 A (M, &REREE5~120L) (BT 5T FY 7 A (As(V))
(0, 50 pg/L) ZHEHRRIH S BN E D £ CHUKERG T 28 B irbni-
(Martinez et al. 2008) .

BHRRZBW T, WEMWI 8 IR ) 7 TE, SEREIKIKGRE CORE A A 5
AUy O DIRIEATEN L YD DIRHEARTTENZ B 3~ 2 MR N 0 e~ — I —IC B A AR
Ul 72, MiEanrFaxsaro bR, #ED CRFRL % /X7 E O,
MEEAEOEr h =2 BHTIA AR O FERE T =7 2 —T v 7D |k
FAPAENZH O, WHIEARS, RN XIXRTEEERE, TRtk W\ Tz
ITH BN T,

EH DX, BFEMO e FREEN T 5 DRI TENC BB S S R FE- T
B RE R EMEEHEA O = FBEROMERSERZHET 52 &
F 7o, FEEERE OIRIRE b R IR L OITEY ORI B U 7= i AW~
— I —ICRHMEYEL 525 EZ N LTS,
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b. BEHERKESHER (Sv M)

R Z > h~OEWWER ¢ BIREE (Rl 6 H~41% 42 AlinE CHie >~
7 2 100 mg/L BB K) 1280 FE R OFEATEIRON < DO BN OGS
Wb A BN Z ENHE S Tnvd (Xia et al. 2009)

3. ARERILLEDOEE

ek, ATF b AR e FIXEH e F X0 bEEITKR, EERATO X TF
T BAffET DA AL EEZ LN TEREN, AT ILOBRRIZ L > TK
JEPEDNE < B AMED EV MMAIIDS°> DMAID & W72 3 flid A F b b FA
RENTWD, ZD7-H, MMAIIDS DMAUID AR C BB A K LTV % AJRE
PEDMEf S TV 5 (Jomova et al. 2011)

(1) ERIZBITREE

FHEE BLEMICII S EIERFEN D D0, TNENDOILEMOFEMEIXIREIZ T
WTEXHLDOTIHRWD, LEMT LI T CEEEE 220 E N H 5 (ATSDR
2007; EFSA 2009a) .

AsBe (3t FOERNTRIELZ T T, REMEOE M SN D, B FROERS)
WNZEB T D MEERITIZE A L0 T2, AsBe II@MHEEZ KITTZ L3 eH
26N T35 (EFSA 2009a) , 7/vt/ vai—KkOEEEAHE BILEMTH D
Tt /Uy Ridke FOKRANT DMA (V) IZR# 252 (Raml et al. 2009;
Schmeisser et al. 2006) . 7/b& /a2 —¢ 7t/ Uy ROFMEICHET H1E
WITHE LN TR,

D AanzE
ATSDR (2007) }& Tt EFSA (2009a) Ick 2 &, b MBWTHEE E(LEaW
O OHERUCHER L =2t 3 A OBE T RICE T 2B IIMER STV,

QEMFE
a. RE~DEE

i BILEW O HORE D BEUE DR E~DRBIZE T 5 ATl RE 72 1R
T, Lo L, M e RICHEE S L. MMAW) % & WEES CHRb 2 Alck
TIEL HEEDOEIEAMRNA KV & EHAED OR 1 1.5~2.8 f5 K& < | b RKiFEME
FIEIRAED U A7 BN\ & 2T #5238 % (Ahsan et al. 2007; McCarty et al.
2007; Lindberg et al. 2008) , L2>L . Z L5 O ITIW 1 b |IEREZ MMAJID
& MMAW) Z KB L T eholz bt ST, 72, Valenzuela © (2005) 1%,
BRI 2 U TR b SR ITHRER Lo DS REIRZE DR NN & BRT ERED B 5
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ANZBWT, KH MMAIID EHRENRFEICHWW L2 L TWw5 (EFSA
2009a) .

b. EMNAM

IARC (X, AN ETITIZ AsBe R AsC 28D & LA E RN EEN TV DL EH
2NN, ANEICHKRT 2 e BICEDEBADY 271250 T, BEEAT
FHMICHWD Z E DO TE HEFHHAN 2V E LTS (TARC 2012)

c. HIERADEE

EFSA (2009a) 12 L% &, A FLEMORMEREIZ X 5 b ORMHRE
PEIZBEIT 2 MEITIE E A EA LT, & N OREFMER I L OE e Ric X
STHEUDLRMMREEICOVWTRAEZT D Z EIXRERES LTS, 72,
AsBeX°AsC L W o 72T OB e BLEMIT X 2R EMNEIT e N TIERD
BTV, [RIERIZ, Bk~ 72 & B (F:MMA (methylarsonate) . DMA(III))
DR EFEEDRKER THO MR b EEX LR Tk LTWns (EFSA
2009a) .

(2) ERBMFICEITHEE
OaMEMN

ATSDR (2007) I2& 5 &, MMA(V)DO# O LDso £, =7 AT 1,800 mg
MMA(V)/kg K (Kaise et al. 1989) THh o7z t#WE I TW5, £7-. DMAV)
D#E N LDso ld~ 7 AT 1,200 mg DMA(V)/kg K (Kaise et al. 1989) TH -7
EHEINTWVD,

Tk a T —IZBE LT, e FEO LS Atk EEIIRD o EE X
5N TCUVW5 (Sakurai et al. 1997; Andrewes et al. 2004)

QREH‘REEM
a. BRMEMN

DMA(V)% Fischer344 7 v MZ 4 J[ (O 5 [B]) &OG2{To72L A 57
mg/kg A/ H THEIE 50%. X 20%7234E1- L (Murai et al. 1993) | 8 B DAk
KBEETIIMET 17 me/kg {AE/H (Wanibuchi et al. 1996) . 13 H D iREE#5-
TI% 190 mg/kg (R H/H THED F344 7~ M X 100%723%E 1 L 72 (Crown et al. 1987),

b. EEM

MMAMW)IZELE ., Bl FURE A OISR EZ JE T 2 L mbh T
% (ATSDR 2007) . & bEZMEOREWVEEIITHTHY, Ty b, vV A, UH
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FROA X TUEIAROER D, BRIV TS FREA T 5 2 LR
SNTWD, HLEIZEBT DA 22T — RIS TRIZ AL 5 X9 RIERM &
FUEHEIZBONTERD BN, Arnold & (2003) 12X 2 &, {BEFREIZBITS
& HIKWNOAEL (X7 v MIHBIT 5 2 FMIREEE GO 3 mg/kg (AH/H TH Y |
THIZxE9 % LOAEL 1% 25.7 mg/kg A/ H ToHh >7= (Arnold et al. 2003) .
DMAMW)I T, Bk, FURIRE ORISR E 5 2 kbSO R W
HEIIBEROBNAMETHD EEZEZ BN TWS (ATSDR 2007) ,

QFMA M
a. DMA(V)

DMAMWIZ LY, T v FOBEMICE W TRDAMEDHER I NN, ~ 7 ZADRER
TIEERD LN TV RN ERE SN TV S,

(@ ¥R

OGG1 K#E~w A (ke B GHE 10 PU) KROEpAR <7 2 (HERE, 5858
12 Jt) 2 DMA(V) (0, 200 ppm) OfR/KEEE (BALARF 14 M, 72 @H) #17-
7= & 2 A AL DNA EEEEREFZE TH 5 OGGL Z KB L=~ v ATEBIT 5 fiilE
B DOFABEE K OB, BRI DMA(V)&GRECHEEICHmML, —J7., %
ARl 2BV, MEEORAEFTALNRN-oT2, THHDOREENS,
DMA(WV) X OGG1 RE~TU ADMIZHENAMEZRT I ENRBINTND

(Kinoshita et al. 2007) .

A~ A (., %5824 P8) (2 DMA(V) (0, 50 . 200, 400 ppm) DK
5 (BHAAEE 5 W ln, 50 M) Z1T-o72& Z A, 1 LD~ XY 7= 1) DIFEH D &
KEHETHD 400 ppm FECXHBBEICHER L CHEICEM LN, BEShiz
DMAWV)IRFE & fifEgE oS M K& &, EER O & > To~ 7 ADE & o 7245
HEOMIIAERHNERISEBRE AN RN oo 2 ERRESNLTVD

(Hayashi et al.1998) . £7-., FH HlL. AJ ~ U ARSI ZE Z LR
TWRHETHDHZ b, ZORBROHNE DMAN) D~ 7 ANZKT D3N AM D
HEZHWT5Z 3L ORFEO~ T A TEY L < oWz V-5
MULETHDHELTND,

F7-. B6C3F1 ~ 7 & (M, & 58 56 VC) (& DMA(V) (0. 2. 10, 40, 100
ppm) Z {REEF G- (BRAGIRE 5 M fn, 104 B ) L7=25 #EkE Wiz 0T  DMA(Y)
DOFGIZEHE L TS EE X LNDEM TORIN AIREE (preneoplasia) <CfHEE D
BRI A BN holot o) HES H 5 (Arnold et al. 2006)
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b) vk

F344 v + (., &% 58 36 L) | DMA(V) (0. 12.5. 50, 200 ppm) Dfik
ARG (BALARE 10 Hn, 104 #HE]) 21T7-7-& 2 A, 50 ppm B TEERLIE DS 19 %,
FLEAME & N 2 72 M35 Tl 26 % T, 200 ppm B TITREREAY 39 % (9 b 2 Bl ALIEA
JE 2 GF5) 34 L. 12.5 ppm #f & KHREE CIIIEE O R EITA LN ho T2, 728,
AFRER TIRERE LIS DOliFgs TIEFRE DS AT D B hro 7= (Wei et al. 1999; Wei
et al. 2002) .

F344 v + (HE, K% 58 60P8) 2 DMA(V) (0. 2. 10, 40. 100 ppm) %
IRENRE S (BHAGEE 5 Mls, 104 ) L7mL 2 A, BT v FoEMIzW T, FLEE
BT 10 & 08 40 ppm BT 1630, BEMEREIL 2 2O 100 ppm #ETENEI 16 &
25, HEZ >~ b 100 ppm FEIZIB W THLIAME & BEME N ZNE 4 il & 6 FilNFE
D BTz, i, MEHEOXTIREE L HICEEOR AT~ N> T, Fio, L
N Dligas TIEHEN AT O B2 > 7= (Arnold et al. 2006)

b. MMA (V)
MMAV) O EEREM) ~DF GBRTII, D APEITHER ST Ru,

(@ ¥wR

B6C3F1 ~ 7 A (M, & 58 52 IL) (2 MMA(V) (0, 10, 50, 200, 400 ppm)
ZIREE G- (BAAAEF 6 Wi, 104 M) L7c& A, &G5ICEE LA ERELRO
FERIEA BT, 400 ppm EGREICIB WO THREORBD N A LN, EHFRICAER
REACITA LN o To L HiE STV S (Arnold et al. 2003)

b) vk

F344 7 v & (M, &H&GRE 42~45 L) (2 MMA(V) (0, 50, 200 ppm) DOk
B (BHAARE 10 B, 2 4E[]) Z21T-o72L 2 A, (AE, BAEE, kg, £fF=R
DOWTIOFEIE S MMANV) O£ 5 (2B U 7= A B2 INA5RD Loz, £,
FIRROFER, JHREE S & O TR TOR G THIBESCEE M IES O 2 B VT2 03,
INBHIEF344 7 v M TIXARBMICTER SN D IEE LRI B L 0D 2 &
D, L O OMOlgE I VT 2 FIC kS MMAWEGICL 2 HE R
SR A D72 h > 7= (Shen et al. 2003a) .

F344 7 v b (., #5858 60 P5) (2 MMA(V) (0. 50, 400, 1,300 ppm) %
IREFE G- (BHAGIE 6 M, 104 8M) L7z, TR, REICBEE LA B IEE
DIERINL BRI o Tz, 7ok, SETEWE O BB BEINT D @i G IRE O
1,300 ppm /%, 53 # H{Z 1,000 ppm. 60 i H {Z 800 ppm (ZZ ¥ X7~ (Arnold et
al. 2003) .
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c. TMAO

F344 7 v (M, A£H5H 42~45 L) (2 TMAO (0, 50, 200 ppm) DEKAK
Feh. (BHAGES 10 Bls, 2 4EM]) Z21T-o728 2 A, *HBEE & i LT, 200 ppm %
BB O THIRIED I A L O A SN A BTN LT, AL/ O Olias
IZBWTHIEEORN A LNTZN, NI THLALNTEY, F344
v BT E BN AE T 2 S & B AIC AR TH » 7= (Shen et al. 2003b)

DEEFENA

a. DMA(V)

(@) YDA

f=yx—F—L L TCa4=tax/ U 1-FF> K (10mgkg AHE) %K &
HL7zddY ~v & (., & 58 9~13 L) {2 DMA(V) (0. 200, 400 ppm) @
oK G- (BHAANE 6 HEH, 25 M) #1T-7-& 2 A, DMAV)&G-RETlraxtRRE &
Lol U, BiESE A R e\ 2o L, IS O @ %513 400 ppm BE CTHEIC
#imL7-, (Yamanaka et al. 1996) .

DMBA CTA =y —3v g VHLEZR L7-K6/ODC 7 v AV == v 7 <7 A (i,
K E5RE 7T~8 L) |2, 200 ppm @ DMAV) % 2 [A] 7 U — AR Tl 2 B84

(BALAHE 10~14 s, 18 [H) L7=, DMBA O &ALE L7-FE & iz L <, DMBA
WLiE D & & DMAV) & 840 U7 BE Tl BSOS 2 5L 720 . FERENA
TaE—H—0 TPA L REEDORERNACEERZ R LT, M=o —T g
YHETIE DMAV OB EIZ b bT . RIEEEORE XA o7

(Morikawa et al. 2000) ., 7272 L. A = =— a3 VEER 2PE LW 7=
720, WMURERETH2O0H LV E S TS (TARC 2012)

b) Zvk

F344 7 v b (M, K& E5HE 20 00) Z M, ZiEss P IR ARBE L LT,
4 8 [ 12 P 7= VU diethylnitrosamin(DEN), methylnitrosourea(MNU),
N-butyl-N-(4-hydroxybutyDnitrosamine(BBN), 1,2-dimethylhydrazine(DMH),
N-bis(2-hyroxypropyDnitrosamine(DHPN) @ 5 fE ¥ O ¥ N A WE (K L T
DMBDD) TA =¥ =—3 g LE Lk, 1 EE ORISR 2§ T, DMA(V) (0,
50. 100, 200 . 400 ppm) OFRAE G- (BAAAIF 7 i, 25 ) 417 > 72, DMA(V)50
ppm 2 OEEMEDOFES AR L, £7o, I, Bl TiE 200 ppm 705, BIZHLR
R TIX 400 ppm THEBAEEEA RO -, —JF . DMBDD L@ %8712
DMA(V)% 25 H[H# 5 LCTH, BDADIEITA LI -7 (Yamamoto et al.
1995) ,

F344 7 > b (B, &S&GHE 20 IT) (23 L. 4 8IS HT 0 BN AWE T
»H%5 BBNIZTA = m—— g VALE L7-#%. DMA(V) (0. 2. 10, 20, 50, 100 ppm)
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OFKEE (BALERE 6 Biks, 32 M) %#1T-7=, ZOfEF. DMA(V)10 ppm £
SIEMEIES OFAITA B L, 25 ppm #ELL_ET DMAV) DD 38 ARt
TERICHEBERZNRBD L,

Fo, HERBRE LT BBN kb /=y —va @2 T52 E7<
DMA(V) (0, 10, 25, 100 ppm) @ﬁkﬁ(&i—? (BRAGHr 6 G, 8 W) Z1T-7-,
DMAMWIZ & =T, BEBE I Bz oo Al ol #8208 FH AR A PR LS IN L 72, 338 1%
DMAMWIZIZT v MZBWTEMOBBAMCEIERRH Y, TDAXA D= LD—D
& LTt B2 O MERtEiE O Hili A2 =2 LTV 5 (Wanibuchi et al.1996)

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

F344 7 v b (. %58 5GREDC) I DEN 24 =3 = — 3 g VALER, 2 DK
R 28T, DMA(V), MMA(V) & O TMAO (0, 100 ppm) Off/Kk#S- (Bt
e, 6 []) Z21T-o72, XFHEECHEEST, MMA XU TMAO O EHRETIE, FFRIC
BiF 5 GST-P MG O CNHEAES A EIZH I L, MMANV) X O TMAO 737
v MFIRICB T DRINAIRE ZRET 5 2 E R B2 E 72572 (Nishikawa et al.
2002) .

OmiEEM

AsBe X D' AsC Z# B LB OFHE b B LGSR ULt eI B 5 L
TWARWNnEEBEZ BN TS (EFSA 2009a) , MMAMWIZZ » RZ 72.4 mg/kg K
H/H, ¥~V A2 67.1 mgkg (KE/HOHETESG L THERRBECIMFEEZE LT

(Arnold et al. 2003) . DMAMW)IZ DWW T % 7.8 X% 94 mg/kg KEE/H OEMEKR S
TR S MBI EE LV E Vo PO RIRESI N TV D

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

Kruger et al. (2009)i%, MMA (V) X O'MMA (I) 23EEICET 5T 7 A%
RE~OEEEMRE Lo, Bl (14~21 Hilp) KORUE 2~4 02 Am) 7 > oW
BAT A AEARZ MMANV) XX MMAUID CRE L, =7 7 — 5 DI~
F 7 AEY A (FEPSPs) 2 IE S iviz, MMAVIERE K O #E 7~ N OFEAR
WICRBWTC VT T AERBIC A KT S 7o T-, — . MMAUIDIE 50 &Y 25
umol/L, (B, FnZ v F & d) OHEICBW T AMREEDEN 258 < Jfl L
720 £72.25 2O 10 pmol/L (FfR, Eln 7 »~ & b)) O HEIZB W TR (LTP)
DRME % 58 < J) U 72, RFFRFIZ MMAAID 1 pmol/L D% 5- Tl 7 ~ M LTP
RIS Z R S 7208, 2O BIE A FL-D-T7 AT X e (NMDA) ZAIEIC
B DGR, o7 2 /-3t KX -5-AF A I EFH Y — 14Tt
OB EDORINZ L DD THL B2 NS, FEFHIL. ZTNbOWSE
CAI fHIkOBLEME Y F 7 ADEFIX, BT T AT NVE I VEBEEMESZ IR ~D
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MMAIDDOERIZE VAT, BRI L 2RINEREREOIRINTH 5 "[REEN H 5
EEINTWD (Kruger et al. 2009; EFSA 2009a) .

ORESMH

AR e RILEWORE NGB DRPEARREICBIE L2k, U 7 SR E A~
DFEEILH BTV,

7 v RO~ 7 22335 MMA(V) (72.4, 67.1 mg/kg /KE/H) (Arnold et al.
2003) . DMA(V) (7.8, 94 mg/kg {KE/H) OIREFERIZ XV 0% RenE ClIHHkFm
ZEAbIZA 57 (Arnold et al. 2006) . MMAV) % 7 « > F OHHEIZ 4~T72 mg/kg
RE/AOHET20 HRROHE G Z21To56 0, MEHRE~ORZEITBE IR
o7 (Albert et al. 2008)

DHEGE - HESMH

EFSA (2009a) (2X % &, AsBe I X2 BAFMHITR O LN TE LT, MMAV)
K O'DMANV) D B DT OWTHIIFERIT E A ERNE STV,
Sprague-Dawley 7 v hRN=a2—T—F » REMG TS XIZEBIT 5 MMAN),
DMAV) D% O #5012 K 2 Bl s A Ttk Cid, RMREMENAE U2 VIR & T
E, BGICEE LR EREEN LN -T2 Z ENME STV 5, SRR
i (7 v hTiEhalEe (GD) 6~15 H, 7 H¥TiLGD7~19 H) MMA(V)TiX7 v
MZ 0, 10, 100 )% T* 500 mg/kg RH/H, ¥ F(20, 1, 3, 7 &% 12 mg/kg {&
#/H, DMA(V)TIZZ v M2 0, 4, 12 XX 36 mg/kg (AAE/H, 73 X120, 3. 12
O 48 mg/kg (KE/H O ETHKER D& LG 21772 2 A, MMAW# 512X 5
FHA N OBE IREEIT R B EWHETH 5 500 mg/kg AE/H (Z > ) | 12 mg/kg
RE/H (VX)) THLNEN, HF5I2BHEE L8 AHFEEI R E TR o)
272, MMAW G286 1T DA IEILHER S 720> 72, DMANV) TIERHEL DY
WEmlEN 7 v T 36 mglkg (KE/AOHETALNTZ, VX Tl 48 mg/kg 1K
F/HOHBEZHEGTLZLICL0 13 A EORMENRTE L, fHMEiC& 2 4E4B R
DIEEL72WE WS TSN RHAFRERNE Uz, 7 v MR U Rz 252
B L 7- RHMA I AFREN A O N VWHEIX 12 mgke AHE/ALL T TH - 7=
(Irvine et al. 2006; EFSA 2009) .

@xEMESM

¥ U AT, B 3R L RIS DMAWIERHAD & a4 08 U Tl S fv, AR
IR MEAMBA M A G @i L, BRI ORMICIZ < 949 % (Jin et al. 2006) .
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4. N\IHFHERLEYVORE
ATSDR (2007) XU EFSA (2009a) #iC, N LAt R EWICET %3N
FHYH R A L7208, FEFEICRE LTV,

(1) EFZBTEIEE
DaMFE

ATSDR (2007) I2£ % &, BIEARATLHZ LICEIVAELEA#E R LEYDO
SRS STV D, 1,714 mg MSMA/kg (KRE ZARA L7 BT
a3y ZIEIR, HEA VB EREE 2 A 540 (Shum et al. 1995) | 78 mg
DMA/kg REZ R L7 EE TidEM:, BERA O THRABIZE I N (Lee et al
1995) .

Qmtpe

=1

B BEEMITIREIEL LTORERH O | 22O TUIMEEDOIRREIZ, TR T
IV B,F-TT I A4L-Te RaFT kX EY) B, BUIfEIZE BT
TV R R Y=< (HERE) ORI E LT, S OREREETA T 1Y
7'm—/ ((2-(4-(4,6-diamino-1,3,5-triazin-2-ylamino)phenyl)-1,3,2-dithiarsolan
-4-yl) methanol) ZHWHILTWS, ZLH DOLEWN AR EMEZ 4 T 5
T EEE LTV AN, MRS N Y X Y =< SE R IT BT D AR ARE 1T R R
HINTNWDLOHTHS (Gherardi et al. 1990) , Flx X, T/ AT7=F I 2
XD REZ T DB OmEBRF BV T, IMOHMZREE T 5T VA7 )3
VIR & FEEAL D AR (PN . IMEREESR) AU, B ofElk & LT
R, FEAE. WEE, B, HEKOEAZDRHOLATWD, MORE TITFRIE, —
EORER TITREM I 1T 2 ME D 5 o ifi, BEFE, Wi, <~ R OFRRSHIE o
JEBERIE N RO b= L s S Tuvd (Roseman and Aring 1941; Globus and
Ginsburg 1933) ., A7 /LY 7o —/LIZ X DEETiE, EEOKIGME & BAE 2 £
. B &7 phi Ik g & o 72 W ANME O FEEBE MRS ) A & o 7 W AU
IZHERE T 5 S HE, & 2 WIXEMEINFRIC AL O IO BERIFAL A U D rlaEtE bl &
AL TW% (Haller et al. 1986; Adams et al. 1986; EFSA 2009a) .

2003 AR KSR IR AR IET (Bl #0#fTT) . DPAA I KD HFKBGERFAEL,
FAROBANZ L D /MEREK 2 FhEIR &35 DPAA HEA 4 L7 (Ishii et al.
2004) . FKHAFFAD ST 4,500 pg As/L &0 9 EBEO e BRI S, RP»
513 DPAA 7% HPLC-ICP-MS (T & 2 #r THitH S4u7z, DPAA T X DR E &
EZ BN DUHNERICS B D& 72 ENFER SN2, JERFEEL & REE & ORI
RBn7Ewd7zinotc, L LEFERIIIZT —Z #8325 & BENEO LN HHEE
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BT 1,100 pg As/L (140~2,400 pg As/L) Toh o7z, 728, FEBRBEE I HITR
F1Z DPAA S SN Z ERHESNATWD (FIES 2006) |

(2) ERBMFICEITHEE
OaMEMN

ATSDR (2007) (i2&k25 &, axH LY BT 5 LDs £, ~ 7 AT 244
mg/kg AE (NTP 1989) . 7 v T 81 mg/kg /AE (NTP 1989) K O* 155 mg kg
K (Kerretal. 1963) Thol-tHMEIN TS, /o, AL EREEKTHD
MSMA O#% 1 LDso %, 7 » b T 2,449~3,184 mg MSMA/kg /A (Gur and Nyska
1990) . 7% X T 102 mg MSMA/kg K5 (Jaghabir et al. 1988) Th - 7= & 5
ERnTW5,

QREXRSEMN
a. BRMSMH
(a) 1A BEEMSHHER (THX)

B6C3F1 v X (MR, G858 IBIF5mxH 1Y (0. 60, 120,
250, 500. 1,000 ppm) @ 14 HIEREEK SR THONT,

1,000 ppm 5 REDHE 5 PUrb 2 PU i 5 PUr 5 PEASIELS L 7=, SR EEAS 1,000
ppm FHFEDORET 34%., 500 ppm & GHEOMET 10% > LTz, Fio, BERIE
K T2 250 ppm LA EFGEHTH LN (NTP 1989) .

ATSDR (2007) (%, ARBROAKEELD D NOAEL % 84 mg/kg (A&E/H (500
ppm) . JHEEHMEK T NOAEL % 20 mg/kg K&E/H (120 ppm) & LT\ 5,

(b) BEFREREFERER (TOVX)

B6C3F1 v 7 A (MR, #5858 10 P8) (28T 5= FH1 Y (0, 50, 100,
200, 400, 800 ppm) @ 13 HE[EREEE G-ER11THI 7=,

800 ppm HGHEDME 10 JCH 6 PL, M 10 VL 8 PEAY, 400 ppm FHRED
MEA 10 TR 1 PCASSETE L7z, 800 ppm BeG-HETIX, HAIRENS I IRAE L b~
THET 18%., WEDY 11%38/ L7z, 800 ppm $&5-5F D i TR X & & Db 23
FH 7z (NTP 1989)

EF OV T B6C3F1 v 7 & (MElE, A58 (MEKE, #5858 30 )

io 7‘%61:'%4%/1/// (0. 100, 400 ppm) ® 13 HRREERKGHRAERAIT 7=

S, BEICEAEEITIA LN o7 (NTP 1989)

(c) 4 EMHEAMEMEHARE (Sv k)
F344 7 v & (MEME, 5558 5 8) FHruxPrY > (0, 100, 200,
400, 800, 1600 ppm) @ 14 H F’aﬁfméﬂiﬁ%mﬁﬂﬁbmto
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1,600 ppm # G-HEOKE 5 PLrf 3 P, #f 5 PLr 5 PLASSETS L7z, 400 ppm $¢5-
BETIE, BRI RREE & b THET 22%. MET 5%84 L7, 1,600 ppm #
RO O 800 ppm & G-HEOHE CHEIZOBAD N A LN, £, BERTE
K T2 400 ppm LA EFGHTHA LN (NTP 1989) |

(e) 13BMEZMHHEHER (Sv M)

Holtzman 7 > & (HERE, 558 6 L) | FoHruxHy (0, 25, 50,
100, 200, 400 ppm) @ 13 ﬁF‘ﬁ/méH&Enitsﬁmﬂomio

400 ppm #GHEORE 12 DL 10 PE, #f 10 PErf 10 PE3SET L7z (Kerr et al.
1963; ATSDR 2007) .

(e) 13BMEZMHHEHER (Sv M)

F344 7 v  (MEME, 458 10 I8) (B 5nx¥1Y > (0. 50, 100,
200, 400, 800 ppm) @ 13 ﬂﬁﬁfmﬁﬁf&’—?nﬂ%ﬁﬁ?bﬂto

800 ppm #G-HEDKE 10 Purf 3 PL, #fE 10 PEr 2 PE3SETE L7, 200, 400
' 800 ppm B HGRHETHRMKMLEN, TNENHET 14, 26, 50%, MET 8, 11,

33%J# > L7z, 50, 100, 200 M X400 ppm & 5-FEOREIW N 800 ppm LA %
HREDOMECTHFFERT EEOIEMA B 47z (NTP 1989)

EFOITHNTF344 7 > b (MERE, AHBG5HE 3000 IZBiF2u®H Ly

(0. 100, 400 ppm) @ 13 MEREEE GABR 41T - 710

400 ppm % 55 O M TR B E O R KON X E & OIS A~ v,
100 ppm VA E&G-RE O I TR E & DO 23 400 ppm & -5-FF O I TRAE %
HEOHEM, BEOEEN (BEORME LR OZME, B, RmMH
DAIKAL) BHE BT, METITERGIZEET 2EEITRO oo (NTP
1989) .

ATSDR (%, KBz I 1 D K& O NOAEL % 8 mg/kg A&/ H (100 ppm) .
[T ~D 2D NOAEL % 4 mg/kg {AE/H (50 ppm) | Bk ~D 2D NOAEL
% 16 mg/kg fKE/H (200 ppm) & L T\% (ATSDR 2007) .

b. BEEM
(a) 2 FHEEBMHSEEHER (TOX)

B6C3F1 ~ 7 A (M, A4c5-8F 50 L) (ZBIF 5w 41V (0. 100,
200 ppm; 0, 21, 43 mg/kg AE/H, M0, 27, 54 mg/kg KEH/H) D 2 4F
MR EE & G-3BR 0T o7,

BHIZ LD PR, DME R, THERE SR, MK, e, . B
. B AR, %R, S - AN OB A~DEEITA L/~ T2 (NTP
1989; ATSDR 2007) .
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ATSDR 1%, A&k NOAEL % 43 mg/kg {£HH/H & LTV % (ATSDR 2007).,

(b) 2 FHEEBHSEEHER (Tv )

F344 5 v + (M, K% 58 50 L) 121 5 231V > (0. 50, 100 ppm;
0. 2.1, 4 mg/kg IKE/H) O 2 FERIRFE GBI T,

100 ppm £ 5-1F O K T D B IE D J& A 1 BE O BEAME R 23 7 B AT,

B, BHIZX DR, OME R, HEaE R, R, fEks. IThE, &
g, R, H. RE, @ER, A - BERORERASORBEIHR LI
7= (NTP 1989; ATSDR 2007) .

ATSDR 1%, A6k > NOAEL % 4 mg/kg A#E/H & LT\ % (ATSDR 2007).

QFMAM

NTP (1989) (2 L% 2 DR HGFRER T, veXH Ly id~7 & (100,
200 ppm; 21, 43 mg/kg (KE/H ., M 27, 54 mg/kg (K&E/H) X7 v b (50,
100 ppm; 2.1, 4 mg/kg (KE/H) THRMDAEZ R THERGEHLIIA LR o T &
WS Twd (NTP 1989; ATSDR 2007; EFSA 2009a) .

@mEEM

ATSDR (2007) (2L 2 &, BMEROHT T, 72Ra X910y o OMREMEIC
O ED R <, 6.3 mg/kg RE/H (30 HRERE A& E) 2BV T HARER~D
HENLLNZESIN TS (Rice et al. 1985, Edmonds and Baker 1986;
Kennedy et al. 1986; ATSDR 2007; EFSA 2009a) .

GOfEEME

ATSDR (2007) 12k 5% &, At FMEWORAFRKEITIT D 50 HAE T B
L7l R, UV SREE~OEBIIA LN TRV E ST 5, NTP (1989)
Lk B~ ARV v MBI 5 2 EHIBHFIERBRICBN T, n¥ LYy (v
7 A 200 ppm; 43 mg/kg (KE/H, 7 > b 100ppm; 4 mg/kg (KHE/H) DOIRFEE T
REERAE CIIMM TR T AN oot HES N TWDS (NTP 1989;
ATSDR 2007) .

©%£E - RESMN

NLEHE BLED O D 5B T 5 B0 - FEA TR 3 2 #hialk o H@ s
TRHB =B R)hoT,
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5. BEizEH
(1) EFCBITZEE
DEGCFREARLEE
Ostrosky-Wegman © (1991) [ZAX T ad X1 vy MHET, BEEE 390
ug/L (As(V) 98%. As(IID) 2%) DOHFAKIZIEPERICIREE S - migErE 114 (5
P24, kM 94) &, BRI 134 (BH24, 114, HA KT e HR
FE19~60 ug/L) 7 HIME&E QR EHI L, b RIREIZL D EEFEEIZON TR
U7, SRR I3 m R EE 3 15 38 sk (HiPH 21~62 7%) | IRIERZERE)S 38 ik (&l
P 21~585%) | JEEWIRILEIREERE T4y 37 45 (HiPH 21~55 4F) | RIRFERET
¥ 34 - (#PH 5~56 ) Th 7o, REIMY »/)EKD HPRTE(R T O FAA
FEITEMBERETE < Ro TV RIRFER & OFEZEITRO b7 d -7 (IARC
2004) .
TRERFE O A TH 525, Harrington-Brock & (1999) 15V O#ifEH T35 C
B< BYE 154 (24~66 i, 4% LT 2 FHst M 43 20H) o LT,
b RIETHE & HPRT (5 TIEARFE L ORI OV TRFT L7z, BEIREIE, R
HEeR L Zotd 52 & TR LK (%) 120 pg/L)  H (F#%) 190 pg/L)
%(ﬁﬁ%ﬁ@&)@Sﬁ:AﬁLtoﬂﬁﬁﬁﬁ?E@wﬂhriﬁﬁ SHET 9
X106, FRRFRAE T 11X 106, SIREAET24 X106 TH V. b HIBRFTIC X 2 KM
U > NERD HPRT&n FHEERICHEZITIA LN~ 7= (IARC 2004)

Q%BHREER

a. 2EAREEHER

Gonsebatt © (1997) X, AF T 2TBWT, SEIKIC K 2 HE v HigiE &1
20, [ CRRRE OSBRE LI H 2 ERERG & Lz b BRERIC
& % M EAR RIS B DUV TR LT, P88 b ZRR A 408 pg/L (#iPH 396~435
ug/L) OFEFKERA TWRER (35 4) L. FH e REA 29.9 pg/L (%iPH
7.4~62 pg/L) DIFFKEZEA TV REE (34 4) NSz, FHFER T
BEEEREAN 41 % (RiDH 24~68 %) . XITHBEEDS 39 &% (“*I 22~66 %) . EEHIH
IXBRFEREADY 3~65 4, SIREENY 10~64 FETH V| BRETERE L SHBEEOVEL b [FIRE
Tholo, MEL, BEEMEME RO IWEIC H;% STz, & DV
HOIRE 2= T Tz Nl %ﬁﬁﬁ%&b RSN LT, B RRMMY o ERIZIB T
D Y R ELE OB, BREETEDS 7. 1% (BB 8.9%., & 5.7%) . XFHREED 3.0%

(B 2.8%., otk 8.1%) Tt HgE ot DERIZELS 2D ENRRBO LN,
WG =R TR FERE T 29%. ﬁ%&@%% FIFR%ECTH D Z LD, TARC IFHLE
IS YR B OO B D FRMTRE SR ﬁiﬁ%@%&fbfwék IO LR E
LTWa, £, BEHNICBWTE LR TR b EBOZEIL, HENSR L
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2o TR O BIEN TR LK EO R CHIER 2T D720, kL0 £ okE
BRLZE=OTHD EE 2= TARC 2004) .

Msiki-Paakkanen H (1998) %X, 74> 7 v RIZBWT, FF/KTE RICHRER
ENTZ 424 x5 E LT, Yo fRERE L v FRRE L OB ARG Lz, 150t F
KZEH LTV DIRERE 32 4 (CF¥) 52 ik, #ilH 15~83 ik, LR FE LI 8 45,
HiPH 1~29 ) OEEIKH & FIRE O IEIE 410 ug/L (FiPH 17~510 pg/L) T
BV, EVERE b BREEERE ORI 455 mg (#PH 48~6,869 mg) & &
ST, —H, o7V T 2~4 ARNIIHEYFF A KOFE R 29 ik U7zE (g
FEHE) 104 (¥ 46 ik, 17~68 sk, FHREWIM] 10 4, 5~30 4) DOEEIK
b PR O P REIE 296 pg/L (i 20~980 pg/l) TH 0 . LVERE b FIRE
BiEEO P RMEILX 828 mg (117~5,902 mg) & HH St [7 U HUIEI T ek FRAE
84 (E¥5075%. 37~T6m%) OEEIKH b HBIREIL 1 ug/L Kii Th o7, WE
EE, MR ANEOBRE N OJEEREE RN T & Uiz, KM Y > RBRICE
T YRR OB E T, "R T ERE LRV E XX, BET 6.9

(p=0.02) . HBRFERET 4.2, XBEET 8.6 TH V., FHIE L L 13, BEHET
3.5 (p=0.1) . ARERET 1.9, MBEET 3.6 THHoTo, kB, BEIC L H YR
B ~ORBIIA LN o7, LU, ZERFE2FHELTH L THLH]E
Bl o8 (GLM) %2179 &, R b FRIRE & bR RE & ORIA B 7 B S 2
Hiv7e (FH%EHT r2=0.25, p=0.008, #W#% r2=0.27, p=0.04) . £/, Rfft
FIRTE R & YRR L ORICBW T H A EZRBEEN A O F%ERT r2=0.21,
p=0.008 . FWHE% r2=0.24, p=0.25) (IARC 2004) .

Mahata & (2003) 1. A > RERUHLICEBWT, bHEICLDREERDOH
%594 (B 374, LME224, P37k (P 156~715%) ) &HF#m&L U
DRREHIHNL 2~ ~ F LT3t BREE 86 4 (BB1E 27 4. &k 94, ¥ 33 % (%
18~607%) ) & At L, 18 b RIgEIC X 5B EFHRED T RRA
Vb & LT AR RS 2 W2 21T o 72, OB KT o b IR IL, BRERET
¥ 212 pg/L (P 60~580 pg/l) . xHHEHEE T4 6.4 pg/L (3.0~12.6 pg/L)
Thol, Fio, BERICITMEENE TN TV, BERICBT 28NS
Db FEORBEYIRITEY) 15.1 4 (#PH 3~35 ) Th o7z, #THREE L bl L Cig
BHEON, ZEVRF O FREITARICE N> T, KIEMY > RERICH T 5 Y
AR T OBEIL, BEERED 8.1%., XTHEEN 2.0% TH Y . BEHETHEIZE )N
ol 7B, MUEDREIIRD Lol

Ghosh & (2006) 1%, A > REERUH/AZEBWNT, b FEE 242 ug/L @
B K Z A CWEREIEIR D H 5 244 4 (B 141 4, &Mk 103 44, BRIER
38.9%) . Vb FIRE 202 pg/L OECEIK Z A TV RERER D720 178 4

(BIET7 4, &M 101 44, WESR 27.53%) . LROVCEY B REE 7.2 g/l O
Bk &8 A TG HRRE 102 4 (B 514, et 51 4, MJ#R 33.3%) A x5
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& LT, MEEFREZTA~To, RIEM Y N ERICBT 5 1 MY 729 O
PGt R L E BUL R EAEREE T 0.094, FJEEREREET 0.07, *HIREEIX 0.024
ThoTe, BEARERIE R OV J& e R D Yu R BL 0% Xt RRBE & i 95 & |
%2 D7D 95%CI 1% 0.063~0.076 (p=0.001) & 0.041~0.050 (p=0.001) TH
D, BEIZENST,

Chakraborty & (2008) (%, 1 > R~ H/LIZBW T, b FEE 66.8 pg/L
DB Z D7 < & HiE 10 FEMEKA TWZIRERRE 45 4 (B 12 4. Lotk 33
&, T34 5%) L. M FElE~ o F LIER e FBERE 6.4 pg/L OFCEIK E A
TVt BRE 25 4 (BME 6 4. Aotk 19 44, V4 34 5%) x5 & L-flaEis
?E’J%ﬂﬁ%é@ﬁ’@ L7z, WEEOESRFEIRI BIFIERETH - 72, O FEREEMmIE
(23T 2 Ye o R B I IR EE R 3 1) 4.9% ﬁﬁﬁﬁiz@i@ 1.3%TH v, BFEREN
AREICEN- T, FBHE DX, BBIKIZ L D & FREFETIZ Lo TRBMm Y > 8k & A
FRIZ O PERE S © & MBS PR G ICH BB A b d & ifam LT,

b. /NEEAER

Warner & (1994) 1%, KERAZIINTIBNT, HFKES L TEME L FHiRE
AT TAERZ RIS, FIBEREM ERGHAE (exfoliated bladder cells) f OVH % *EH?Z
il 7‘54\#%552%@“ BTz, BEKT O e R IIRER 184 (B
PE8 4. 2otk 10 4. P 38 % (HiPH 14~747%) ) T 1,310 pg/L (2,260 pg As/
H) . i, MELROBEREO~ v F LI-xHREE 184 (B84, Lt 104, Y
37.0 % (16~705%) ) T 16 ug/L (36 ug As/H) Th o7z, E{EHAMIT, BRERE
Ty 4 (FPH 1~13 4F) | xPRREECHY 5 4 (#iPH 1~13 47) ﬂbof_o 15
bt _E Bz Al 1,000 MG 2 7= O O/ NMETE R O BEEE I IR EERE 2.79 X FERE 1.57 TH D |
1.8 f% (90%CI=1.06~2.99, p=0.09) @m->7, F7o. Bt LRI O /IMETE ALK
BEEEIX, IRPOERBEE L EORBGBRALNTZ, —F, DEEREMIZO 1,000 M
Y720 O/IMETE RAEEE 1TV FERE C 2,49, X FREET 2.50 TH Y (Wi DT 1.0(90%
CI=0.65~1.53, p=0.5) & 72V b RIFEICEES LIINIETA SN0 -T2 (TARC
2004, 2012) ,

Biggs © (1997) 1%, F V2BV T, b HFRE R R 670 pg/L (FiPFH 560~670 pg/L)
DEEIKZ R A TW o mREERE 124 4 (BHET04 ., LtEb4 4, F¥ 411 (18
~81 %) . M 29%) & MEE. FERERCK OBYEEEN~ v T L, e #E
PREE 15 pg/L (HiPH 12~17 pg/L) OECEIKZ A TV ARIREERE 108 4 (B
55 4., ZME B3 44, ¥ 41 5% (19~75 %) . BUE=R 31%) Z&f%RE LT, JRF
tREEAEELE L Ce BRERICL DM LM (bladder cells) D/NMETE AR
FE A bbls U 7o, R AR IR EERE T 20.0 45 (BGPH 0.2~81 4F) | RFHEEECF
¥)27.7 4 (i 0.2~73 ) Tholo, RAEREEZ/ NS WIEINOREL 2D

N B FRZ 3 EIT 5 & BENE LRI O/ IMEI OB 1 IRV 1 D 4
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B R e RERIE 53.9~729 ug/L) 122512 @< o=, bmwv 58 UK
e BEE 729 pg/LLLE) Tl LA 1L VIE -T2, BEE LI, &bEVR
TRE (B R T/AMEIERROBEENED Lz i3 % 6 < Ml s L 2y 2445 1
DD THDHEEBEZTN, TDADZALIONWTIEIDICEBNVETHD &L
TW5,

iR Gonsebatt & (1997) 1%, R Y > BRICE 1T A Qe kB E L R8T,
1 e b BB N Je OVR % B RHE (urothelial cells) (Z81F B /IMETERRIC DWW T HF
i L7z, 1,000 AAE Y 72 © O/ METE AL O BEEE 1T MR EE I C U3 1 RS IRHE i C 2224 2.21

(BB1E 3.08, et 1.28) | R LRzAilR T 2.22 (B 4.18, &M 1.24) THho7=
PN, REIREECIE ORGSR C 284 0.56 (B 0.55, Zctk 0.57) | RIS ERGHAE
T0.48 (B 0.58, %1 0.43) &, BEFETHEICE -7 (TARC 2004) .

Moore ©» (1997a) %, Lo Biggs & DAFZEN S BIEO RIIRIHRE K-> TE
FIRFE BT DRI 21T o 72, B IR 600 ug/L OECEKIC &g
B2 SIVTCW o mIREERE 70 4 CEY 42 5% (FiPH 20~74 7%) ) &, 8BRS E
FIRIE 15 pg/L ORBRZERE 55 44 (%) 42 5% (#iPH 19~75 %) ) O bRz i
T/AEENRIE STz, i, BUERE, BB (EEREM Y 19.3 £ #PE 04
~614F) | (KIREREEY) 28.3 4F (#iPH 0.2~734F) ) . HABELOAHIT~ v F
TINTWe, ZUWOHXREFEDOHINL e RIREFEN NNy 7 770 RLYLLLFOFH
PEROZ 104 £ 2 RP e BIEREDOK/NT 5 BT D &, BV 1 BENS 4 B

(JRH b FIRE 54~T729 pg/L) £ T/MMIEEMENEL 720 HEHFHICbAE
IR SORBIR R A D=2y, b @ 5 B (R e FIRE 729 pg/L LLE) TIEE
B ThR)hotz, B b AT EMEO/IMEIL 4 BT 3.1 1% (95%CI=1.4~6.6) N
L. B baxATREO/NEIT 3EET 7.5 % (95%C1=2.8~20.3) @< 7o/ &
B, Qe KBS METER D ERIRKTH 5 L& X Bz (TARC 2004)

X512, Moore 5 (1997b) X Z DFHED 34 4 &R, Bk & BRE A
600 pg/L 7225 45 pg/L ICEERT 5 AREZ1T o 72, 8%, & TOMEREIZ
BT HIBEERED: R (exfoliated bladder cells) TO/IMEFEEK OFEE D3 B L
72o 1,000 HERE Y 72 0 O/IMETERRBEEE I, JT AR 2.63 Th o728, ST AKZIT 1.79
&g o 1o, RRF OWERER| T H b & BYEF 2BV TI ARIIX 4.45 Th o 7203,
AT 1.44 LD LS, FEMUEZE CIIZBix A o T- (I AHT 2.05,
AT 1.90) , FH I, BUEE O R CIX, e RBIC L 2EEEEICED
BEOEZENR LD BN LRI E LTS (IARC 2004)

Tian & (2001) NFEMEL-HENETL ILAEBRTO NS, oy NEETIE, &
Bk 2 L CEBMEMICE BRZE SN NOERO R E W T/MEDTER
B 272, ) 17 D720 b FIRE 528 pg/L ORCEIK 28 A TN Tz iR R
RE194 (BiE144., bbb 4, W) 385 L. MR, ¥, A% A0#K
SRR AR M OMEEFEIRAE 2 % 8 L 7- b BIRJE 4.4 ug/L ORCEIK Z2 8 ATz
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IIREERE 13 40 (B8 4. ik 54, ¥ 38 sk) NI i, mBEERED/
IR OBERE 1%, RRREERE & bl U C, DRSS & OVRaE B R DERE L 727%
KON T 34 A BEICE -T2, JREE FEAIN (bladder urothelial cells) T
PRSI/ NEDO BN 2.7 (5 JERYEE TlX 2.4 5 TH - 7o BEE 2R 9D L |
F BRI & PRI C b RIREE O EITRE 20 IMEIER OB D 6 {55
< 72o7= (IARC 2004) .

Basu & (2002) (%, £ ¥ R HMIZEBWT, B HICEE L-EEREDH
% 454 (BPE30 4., Mk 15 4, ¥ 30w (#iPH 15~58 %) ) &, WJHEEL L
TERIZBRIN TV W OO g FE TR 21 4 (B 174, tc'ré 44,
¥ 35 ik (HiPH 19~60 %) ) ZAxtZE LT, bk E I Lz e FRFEIC L5 0
WEREREAmAE, PRI b RRIAE & ORAE I Y > 7 SERD/IMETE R D TR uto ok
KD L, BRERE T 368 pg/L (#iPH 15~800 pg/L) . Xt FREE T
5.5 pg/L (%l 3~12 ug/L) T%Oﬁo WREERE & P RAE & CIIAEEE Rl & Ot
FHIHIALIZ R CTH - 7=, £70. BBREOHCEIKIZ X HIREHMIT Y 11.3 4 (#
H 2~22 4F) T¥H > 72, 1,000 flﬂﬂ’jét D /METE R OB & W EEFE TILE 6.39

CRAEIML Y > 238K) | 5.15 (HFEREEMAL) K ON6.74 (RIE LREGMIfR) Tholod
W2k U REPREECIE ) 0.53 CREYML Y > 2%EK) | 0.77 (D EERER=MIAR) K& O 0.56

R¥E ERfin) &, BB CHRICE -T2, B, AMEITB T, B
XA T STy (TARC 2004)

E 512, Basu 5 (2004) 1A > R A MIZEBWT, b RIEE 214.7 pg/Ll D
FEIK 2 B A UV BREERE 163 4 (B 86 4. &Mk 77 4. ¥ 35 7% (15~65
%) ) & B RIRE 9.2 ug/l OREIK AR AL TV -3t BREE 154 44 (1% 88 4 otk
66 4. 345 (15~60 %) ) I2HOWThH, L ELFBEOREART-7-, BiE
BE & XPHBEIC IV T, iRk & AR I IR CTh - 7, 1,000 Hifa 4 7=
0 NETERL OB 1T, BREERECIZEY) 9.34 CRIYIM Y > /RBR) | 5.94 (10 ZERERESH
@) MK OY 6.65 (Eﬁﬁi&-ﬁaﬂﬁ) TholoDIZxf L, *HEEET iJ?i/J 1.66 (CRAH 1M
U UoRER) | 1.28 (DEREESHING) KON 1.41 (RIE LR2HIl) & BEBRECAHEC
Eno Tz,

Martinez & (2004) 1%, FVIZEWT, HTFKIZ KD b RFEFEIPKHEIMY >N
EKIZH T D/INEIRRBEEDZE LW ERZSI R T8 ) 2t Lic, B KH
Db FILEIL, BERE 1064 (B 244, otk 824, ¥ 40 5k, MU 19%)
T 750 pg/L. xﬂﬁﬁi 1114 (B 424, M 694, W) 38 k. MR 32%)
TO02ug/L Thotz, KM > ERTO/NEIRR OB 1%, BREERE T 14.44
THY . KBEEOFH) 11.96 LV Eoo 208, FeHFIcHE Tl o1,

S 52, Martinez ©» (2005) 1%, [FHSICETeBREERE 1064 (BiME24 4., &«
PE 81 44, W) 40 5%) & xPHAHE 102 40 (BB 40 4, 2otk 62 4. Y 87.28 %)
G & U C R BRI OO/ METE R D BREE 2 F8~ 7=, 1,000 MifE 72 0 O/NMEK

96



PO IR, MREERECY 3.14 & RO 2.74 TV @ o 72y, #ahFH)
fiﬁﬁLiﬁ%ﬂﬁﬁ)Oﬁo

Ak @ Chakraborty © (2006) I, DRI d5 1T B Yt R B b pfdC
INETERRAZ DWW TIRET L7, ARSI 35 1 B /ME DT ARBE RS I XM EERE T 1.
0%, XHEET0.3%TH Y, t%ﬁ R CHRICE NS T,

AR > Ghosh & (2006) 1%, KA Y > SERIC 1T 2 Yuta i i s & ORE TR
iV 2 RER, O ZERERR K ORI b BRI 351 B /MET I DWW TR L 7=, 1,000
AR 7= 0 /INETE AR D BEEE 1 X, B FEREIR D 8 D BECTIEARIEIM Y > /RER T 9.13,

MR ECHE AR C Y 5.62, JREE ERZAIIR T 6.01, 72 EFEEIR D72 EETIE
RRYI Y > 7]BRCIEH 6.30, MK IHIE C - 3.56, JRIEE bR MR T 4.18
Tholo, *HRBETIIRMM Y o/ ER T 2.0, DPEREESHE T 1.67, R L
B C 1.70 Th o7z, RIEIEROH 2 HE & XFHREEE OZED 95%CL 1%, KLY
NERT 6.65~7.55 (p<0.000) . HFEREBEAIALT 3.560~4.40 (p<0.000) . JK
R AR T 8.85~4.33 (p<0.000) TH V. [FIERIZEZEER O 72\ EE L kFIREE &
DFED 95%CI 134 % 3.79~4.74 (p=0.001) . 1.53~2.25 (p=0.001) . 2.15~2.78
(p=0.001) THH, WTHOHLMEELV ARICE ST,

BEEBBR O A TIEH 52, Vuyyuri © (2006) 1%, M1~ RiZBWT, B#
IR LTe 77 ARLEREFE 200 4 (B 144 44, otk 56 44, B 60%, F
PNgEFE MM 12.8 47) L xfHAEE 1656 44 (AR 107 4. Ltk 58 44, MUHE=R 62%) %
R L LT, DRI 2 BIEEMEREIC OV TIRE Lz, BERE K O%
%#@m$tﬁgﬁi%M%h$wﬁwpwg1ru@Lf%otoDﬂﬁﬁﬁ%

T IEI DB EE S IRFERE T 1.52% &, HRBED 0.21% LV BRICE > T-,
T, BB OSRHRERIZ W T, BYEE O BB IMEIE R OSEEE R < (WRERRE
WM 1.51, FEMREE 0.32, XIPREE : BERE 0.25, FEMUERH 0.12) | MRS X

THEREENKTIND Z LRSI,

QiR B 5 A (SCE)
Lerda (1994) 1%, 7B F BT, D7 &b 20 L1 B Ko B
ICHEEE SNTERZ BRI, B MRIEMY o 38RIZEB1T 5 SCE Zii~7=, fk
m$®t$@E . BREERE 282 44 (K 57 i (HiPH 27~82 7%) ) T 130 pg/L
(#iPH 10~660 pg/L) . xtRERE 1556 4 (CEEJ4# 39 ik (HPH 29~517%) ) T
¥) 20 pg/L (#iH 0~70 pg/L) Tholz, b HRLNOERBEEDE ~OHEEIRE &
HEE SN, RIEIMY > /8ERD 1 #7290 © SCE O IX, BEIEZR N T
10.46 (7.23~14.90) TH-7=D ’ﬁL/*ﬂ@#Ti749@1Tww8ﬂ‘f&D
RERE CHEICE -T2 (p<0.001) . BRERE & HRBEOFERm 2 E LT 2720
WRFERE T 50 sl LIRS &N ORI LIz 2 %Emm%%@ﬁl kmf
I, SCE & MR OV & OFICHBRMEBEIEA LN 2Tz, S HIT, fBK
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HOERBEIZF LN T SCE LEENSH Y, ARBRMEEITALGNRN-T,
IARC DU —F > 7 7 )—T1%, Rs CIEm a2 iH i A saMic s Sh Tk b
T RF b FEOEENEE DN ILASTT Th 7272, Z OFFIEOMEILIRER)
ThsnEFHE LTS (TARC 2004) .

Ak > Mahata & (2003) Tid, Jea ki s & T SCE ICHOWTHEI A 2 S
NTW D, BREERE L MTREEC W T, R Y /BT 1 Mlai72 v SCE D
X % FRETC 7.26, XRIET5.95 THY, e ERBICLVAEICEI T,

(@DNA 1815

TZERFZEOM A TS D05, il ® Vuyyuri © (2006) 1%, HFREBESHALIC

T B /NETE R & OFE T HIMERIC I 1 5 B n ik _O%Tﬁﬁbtoﬂf/F7
v ALY DNABEERTHS, :%/%%ﬁﬂﬁ ERETC 14.95um &, %W
D 829um LV AEICEN o7, £ BEER & BV T, BT DNA
BISICHEZIT Do 1oy, Flnds m W EE IS C DNA 150 A Z 728
O BT,

OEBEFMEICE T ETEEDFE LD

EFEMETIE, ERICE DB TP RERERBEE AT RE I T E A E RO,
ZNOOPWME TITEBEFRRERZOFAEZRBE FRITRO Ty, L,
@ﬁ@%ﬁ@ﬂ%%ﬁﬁﬁbfwﬁ<@A%%ﬁﬁ%ﬁott e et A ]
Behbhholcmighbd o, SBOWRELFR-RITR LR, —F,
KRG KON SCEIZOWTIE, —HBEMEOMENH 508, £ < OWE THEIKI S
Db FIRFE VAw@mﬁ@m@ £V b RIRGE L IREE ERGHINE, DR e K O
RAFIL Y > SERGHIRRIC I T D8 & ORICABRRIEOHEERHIF O TVWD, &5
K\t%@m%i&ﬁ%\Dﬂﬁﬁﬁ@&@%%ﬂ)/ﬂwﬁ% BT D /INEIE Ak
OFEFEIZ, Fob MR Y R ERIZEB T DYk B KO SCE LBk e 37
Y%TE&@F’Q Lﬁﬁgﬁ}iml‘iﬁ)yf%ﬂfb\éo B, b RREIC X DRI, BRI
IVEMiEND ET2HRELHDIN, R ETHrHELD D,

(2) ERIMFICHITHIEE
@in vitroidBg (& FARRZED)
t LA D invitro Bk OFE R A2 FK 10 127,

a. BInFRALE

(a) B ERILEY
OAs(111)
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fiefg N U Ak, KIBE (Escherichia coli) . V/vEx% 75 (Salmonella
typhimurium) % 7218 IR 28R BB (224 1,873,000 pg/L TALEL, 144
ug As/plate) . %Rt (Saccharomyces cerevisiae) % 72 i@ a1 295K 28 BB (H
BARE) 2BV T, Wb TH -7 (Rossman et al. 1980, Singh 1983,
Kligerman et al. 2003) , 7=, WFIFEEEMRE AW Z BRICHE N T, ¥
TNA VIHHEXIL 6-F A 77 = ARPIE R R S L2 U T oA R X — I
fa 2z W28 s 2R A BB (224 750, 750 pg As/L) | 6T 477 =
VHEHIME AR L LT v A =— AL A X —PEE Sk (CHO) #laz v
BAG 1 2ER A BB (749 pg As/L) K OVT 734 Vit IL 6-F 47 7 = K
Ptz fEtE & L7c CHO Mz W oiB s F2eRERR B (22 375 R
12750 TN T7,492ug As/L) IZB W TWT LS 21 Téd - 72 (Rossman et al. 1980,
Lee et al. 1985a, b, Yang et al. 1992) . —Ji., CHO-AS52 HifaiZ %t L CHEf
EHENEZELIIKRTITD2HE 3,746 ng As/l # HHW =B CHETH - 72

(Meng and Hsie 1996) , £7-. v v X U o JEME (L5178Y/TKY ) % H
Wzl (577, 865 pg As/L) | EEMERYZREER TIXR2W\ D e MANL A S —nAg
7 Uy N (S1) Z MW BIn 2R A HRER (577ug As/L) TidWThb
Gt Td > 7 (Oberly et al. 1996, Moore et al. 1997c. Hei et al. 1998) .

OAs (V)
bR U A, PLERTHE (S typhimurium) Z VN2 1E IR 2R FEA R
(1,200 ug As/plate) . V73 VHHEXIL 6-F A4 77 = i EfEE S L
7o U7 U AR —IfifE DT B s TR RA R (v 7,492 pg
As/L) IZBWT, Wi bEMETH 722 (Lee et al. 1985a, Kligerman et al.
2003) . v AU LoNEMIIE (L5178Y/TKY ) ZHWi=iBk (4,571 ng As/L)
TIEGMETH - 7= (Moore et al. 1997¢)

(b) EHERILEY

HLE R T (S, typhimurium) 2 F 72 187 22828 B3R ¢ ik, MMAID (7.07
ug As/plate) . DMA(ID (161 ug As/plate) . MMA(V) (1,156 ug As/plate)
J O DMA(V) (1,170 pg As/plate) TIZWF L b EEMETH - 7223, KIBH (E. coli)
% N T IR 928K 28 Bk BR ClI B & T & 5 25 DMA(V) (749,200 pg As/L THL
) 1M CH o7~ (Yamanaka et al. 1989, Kligerman et al. 2003)
Yamanaka & (1989) 1%, KIGHEIZH W T DMANV)NZERFEM 2R L7ZD1E,
K@Y T % dimethylarsine & W3R 0 IZ K DFUCEDRE G LI TH D
ELTWD,

v AU o fERIE (L5178Y/TKY ™) % W7o B AR 728 R 28 BB C I,
MMAII), DMAIID., MMA(V) & O DMA(V) T, lAHIaAFROE - 72
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BE (i 21, 96.6. 1,156,530, 2,341,543 pg As/L) Ttk ToH 7=
(Kligerman et al. 2003, Moore et al. 1997¢) , £7-. CHO #ifjm (G12) T
E. HAETERMENEME T (MMAUID =45 pug As/L, A1 43%) ([2BW T
gpt B FEDOERFEMEN S 7- (Klein et al. 2007)

(c) ATEH#ERILEY
oLy 0k, YR THE (S, typhimurium) & W7 s 295K 28 B
B (2,848 pg As/plate) TIZEMETH 7203, ~ 7 2 U Lol (L5178Y/TKY
7) (284,824 ug As/lL) TIEBEtETH -7 (NTP 1989) .

d) BELTFRAZEDF LD

b FbEWIE, MEEZ AW RARERRBR CIIEMTthd B2 N5, )
M OREEEMIE 2 W23 BRI, MR AT R O LR @ O R FE C— B
@%@ﬁ%éﬁ\:m%@§<ivWXJVN@m%(mmﬁwmwf)%%w
R TEO LN TS, B FEAEWIT., KERRKIEREZFRET 5 AN
HHHDOD, HIEEREROFREITENEEZ BN D,

b. £BHEE

(a) EBHEEHER
OEMERILEY
As (I11)

I FLERE B &2 W= BRI W T, e BT Y T A X~ T R Y VRl
A (L5178Y/TK*-) . U T U b AR —IRHIC Rt LT, #h2h 865,
465 ng As/L TYRFE OHMMN A 5072 (Moore et al. 1997c, Lee et al.
1985a) ., #it ) ~U ¥ A%, CHO MifaiZxf LT 75, 749, 2,997 ug As/L
TYOREE 25 S 2§75 (Wan et al. 1982, Lin and Tseng 1992, Haung
et al. 1993, Kochhar et al. 1996) . F ¥ A =— A/ AR X — i

(V79) TlX 285 ug As/Li (50% MERREFEANH] : 476 ug As/L) T 4 {5 AKX
I B> 7= (Eguchi et al. 1997)
b RRIHIm Y oRERiCk LT, #ie @ U U AL 0.75X108 pg As/L
(Vega et al. 1995) . 0.07 pg As/L (Ramirez et al. 1997) T/ N& OHERERS
XD BEARDOI NI~ 541, 58 pg As/L (Nordenson et al. 1981) | 187 pg
As/Li (Kligerman et al. 2003) THEIREFE DA LTz, £/, B FHEMEKIC
LT, e b A, e RERO =B EIX £ 1,800,
450, 1,800 pg As/L THAREE 2355 L 72 (Nakamuro and Sayato 1981)
e, Y AT e MESSHESEMAZICR LT 285 ug As/L THAREE
Z#% L7= (Oya-Ohta et al. 1996) , bt b RJERRMESFAMINTIE 375 pg As/L
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GIRAETTER 18%) TYEAERBEENA LN (Yihetal 1997) , HiEEET b
U AZED e M FESENAMIETIX, 225 ug As/L LL_E CTHESER O R SLILE
TERIC & B BEAEOHEMMN A 5 47- (Huang and Lee 1998)

As (V)

W FLER AR 2 W 2RIV T, v v R U Nl (L5178Y/TK)
IR LT, BT R U 7 AT 4,571pg As/L TYOERE 234 5172 (Moore
et al. 1997¢c), U 7 U LA X —IRfEIC LC, e U T AT 2,397 ug
As/L TREEERZH/EICHEIN S, 4,795 ug As/L TYOREE 2N S w7

(Lee et al. 1985a) , V79 #lICx LT, BT~V 7 Aik 13,486 pg As/L

(50% M FEAN ] : 21,104 pg As/L) T4AFEKBEARITA NN ToE W)
WiELHDHH (Eguchi et al. 1997) . CHO #iZIZ % LT 749 ug As/L T
IR, Ye R BE N BN L & VW) S A 572 (Kochhar et al.
1996)

b MR Y o NERICRE LT, B R U U AL 232 ug As/L Tligfa R
WD o725 (Nordenson et al. 1981) | 749 pug As/L TlIA b7z

(Kligerman et al. 2003) , & FEMEKICX LT, e OHBL e FE T
WL 5,400 pg As/L © (Nakamuro and Sayato 1981) | b b RRAE AN
izt LT, BB R Y AT 1,199 pg As/L CTHAERE NL LT

(Oya-Ohta et al. 1996) .

OFHERLLEY
WIS R EZ AV EZRBRICB VLTI, v 7 2 U v oS E MR
(L5178Y/TK*/-) 2% L T MMA(V), DMA(V) TiXE i £ 1,850,448,
3,746,468ug As/L TYENREF N B BT3B DIIARE R D Ytk B
RMENH D EHWT TR+ THDE LTS (Moore et al. 1997¢) , ¥
U T b AL —RAIC s LT, DMAUID Tix 75 pg As/L TYL AR T 23 2
572 (Ochi et al. 2004) , V79 fifidizxf LT, MMA(V), AsBe. AsC (% #
HFH 104,888 pg As/L. 5,244,400 pg As/L, 457,012 pg As/L T 4 {5 AT
BN no =75, DMAV), TMAO 1Z#F 1 52,444 pg As/L, 524,440 pg
As/L T 4 (AR Z255% L= (Eguchi et al. 1997) . £7-. V79 #lalZ % L T,
DMA(V)iZ 83,931 ug As/L T4 EAREREFHE LIz W H)WE L H D (Endo et
al. 1992) .
b R R Y o SERIC Kk LT, MMAQID, DMAIID)., MMA(V) X% U DMA(V)
IZFNZ 45.0, 101, 224,760 K OF 224,760 pg As/L CTYLOERE 3 57z
(Kligerman et al. 2003) ., —J7, & MR Y >/ 8kiZx LT, DMA(V) T
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8,469 pg As/L THAKEFE DAL LN oTct 0o HESLH D (Endo et al
1992) .

b MEERAEIERI L TIE, MMA(V), DMA(V), TMAO, AsBe, AsC, = 71k
T T AFALTNY = NKTT NVE Y 2 T —
(2’,3-Dihydroxypropyl-5-deoxy-5-dimethylarsinoyl-b-D-riboside) X% LZ 41
104,888, 52,444, 277,204, 824,120, 2,247,600, 1,423,480 }1\X 1,123,800 pg
As/L (&2 THIIAEFROT — X 72 L) TYREAMKEFENA 57 (Oya-Ohta et al.
1996) .

(b) /M%ERER
OAs (111) BT As (V)

~ AU o8 ERE (L5178Y/TKY/ ™) 2%kt LC, it T b U 7 A% 865 ug
As/L, EfgF U v AT 4,571 g As/L T/IMETER OB 2 5 7= (Moore et
al. 1997¢) . CHO-K1 #fija, CHO-XRS-5 fifjaClx, Wi+ ~U v ANZEh
ZA 375, 749 ug As/L T/MEZIEEL O D EZL S 7= (Fan et al. 1996, Wang
and Huang 1994) ., Wang and Huang (1994) %, #ibfgiZk+ 5 < @k
KRFOWPEPELEZ I L OUMEEFHHRTHE LTS, V79 Mifdicxt LT, =
b= e 3R 75 g As/L T/IMZIE L O A 72N A3 el S 47z (Gebel 1998)
— . VU TN RZ Rk LT, BAEH Y U A 5,180 pug As/L Tl
IERBR TR TH o 72,

b MR Y o RERICRF LT BB RS R U 7 A 37.5 ug As/L T/MEIERK
DR X7 (Schaumloffel and Gebel 1998) . b M##HESEMID TIX, e/
TR U T AR RE (375 ug As/L) T, KHEEMREEREZ T3 25 = & TEHEME
FHHEWE L UTHER L, BRIEOH 5/ MEEZTERL LTS, mWIRE (2,248 ug
As/L) TIFGLEAREIEE & UTER L. BIFEIED v IMZ A TR L 72 (Yih and
Lee 1999) .

OF#ERILLEY
~ AU o8 EM (L5178Y/TKY/ ) (2% L . MMA(V) (% 1,850,448 pg As/L
T/MEBEEE DEEIN D A H 7223, DMA(V)iX 4,683,085 pg As/L TH MM A5
7o 7- (Moore et al. 1997¢) .

(c) XBUAEEDFT LD

ML N Ve b OFE A DRFEMINIZ IV T, B R EEWIC L0 Rtk o
G S & BRI OM T QYRR T NS S Z Sh b, RO R ERE
(I, BMOEFDOHTAEMEY b, o, e OLTNAKE R
ftEMmED bEmnEEXLND,
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c. Wk oIRIIE (SCE)
(a) As(ITD) R As (V)

CHO fiifinz V7= BricB W, e i b U o A% 1, 75, 375, 1,498 ug
As/L T, BfigF U 7 A01% 0.75 pg As/L CTxREEIC LL#E: L CRadEfE o SCE 28
F 51Tz (Wan et al. 1982, Lee et al. 1985b., Fan et al. 1996, Kochhar et al.
1996) . > U T AR E —IRHIZ W BRC i e - F Y 7 A1X 60 ug
As/L G, EfET MU 7 A% 749 ng As/L T SCE 237 5 #17= (Lee et al. 1985a)

—JF, B MR Y > RBkE Wi Bk T, diefS Y U AT
60, 292, 375 ug As/LL TSCE A bl & W o &N &H>727% (Nordenson
et al. 1981, Beckman and Nordenson 1986, Jha et al. 1992, Hartmann and
Speit 1994) | 749 pg As/lL CTliEAH ool nWHrdHE L H -7

(Kligerman et al. 2003) , &7 N U 7 A% 11,238 ug As/L &9 @iEE
ICBWTHEMETH -7 (Kligerman et al. 2003) . b h U 335K A vz
BRI, e U U AL 837.5 pg As/L CTHtETH - 7203, B ERIT 749 g
As/L CTEMTH -7~ (Rasmussen and Menzel 1997)

(b) B ERILEY

BRI Y o SER A T 7 3BT, DMAUIDIE 230 pg As/L ¢ SCE 732
541, MMAW) % 0 DMAWV) 22102 224,760 & O 749,200 pg As/L TH
FLE A BT, MMAIID X 135 pg As/L Ta:Tdh - 72 (Kligerman et al.
2003) . 7o, b kUL oSHERE A7 RBRCIE. DMAW)IE 749 pg As/L ©
pzitCdh -7~ (Rasmussen and Menzel 1997) .

(c) MEKEBENMATBDELD

EFRLEMIZ I VFEREIND SCE 1%, e RBILEWDILFEEICL Y Z D%
PEDBR S NER2 D, BRI L TiE, AsMD KL As(V)ix SCE % 5|
TXEZTN, A BLEWIIOWNWTOREIIRY 6o T, 72, B b
KA Y /8BRS B U LoSERIZRE L Tk, AsTIDIX SCE 25|29 H D
®. As(V), MMAUID ¥ O DMA(W)IZf2METdh - 7=,

d. DNA 815
(a) DNA 815
OiE & AL =38R
B ERILEY
Tk S R U A0, 60,386, 239,749 pg As/L (25T b, KB (E. coli
(WP2;(1), PQ37) ) @ SOSBsT-HELZFHE LR Z L@ ST
% (Rossman et al. 1984, Lantzsch and Gebel 1997) , % 7=, &5 %% (Bacillus
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subtilis) % AV 7= rec assay Tlx., i)+ +U v A, ZHEfbbe FL O R
T U T AKX 3,746,000 pg As/L E WO mHETHINGEEETH -2
(Nishioka 1975) .

ERERILEY

MMAID % 8 DMAIID % A 7= KigiE (E. coli (WP2,(0)) % HV =~
07y —VHEIEEARIEL LA VX 7 v a VEBRTIEVWT YL 0~749
ug As/L T TH -7 (Kligerman et al. 2003) .

O7ILAY) BHE
As (I11)
S e FEETALY CHRMELCHEREE LCHEA LR TIZ, B b
JiE VR AR HEZE R I Z B\ C 75 ng As/L © DNA U 572 (Dong
and Luo 1993) .

ERERLLEY

DMAMWIZ X v & b II ZUififa bRz fAE C, 870~749,200ng As/L I
VT DNA 8583 A 5417~ (Tezuka et al. 1993, Rin et al. 1995, Kato et
al. 1994, Kawaguchi et al. 1996, Yamanaka et al. 1990, 1995, 1997) .

AIEHERILEY

XLy %, v U AR Y BRI (L5178Y/TKY ) 128\ T, #Alfa
AR L2 (299,680 ng As/L) T7 V4 U IEHEIZ KX % DNA S0k
DR H L7 (Storer et al. 1996)

OAEHA DNA & Rl G B

Bt e EET ALY CHRMLUTCHEERRE LCTHEH L7 AEY DNA &%
BT, & MEIRIHARHEZEIZIZ IV T 75 ng As/L Tt Toh -~ 7= (Dong
and Luo 1994) .

ODNA =y X277 vtAa
BECRILLEY
NI T IUFT7 57— 0X174 DNA ZHW/= DNA =vFx 277 v&AT
T HEEEE T R U T A (22,476,000 pg As/L) KO ) N U o7 A (74,920,000
g As/L) Wb fEtECcdh-7- (Mass et al. 2001)
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ERERILEY

NI T VAT 57— 0X174 DNA /= DNA =v X 77 v&A T
%, MMA(ID (2,247,600 pg As/L) KO DMA(ID (11,238 pg As/L) %55
PETH - 72755, MMA(V) (224,760,000 pg As/L) X DMA(V) (22,476,000
ug As/L) TiXEMETH 7= (Mass et al. 2001) .

(b) aXy k7 vta
OAs (I11) BT As (V)

i@ hY AL, CHO Mgk QYD T EIRNE il Z FHWea Ay b7
VA TENEI 749, 375 ng As/LL Tt Td - 7= (Lynn et al. 1997, 1998,
Liu and Jan 2000) .

b FEMEREZ AW T, e @ b v AR e MY U AIZBD
TP D 74,902 pg As/L T DNA G157 0 F Bl 710 72 (i 7 AN A3 22 5
L7z (Mass et al. 2001) , b M EMIFEMRE HOZRBR TR, el LY
7 LZEWT, 14,984pg As/L (Hartmann and Speit 1994) | 7.49 pg As/L
THtETH -7 (Wang et al. 2002) ,

OfF#ERLELEY
bt NAMERZHAWZa A > b7 v A IZBW T, MMAUID, DMAUIIDX%
NFH 1,498, 394 pg As/L T TdHh > 7273, MMA(V), DMAW)iZZhFh
65,555, 74,920 ng As/L Tkt TH->7- (Mass et al. 2001) , b b A IMLIFEHT
Ji % O 23R BR IS 38\ ) ¢ MMAAID . MMA (V) & O DMA(VIEZ 1L E 4 7.49,
7.49 KN 74.9 pg As/L THMETH - 72 (Wang et al. 2002)

(c) DNAEEBFEL®

b FbEWIL. MK Z Az DNA 85 TIXBE0% 6 Lo R G213 &
~7=, DNA #EIZET 2@t EMlaZ V=il o®EIT b7, v M
Bz AW EEORBOWMENH V. b MR LT e B LEY.
AR FLAEMmE BICDNABEIW 2SI S EZ T, Fo, a2 Ay N7 vEA1EE
MTHDLN, REBRIEDFHME LTT R =V ADEBLBIEINATLEI L2
HELTBLELRDH D,

e. TDh
(a) HEREMZ B ERiAsER
OAs (111) BT As (V)
Hefg) b U o AT~ ARHESEMIIRIZ R LT 749 pg/L T2 v =—JEAkEE
23N L7 (Sabbionietal. 1991) , > U 7 /AR X —RAEIZR L C, #f
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i) FU oA (0~375ug/l) . T FY UL (599~8,990 pg/L) TIIH
BEIRFIC an =—TEROEMNR ALz (Lee et al. 1985a) , £7-. tfkb
Y 7 AE 129 pg/L TIREEMOBENGEIC LR L7z (Kerckaert et al.
1996)

OF#ERILEY
AsBe (%, ~ 7 ABRHEZEAZIZ R L C. 37,460 pg/L T & Mz B fin il X
[z Td -7~ (Sabbioni et al. 1991) .

f. invitroRBRODFEEH
tFEWITe MilaZ & O EMRICIB VT, DNA 85 L Yk i
WraolEiRodeELoND, TOFEMEOMIIE, AsTIDD A As(V) LD b
m<, o, ER e FAWOTNAKB e F AW IV bEVWEBZ LD,

@in vivosiEx
t LA D invivo BRERDFER AR 11 177,

a. BIETFRALTERR

Muta™ < 7 2|2 =f#{lk — b 3 XX DMA(V) (5,756 ug As/kg {KE) % 5 [AlfE
PENE G- LT & 2 A, i, B, Bt OVEREIC LacZ Bfn T DERITFERD b
727~ 7= (Noda et al. 2002)

b. 2AAKEE

(a) EBAEEHAR
OAs(111)

Swiss ¥ 7 AZHiE RS N VU 7 A% 58 ng As/kg (REE TR 5 (4[8]) X

1% 1,442 pg As/kg AR CHLEITREIRE 154217 - 7258 1B B Ia I Ye
B RO BT (Das et al. 1993, Roy Choudhury et al. 1996, Biswas et
al. 1999, Poddar et al. 2000) . —F&{k "t F % 2~8 HEHKE 5 (250,000
ug As/L) UFMEMENF G- (12,000 pg As/kg (AHE) L= & 2 A, Bl L
R Qe R X 2 S 72 o 72 (Poma et al. 1981, 1987)

OEHERILEY
ICR ~ 7 A2 DMAV) Z JElEEN ¢ 5 (162,870 ug As/kg KH) L= & 2 A,
BRI W TEREMEITF R I NS, ROKEREIFRERINR»o T2
(Kashiwada et al. 1998) .
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(b) /M%EAER
OAs(111)
) b 7 A% B6C3FL ~ 7 AT AO#KYS (2,884 ug As/kg (KHE) (4
[[]) %475 =842 BALB/c 7 A2 288, 2,884, 5,768 pg As/kg (A& THE
Ve G- 21T > T2 5812, B REMIRIZ I 2/ METE R O BE N A3 RERE S Tz
(Tice et al. 1997, Deknudt et al. 1986, Tinwell et al. 1991) . F£7-. Muta™
~ U AR b FE % 5,756 ug As/kg IRE CHEMENE S (50]) Z2fT-7= L
Z A, KPR & i U CHEZR BRI/ METE RO A B 72 03 iERE S 717 (Noda
et al. 2002) .

OF#EZRILEY
Muta™~ 7 2|2 DMA\V) Z JEEN# S5 (5,755 ug As/kg iKE) (5 [A]) L7z
&2 A, MIRMER D/ LRI A B 720> 7= (Noda et al. 2002) .

c. DNA &S
(a) DNA &f5
TV ) EE AW IZERERCILL ICR v U A~ & A & D DMA(V) (702,463
ng As/kg KHE) ZHERAOKLGTHZ Lk, &5 12 K& ICHi© DNA
FHOEIW A B AL T2 03 g, B i OV C I8 o b iv7e 2y > 72 (Yamanaka
et al. 1989, 1993. Yamanaka and Okada 1994) .

(b) aAY b7 vtA
HED Swiss TV B ~ U A Z gk b F (98~1,629 pg As/kg (KHE) %%
A5 L= 2 A, &5 24 BRREIDIBC B fERD DNA $5UIWr NN 2 5 7=
(Saleha et al. 2001) .

d. TDfh
(a) BMEESEEER
OAs (I11)
BALB/c v 7 A Zlib g~ U 7 A (2,884 ug As/kg 1K) ZIERENEL- L
& ZA, EHEBBERBRIZIB W THEZIT 2 < A LEmmE LA
57z o 7= (Deknudt et al. 1986) .

(b) HiESTEBIEHER
OAIEHKERILLEY
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2w Ya AT LT, BE P Y % 1,953,890 pg As/L THEARE .
1,988,638 pg As/L TN G4 L= 2 A, PEESHEBGE IR B ORI
T4 B o 7= (NTP 1989)

e. /invivoREBDFEELED

b BEAEWIZ L D in vivoidBR OWAEITD 700N~ R 2 As(TID) & 8% b &5,
MEMERNBE G T TREG3 5 2 Lo K 0 YR BE | /IME R OB &% O DNA
BENSI xR &5, DMAWV)#E TlE, oo DNA 8505 # O Y ok B
MHOFHEREOREN DD H OO B TFRE R L VIR OFFRITRD bl
NQAYAYAN

#:10 EX /invitroBcEsHRBRER

s Lot 4% | | s,
ug As/L)
a. BIEFRALER
(FZE)
i{gf&z; MERT R D5 \E;;gemh'a coli 11,873,000 — | Rossman et al. 1980
Salmonella
typhimurium 144 pg B Kligerman et al.
TA98. TA100, As/plate 2003
TA104
|97 37 NN S. typhimurium 1,200 g Kligerman et al.
TA98, TA100, —
TA104 As/plate 2003
MMAID) - typhimurium 7.07 ug Kligerman et al.
TA98, TAL00, As/plate B 2003
TA104
DMAII) S. typhimurium .
(CsHsAsD) TA98 . TA100. Z/lpi‘agte — I;ggg;rman etal.
TA104
MMAGV) - typhimurium 1,156 pg Kligerman et al.
TA98, TAL00, As/plate B 2003
TA104
DMA(V) E. coli 749,200 N Yamanaka et al.
1989
S. typhimurium .
1,170 ug Kligerman et al.
TA98, TA100, As/plate - 92003
TA104
Einf2e |vxgryy S. typhimurium 9,848 ng
SR S TA100, TA1535. A’S/pla': . — | NTP 1989
TA1537, TA98
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(ERAW)

B 128

SASRE | WeEsd by | Soccharomyces 749,200 Singh 1983

cerevisiae
(R LB )

Biar2e |#ie@gr R VoA | w7 AL5178Y 577 (a4

AL (Tk+") 73R 50% Moore et al. 1997c

B X% 44%)

865 Oberly et al. 1996

ST UNBAHK
— R (777N | 750 Lee et al. 1985a
A i)
ST UNABAHK
—BHiE (6-F-4 | 750 Lee et al. 1985a
TT = HPE)
S’H/Ormﬁi)@ 775 15 Lee et al. 1985b
CHO i (674 | Lee et al. 1985b

7T = CHRBUE)

CHO #ijn 3,746 Ginpa

(CHO-AS52) EpERs Meng and Hsie 1996

24%)
;’\ /j >

?{I—I/Oﬂﬁiﬂi)& (T73 375 Rossman et al. 1980
CHO #ifa (6-F 4

. 492 1.1
77 = ) 7,49 Rossman et al. 1980
CHO #fa 749 Yang et al. 1992
B MANALAK—

A7 Yy Nl

577 (a4

Hei et al. 1998

1) 175 60%)
(=l N7 ~ 7 A L5178Y :
(hU 7 n T 32,651 ?grr;z(i)cher and Paillet
2 U UEHUE)
~ 7 A L5178Y 4571 Gt
(Tk+") 1R 6% Moore et al. 1997¢
X% 35%)
YT UNDAK
—sHlE (v 7N | 7,492 Lee et al. 1985a
A L MitE)
VUT UNDBAHA
— M (6-F4 | 7,492 Lee et al. 1985a
7T = R
MMA(IID) ~ 7 A L5178Y 21.0 (ffa Kligerman et al
(Tk+") EAFER 9003 '
53%)
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21'07(2/: i Kligerman et al.
At 2003
43%)
F ¥ A =— AL | 45.0 Gl
A 4 — PR B GpERs Klein et al. 2007
(gpt iEfsT) 43%)
DMA(II) ~ 7 A L5178Y 96.6 (il Kligerman et al
(C2HeASI) (Tk*") A AR 9003 '
43%)
176 Gitifa e Kligerman et al.
172 16%) 2003
MMA(V) < 2 L5178Y 1,156,530
(Tk+") Gimpm A= 17 Moore et al. 1997c
55 or 66%)
DMA(V) ~ 7 A L5178Y 2,341,543
(The) (i 2 A4 Moore et al. 1997¢
38, 64 or
70%)
oLy ~ U A L5178 (k| 284,824 (ff
VontuFIy | lamEtk: NTP 1989
ARPUE) 341,840 )
b. £EAEREE
(a) 2EAERBHER
(Bt EHERR)
iggﬁ WERRT M VA i;kj_)Lm%Y 865 Moore et al. 1997¢
:HUI:EJ H/@/\AX 7| 465 Lee et al. 1985a
:HUI:E H/@/\Ax 7 | 925 Barrett et al. 1989
CHO #ijin 75 Wan et al. 1982
749 Lin and Tseng 1992
?CI—II-IC())#;.;H?) 2,997 Huang et al. 1993
75 Kochhar et al. 1996
F A =—RAI | 285 (50%
A 4 —N'79 Hifa Jel B B ) Eguchi et al. 1997
476)
=R —e® i;i;{; ;}/HéA LA L Endo et al. 1992
= -z
=Hafue® i;i;79 ;;];’;]A FhELR L Endo et al. 1992
ERT I A :5?7;;Y(TK+/-) 4,571 Moore et al. 1997¢c
iHUI:E H/@/\AX 7 4195 Lee et al. 1985a
4,795 Barrett et al. 1989
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CHO #ijin 3,746 Wan et al. 1982
749 Kochhar et al. 1996
FyA=—AND | _ .
SOk E 1. 1992
T ROER L ndo et al. 199
13,486
(50% .
ST Eguchi et al. 1997
21,104 )
DMA(III) T UNBAL )
(CzHeAsI) — A ” Ochi et al. 2004
A
MMA(V) U _L5178Y 1,850,448 Moore et al. 1997¢
(Tk*")
F v A =— AL | 104,880
2 —=VT9 Hifa | (50%HHAEHE .
ST Eguchi et al. 1997
374,600 )
DMA(V) ~ U
46,4 M 1.1
L5178Y(TK-) 3,746,468 oore et al. 1997¢
Fx A =— AN
1 Endo et al. 1992
2 5 —V79 il 33,93 ndo et al. 199
52,444
(50% % e 4 .
GBI Eguchi et al. 1997
1,791,565 )
TMAO F v A =— AL | 524,440
A B —V79 fifa (50% :
GBI > Eguchi et al. 1997
5,508,823 )
AsBe F A =—A L | 5,244,400
252 —=VT9 Hifa | (50%HHADH .
G > Eguchi et al. 1997
4,208,989 )
AsC Fx A =—ZAL | 457,012
252 —=V79 fifa | (50%HHAE .
BT > Eguchi et al. 1997
4,540,606 )
p-Arsenosobenzoic | F ¥ A =— A N4 | |
=7
acid, sodium salt A &2 —NT79 Hija oL Endo et al. 1992
Methylthioarsine Fx A =—ZAND |
SOk E 1. 1992
2 V79 Sl ROEZR L ndo et al. 199
Oxophenylarsine FxrA=—ANA | _ .
AL Endo et al. 1992
FP - AP ndo et al. 199
(2-Diphenylarsino | F¥ A =— A\ A
ethyl)diphenyl A& —V79 Hila RLEZR L Endo et al. 1992
phosphine
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4-Aminophenyl

F e =— AL

arsonic acid 2B —VT79 Hija R L — Endo et al. 1992
( p-Arsanilic acid )
Tetraphenyl Fy A =— AN
arsonium chloride, | A # —V79 Hifa RLEZR L — Endo et al. 1992
hydrochloride
4-((2-Arsonophenyl | ¥ A =—AX/\ A
)azo)-3-hydroxy-2,7 | A% —V79 Hlia
-naphthalen FhELR L — Endo et al. 1992
disulfonic acid,
disodium salt
2-Amonobenzene Fr A =—AND |
SoHEe L — Endo et al. 1992
arsonic acid 2B —=VT79 Hifa s ndoeta
(B FEEEHMRR)
e fRE | Hie@r Y U A b RRFHm Y X - N Nordenson et al.
R Bk 1981
37 + Wan et al. 1982
172 + Sweins 1983
60 4 Beckman and
Nordenson 1986
Eastmond and
+
225 Tucker 1989
375 + Jha et al. 1992
0.75x108 + Vega et al. 1995
0.07 + Ramirez et al. 1997
674 (+) | Rupa et al. 1997
187 N Kligerman et al.
2003
t K
~ A1 ek 1,800 N Nakamuro and
Sayato 1981
b b RZJERRHESERE | 375 Gifa/k .
+ Yih et al. 1997
R 175 13%) mera
b AR 2R
" PSR | 5ep + | Oya-Ohta et al. 1996
b b S A
375 + H d Lee 1998
(HelaS3) Hang and Lee
bt b S A
22 + H dLeel
(Hela CCL2) 5 uang and Lee 1998
B b S
(K}\B%) S SRR 225 + Huang and Lee 1998
b S A A
+
(HFW) 375 Huang and Lee 1998
= B SER A e
(I;]?L?‘) A 375 + Huang and Lee 1998
= iR
h R BRI 375 + Huang and Lee 1998

(C33A)
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b S A A
+
(293) 375 Huang and Lee 1998
=i e | K
=ik ~ A ifnEk 450 N Nakamuro and
Sayato 1981
=Wfbe 3R bt bk H ek 180 . Nakamuro and
Sayato 1981
|73/l RV b MRFEM Y > 939 B Nordenson et al.
K 1981
Kligerman et al.
+
749 2003
b A R A
I MR 1,199 + Oya-Ohta et al. 1996
b g b b HIfER 5.400 @ Nakamuro and
Sayato 1981
HR{L " 5 = R
73l ES ~ ek 5.400 @ Nakamuro and
Sayato 1981
MMAIII) b RREM Y N Kligerman et al.
. 45.0 +
£k 2003
DMAII) B RSRMAm Y % Kligerman et al.
y 101 +
(C2HsAsI) Bk 2003
MMA(V) b FRMEIMm Y N Kligerman et al.
. 224, +
R 760 2003
b B RRHEREA
W MR | 04 888 + | Oya-Ohta et al. 1996
DMA(V) b FREM Y N Kligerman et al.
+
Bk 224,760 92003
v U oREKR 8,469 — Endo et al. 1992
b B RRHEREA
W PIRHERHESFA | 2o 444 + | Oya-Ohta et al. 1996
TMAO b b e 2
I h PR AE AT 277,204 + Oya-Ohta et al. 1996
AsB b A AR A
sbe H@ IR | 094 190 + | Oya-Ohta et al. 1996
b I R A
AsC e IR | 5 047 600 + | Oya-Ohta et al. 1996
Tetramethyl b PR E
arsonium iodide fa 1,423,480 + Oya-Ohta et al. 1996
(CH3)4As*T
Arsenosugar b I 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) /M i%ERER
(E B M)
KGR E ~ 17 A L5178Y
AR [Nl 7o/l NN (’I?k”') o178 865 + Moore et al. 1997¢
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CHO ##fia

Wang and Huang

+
(CHO-K1) 749 1994
CHO #ljz
+ F 1.1
(CHO-XRS-5) 375 an et al. 1996
CHO #fHfa 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 =—ANA
. A +
3 F# 2 V79 Sl 75 Gebel 1998
. SUT UNDBAHS
1 _ .
ALY A - 5,180 Gibson et al. 1997
<7 A L5178Y
|l NN v ] b178 4,571 + Moore et al. 1997c
(Tk*")
A
MMA(V) vy ] Lo178Y 1,850,448 + Moore et al. 1997c
(Tk*")
A
DMA(V) i;kﬂ_)L‘Ls”SY 4,683,085 — | Moore et al. 1997c¢
(B MEZFEAMA)
IEEERER | e EE S R U T A b RRFHMmM Y >ox a7 5 . Schaumloffel and
ERK ’ Gebel 1998
bt e 3 A 375 + Yih and Lee 1999
c. SCE iRER
(EhEs2imia)
5 b ! N >l 2 DA
SCE &R |#e@r- R~y v /)7//\ 7 60 N Leo ot al. 19854
— IR A
CHO #ijin 75 + Wan et al. 1982
375 + Lee et al. 1985b
1,498 + Fan et al. 1996
CHO #ijin
+ .
(CHO-K1) 1 Kochhar et al. 1996
=737l NURYN CHO #ijin 0.75 + Kochhar et al. 1996
VUT UNDBAH
PR 749 + Lee et al. 1985a
(B MEEFEHMAR)
SCE B | #iefer rY v A v NRREIm Y % 999 N Nordenson et al.
£k 1981
60 4 Beckman and
Nordenson 1986
375 + Jha et al. 1992
Hartmann and Speit
+
375 1994
Kligerman et al.
749 2003
1 > O Tz o
b KU 2 NIEER 37 5 N Rasmussen and

Menzel 1997
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b fig b R U 3Rk 749 B Rasmussen and
Menzel 1997
|-l VRN B RSRAEm Y o) 11.938 B Kligerman et al.
£k ’ 2003
MMAII) b MRFEIM Y X 135 B Kligerman et al.
R 2003
DMAIID b R Y o8 930 ) Kligerman et al.
(C2HsAsI) Bk 2003
MMA(V) b MR Y X Kligerman et al.
+
~ 224,760 +) 9003
DMA(V) t hORI Y > Kligerman et al.
+
n 749,200 +) 9003
b b U RZEER 749 B Rasmussen and
Menzel 1997
d. DNA &5
(a)DNA 1E15
(REZAW)
B EF FU v A | E coli 386 (4
SOS ik | W@~y ¥ E.coli PQ37 60;386 (fi Lantzsch and Gebel
famrEH & — 1997
30,193)
E. coli 239,749 Rossman et al. 1984
recrassay | HEE@ES MU U A LB 3,746,000 + Nishioka 1975
Mk e & il EL B 3,746,000 + Nishioka 1975
BT YDA A ELE 3,746,000 + | Nishioka 1975
Prophage | MMA(III) E.coli WP2s(Qd) 0~749 B Kligerman et al.
A 2003
DMAII) E.coli WP2sQd) 0~749 B Kligerman et al.
(C2HeAsI) 2003
GREBREN)
DNA = |#Hie@g)FrI oL | ATV FT7—
X7 v ®X174 DNA 22,476,000 — Mass et al. 2001
T oA
bEgS U T A NITIVF T 57—
© X174 DNA 74,920,000 Mass et al. 2001
MMAIID) NITIVFT 57—
. + .
© X174 DNA 2,247,600 Mass et al. 2001
DMAIID NI TIVFT 57—
. + .
(CoHsASD © ®X174 DNA 11,238 Mass et al. 2001
MMA(V) NI T UF 77— | 224,760,00
< ®X174 DNA 0 Mass et al. 2001
DMA(V) NITIVFT 57—
< ®X174 DNA 22,476,000 Mass et al. 2001
(B Rs2mia)
TAHY oL ~ v A L5178Y 299,680 (i
Ta ik e 7 + Storer et al. 1996
599,360 )
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(b b EEE5HAE)

T il oyl UMYV b R TR
NV . 75 + D d Luo 1993
ik Al A Ong and Lo
ifi i A .
DMA(V) [Nl a i B . Yamanaka et al
1990
DMA(V) v IR ERz | 374,600 + Kato et al. 1994
e Yamanaka et al.
+
749,200 1995
DMA(V) b b II AR B | 87,460 + Tezuka et al. 1993
(C2H6As02Na) B} 749,200 + Rin et al. 1995
Kawaguchi et al.
49,2 +
749,200 1996
DMA(V) = N i o 72 Yamanaka et al
(C2HsAsO:2Na -+ AR 375 + 1997 ’
3H:0)
REH ik =l 7l NIV NS B =l N Y= i B 22
DNA &k #MAa(2BS cells) 75 + Dong and Luo 1994
R
filter #% | DMA(V) [ § Y ) O 02
N 749,200 + Kato et al. 1994
s il aocta
b)arAy bT7yvtda
(BEniS &)
aA vk HEREST MY DA CHO g
+ .
ot (CHO-K1) 749 Lynn et al. 1997
CHO g 5,994 + Lynn et al. 1998
7Y RBRAEA | o7 + | Lynn et al. 1998
i)
v RN BGRIE | 375 + Liu and Jan 2000
(b hEEFRAmE)
- b g 1 N I %
SAvEh o HERT Y Y kR 0~174,920 (+) | Mass et al. 2001
T vk A
b lET B K I
Wef,- s oA t b A e 14,984 N Hartmann and Speit
1994
7.49 + Wang et al. 2002
EEES U T A b~ AifEk 0~174,920 +) Mass et al. 2001
MMAIII) == RiEE 1,498 + Mass et al. 2001
=N SRRl 7.49 + Wang et al. 2002
DMAII) b N HinEk
4 + M 1. 2001
(CsHeASI) 39 ass et al. 200
MMA(V) [ =RliIRz S 65,555 — | Mass et al. 2001
B EMFEMR | 749 + | Wang et al. 2002
DMA(V) bk AifmER 74,920 — | Mass et al. 2001
DMA(V) t b A IR
(C2HsAsO:2Na -
+
3H,0) 74.9 Wang et al. 2002
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e. TNt

e 7 E

il UM VAUN

~ U AR

LIRITENA (BALB/3T3 C1 A | 749 Sabbioni et al. 1991
31-1-1)
:HUI:E} H‘;\A A7 o~ars Lee et al. 1985a
vAibAH U 7 A VUT UNBARH 199 Kerckaert et al.
— ki 1996
EEES U T A SUTUNAAR 1,008 DiPaolo and Casto,
—MH A ’ 1979
599~8,990 Lee et al. 1985a
carboxymethylene | ~ o7 AfiE A
trimethylarsonium | (BALB/3T3 C1 A
bromide: 31-1-1) 37,460 Sabbioni et al. 1991
CsH12AsBrOs
+ Bt (2 sEE. — R
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=11 EE /invivoBEEHHRER
A& D
R4 oex? P (ng As/kg AE R Sk
REE)
a. BITFEAREE
ERIFEMHR | B _eHE Muta™ < 7 Z fiifi,
R e, BEE. ERE
. 5,756 - Noda et al. 2002
(NS (5
[\l )
DMA(V) Muta™ = 7 2 fiifi,
i, JEIE,
5,755 - Noda et al. 2002
HH (EPERER S
(518]) )
b. #BHKEE
(a) 2EBAEEHR
REERE BT Y on [
=k ER . . 1,442 + Das et al. 1993
o AR 0 &5
Swiss ¥ 7 2B #f
., 1,442 + Biswas et al. 1999
Al GRRokes)
Swiss ¥ 7 A H#E
1,442 + Poddar et al. 2000
AR GRE M #¢ 5-)
Swiss ¥ 7 A HH#E
Roy Choudhury et
Al (R THRE (4 58 +
al. 1996
[\l )
=Mk _v#E Swiss ¥~ 7 A HH#E
250,000 pg
HE (k& 5-(2~ — Poma et al. 1987
. As/L
8 i [H))
Swiss ¥ 7 A fEfH
250,000 pg
Rk 52~ — Poma et al. 1987
. As/L
8 JA[H))
Swiss ¥ 7 A H i
" 12,000 — Poma et al. 1981
Flfa (IE e N 5-)
Swiss ¥ 7 A FE R
" 12,000 — Poma et al. 1981
Ffa (IE e N 5-)
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CFLP ~ U A (44

~ U ASDWAFE | 21,589 png @ Nagymajtenyi et al.
+
T (R 9~12 H I As/m? 1985
% 4 hr))
DMA(V) ICR~ v A E#(I1E Kashiwada et al.
162,870 +
e ) 1998
(b) 1MZEER
/IR R firEgT Y A | BBC3F1 w7 A F
#H (Bn&s 4 2,884 + Tice et al. 1997
m) )
BALB/c U A&
" 288 + DeKnudt et al. 1986
#H (EERNKRS)
BALB/c v 7 R F
" 5,768 + DeKnudt et al. 1986
i (EFENRS)
BALB/c ~ 7 R'F
" 2,884 + Tinwell et al. 1991
i (EFERNRERS)
Y =~ Muta™ < 7 AR
FH 1 A8 2R 1 Bk
” 5,756 + Noda et al. 2002
(RN S (5
=) )
DMA(V) Muta™ < 7 A K
FH i A 7R 1 B
" 5,755 — Noda et al. 2002
(ErEmEe s (5
[\l )
c. DNA &5
THVE | DMAV)
HivE (Dimethyl arsinic | ICR~ 7 Afii(f& O Yamanaka et al.
702,463 +
acid sodium salt : | #&5) 1989
C2HsAsO:2Na)
ICR~ w7 Afiii(f& 1 Yamanaka et al.
702,463 +
% h) 1993
ICR~ w7 Afiii(f& 1 Yamanaka and
702,463 +
% h) Okada 1994
ICR ~ 7 A Jihik,
Yamanaka and
e, MRG0 | 702,463 —

5)

Okada 1994
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ICR ~ 7 A JiTik,
Yamanaka et al.
e, ARG DB | 702,463 —
1989
)
aXy b7 | Z@k" e #E Swiss 7/LE /<~
A 7 A HIER 98 + Saleha et al. 2001
FEnoks)
d ZFoith
EMEESER | T hY v A | BALB/c~ U A
2,884 — Deknudt et al. 1986
R (MEpeNFE5-)
HEESES | nx Ly v ayYa sz | 1,988,638
i — | NTP 1989
FEFRER (Fn#e5) ng As/L
N RyAVE Ry N o 1,953,890
— NTP 1989
(FEA$L) ng As/L
+ Bt (+) s, — o M

DRERAE UL (4) OB BEIHER SRR KRS — DA  BHTHIEE LRV RY
B T2

6. SEDAH=XL

b ZBOIEABFIZOWN TR, BRx Bl E OWER I TS, TNET
K%IM%XEﬁ%\NBDR#®%%%%%KE%T@%%@§MT%%%@@\
ZOVEREFICOWTIEHA LIS TV, AETIE, IARC (2004, 2012) .
ATSDR (2007) %z, b FEEAWIT X DN AMEREFICBET 2R 200 % A
-3 LD

(1) BEFEARZLE., 2BHEE. DNAEE

AHAFRESIZBW T, BEEOBRSoORR. U TO X IChMEEL £ LT
o

P TIL, B RICLDEBTFREAREROFERHE LR ZR0 5 MEIT R0,
L L, MREMDONRT Y XN RKEDS T2 DI FERINCE E L R B> -l He
HbHDLZEIEET LI ENMETHD, ﬁ\m@¢£ T OMfi kYt 3 PR A
(SCE) 122\ Tk, B O b FRIRFEIC X 0 RIS BRI, O RER L M OVK
%muVﬂﬁwﬁmﬁwfﬁﬁmﬁﬁﬁ@<&5&$%éﬂ1méoé%_\tb@
PRIE b REMAE, O RGN OCRAY I U o BRI IZ 35\ TN AR D B (2
RRFS L U o 7RERIC I U T YR IR B3 K OMl ik Y (0, /3 AR A8 2 B R IS 2 B 1
TW5, 2B, SCE #5l&E ISRV EWVWIMELH D, /2. b BIRZEIC L DK
S, BUEIC LV EMiSND ETRELH LN, BT HrHELH D,
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bR LEWIE. b Ml E & DB RMRIC VT, Y Ea R L O DNA 5%
SIS T EEZOND, RICEEOMR S X T ER Mo N5 ML b,
Fo RN 5 OGS ITAHE BEME D K e BLEMOFREWEE X
bid,

bt FEWIZ L D in vivoilBRORE TV 72V, =7 R 2 AsTID & D& 5. I
NG TR TR 5 2 ST K D YR B MEIE RO BN & O DNA {553
Bl Z &5, DMAWV)EETIE, oo DNA 850886 0 Ye o B 03 38 4%
DHEDRDH DS DD, BIGTIRE R OVIMEOFHEIITRD HALTNRUY,

I HD e RICLDEEEIEOHEEICOWT, TARC (2004) 1T FHRERICL - T
EL LB FORLEEMICEHE LG L TWDARERSH DL E LTS, £, EROATF
MBIz BT 5 EREY TH 5 MMAUIID & O DMAXID (X, in vitro THEMEIZ DNA
BELZFHE LIEEREZ T L DNAgUIW A5 ST rEThHLIZ L, Zb
DORHW B ONEMIR TS T~ NEEOF B ICB W T EEREE A2 R34 2 LR
EnTW5 (IARC 2004) .

IEMERmREIT, e B EEMODOIEREIZ LY In vitro, in vivo DWTIUIZBWTHAEL,
As(IID), MMA(ID X% O DMA(IDIZ & 5 DNA 5l FRBEA LS5 A ML
Z BB L CW A ATREMES 5 (TARC2004. 2012) ., b #IZ X AE2{rA#) DNA
BEIZOWTIE, FitokrictvzevonTnsg,

KR D 3D b FL AR S -l id ki) DNA 54779 (Wang et
al. 2002, IARC 2012) . AsIID} O MMAQIDIZt FEERE ERHIIEIZ 36U TRE(LAY
DNA #HEDOFHEREN OmEAR%ETH D (TARC 2012),

B 21X, MIRFEERE [ZB8W T, AsUIDITIEERFE DAL Z I LTk M-/ ARH
—AT Yy RIfEIC R E R RIRERAZ NS 5 (Hei et al. 1998, TARC 2012)
DMAUIDIZ LY, 7= UFrnbEkNilE I, ZOERERIC LY 7= b RIS
RN— NN T A %8 U CTEEBENEL S, 2, MMAUIID i< DMAIID
Z in vitro TR S N7 ®X174 DNA ICB W TIEMERESE O AR Z I L7- DNA $49]Hr
N & T (TARC 2004)

KD 3O e FLEWIT, G-THEBERZEL S EE 25T\ 5 8-OHAG
NERR SN HBLH DNAHBEAZETH L VWIEERHHICHEDL ST, AsTID L O
MMAUID 721 Tix7e < DMAUID & B & 072 2R A B E TlX7e v ShTind

(Klein et al. 2007, IARC 2012) , Z#uiZE&(bH) DNA G ZRIERE - FRE

InsZEicksrbnEEZHNS (TARC 2012)

—7J7. DMAMWIZ X B &b DNA BB 2 8HE L H 5,

~ U ATIiE, DMAWIZ, BrR#z< T oA F L eB@Egbs oL

((CH3)2As00-) |2 & v fiike 500 DNA 5% 4 U 5= T DNA HJEr<°> DNA-

R ERREL AT 9 D (Tezuka et al. 1993, Yamanaka and Okada 1994, IARC
2012) .
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DMAW)Z#EH&n7=7 v FORFI2IEZ DMATIDAEENTEBY . TOBICAL
HDIEMMEBIC L 2B THREIL. 7y hTALND BRI DEMEICE > TEER
FEZH C TWD RN H D, Bl IX, Bbr) DNABEGO~—I—& LTib—
BNV STV S 8-OHAG DOFEREA DMAIIDR5-12 L 5 7 ~ bt THEn L
TWh EHESN TS (TARC 2004) ,

2B, ERROI I A EITH DL DD, Bin R RS DNA 557 o xR
1. ERILR) DNA AR O 2 & ORI 2R 2 T 5 Z LIl LH#E LT
WARWRBAREZHWNTEONTZbDOREEN TNWDE I L E2EBETINERD S,

(2) DNABEDZEL
b RIC K DA RIFEORIRIT, KEREEE K OHEEREEEO WIS S R
HZLIWZX0AELLAREENH S L SN TS, TARC (2012) 1. b b EHRHESE
HIRIZ 1T 2 BRI EEHE O L E L MMAID T b 58 < | %k T DMAAID), As(ITD)
DIETH-T=E LTWVWDH,

D ERERLELEY

IARC (2004) THIHA SN T3 Hartwig & (1997) Ot T, AsTIDix, 2.5
uM T DNA G 2 . 20 & V50 uM CIEDNAFEABEZLET D Z Lk » T,
b h ORHESERIE TR (UVC) 12XV 5 & i 2 v DNA IO EEERHEHE
ZILETSHE LTS, 72, IARC (2012) 12k 5 &, AsUIDiX., ¥rED & 37
BEHETSZ LM, —#o DNA BEBEE ORI EZME T2 & LT 50,
FEFITARNRE T, MAaNHTER LR & & 612 DNAEE O KRIER & o 7o
DEEE RITTAREMERH D & LT D,

IARC (2004, 2012) 1T, bt H£I1CL D DNABEOMED XA H =X L5 T
UTDX2IcEFLEDTVND,

As(ITD (% DNA EEFEE O FF R BEME Cid/e <. T L A DNA EE 2§+ %
DNA 15> 7 VI B A KT T, V7T mEICBEE 358K Y (ADP-U R—
A) RY AZ—€ (PARP) -1 %X, DNAEE ¥ > /7 'EH Th % X-ray complementing
group 1 gene (XRCC1) . DNARY A7 —ERK'DNA U I —E I IZFHEAIEHT
5L THEREEEICEE L TWAR, 2o &% AsUIDIC &k 2 EmEEE R
RO b e L HES 5 aEtEnH 5 (TARC 2012)

As(IDix, AL T ¢ REFHESGICEE L DNA VA —¥ T KO I W ONS #High
T4 W= R G GO DNA BE#MEZLET 5, fligh 7 + ' —DNA
BEFEFZRD—>TH D PARP OIEMIZ. 5 pM X TN 10 nM & W 72K FE o As(TII)
WL THEENDZ &8, B b THAEY >/ EH K Molt-3 #ifla & O HeLa #fifld <
IRENTz, LU G, WO GRMERLEE A X N7 F0MBE kD AR L A
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TIR-EUIVUDNAZY avT—BLnolchodgh” « 7 —DNA B8R
1% AsTIDIZ L » TRF S22y (TARC 2004) .

@ FAHRERLELEY
IARC (2012) 1%, MMAUID % O* DMA(IDIZ As(IID & Y $587) 72 PARP [AEY

B Thb, £72. PARP ORLFTHEN T 1 > H— F AL 21T 5 HEOEHIZ X -
TAELD L LTS (IARC 2012)

(3) DNAA FILIEDE 1L
=S U= [ 7/ bR i*%fﬂiﬂ’ﬂ&()\iﬁilﬁfit VI RT 4w IR RIET
EERERT OME N A TETWD, HlZIE, ERELOE ZREOILF 72 DNA A
T AL L OB AE TR 72 DNA 2 FAbIicxt3 282 N e FM LA WREEIZ &
He AN AERR, Ju~vTFUMEK VA 7 v RNA IZXT 28R RE SN TS
(Rossman and Klein 2011) ,
bR L D DNA X F b ZIE, BADOHEITIZEG L TWAAEEERH Y | in
vitro & O in vivo WFFEIZ BT, BRI L D F A0 DNA O X FUAIKRE D (LS
BRI ILAFNACRME A F AL > THFEINRTHWDL I ENTRIBINTND
(IARC 2004) ., £7-. e #IEMIC L H2EETFHEES, DNA X F /LD &
LBIRFREDZEITHONTOMEN 2 ST D (Klein et al. 2007, IARC 2012) ,
IARC (2012) THIH STV D B HFHLEWIZ LD DNA O A FIUKIZET 2 #iEIX
LT LB THD,
As(IID KO MMAUIDIZ LV, B R hfEfifiZzfE 5> DNA A FAALDO LRI
57z (Jensen et al. 2008, Zhou et al. 2008) .
IR E D As(IIDIREFEIZ L Y DNA A ?"Jl/ﬂj@’ﬁﬂjk Yt (R BN T ?}2@71
F ¥ A =—ANLAZ—VT79-13 HildTIX, BEMIRLZEEN L BHICED
M7= (Sciandrello et al. 2004) .
As(IIDIZ & 0 FE IS S - B OMIBIZ BV T FRER 7285 T O FE 72 A
F b & & BT, 2P 72 DNA O A F LR 5 i7= (Bendbrahim-Tallaa
et al. 2005a, Liu and Waalkes 2008)
As(IIDiZ &L 5 DNA O AR EILZ. DNA O X F b2 — 2B k& b7
5 L7z (Cerda and Weitzman 1997)
DNA A F b xE — O IE, MlaN ST 7 ) Vv AT A= (SAM) #
HOEIL KT DNA A FAALEERB IR OTEMHEK FTIZHKRT 2 etEr & 5
(Hamadeh et al. 2002, Benbrahim-Tallaa et al. 2005a., Reichard et al. 2007,
Liu and Waalkes 2008) ,
ES TSN MZBWTEH DNA X F LD RER I TWD
(Chanda et al. 2006, Marsit et al. 2006) .
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(4) HRafs EHEni

EFEOBEEICIY, MIROBERRNFEIND Z LRI TS,

EFEiL, VU T LR Z—IRME, BALB/3TS filla & VT » kiFHiIE TRL1215
B W CHIIRO R Einth 2 5E 5, B EOHINE X — R~ R CHEMT S Z Lk
0. i~ &2 I ARRHERIE O AR STV 5 (Lee et al. 1985a, TIARC
2004) ., £7-. b MEREMIICEIT S AsTIDOEE KR E ORI LY |
BRI RZEED IR L L TERLKVPEREREZ AT 50, Zhb 02 bix
MMAIID Tix & b/ LT 5  (Mure et al. 2003, IARC 2012)

(5) HREEDEL

b SR OMRFEIC X 2 IR O BINE, B4 722 EERCR CEBR ST IR ST
W5, TARC (2004) I[Z&2 &, HIxIE, in vitro TIX, ERICLYVEH bt MEE
AL CRIEIEED 2 B AL, DMAWV) AR G- 7= 7 » MW T, BEEOIEE L
PSR SN TS, £, MIBIED A F~— D —Th D AN =F VIR BB R
PEDOWINT, e FEE &GS T v FOBEESIINTIE TR O 5TV % (TARC 2004)

(6) MRl I FILInEDEIL

As(IDIZ X 0 B E T HEE 2V 7 FIVAREREE O—21%, JEEHEG T
% pb3EI LT TH D (TARC 2012) , MR b BLEMIL. pb3 % & TolaHE 5
J OB B L 7o df 2 R BIR FRBLZEMT 5 Z LA REN TS (ATSDR
2007), 3 flid> & FLAW L. PARP K (R pb3 & o /X7 B DIEMEAIC BB % KIF T8,
ZAUE DNA BEERIC KT T HER O AERREMEOFEREZ N L TR 506 Ltk
V. PARP 1, DNA EECIER e i$ER O K OBEEEICWETH 23, 3 flidt
FLEWIE PARP OFEMALZBLE T 5, pb3 ¥ v /37 E 13 DNA HEIGEICB W TH
TRRE BT, 7 NREME AR LHIIRE T = v 7 RA v N & LTHERET S
M AIIHRERFED T 505, 3D v FELEWIT pb3 & XV EEIT Lo 7 F v
fGEZFLFE 4% (Rossman and Klein 2011)

As(IIDIE, DNA #8512 p53 # > 7 H DIEMHALR p21 OB R T HBLOK T 2
Hil9 %, ZoMiflix, DNA 52520 7-Miaicisid 2 GL #1206 S W~ #miaE i
DI (DNA ERIENC TN S ER 7 DNA EEOMESZ2557-0) (8% KT
T D, BRFEMEHERO - HOKRRNEZHH L TOD0E LRV, ps3 IR
EEERICBWTHEETH S, AsIID), MMAUID K& O DMAJIDIZ L5 F 41 K%
VB TR OMNEIL, BT AL FR U OEREA L, pb3 DRERER 2D —A
Lo TWAATREMED B 5, AsTIDIC L > TA U % cyclin D @ X 5 72/l s sl i
BAR OFBUNNL, MBI OS2 eI E oA RS D LB 2 56N
% (IARC 2012) .
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bt #F AW, MR RFEE Lo T A o —ET7 73U — (2B TH Jun
¥ —E &M% L DNAKEGIEER 1 CThH 25 AP-1 28NSt %, £7- b L, cyun,
cfos, c-myc K OMEEHEFER 7 (TNF) -a b W ZRiBNABEG ORI GHEET 5,
Mdm2 % > /X7 EOMEIZAHEL CTE LU S pb3 ¥ /N7 HOW/ML, eFEERML
7ot MMafbiie (HaCaT #if) TROLNTWD, bERBRFBEMHEERNADOET )V
& LT, pb3-MDM2 7 4 — RNy Z N — T DGR & THE LT, 1E4% 7 il s 5E
OFEEMRET A2 b0 EEZ BN TS (IARC 2004)

(7) A78HA FZBERBEESLEGFHREREOZEL

e RIX, WEaLvTFaf RZFEE~DRTa A ROEEERET LR, 7R
nry, TARaSy EaLT af RXXT e F AT a Vg BIRA~O Y I ik
BICEBIIRIES 20, ZOMREFEZ, ADBAMBICEEND T 0 r AT a SR/ RO
A AT O L CHE VT a4 RSRIRA~ORINPAERE LT, e EBE2IFHTE?
AREMER D D, LorL, MCF-7 fifdTlL, ERIF=A NI VA — VDR fub v
ZBME-a (ER-a) ~OFEEMELLZEVIWMELDH D, SHIT, B FITANAM
JRIZEBWT ER-aDR I Z LET 52, ER-BORIUIEELZ T RN LD, b
FL ER-afGMHEALB AR L THBRIBRFIEL RV 25T 55 L H D (IARC
2004) .

(8) EinFIEME

AR OHIEIL, B ROEDANMEICHEHGET 2 DDA =L LTELLNLTY
% (IARC 2004), R b 5213~ 7 2 3T6 MldlZ B\ TP b N HERE TR (DHFR)
B FOHEZER L, ZOEMIT ASTID X Y As(VMDFH AR & St Tunvs (TARC
2004, ATSDR 2007) ,

(9) EBRLEE EEEEHEDIRE
b ROFEDAMEMIL, BB AOREERCER T2 RSB I TS, &
FRHEMIRTE ClI~ U A CTRIEME A5 EiE 2 Z70n A3, b E L EINROEAIRE
NS48 T3 b i3 iofibé%@iU@ﬁ@k%éﬁﬁmbtﬁ%@%%ib
5_&@ﬁ%ém1w5(NBDR%M?o%%%%§@§<®ﬁﬁﬁﬁ%%oﬁ%
(genotoxic agents) & OFAAHITIHB T, b RITFHEAMIEEFEIEL IR T 5 A
FJF (coomutagen) THD EIN TS (IARC 2004)
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V. EPRFR#EEIF

1. EERMSARRHE (IARC)

IARC OFNAMEFHIIZIH N T, eE LN F(LEYW TARC 1987) | flEbKF O
t# (TARC 2004) KUt F TARC 2012) (X, WIhb 7 —71 (& Mot
LTRBAMERDH D) EE3nTn5,

2004 FEDOFEL TIX, IARC &, & MIBWT, Sklkd o 303, b, ik
DR Z 5 S TR H 0, WTFhoRA b HARKEESREATWD
ERELTWD, BEtEICBW TR, BB LY E (Chen et al. 1985; Chen et al.
1988a; Wu et al. 1989; Chen and Wang 1990; Chiang et al. 1993; Guo et al. 1997;
Tsaiet al. 1999) &V (Rivara et al. 1997; Smith et al. 1998) DA REZAHIAFZE
fithd = AR — MFZE7R EIZEESNWT Y R 7 3l 247 > T 5, fififz L, 515 (Chen et al.
1988a; Wu et al. 1989) <°7 /L€ F > (Hopenhayn-Rich et al. 1998) DAREZF
o7 Sl X 0 ABIRIFEESHER SN TV 5, FER L, 518 (Tseng et al. 1968; Guo
et al. 2001) DOEREZLAIMIFIZM Z. AF 2 2 (Cebrian et al. 1983) TOREERD
HANLF U (Smith et al. 1998) TOSLTHOHENN 72 & OMFFEAFHMIZ AWV BT
Ho Fio, EBREWMIZEIT DM BOBRPAMEOTHLIREN THL E LTV

(IARC 2004)

F7-. 2012 FFOFMETIZ, =@tk v FE, Wi, BESOEEE F 0
IREEIC L Db MIBITDREPAMEOTEHLA 050 . EBREWIZONT, e Y
U LT KD~ T AT O Ml & OSSR AR OFEIN (Cul et al. 2006) | it 2
TRV TAZED Ty NTOBEBEOHEN (Soffritti et al. 2006) 72 & DFEH AR
BROFE RIS E | EREMICB T K e BORNBAMEIIT 0 RFEHLRAH D L L,
7T N—7 1 Ol Z AR L T %,

512, TARC 1% 2012 FO MW THBEE ZORNAMEIZONTOLHED
1ToTEH, DMAWV)Z R O&S X vz Al ~ 7 A CHlifi BBE S o F& A58 o 1Y
/i (Hayashi et al. 1998) <°, F344 7 v b CHERIGREMR Z T AT AIILE O
FHH (Weietal. 1999) 72 EnHLbnsZ &, LarL, MMAV)Z&EAOES S-S
v FROow 7 AT, KREMHISCAEFROK FITALINLD L OO, 30 A O EKEE
BRITH BN 72Z L. DMAWVIZERFMICB W CRENPAMEE /TS5 5057
AEILS B 5 3. MMA(WITEELA AR+ TH D & LT, DMAV) X T MMAV) % 7' v
— 7 2B (b Mt L TEBAMEORRENENH D) I LT\ 5D, 72, AsBe °t
MZBW TR SN WEDOMDO AR E FILEMIT I V—73 (b MIRTDHRNA
PEIZHOWTHETE R ) L LTWD,

F£7-. IARC (2012) IZHFHMEICIHNT, B ROBRFEMEIZOWT, BFEIL DNA
ICE NS LRV A, (R EE o As(IID) TALHEE L 7= #2122k DNA 8523
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HHNDHE LTS, £7o, MlazgEiRE O AsIIDIX DNA $5U1Wr, QR 25l
SEZIFTELTND

2. FAO/WHOE RIB SAMMEFIREE (JECFA)

JECFA %, 1983 D% 27 MR EITHBWT, AFAfERT — X TS &ML &
DOEEMA— HEBIE% 0.002 mg As/kg (KE/H I E L7223, BT O e EOFE
EREZEET 5700307 T — 2070 e LT, O 5L OEEIK R ok~ 72

JHED b R ITIRER u‘_l: MZBIT D eFEOEHE, O&MLF Frizfad) o FE e
DFEIE, WL, PR OEME, @b ZBORNARIIKT LMo ROFEFE, @OBEA
DREDO & RITIREE LTEFOEFHIHEDFRPLETH L L Lz (JECFA
1984) .

1988 4F D5 33 FISA T, P OAME ROBEBEMELFNT 5 Z L IZONTORKR
AN ST R v R OB E A E R E (PTWD % HiE38 L, Grantham and
Jones (1977) OFT —Z M HLEEIKHF O b TN 100 ug As/L 2z % L&D JK
BEDHIINT 2D FREMEN H D & LT, SEDKEBEES 1 H 1.5 L, A& 70 kg L IE L
T PTWI % 15 pg As/kg IKE/E L% E L T\ 5, 728, JECFA (1989) i, FEEIZ
EFIRE CHEMEEENRBO LNHEEEE PTWI EOENNZ ENHLNTH D
DS, BRI TRiEE OB e BREL O FOBRELIRBIE L Z L2 BRI
RREREREICOWTIE, glEmEEEEE LIca Xty FLTWD, £, ﬁt@
HEEOZ WU OCRIEEM O G H & FEEEITH 50 png/kg (AE/A L 72> TH D,
ZOEMNCET D bR L DHEFHREILRVD, WBEY T O B IR RO A & FHEE
b NOREFREEBIZOWTHERDEFHENLETHDLHE LTS,

Z D% JECFA 1% 2010 fF D% 72 RIS AIZHB W T PTWI OFFHLZ1T-> T\ 5,
B RICEDREPALY X7 OEEFE 21TV, Chen 5 (2010b) DOEEIKHF D
MRS b BB LR IC T AERT — 20 b, EOREIR DI TFv—T L AR
A (BMR) % 0.5% L& E LD F~—27 R—2 (BMD) ® 95%15#8 FIR
i (BMDLos) % 3.0 uglkg {KHE/H (B L OMICEIK 21 L7248 D g ER 8 O HE E i
DOIEIZ IS E 2~T pglkg RE/A) LHEH LTS, JECFA i, Z® BMDLos DR
eI, IR EICEET HIE L. ABRZEMICBIT 2IKZ X7 BEE DR HE
IRAECM D A TEH LN L K3 B AE]~D BMDLos OAMEIZBEE L TV D E LT
%, JECFA X, Zh £ T» PTWI 15 ng As/kg KE/AA (2.1 pglkg (AE/H) 28 LG
BMDLos @ 2~7 ng As/kg KH/HOFHNIZH Y | HITR0@EEITRWVWE LT, K
PTWI D FIFCnb, 72, JECFA L, #H L ZFOROBREIMMZ2LET HT-

12, HE SN DORAICR T 2 BMOMEHR e BEAFERO LV EMREHRE O
ﬁﬁméhtﬁm$ﬁwt%@\ﬁﬁ& SN THD E LTS, B, AFHEIC
BT, JECFA IZ, @bk e BEEN 50 png/LUTFTH-ThH, TOERENEW
Hik (>10 pg/L : WHO A R T4 AH) 1T WTIE, M b FEIUT 20 8k
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BB U A ERENRAETDHAREMN S D05, BAEZBRDRW - DEZFIEIZ LY
B+ A2 LIIREETHSH & LT 5 (JECFA 2011)

3. HFFEHET (WHO) BR¥KKEHA K51 >

WHO 1%, 1996 DB KKET A K74 V5 2 IZEB W T, fEDKH O b ERE
EEERRAEROBEMNRD NI SE ZEBEET A2 HAWT, KERED
AETEREIRE N AU X7 1051238 T HECEK R B RIBE A 0.17 pg/L L HEH LTV 5,
L L, BEKF OO G O RIREREE O RIHEMESC, BRIV D 2 LN TE 22
STRBNCBWTE Z W52 HEIEKFIRELNR S D Z Enb, 2 OREILKEREE
AV A7 ZBREHMEL TWD & ENT, T, BBk o F2 o 386,
IKTE K i RE O EER) 72 E B R CTd 5 0.01 mg/L (10 pg/L) & ERIR A KT
A UfEE LTED, 72k, WHO 1%, ZOEBEOAVERRIFEN AU X 71T 6X10+4
ThHHELTND (WHO 1996)

2004 4£D WHO fREWKAKE T A KT A 2% 3 (WHO 2004) TiE, B R
MEFMLBE L CTHENRATA T4 fE 0.01 mg/L (10 pg/L) 23#EFF S 4, 2011
FEOH 4 i (WHO 2011) IZFBWTH, b REOLHENR K O LR rTREMEIZ L
S&E, WA FT7A4 4 0.01 mg/L (10 pg/L) 2SfEFF STV 5,

FARTIE, ZOHA RT7A4 MEOEHRILE LT, KREEIZBTDLEBEDOY 27
IZITERIR L L TEETRERMEENER SN TR Y, (EABFICBET 2 AT/hERT
— Z X ERRIME UL IEEARIMEZ D 720 DAY FRRFERE L 72 0 159, foBbk s
L FEERETLIEOBENRREZC, KR LOERE FIRIE 1~10 pg/L 25 L
T, HARTAE10pg/L 2R L, BEMME LTRELIZE LTS, o, #%
WENCIT e FBiEL 5 pg/L L FICT 5 2 SIZEBARETH L0, ZOEDITITEER
ROV TR O b e OIS L ETH O | (EREDOER (F] : BT 12X 2854
121X 10 pg/L £ CEMRARELE B XD FDRRYTHDH E LTS (WHO 2011)

4. KRERERET (EPA)

(1) BHEER

EPA &V A7 @y A7 & (EPA/IRIS) 1. {bFWE OFMLi %2, TDI ([ZFHY4 4
Lk zHHE (B0 RID) & L TEMEIERDAMEOHEREZEMLL THD, £/2. b
9 — TR AFZEIZ DWW TR AMESFAICHOWTOE IR A AL L, MEITIE U T,
ROEGERIZE D Y A 7OV TOEHRZRAEL TV,

OERMIFEREINAFE

b N O b E DB MEIER S A B O & LT, EPA/IRIS |%. Tseng ©
(1968) DEBIZIIT D & RO FKIGIEOBEWIIFE CTH LN R s ToEROGHE
TG & AL DB Z 51512 L <, NOAEL % 9 pg/L (G5 0.8 ug /kg K H
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[H) EEH LTS, [FEEIC Tseng (1977) OEBEBIZIBIT 5 v ERITL D SHHEO
FBARAFHIH N B4 D BF%2 & 2512 LOAEL % 170 pg/L (#A%ME; 14 pg /kg (KH/
H) EHEHL TS, HFKREE (u/l) 2 HEHE (ug kg KRE/A) ~OHE
DORRZIE, HREMOBRFHREKO L FERENLFHATH 722D, BIETOH
HETHOIAROFY A ENLDO L HENEL 2 ng/H ThDH EHEL,
NOAEL } 0! LOAEL % 2 f# ] L T %, NOAEL 0.8 ug /kg A/ H I R g5
125 3 (BB EDREBEPERT 2T — 2 BAZ LT D 2 & VA NOAEL 23 &%
SZHOEBNETOE hA~DOEEL L O X ONDNE D BT D R HEEM) %A
L. 0 RfD % 0.3 ug /kg KE/H & LT\ 5,

Q@FEMNAME
a. ENAMSEE

EPA/IRIS 1%, W ABRER L 7= OEMICIB W THE DI RO INMN 2 6 17z
Zl, Fe, BBEOEKE BNE ENTHOCEKICEE S UL BV TR
. IR, IR M OB Z K D AR RO R & DR A DM A 5 i
2 emb, B NOT—ENOait s b L LT, EELVEKE RE D
A (v MENAMYE ; human carcinogen) & LTV 5,

b. #OREEIC Kk DRI AMETE

EPA/IRIS (%, Tseng & (1968) MU\ Tseng (1977) OFEWHFZE CTH LT HF
KD BIREEIZ L DE L WEEERIEEINOT — 2 ICEkS5&  [KHEIMTICL S
W~ NVF AT =T VAW T, EEE RORAREICL2WFIRENLALY X7
EEH LTS, ZORER, YEWEICAE 1kg %720 1 mg OHETHEEICD
DREORETRE LG AIC ZOBRZBIZEBR L TRANELD IV A7 (ROoAe—T77 7
7 X —) 1%, 1.5 (mg/kg KE/H) 1L LTW5DH, ZDOEIZESE, lAMKE 70 kg,
—HOfKEE 2L LREL T, fREVKICE 2% A=y N X7 (SEWE %
1L Y720 1 ug STefEbKRAEABEICOE VBT 5 L ZO\ERBALY R 7)) 25
HL 5X10% (ug/lL) 1 &L TW5, /2, ZOEICHKSE, BILZEXIT—E
DIEWAY AT LV LR BB OREEZEHT 5L, TROXIIZRDEL
T2 (US EPA 1998) .

£12 BEOYRILARLAZE T SEHKPEE

U2 LAUL e e
104 2 ug/L
10 0.2 pg/L
10 0.02 pg/L
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Flo. v b e RIZE RN AIITEL S OERBF S L Tnw5 (US EPA
2007) . EPA @ Science Advisory Board 1%, As(IID K& O O3 DNA [ZE
BSOS LTz, BB mEEEenwE LTns, LoarL, DNA 251k
DEACITR K S 2 BB/ LR OB E B 7 EMERN R B oam e R+ 5
ThHA Ao E LTS (US EPA 2007) .

(2) ARESR

EPA 1%, 2006 4{Z MSMA. disodium methanearsonate (DSMA) . calcium acid
methanearsonate (CAMA) . DMAWV) (2P fg) KON avLfgEr ) 7 Ao
JEIEFBREEE ATV, BF ) XA 73BN T, MMA 7/v—>7 (MSMA, DSMA
KON CAMA) KON DMA 7 v—=>7 (DMA KO @V VvEgS R U o L) ORAarE RfD
S OMEME RID 5% E LTV 5,

MMA 7 /L —7ZOWTIEL, A X OEMEIERR TR 5-Hm% ORI O 1 HE T
5. 2~5 §[H] TR HaLe PRI ONEM:- 2 F54E & L7 NOAEL 10 mg/kg (REIZA
F24%%L 100 M L7- 100 pglkg AEAZAVERD & LTW5, £/, v ok

mERBRIC I T D ERERD . MR, RN, BETE, T L ORI O T B
A5k L U7- NOAEL 3.2 me/ke /K / H IC RREFAREL 100 %38 ] L7= 30 pglke (A
/HZEMERD & LTW5A,

DMA 7 /v—7 (DMA kO a P Vg R U U L) 1220 TIE, 7 v hO3RAETMN
AR ICB T DB EARE DR, BEEE OEN, FbOBIE IR nEfEEE Lz
NOAEL, 7 H#XOFRAFMERRICHIT S, SLTHE, E, KEBD, BEERD %
FERE L L7 LOAEL 75 3E X H L7 NOAEL 12 mg/kg 1K/ H (2 R FE46% 45 100 % i
M L7z 0.12mg/kg (AHE/HZQMERID & LTW5, £72, 7> MIBIT DM LD
FRAEBEGE & 4% & L 7= BMDLqo 430 pg/kg IR/ H IR MESEAR%L 30 216 L7- 0.014
ma/kg (KE/H % 18M RID & LT\ % (US EPA 2006) .

72k, WNAMEIZHOWT, EPA I, BEFEEEAEDOEOFLIZBWNT, 7v M
W~ T RZBT BB AMEO AR+ THDH E LT, MMA % [F23 A OREHL
2372\ ; no evidence for carcinogenicity] (24373 L CvW% (US EPA 2006) ., DMA
2OV TIEL, EPA/IRIS (1996) Tik, ERAMEIZOWTE FOT—=F RN &K
CEW) DO+ 53707 —Z W72 Emb 35 D (b RREBAMEN S TER ; not
classifiable as to human carcinogenicity) & L CUV /=23, EIREEGREFEA OB D
i i, THARZ S 7= 53 HEFE TR AMEIZZ2 V) ; not carcinogenic up to doses
resulting in regenerative proliferation| & LTV % (US EPA 2006) .

5. MMERZTEHE] (EFSA)
EFSA D7 — RF = — 28T D159 E BT 5 85 3% L (CONTAM /S % /L)
X 2009 FHIZESF O BICETARFENEREAH L, B B OBEICERT
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DREMCEE . . BRI R OIS 5 b O FIAE OR RIS & Mt
FICEAT 2RI 21T > T\ D, B, Mok, KR OREREICOVWTAFLE
BTCOEFTT— X3, BFICELHEE L FORIBEZDHE SN TWRNWZDH, BB
Kb BREAZBRFHEEES L TERAL WD, EERELICEIL TiL, Ahsan 5
(2006) . Rahman © (2006) & O*f Xia & (2009) OF —Z | X F~v—7 7 Fa—F
AL, REBICOWTIE, Karagas © (2002) MEH L7221 bzl T
WohH, XoF~v—rT77u—FEEHAT 5124720, CONTAM /~x/Li%, BMR &
LCBIET — 2 OFIPAINICH 5 1% Y A7 Z@IRL T\ 5, £, BEMEICEL
TiX. NRC 7% Chiou & (2001) OF —# bR LR F~— 7 RED 95%F1HH
TFRE (BMCL) M OF Karagas & (2004) OF —Z bR E SN2k s %, T
DUNTIE NRC 23 Ferreccio & (2000) O7 —# bR L7z BMCL % #FlIZ VTV
%, CONTAM /S L p3 R b 32 o0 ] &SROSR W72 7 — & e OY BMDL O % RS
RaEF 13 ITRT,

K13 EFSANEHEROAERGFMEICAWN-T—4%

=y RE . %gﬁg%i b S 0 3
A2 b (ug/L) (ng/kg 1AHE/H)
Fe M ZA;S iiii,éooe) BMCLoi: 23 @  BMDLor: 2.2~5.7 ®
Fe M ZR;;:HZ/; 2006) BMCLoi: 5 @ BMDLox: 1.2~4.1 ®
R R :;; “:t’ ;1_7 2009 BMCLoy: 0.3®  BMDLor: 0.93~3.7 ®
A (?I:‘Gireccio et al., 2000) g\INII{%I,JOZIOéf) BMDLo:: 0.34~0.69 ©
IR (%ﬁjiff Ed., 2001) E\INII{CCI,J(;(Z)S% BMDLox: 3.2~7.5 ©
Bz éza(gz;:ajl\;;)é; ¥ ) A @i 1~2 2K 1 0.16~0.31©
e AE (=== T —iH) ZALA 59 50 ZAEA : 0.9~1.7©

(Karagas et al., 2004)

BMCLo1 : 1% D 5Bk 2R F~— 7 D 95% SRR TR

BMDLo: : 1%D B CxT AR F~—27 FHED 95%EHEIER T IR

(a) : AERED- DI CONTAM /L3 EH

(b) :1 H Y47V OR/KE 3~5L, £ b T 8 b 58 50~200 ug/ H A HE 55kg & {KE L T BMCLo:
NGY4SiT

(c):1 HY7= Y OfEK 1~2L, & 5L v 3% 10~20 pg/H . (A HE 70kg & & L C BMCLo
R4S

TN HE
(@) HEDNEEICRDATORALELE A, 2t BMDL TldiZ < EEE L ~LOFEE L 72 %
(EFSA (2009a) ™% 43 X v 3|H)

FH X472 BMDLgy 1%, TV OFEM A2 x5 & LM 2B 5 % Ferreccio © (2000)
DT —F ZIEITHEE L= 0.34 pglkg RE/A A& BAK< . BB AL TR IZ OV
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TH#A L7z Chiou & (2001) OF —Z M HHEE ST 7.5 pglkg (KE/H 235 & &V ME
Tholz, 2L, TbOEEREFAHEICITBRERICAHEIEND D120
CONTAM /X3 /uiL, H—DOZMME DO Y 12 BMDLy O2#iH 0.3~8 pg/kg (K EH/
HEFHICHWSZ EE LTV D,

F 72, CONTAM /=3 /Uid, R b BRI TEBE 72 DNA SOSEIE 2R < | BRfukEs
TEY 2 XT 4 v 7 R KR O DNA BEEEICHT 20 L 5 702 < 5D ALK
BB IINLTVDD, ZROHIZITIWTNBEEA I =X L ZETE 500 L/
WEIBRRTNWDS, L Lanb, AEKICBEROIGICET 5 M MEFMELBET 5 &
TDI 3% TWI % ET5 Z LITEU TRV Efm L T\ b, Ton, BfE~—
vy (MOE) ZHW TSN D RETHDHE LTS, LanL, BINOE# e &
DOHEE — H R FIREEIL, F T 0.13~0.56 pg/kg KE/H, RADEBRERE (95%
&4w>fom~1muwgwﬁm<&m Z OfElX BMDLy O#FHNTH - 72, F

CERMIZEBT D 2 A DL EREIE O e BOHEE — H & FRERITH 1 po/kg 1K
j@ﬁf%@ ERRLEL O % BB O v SEOHEE — H B9 RE &35 4 png/kg 1K
H/IHTHo72, MOEIZIZEAEH DT EL RN D, —HOEEEICHT DY A
JHEENTHZLIFETERNE LTS, KiHlZH-SE, CONTAM /~x/uid, i
BeRORFRBELKTRETHLEHE LD, £z, BHEEeEDO Y R3]
filiz &0 EM72R S DIZT 57012, BBETTCHERIST — % 2 BT 572D D4 FE
BB LT — 4 %%ﬁﬁhézgi):%‘é ELTW5,

723, CONTAM /UL, SAHEICZ < G END AsBe IZITAHERFEEIT W &
SNTWbHEL, £/, B b _kb\f 1312 DMA ﬁuﬁféhé?/l/t/ Vo R
Tt/ Iy ReGhZOMOa#E BIZET 2 mEFRREEICONTIET —
ZPFONRMNSTZ LD, ZRODOFKE FEEWMZ IO G L 1T L T
(EFSA 2009a) .

6. BX
(1) BEFEE EERFEESRS KEEEDREL
KIEARDOKEIEHEICRET 2484 (B 154 5 H 30 HIEASEE SH 101 &)
IZBWT, EREXRPZOEWORMEMEE LT, EEZOEIZEL T 0.01 mg/L LLF
THDHZENED LN TS, KEEUED RE L OBEOFHECIL, 3N A
S e H#D TDI 135328 Z & (VSD) 11b & L0, ZRICESW =ik
D b FIREOEFMED R VEREHMEA B X M3 2 LB TIETE RN, | &
LT, Te#ERPAMICETAZV 27 TR A NEEON Y ORHEES &k
KNG D FBFREDEBEFRINFES D AT, HEk O OFEYEE : 10 pg/L 25HERF
ENDHRETHDH, | LLTWD (BAESEHE 2003) .
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(2) BWIATBCEAFIRILY— - EEBMLEHFEE (NEDO)

NEDO %, {tFHEOHMY A 7 FHEF BV T RLROZEOERILEY O
NMEFRIZKIT 2 U A 75l 21T > T 5D, B R RO E F{LE O NIRERIZ X
5 BT B EMEEIC SN TiX, EPA (2005a) NEEBICBIT 5 R TIHYE
TR EEBIR LI FERZ 55 & L9t (Tseng et al. 1968; Tseng 1977)
D BFEILTE & AILIE ORI ZaE & L CHH L7 NOAEL #%1#H 0.8 ug /kg (A&
IHZEHWT, ZOMEA2KRE 1 kg 4720 OHEE— R D EIE (B +EcEK) 0.73
ug As/kg (KH/H TR L7 MOE R 325 Z & CiHMiZ T > T\ 5, ZOfER,
RO T 5 MOE 1% 1.1 £ 720, ZfEilZ NEDO Ol CT5 &L= RS
FREFE 10 K0 /&<, BIFRS TIde Fide MEFICERELZ LTI 2 L AVURIR
EhbELTns (NEDO 2008) .

(3) RIEE PRIREFZS KRREHNEBREIRVKREEMRER (5%5)

ﬁmﬁ@’ﬁféﬁﬁfi@wﬁ BRI RS I RKBRE S SR Y 2 7

AHMAZERICENT, RREETOERROCZEDILEMITRLERY X7 D
nﬂﬂﬁ%ﬁo TW5,

e BT, B rEEEREZRTIHLIS 5 — T, BIETOEREZ D
TRNREN AT = A LDOIFEZTRBT DL E H 0 | BEOA EIZ OV T
AT EIRBEBETIIRETHL E LTS, L, BB KR B
ME, MABRTRIZBNTE NORI~ORNAMEEZGETHZERHLNTHY, BB
TEERZAET D 2 L 2R TRZOGEHLAE SN TO DB, BER 2V SR
ELTURZFMT 200N YTHD WL TnD

TN AMEZHOWN T, AEKGERZ T +5 7267 XD DHAKED N
Tacoma (Enterline et al. 1995) . K[EE > % 7l Anaconda (Lubin et al. 2000)
K ORA 7 =—F . Ronnskar (Sandstrom and Wall 1993) O#RSLEHATCH =>D
ak— MRS DR C A= KRS e Liza=y U A7 % 1.7X10
“3(ug/m3) EFEH L, B R L O e FEEWOFRN AN R D FHMEEE 105 D4
FERFEIRE N AV A7 T3S T 2 REAPRE L LT, mgAMﬁkbfwé

iﬁS%ﬁ ANMELUNDEFZMIZOWTIEL, 0 REENT —FZ BN EEND
1 ANMELIS DA E J%é%ﬁﬁi%ﬁtfw%m\@wﬁézmmo

(4) BREXGEZR HRAEEZFICHAI SIZRER (5%5)
AAREEMATFSTRREFICET L8 (1997) 13, e BORBAMEL TN
AR 1R (B MR L TERBAMENRS D LT 2WE) ERHMELTWD
F72. 2000 FED b ROt FELEH ORI BT, H%%t)xﬁ%UﬁXi
104 ERRE L, U A7 FHMIZIZBEEEZ LOERE T V8@ Y L, KEY >~
K AN OISR THIEER 2,802 4 &2 XkG & LToEFHHEDT —4% (Enterline et
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al. 1995) 76, RFEMREE A B LTz 40 4E O S BE OB FIRER 253 ASE TS Y
Xﬁ%ﬂﬁﬂﬁbeug&Mﬁ\w4 ZH LT 0.3 pg As/m3 FIEER LTV (H
RPEFEM A T2 2000)

VI. BREmasesthn

b BIFREPIC SRR B OCAERILED & L TIFET D8R TH D5, REF O
b EIE, e Lo RUECKILTESE), ANARIEENCH KT 5, e FBLAaWIL, FEITR
mk%ﬂm#%ﬁﬁéhé B PIIT R N O e BLEMHE Fiv, K

TIEEE L TEEEEZENRGTENTWD, R, WBEDTIZIEZ O ZLamDEE
ﬂTkD\ﬁﬂITibﬁ%_@@Q@@ HEERT2REEND D720, 5EIME
IS L T D EEEENLEBIRL TV, £7-, BEW TN S OEBERNH
WHIZVMEICH D, Z 9 LIIRIE IS E 2. BT 0 b FIZHOW T, K FERBR A,
P AR S 2 W TR A IR AN 2 T L 7o, R W oS BRI 1,
e RLEW. ﬁwt%mA%&UAIﬁwt%mA%%w%% & L7 RN ENTE

SRR, RAER G AN éh»%iﬂ%,Lbﬂfuﬁfé%@fkéo
1. KANERE

KB &D&ﬁé%ﬁjmmD%AdWiﬂL CIHEE D BRI S A, FRICER
FOKICAHET S L1 RSN D, Ll ZORIRITE REEMOE

R a%£W®m@ﬁm& PRRBROGEICLVIETT 5, & FTIEAERNIC
I S 7= MR v BALAEWIT A T b Shv, JRPICIT e ER R OV B RO I
MMA(®V) . DMA(W)AE & L CHEEE D, A TFIABICITREZENRD L TEY
v —Fty b FUNRT—KOENAE Y N TIEHFIRO & 38 X F VR EESE S KB
LTV D 7DRFIE MMAV) KT DMAV) OHEINEERD SN0, ~ T A, T
v by NAARHA— OB XK RNY —H 2F 20— TITATIEIC b 3 X FILIBEEE N
FAEL, EZDOAFIEREREEZ AL TV 5, £ 5 08 T, MMAV)
235 DMANV)~D A F AL ZIREGICA U, R HEt &5 MMANV) OEIE1
bR L TERMICD W ERESNTWS, £/, A F U kiL, B £
LTI RESBEET D LEARBIN TS

HH b RITIRDIRNENE @ﬁ%iﬁ@f*&w@ OBl MMAWNV),
DMAW)EOT vt /o aH—I%, B hTIXEDIF E A ERHLE D SR IZ I
i, FZRFLOHREND, TR a2 — itFTiEkLTDMMW
IR S D23, AsBe 13T & A S S TICRICIR T b HRIEE LB,
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2. B4

b NTCIE, FMFEICL A2 EH e RoOROEBIUC L 2 2 EgRE, SAarkgEIc Ly
MREFMENRD BN TS, T, B ZORMKROEBRDEERE, N, %

A REMREE, DMEREREZSIESE T AREESAHRE SN TWS, 209
B DA HOWTIE, B HE TIHER SN SIS T DK 2 L7 I3 5
P2 AR C R RE . s S Ot (2 B W CTHERGFMENRO b b, $7-. &,
FFQ 12 L0 HEE S 72 M v BB EE & HAR AN BMEOBE OB (23510 2 Ml
DY AT & DOMICHERISHEAAFRD Hivlz & OWER 2SN TS, —F, TR
Y i, B FoROBRGICLY, LIER, FFERIRR, HibaR, MIER.
IR, MRER, FEMRASORERHRE SN TS, L, EBAMEIZONT
I, T o WHEICB T D — Ok 53ERC~ 7 A 21T DR S AMERERIC
BWTOHIEINTND,

A e RIZONWTIE, B F~OREICET DM AITT L A L, EREW T,
7 v b ~O DMANV) DR O &5 CEEMEN A DT & T 5 HENH D08, N T A
LR EMEZTDO THEDPRONTEY | BmfdREENCE T2 X 5 ki
MER T E 7o,

BRFMEICOWTIE, B MilaZz EEFEMICIBS W T, R bEWIL DNA 5
ROt KRB 25| S 9, ZoHEOmSE, —RICE# e F(LEaY, Ak
#FEWme b AsUDDOHED As(V)E D @<, £z, E e B a0 TN Ak
EFEHEIV LEWEEZ LD, In vivo [IZOWTIL, B FELEWIT LD HE
3D, v 2 AsUIDZ R A h, EERNERG IR THREGT 52 &Ik
D YLt R B  IMEFERR OB & O DNA 5235 &2 = S b, DMAWV)#E LT
1L, > DNA HBESEHO AR EEMEOFEREORENH L L OO, Bis 1%
SRS B R OV ISR R DFEFE TR ST e, EEFE TIE e BT L VB is 1722
IREBOFEIME LR 20O 58537200, ek iy . SCE LOVMEERK
MAHHNTND Z ERRESNTND,

Flo, ERICEDEPAIZOWTIEL, Bl FREARLERNFERIFINTH 5 itk
IRV, R E | DNA 5, DNA EEOZ L, DNA 2 F ko4, Ml
TEAH, AR O E L, S 7 FIUGEO L, AT uA RZEKES & &
BFRELOE, Bl R, 8RR mEFEORENFE D A DIEHIET &
LTRBEINTWDED, WTINOEFIZONWTHEZ DR G- ORI )Tl

LEXY, REMFHESIZEO T, BANEESCEMERBUC BV THEZED K E W
ZEMOLEREMOT —F2 ZHWTEHIT 5O TidZe < ERICE DEFH LN &
HIEHE e BICOWTHERIGFHMIZIT D 2 ENZUThHH L Lz, £7-, i
b FRORERIC L DEFOMALEZRE LR, HEIGFHIIZHWS Z LN TE
HHERIX, IEREDAEBIZEB N T, ZEWRZE (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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R ~DEE (IQIKTF) (Wasserman et al. 2004) . W ONIAGHE « BAE~DE
2L (Milton et al. 2005; von Ehrenstein et al. 2006; Rahman et al. 2007; Cherry et
al. 2008) . R AFEIZEB W TIINE (Ferreccio et al. 2000; Chen et al. 2004;
Chen et al. 2010b) K OV (Chen et al. 2010a) Z iR L7z, BEHEIZ DN
TUE, BOBK A L7 RS b SRIRER BT 2 Tl b B O bbb Z &
NH, HINAREE L TEDLZDIEEEZONTED, REREITRNBAEDED
HHTWDLDITTIIRNWZ &b HEREZIEED A DB L U CRHME 21T
HZ e LT

ek, BHEIROIHANZEAERWAE BICHOWTIEL, HERISFHhORE
KRB LIT Lo T,

3. BEE

[EINCHER SN AZ x5 & LT f2RETR A I 310 2 M b R IE O LI,
Mohri & (1990) T 10.3ug/H (1.8~22.6 pg/H) (KEY7-V F#) 0.206 pg/kg
{KE/H) . Yamauchi H (1992) T 33.7 ng/H (8.34~101 pg/H) (KEY47/-Y
¥ 0.674 ngl/kg (AE/H) . Oguri H (2012) T6.52ug/H (2.0~57pg/H) (&
HY 720 0.130 pglkg (AHE/H) |« BAhEEEZEES (2013) T 18.6ug/H (2.18
~161 pg/H) (AREH720 FH 0.315 ngkg KE/H) @GS Tnd, £,
BIEEFES (2013) 1%, 95 N—k XA VA 0.754 pglkg RHE/H & & L
TW5%, Mohri &5 (1990) . Yamauchi » (1992) MU Oguri » (2012) O
IIRBREEDN LT L 4Tt < . Oguri H (2012) L OB RLZEEES (2013)
T 1 B DHREFENGRE LTVWDEDTH D0, HEORECE AT & 72 2 5t
ZIZBWTHL—EO®RBEICH L Z b, 2EME L TURT,

4. BAERIGEFTE
(1) NOAEL/LOAEL ;%. BMD ;%o FH
@ Point of departure (POD) ZRDF %

WE L BMPOMFHED Y A7 FEIZB N TIEL, TOMEREN ALY b7
WIGE . EENRETT — 2 PRARFIRER G A I8 EER ) 515 5115 NOAEL
X% LOAEL 78 TDI 25 9 5 2D point of departure (POD) 2L 720 fEFED
FHEFEMREDEA SN D, £70. ZOWENRTBEFEES, BRAMO FE R
JRRTH 5 Z L BARMETRWEEE S, kI NOAEL X% LOAEL 725 TDI =%
T DFENEHINDZ LN DH, —FH, EEiHli AT Re /e 57 — Z D FIH T e
RGBT EIDLDPDIAMEREELBET OLBIT RN, EFET —XIT

2 MRt b OEERA R 80 bR DT BSOSl ORERIZEB N T, B R TomE O
BRI 30 1T 2 (EHE R BTN ALV 55 2 B E - D BR O MEPOS AR O S YE & 70 2 HFE R DO fE 2 45
7, %, NOAEL, LOAEL, BMDL © = & #f59 (ILSI JAPAN 2011) .
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NOAEL/LOAEL %z 1 L2 356121E, HEX DO v b A 78 % 8L kA
WIS ERET LI ENRETH D Z L, HRRD S L OMGE KDL EIC L -
TV AT HOFEBEOHLTENLET 5L, UAZEHOKRE &I2X 57 LOAEL
MBEINDZ &, BHOMEERET 20ENIE > TRIEIINE R D729
LOAEL [ZERNET L Z LEHORBESRH D, Z O WVo T, ITE, BT —
% Z W= ERSEHIIC B VT BMD #5728 POD 2 €895 Hikd L TERAS
N5 L5/ ->TE 7=, EFSA (2009b) 1, BMD L& O TOLFEWEIC
W TE DM, K2 NOAEL 735 519 LOAEL LG 570 X 9 ZRBAS, %
INAIE DWRETE~ — 2 RO T — % OR-GiHliZe £ T POD BB E Sh
L9567 ETBMD IEZBHAT A2 Z L2 TS, LrL7enn s, BMD JEIZE
WThH, HIfRE 2 HET VORI IEENR M TIE <, FIAT 2T M RE K
325 E0NBD 2 & KR TFOFENKS TlEen e Vo =SNS5,
AREFFHA 2B W TARZHIEIC I 1T 5 BMD 05 I S TRiaT L7z 5.

< FEATICHE D L DTE D URMBIREN TH S

Al OTFT—ZIZH TUTE D2EEOET LORT, BMCL OfEDZENRKE )

- EPA ® Benchmark Dose Software (BMDS) % 7= TIIASHS 2 24

HITENTERN
W TRESANSH DH—F T,

s U TN A XN ENHEERT —Z DT HOX N KXWV, EHEER

DOBEHR )AL 720 BMDL 13 L W RV M & 72 %

- AEMTON I HEFREIZRESND Z LR

- HE - KIS —7 OREZEIZANDSZ ENTES
& o 72 NOAEL/LOAEL {EDFS iz 5 Hike LTHETH D MR I,
L7223 -> T, RO/ NMERPETMIBW T, BESEZEICANEZ BT,
NOAEL/LOAEL # #5729 BMD {#ESHiEH L, BMCL 25 HT 562 & & LT,

@ BMD ;=miE

BMD (2 &% BMCL ORI 7= > Tik, EPA ® BMDS ver 2.1.2 Zffi~ T
BMCL MEH A EE7e 8 SLkD 7T — 4 (% 14, 15) 12\ T, Gamma, Logistic,
LogLogistic, LogProbit, Multistage, Multistage-Cancer. Probit, Weibull &
" Quantal-Linear O4-E 5 /L& W THEHT L 72,

a. BMR &R

EFSA (2009b) X BMR OEIRIZHOWT, BERT —Z Tld— FRA >~ |k
NEREROEA T 5%, FEFE T 10%2EHEL L, b F TIIHREHNZ T
1% LA E LTWB, £z, BRmMEMENAMERH DWE TIE 10% 2188 TH
HELTWD, UL, E%F—4I2 BMD iEZ2#E AT 584, BMR IIAK, %
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%F OFEE° NOAEL/LOAEL & O —# i3/ < | EBMICHFRTE D U A7 HN
DERIZESTHRDODOENDIREBLDTHDLEEZDLND, T72bb, NADLH 7
BREROFRIEBES TR LS BT 1% XX 5%) . IEBFENREETIIEN
FEEEE L < 72 < (5% 1T 10%) . 1Q 72 & O A E I X R BLFEEAE (surrogate marker)
THDHI LN, KR D WVITRERE L O30 AR b OICIRE L, B
ICEW D H D /D7 (minimal clinical important difference) (25 5 & & &z
BND, Tl L, Nyl 7730 RIZIEBLOERHDLEEZLNLHTH, 1%
DL YVFERE EHE2 e LT, FEMICITE®RZ bRV AREELH 5,

Fro, BrBEEN RN EAME LR TR WA IFRIHT 25T VTR E
<G L, 70, ZRERTOBEENRRKREWVGAEIEIENEZE LR TUIR L R20
W, JIFEEBKGEBONHRBEAICHEL. L TWD O TIERWIRY | FHHEITEE TR
< TUFR B2,

L7ei3»> T, KFHiizE T 2 BMR Z, B AREIZ OV T 1%, BEHRZIS
DOWTIIDRANE EEBFERTIE W Z L5 5%, AFH « AT HOWTIREEK 2
L7t BIRE CAONTANIE R ORI T IL e RgELSNO BRI LV 4
T D AREME A B FE LT 5% & HIr L7z,

b. ETILMDER

T IVOIRIRICONTIE, £ 14, 15 DET— X125\ T BMDS % UV CTHENT
AT TR, HELTEETADIL, pfEAN0.10 L ETHY . BMCL 1D~
¢ T 47X <, Akaike’s Information Criterion (AIC) 2MEL . D 9 Hx
HIRWBMCL 2R LT VAT E&2FAIE L, 2720, BHEH
72 BMC & BMCL O ZENKE WG DI OV TILEHEMEDME U &l L
BMC/BMCL 3 10 UNIZADET NV ERAT D2 & & Uiz, 70, T OFE R,
L S A7z BMCL A3 I7E SEHIME O #ipH 2 8k 2 7= 4MEfiE & 72 5 E 7 VIdbRIN LT,

& 14 B EHICAW-FHMEDT—% (EENATZE)

X e 7543 BMD &Iz . . [
SCik T RRA b (/L) B R EE K JEBIEL
Haque et al. 2003 F JE IR =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 FERE IS 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 FZ &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 AT >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 EHH - FAE =409 515 5,607 511
(BRIRFEL) 277~408 340 5,606 528

167~276 225 5,611 488

10~166 77 5,602 453

<10 0.5 5,612 464

AEBH - SR =409 515 5,109 285

(ALhHEFEL) 276~408 339 5,131 308

164~275 224 5,122 282

10~163 74 5,113 269

<10 0.5 5,119 229

© i

A SIS RLH S LTV D IR IR IR 4 U

#x 15 BWDEICAW-BHMRDT—4 (RHAAEE

)

ICREHE STV A IRFRIRE O R, 7272 L. Haque et al. 2003 X% U} Rahman et al. 2007 DfEI

i T REL L b | BRERE (/L) f%“%%gf; fﬁ; /‘5 SeEs | bk
Ferreccio et al. 2000 | Afi 200~400 300 208 79
50~199 124.5 174 50
30~49 39.5 31 8
10~29 19.5 44 5
0~10 5 113 9
Chen et al. 2010b e =>10,000 12500 632 29
(40 fFHSRBIRE) | 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 10,409*2 28
50~99.9 74.95 10,3092 20
10~49.9 29.95 24,171*2 51
<10 5 26,519"2 48
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Chen et al. 2010a Jii e JeE =10,000 12500 632 11
(40 FFH R FIREE) | 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

Jii e JeE =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

L RFR IR ST B IR R I FE oD Y f
*210 5 N4 720 OISR K OYEBIED St S5 2 R

(2) ERILAFE

HERSFHIICH WD Z DN TELIERDPALEICET 2 A (RERE

(Haque et al.2003; Ahsan et al.2006; Chen et al.2006; Guo et al.2006; Rahman
et al.2006; Xia et al.2009) . #if& R ~D 2 (1Q 1K ) (Wasserman et al. 2004) .
FEBE - A~ D2 (Milton et al. 2005; von Ehrenstein et al. 2006; Rahman et al.
2007; Cherry et al. 2008) (2 2W T, FEFHFHEIZIIT 5 KRR E D
NOAEL/LOAEL D% EIZIZ . NOAEL/LOAEL % f# 9 7212 BMD %% W\ C
BMCL OF A FREN E O D Et 41T - 72, EKIRE O NOAEL, LOAEL X Ot
BMD VEIZ & D fEtrkE R A & 16 127,

IR Tl NOAEL X R H T& 2o 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 u g/l TH o7z, #REB~DE
2 (IQ1LTF) ™ NOAEL % 27.8 ng/L, LOAEL (% 113 ng/LL TH > 72723, BMD £

I T 2T — 2 o772 BMCL IZBEHTE 7edvo 7z, AFH - 5
%/\@ﬁ“i"O) NOAEL % 30~221.5 pg/L., LOAEL /% 70~342 pg/L. Toh > 775,
BMD %235 TC BMR 5% CilEiH CTX 57 V3o 72728 BMCLos 1ZH H T
X ol

LEXY, IERBAEED S, M e BIREICB O TR bESEEDN m W RRIE T
&R T D LIk LT,

(3) EBNAZE

FAEGEHIZAWNS Z ENTE BENAREICET A (i (Ferreccio et
al. 2000; Chen et al. 2004; Chen et al. 2010b) ) . BEREEE (Chen et al. 2010a) (2
DNT, FEFREIZRB T DHEKIEE O NOAEL/LOAEL OF% & & X BMD %
T BMCL OFE DS FIRED & 9 DMRET 21T - 7o, ACEHKIR EE O NOAEL, LOAEL
KO BMD {5 X D fEbT#E R 2 3R 17 \2R T,

fitifE > NOAEL 1% 19.5~200 pg/L, LOEAL % 39.5~400 pg/L T& - 7273, BMD
HEIZBWT BMR 1% Tl T& AT /U702 720D T BMCLoy IZEH TE e
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>7=, Fiz. BENE O NOAEL IX 75 pg/L. LOAEL (% 187.5~200 pg/L. BMCLo:
I% 140~186 pg/L, BMCos (% 230~288 g/l ThH-o7z,
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Fx16 EBREFROERIPAZEIZET LERFIKREED NOAEL/LOAEL B U BMCL D F & &
oSG =y RHA L b NO‘&ES h L&;%*Z BMD 5/ B(l\:;‘;f) Bg\fgC/II:;S
/r(I:aZue et al. 2003) PLRHRZ (2<§.(())) 5((;:5?)9 LogProbit 32.0 26.2
/EZhZZZ‘;ZL;zoo@ B 0&5?30 %214:);? Gamma 844 38.8
oo ot o1 3008 PR a2y | BMDS T 7 — s 72 L
/Eﬁaizai th;l 2006) BRE <(51.%50 1((;;;;)9 LogLogistic 68.3 54.1
EP( ?j ;j&fjﬁg R ?2“;; 5(';;51)0 LogProbit 23.2 19.5
e e = — \
’ (V/V;;Zn;r? et al. 2004) (13%?) 5(27.&35)0 5(()i i?,.olg)6 BMDS il affe7 7= 2 7a L
rasserm =3\ -
/(1\7[3:0711:‘5/&11; 2005) (ég%k{g% 5(175.15())0 BMDS @A IRERT—5 2 L
N ~ . % ~ >
4)(;); Ehrenstein et al. 2006) éiﬁ%é‘;é 5((;2415?)9 (2:724(?2) BMDS @i TRe7e 7 — % 72 L
o IX ~ ~
IR AT one | Gazy | EOTTIEL
— . — —
/\((;hfzrjyit/ai 2008) Eiglfﬁ%?é 1(()30?0 (:’7?)? BMDS it /fl FTRE7 7= 2/ 72 L

BMD & TN OFE R BMCL 3 EH SN o2 H D
1 R ERZIT NOAEL AR ETEX o T-20, &L L TERHEL
) PR R EE R 0 g fif

*2 NOAEL K& O LOAEL o> (
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F1T EHEERORNAZEIZET 808 KEE D NOAEL/LOAEL B U BMCL D F & &
e NOAEL LOAEL* _ BMCo: | BMCLoy
Bl > NN N e 192
SRH T BARA b (ug/L) (ug/L) BMD =7 (ug/L) (ug/L)
F " 10~29 30~49 |
i A L7
(Ferreccio et al. 2000) i (19.5) (395 |BEAETTAEL
Bis i 10~99 100~299 . BN
i BEFr T
(Chen et al. 2004) A (54.5) (200) BMDS i FTRE 77— 5 72 L
25~125 125~250
. i (75) (187.5) SHOEFARL
=) 540 £ 0 B RIAEE
(Chen et al. 2010b) 100~299.9 =300
i (2000 (a00) | EATTEL
25~125 125~250 .
e e (75) (187.5 | Multistage Cancer 210 140
Ll %40 F 0 BT Quantal-Linear
(Chen et al. 20100 fioz Bty 50~99.9 100~299.9 LogLogistic 288 186
- (74.95) (200)

BMD (£ TOfEHT OFEFR BMCL BWEH S 202272 b D

* NOAEL U LOAEL > (

) PSR EESR O Hh Refi
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(4) 8RFKELEMBO—BE#EERIENEOHTE

BSOS G2 & 70 o T2 e A A T, OBk b o e b SRR 2 iR R
PEELTWDHLOD, BEEKEE DI EORBEERIIAMIC 2 STV
MolzZ Einh, TR e BEOMEK P IREN DR FHEOBFERZ MK L7 —HR
BERE~OBREEZITOMNER D -T2, ARSI OXT G & U= ish o ikt St
WThHA Y RV, N T TFva, FENEY ILVERK, BIEELOT
VBT 52BEFHROERE E ROBIE, HUKEEOEMA M L, ABKIGYH
I 5 — AR e FERELHEE L,

OEHKBEHIKICH T H2BEEHROEHK ERIENERUVSKE
a. 41 FBERVAHIL

AV RN TAZON I BFHRO E ROBIEICET 28 O®MEN
&> 72, Roychowdhury & (2002) (%, WX H/L0 2 HlkIZ 31T 5% FEE)
DRI L 78, N, B3, FEEO—RA Y ofREICESx,
HFE RGN D O ADOKR e FEREEL 171 LV 189 ug/H L L T\W5b, %
7o, 2 OHUIRAEROECEIK L) b BRI 133 pg/L, BOKEITHME4L/H,
3 L/IH EHE LTS,

Signes 5 (2008) (%, FHEEAKIZ 50, 250, 500 pg/L ZfH L7-5H O K+
M RIREND  ASTHEVKIEREICB T 2 KM H kDK e ZERE 2 Z T
104, 399, 750 pg/H EHEE L TV D, ZOHEEDERIZ, Mk&% 25 L/H &)
ELTWD,

Signes-Pastor & (2008) %, BFHEIZHB W TERI L 72K, B3N OECEK
28T D As(TID KON As(V) D ATHE RN S B 5 3k K OB K H sl o il
FVBEEREEZZNEI 63 ug/H K TN88 ng/H LA L T\ b,

Pal & (2009) 1%, b RIGYHIRICB W CTHRIFRHH O R 72 5 2 Tl K % M
b RIRE<3 ng/L OFHHK THRNKICE 1D B FRRED O | RERE O H K
DR b B EEEE 34 XN 97 ug/H EEH L TW5,

b. N>FZ5Ta

N FT o allonTE, e ROBREICET 2EEOMERH T,
Watanabe & (2004) I%, FFQ X U'EMHPICE EN OB e RRENORE CK,
RuL ) RO E BEREE BT 214 pg/H .. &MET 120 pg/ H L HEE
LTW5, ZOMEITFHHAAEZE £, JHEK Ck, S0, T L—) 2RIk, Bt
T16L/H, ZMETO095L/HEHEL TWD, Fi=, HoukEsEREICESE
Bl 3L/HEHRELTND,

Smith & (2006b) (%, # b FHEHEE 200, 300, 400, 500 pg/L DK % KA
i U 72 BR D KB e D fEi b R ELE 2 240 19, 153, 232, 53 pg/
HidgELTWD, 72, flUKEZEZ 2~4 L/H EHE LT D,

144



Kile & (2007) 1%, &M 47 4% x58 L L- 6 HEOERERE»S, BF K
OB KH ROk b FEIEO R REZ N ZEi1 48.4 pg/HE LTS, FT-,
ZDEXOMEIKT B RIEE DT IAEE 1.6 ng/L (#iFA<1~450 pg/L) | fRoK
BOVHEZ 27TLIAE LTV,

Rahman & (2009) X, N> 7T T v 2B 5 BN 72 kO E & 400~
650 g/ H K Ofe b FIEE 0.5 mg/lkg 75 KHEORR b EDERE % 200~350
ng/H &S LT\ 5,

JECFA (2011) IZ. 2N HEEDTHREFZOEBRET — X I S3&, e HE
D T0% N EME FZTH D ERE LT, HERIGFHTIZHW S EFHH RO &
FEIE O Z 50~400 pg/H & L, BFHROEM v O FEHH) 70z &
5ug/lHE LT, NI v akxgl LEREICET 2 AEKSTHMEICHN
TWb, 72, KEIZOWTIX, 2L DHKET —ZIZHESE NN TTT5 v
2 ZBIT LR E S AT K EE 41L/A & LT HERISEHIC AN T WA,

c. AL

BB OV TIE, Schoof ©» (1998) 1%, KKV A1 EDOWMERE (CKk 225 g/
H.Y2AE500g/H) & MR e BIRED DA O e E8% ) 50 ug/ B (#
P 15~200 pg/H) & LTW5A, 72720, ZAUTITFHBRICHE A L7oKh 6 o ek
b FEREIIE EN TR,

F£72. JECFA (2011) %X, AFA[RERT —# o AEKIGFHIICHW b &%
SR DR b 35 O R OHFiPH 2 50~200 pg/ B & L. R RIRE R4 75 ng/
HE LT, BEEZXMNRE LICHEICBT 2 HERGRHEIZHWWTWS, $72. &
BOHKEIZONWTIL, Y oA EOFBEICB T AHEELZEE L TGHEAZEALT
k&% 3 L/H & L, AHERIGFHIIZHW TS,

d RFERNEVIILEBRX
FENTE IV EBRIZE T 2B FH RO b FEIE L OHUKEIZERD
T =R NFTERnoT,

e. 77

BHEAROEE e ZOEREIZHOWTIX, EPA (2007) 1%, 7 Y7 & Hilkic
B3 BRBEET — X ZESX T OT MO R EMN O RE ST B
T, R B ORED D OERUE & K&K 50~k 200 pg/ H OME A2 X
IHELEL TV 5, F72. EFSA (2009a) 1%, EFLOBREOEHRICESE, A
BSUGRHIIZ BV T, 20 50~200 ng/ H %2 7 7 ik O A I 81T D8 5 o
e BEREE L THEHALTWS,

HOKEIZHOWTIL, EFSA (2009a) 1%, 7 U7 &HIC 1T 28K E D H
IS E TUTEMNMEICK T DTHEKEEATEOkESY 3~5L/H & LTH
BRI VTV S,
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f. F1

FVIZOWTIE, Diaz 5 (2004) 725, BKBIKIRE DO #7722 2 HIMIZB T 54E
B3 FHEE AR, N RO O e RO SHTRER P D —H U7 O
MM FEMEAHEEL TCWA, EBEE FEO—H Y7 0 EBREIL, HOBK
572 pg/L OFEHEEHIMIZB W TTRFO AN B 55 ng/H, BEIK A& O
% & 1,389 pg/ B, ACERKIZEE DS 41 pg/L OREHREEAMICB W TIXAEED
HHY) 31 pg/H, SREVKZE O S L& 125 pg/H & LT % (Diaz et al.
2004) . JECFA (2011) (%, AHEIZHES < A DOIERE b 3B IR 2
72 RFEERE TREOLI D 0.52~0.92 pgkg (KE/H., fEIKEED S &
2.08~21.48 ng/kg fAE/H & LC\W% (JECFA 2011) ,

K EIZ OV TIE, EFSA (2009a) X NRC (1999, 2001) X % kK[EHIiZ
FHMKE 1~2 LIHTHDZ L, KEELOIFHIC %é%@@ﬁ@i@ﬁ
10% D FHEKCTH D Z LicHox, b7 2 U W EMICBIT 2K E G AT
foKEZE 1~2 L/H E{REL TV 5,

QEMEFRFHKPEENMN —BRENREDHTE

AFLEREENLOLEDO - HEREICET AT RERICETImMAE
GOTHRONTWD, T2, 7HEMNRLE L TCWAEREEIZKY 2350 | [F—H -
MR IC BT D EREICHHE S S ICERNA LN TS, £72, Ei e FORER
e L TEEIKDEERNEWE ISNTWAIBYE kI W T KNG £ T
WOHHEAETH->TH T L BFHROEM e FEIEN LV LIRS0 E
WO TH D, LI -> T, BEIZHW D E R OBRIC Y 72> T, AlEE7R R
D BCBIKIERE . KR, BENDORE FEXTEE L BEREOHFRNZE S -
TWAZEICEETDHZ L L L, £ 18 DL OIFERICEKESE — A REIREOHE
ExEATHIZ L LT, B, BRFEHROE FEBWEDOT —FNAFTE o7z
HFENTE  GVEIBRIZOWTIE, — HREBIREDOHEDM RN LERAT L Z L
L L7,

B R O fERE b FRIREE )N D O — B REBEREOHEE 1L, kOXEHWT, fck
IKNPEDERELEEFENOOEREZE LAY S HIEIZL VT2, B EE
OHEEIL, AT LIE®RZMNE L, Yz CoORER R 2 IELIC, TEXHRV A
HEAT—HEHNDZ L Uiz, BT, Mk T o e BENEZHTE L
EEEEME L THWDFE 51) ROFHBEIZHW D K 8 b HiEE O
B LCTERYNO OFBIEZERHT D HiE (FX2) O @Y O FIEICKvTT
ol FR 212 WTIE, fBK e BIRE OB E L TRED O O b FE
mOMEFHEZFEH LT,
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| AHH 0
] RS 1 25 B
[ﬁxfiﬁ:qj(tf)w X ﬁﬁﬁ} + A o
i (ugl F) R
KE (kg) (ug/kg IRE/H)

A D OB L FEREOHBITE S e o i b REREOF#E
BAZ LR TEETHOBRICHESS AEENLOEM e E—HEREIZHOWT
1L, 2 AF O E FIZH O 5 b FEIS % 0.7(Rahman and Hasegawa 2011) .
BT 1, A0 EUE L CHERT Lo, E7, RERCHWKOR G 25 £ 720
BH B O b FEEURIZ OV TIE, Watanabe & (2004) 1ZHES& 7 V7
HOS IO THEFHEK & LT 1.3 WA 26T 2 & RUE L CRELF A2 &% 5
DR ZHEE LT UK BRICOW T GREVKR 2 S 20 b O & Tz, B,
HRPRE LN ST BB LT U OBKEIZOW T REKEEATLET —4
TlEH D0, T JECFA (2011) M OYEFSA (2009a) (2S5 & 3L/H K
O 1.5 L/ HZRW, £/ FEIZOVWTIL, EFSA (2009a) & TN JECFA (2011)
THEICHWTWAEEHNWS Z L& L, A > UL, BEBEROASS TS
F 2 lZ OV TIE 55 kg, FUICHONTIL60 kg & Lim, HEOFRKRLEFE 19~
22 2”7,

IERNAHEBIZBWTIL, KEHRZED LOAEL 2 4.3~5.2 ng/kg KHE/H .
BMDLos 7% 4.0~4.2 pglkg (K58 /H T o 7=, R DEE (1Q 1K T) ® NOAEL
I% 3.0~4.1 ng/kg K&E/H ., LOAEL X 7.7~10.7 pg/kg IK&E/H TH > 7=, 4FH -
FAEREDO NOAEL 1T 8.8~11.1 pg/kg {AHE/H. LOAEL /% 11.9~15.7 pg/kg
KE/HTH -7,

BN AFBITB DT, il NOAEL 78 4.1~4.9 pg/kg {K#E/H . LOAEL
7% 8.5~10.6 pg/kg KT/ H Th o7z, FENEEED NOAEL 1% 5.0~12.1 pg/kg KH
/H. LOAEL % 11.5~16.0 pg/kg K5E/H. BMDLo1 1% 9.7~13.5 pg/kg K&/ H
ThoT,

7272 L. EFEo NOAEL, LOAEL ¥ O BMDL Offiix, Ekod X Hic5—4
DREREL DIREZ BV LTI MEBREHEDOR ENSEE L2 &
LD THD, £lo, ARADBDOT—ENLHEEIToTHDLHEFHLH Y,
BRCERES B/ NMNIGGHMI SN T D AR H D, S I, EERE DORER
IZBWT— HREREICHED 2RO ZES N 5 B2 TR b0 H%<, Wk
RIBE & BSBERN A BTN D &3 5 5 R A TR O T 52030
ZEEAEE LTINS I EEEEE 25 & ARRER RGBT D IREE O
FREL B L T D AREME D RIB I D,
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& 18 AKEEMBENO—AEKERIENSEOHTICAVHRKE, BEHEDEHRERFEHZICEI LT 4

Bk o BENLD BENLD UL A HEE IO - B i B R
- Hohk ik w | PRETU o e | sege s | POWRRHISSTY IR Ay 8 (ugl P
(ue/T) (L) (ue/ F) (uel F) HASRTWAAEM
HE He HE FA 1 Ji 2
FHERZ2 L
Watanabe et al. B33 | 4 127/83 . . We X 1.3(L) +
: 214/7% 120 . = S AW AS 3 LK E LTH 1.6L,
% 7 et
2004 (5230 (NN ) £ 0.95L (F-£1.31) (127+ 83)/2
Smith et al. 3 (2~4) N
w55 va | 2006b 200~500 R 114 A DI FREL T H 114
29 82
Kile et al. 2007 16 K21 48 CRAR E RS 2T () A EL A £r3$3)$;§/122=7/83 e
' (v i) () Choefl) | 82%ic S &L # = " 19°3
S
. Schoof et al. . We X 1.3(L)*
L s ~ S 7
=R 1998 50 (15~200) YL, 3R PR L 50 50
. EOBAI LR | s _ 0.0452 X Wc
FU Diaz et al. 2004 41/572 31/55 . Ay AR B (31+55)/2 = 43 199.1%
Roychowdhury " ﬂlzﬁf’ I (7 474 3) 171/189 123/137 a X, BHE AL S (123+137)/2 = 130
et al. 2002 o if; 7 CHooR) | BeHZEnbLHmE?) | % RREED =
e - -
(RN % FHELKIZ 50, 250, 500
Signes et al. 50/250/500 - pg/L A L7545 1.434 X We +
: . ) .
2008 AR ) (2.5 &17E) 104/399/750 I XD o el A L S 357
FED OB RUEHEE
We  HERISTHMIZ 258 SCO R K 4 b 3512 (pg/L)
*1 FHEHKE £
¥ aXthoRb FEICEDHEHE FEE % 0.7 (Rahman & Hasegawa 2011) . 3213 1. A0 LIRE
*3  Watanabe et al. 2004 O B L DEREOICE S BHEREZHH L, FICELRAEYE2HE N
¥4 BEOPWHEKT —HZNBAFTERDoT2D, N7 757 203K E (B 1.6L, 4 0.9L ™ 1.3L) &£ H
*5  BREIKIBEEAS 41, 572 pg/L OREORFN O O M v FEECE 31, 55 pg/H & AW TG ZE
*6  HUELKIREEDS 50, 250, 500 u g/l ORFOREHFEN D O b FEIE 104, 399, 750 pg/H & AW TlER=AEH

148




Zx 19 NOAEL. LOAEL, BWOL DFE & & FERMNAFE - A1)

BSOS . bl e | WOKE | BRSO BN HLO—H | —HERE LN — HEBIE A E
FHN = STk ” EEQue/L) | IW/A) | —HEREQg/H) | EEEQg/H) (ug/H) (kg) (ug/kg RE/H) || (uglkg RE/H)
LOAEL
Haque et al. 2003 S 74.5 3.5 261 130 391 55.0 7.1
Ahsan et al. 2006 N )T Va 241 3.0 72.3 82.0 154 55.0 2.8 i
BZ|"Chen et al. 2006 NI 55 Va 70.6 3.0 212 82.0 294 55.0 5.3 :
E Rahman et al. 2006 NP5 Ya 29.5 3.0 88.5 82.0 171 55.0 3.1
| BDL
Rahman et al. 2006 N YT Va 54.1 3.0 162 82.0 244 55.0 4.4
Ahsan et al. 2006 NPT Va 38.8 3.0 116 82.0 198 55.0 3.6 4.0
Haque et al. 2003 SR 26.2 3.5 91.7 130 2929 55.0 4.0
NOAEL
] Wasserman etal. 2004 |~/ 57 v2] 278 | 3.0 83.4 82.0 165 55.0 3.0 | 3.0
g: LOAEL
| Wassermanetal. 2004 | "' 97 va | 1131 | 80 339 82.0 421 55.0 7.7 l 7.7
NOAEL
V?%%ren“em etal. 2006 | . 125 35 436 130 566 55.0 10.3
R&g’%‘}%gal' 2007 299 3.0 665 82.0 747 55.0 13.6
J Sy S ey
Rahman et al. 2007 NPT 8.8
LR AL 220 3.0 660 82.0 741 55.0 13.5
Ju
I C&GE%% et al. 2008 NI GF YA 30 3.0 90.0 82.0 172 55.0 3.1
M ToReL
% I\/I(létgﬁ(%té‘)l 2005 NUrEva | 155 3.0 227 82.0 309 55.0 5.6
V?%%ren“em etal 2006 | . i 275 35 961 130 1093 55.0 19.8
R&g?%a;ég)al‘ 2007 343 3.0 1029 82.0 1111 55.0 20.2 11.9
- ARZAVI
Rf‘g’fégég)al' 2007 342 3.0 1026 82.0 1108 55.0 20.1
J
C(}I;Er% et al. 2008 NS GF VA 70 3.0 210 82.0 292 55.0 5.3
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7k 20 NOAEL. LOAEL, BMDL D FE & & (FERMNAFE - A 2)

FHELK oD
= ~ = N - ??34 = =) A
B AU s | EROKE | mokE | gkreo | B %tf% —pRRE | E | —RREmE | v
AN T STk BEQgL) | MW/H) | —HEREQg/H) EEEETE%R% (ng/H) (kg) (ug/kg R E/H) || (ng/kg (KE/H)
(ug/H)

LOAEL

Haque et al. 2003 P 74.5 2.5 186 142 328 55.0 6.0

Ahsan et al. 2006 NPT Vs 24.1 3.0 72.2 136 208 55.0 3.8 5o
é Chen et al. 2006 NPT Vs 70.6 3.0 212 197 408 55.0 7.4 '
- | Rahman et al. 2006 NI 57 Vs 29.5 3.0 885 143 232 55.0 1.2
75| BMDLys

Haque et al. 2003 FZS 26.2 2.5 65.5 72.6 138 55.0 2.5

Ahsan et al. 2006 Nz 38.8 3.0 116 155 272 55.0 4.9 4.2

Rahman et al. 2006 NUIIT 54.1 3.0 162 175 338 55.0 6.1

NOAEL
ﬁ Wasserman et al. 2004 Nyrgrya | 218 | 8.0 83.4 141 | 225 | 550 4.1 | 4.1
"; LOAEL

Wasserman et al. 2004 Nuripva | 113 [ 3.0 339 252 | 591 | 550 10.7 | 10.7

NOAEL

V?%E%renswm etal 2006 | . 125 2.5 311 214 525 55.0 9.6

R('“‘}f,‘é,a;ég)al' 2007 222 3.0 665 393 1058 55.0 19.3

Rahman ot al, 2007 NIYIT 111

. 220 3.0 659 390 1049 55.0 19.1
JL

Cherry et al. 2008 NN
o A 30 3.0 90.0 144 234 55.0 4.3
i TOAEL
% Witbon ou 2. 2005 NuraEva | 155 3.0 227 203 430 55.0 7.8

V?%%ren“em etal. 2006 | . 275 2.5 686 429 1115 55.0 20.3

R&gﬁ‘%@‘é%al' 2007 343 3.0 1028 550 1578 55.0 28.7 15.7

Rahman et al. 2007 n 342 3.0 1026 550 1576 55.0 28.6

(FLIRET) ] ) )
C(h;%y) et al. 2008 A 70 3.0 210 196 406 55.0 7.4
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#x 21 NOAEL. LOAEL. BWDL dFE & & (EAAFE : AKX 1)

H &G FEMmIZ bk OB | ok & ¢S Y NEY) 60— | —AERE | KE — AR KefrT R fiE
JHN= SR T EEQeL) | W/E) | —BEREQg/H) | BEEQg/H) (ug/H) (k) | (ug/kg KE/R) (| (ng/kg RE/H)
NOAEL
Ferreccio et al. .
2000 F 19.5 1.5 29.3 43.0 72.3 60.0 1.2
Chen et al. 2004 BB 54.5 3.0 164 50.0 214 55.0 3.9
Chen et al. 2010b 99 9 4.1
(40 4 BFEOEH) i 75 3.0 5 50.0 75 55.0 5.0
Chen et al. 2010b 200 3.0 600 50.0 650 55.0 11.8
LOAEL
Ferreccio et al. N
2000 FV 39.5 1.5 59.3 43.0 102 60.0 1.7
Chen et al. 2004 ‘il 200 3.0 600 50.0 650 55.0 11.8
8.5
Chen et al. 2010b
(40 4R BRE ) Ll 188 3.0 564 50.0 614 55.0 11.2
Chen et al. 2010b 400 3.0 1200 50.0 1250 55.0 22.7
NOAEL
Chen et al. 2010a
(40 4 BRET) i 75 3.0 225 50.0 275 55.0 5.0 50
Chen et al. 2010a 75 3.0 225 50.0 275 55.0 5.0
.. [ LOAEL
g;z Chen et al. 2010a 188 3.0 563 50.0 613 55.0 11.2
5 (40 4E B 1) L5 . : ' : 11.5
Chen et al. 2010a 200 3.0 600 50.0 650 55.0 11.8
BMDLo:
Chen et al. 2010a
(40 4R BRE ) Ll 140 3.0 420 50.0 470 55.0 8.5 9.7
Chen et al. 2010a 186 3.0 558 50.0 608 55.0 11.1
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% 22 NOAEL. LOAEL. BMDL M FE &8 (EMPAEE . AR 2)
FHER K B oD M
it | oo | TR ok | gokeso—n | esmeasn | R | g | e | sersi
FAVN = STk i ( /).E) (L/H) EEE(ug/H) L7c B ok (ue/ F) kg | (ug/kg AE/R) | (ug/kg (RE/H)
HE B (ug/H) He
NOAEL
Ferreccio et al. 2000 FU 19.5 1.5 29.3 30.0 59.2 60.0 1.0
Chen et al. 2004 5 54.5 3.0 164 121 284 55.0 5.2
Caeong?s%%gil;}) - 75 3.0 225 148 373 55.0 6.8 49
i | Chen et al. 2010b 200 3.0 600 310 910 55.0 16.5
# | LOAEL
Ferreccio et al. 2000 FU 39.5 1.5 59.3 30.9 90.1 60.0 1.5
Chen et al. 2004 55 200 3.0 599 309 908 55.0 16.5
Caeon;gg%?g;)‘o P 188 3.0 563 294 856 55.0 15.6 10.6
Chen et al. 2010b 400 3.0 1200 570 1770 55.0 32.2
NOAEL
C(};%nég.a:}%iﬂga P 75 3.0 295 440 665 55.0 12.1 91
Chen et al. 2010a 75.95 3.0 295 440 665 55.0 12.1
. | LOAEL
gj’?c Chen et al. 2010a 188 3.0 563 294 856 55.0 15.6
i (40 F A1) L : : : 16.0
Chen et al. 2010a 200 3.0 600 310 910 55.0 16.5
BMDLo;
c(};%né%a%%ga P, 140 3.0 420 232 652 55.0 11.9 .
Chen et al. 2010a 186 3.0 558 292 850 55.0 15.5
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5. FLHRUVSHRDFEE

MR RIRFEIC L DIERD AL LT, B B THRIN-HEK 2 & #RE
L 7c MBI Z 36 1) 2 P il A CII IR A . FE MR B ) OV B - F8 A28 Bk
Bk RS b FEEEEOIZRD LN TS, TNHDHED S b IEVEE
TN LN DITEERZETHY . LOAEL X 7.6~124.5 pg/L, BMCLos I
19.5~54.1 pg/LL Th -7,

Fo, EHEEFIRZEICLY, B MIBWTENA (i, BEIES) 2330 5
. FEROERREEOBLHEENALNL TS, 20X ZWEIZS>WTIE, =
IVE TIXRNAITITERME R 2 e LTU R FHMlNMThiv T E 7208, IsE, Yufafk
¥E9 (indirect) FH. B{LA b L A, DNA &L E  &EOVEM 2 R4 M#E0E
REMEEIC L DEPVICITEENGFET D EDOEZHTNEAINL SO D, 12,
BEEOBGEERENSAWE (B DNA ICHAS L THIMEREZ LR+ 2WE) Th-o
T BEEEORSOENANCEBIT L ZRIERAA I =X L0542 %8 L=
&, FEHMBEZRETRETHSZ EHIBEEINTWS (FRH D 2005) ,

ENTIIERICK Y PRAEREERFREIND Z D, e RRTICL D%
DANITBIEHEENEG L TWAD Z EAVRIREND D, BIES LN TW A E D
IE. B BOEBEN DNA~DOEEOF I OWTHIETT5 Z Lid T e, T/,
B ER (FoE) OF—20bi3. EBICEIDEBAA T = XLIONT, %2
IRIZFLGH56 70 & DNA WCEBER UAIMEZ AR5 L v o L0 b, MEENRIEN
12X DNABENGIZEZENDZERBENTWS, 29 Vo -BAEN G
BA D =X LNETE HAHEMEDL H 50, BIEERICB W AR ARZE LTV 5D,

UbXy, KEMHFAES L L, BRAAUBRBEEICBIT2BEOAEIZONT
HIWrC X DIRBLUT 72 & LT,

ARFHHIZ BT, EFEO B 3 TUHY ST 0RK 2 B IR R L 72 R I &
D AREK R IC B FE N DR 2B AN L CHEE L7 e £ NOAEL (X
% LOAEL) X% BMDL Offii%, FZfE#% C LOAEL 4.3~5.2 u g/kg K&E/H K
BMDLos 4.0~4.2 ug/kg (AE/H, Mtk (IQIKT) ~Di%E T NOAEL 3.0~4.1
pglkg RE/H . A5E - FAE~DFE T NOAEL 8.8~11.1 u g/kg (KH/H . filifE T
NOAEL 4.1~4.9 u g/kg K5/ H I ONZPEDERE T NOAEL 5.0~12.1 u g/kg R/
H&OBMDLo1 9.7~13.5 pglkg KE/H ThH o7z, LN 5L, SEKIEE %
b L LIETRA ) H O NOAEL X BMDL OB FEICE VT, fOBHKIEE )
5O — H HEHE b B EEHEE O BRI AR EEE 2\ /NI Rl S LTV B FTEE
PERH DIED, BB D DIERBENRE WG EIZBNTHER 19~22 TRT LI IZA
FHHKOBBOFEN AR ENEFPFAIND Z LD, ZORERICITER
TERVEENFE-S-TWVDEEEZ BT,

7, TNEICBWT, FHOTEYRIC X 2R3 Cld/e <, B OATE 2%
S TWDYE OHEE R © FEIEIL, BORRERFAIC X5 FHET 0.130~
0.674 pgkg KE/H Th-oT-, DI HLRMEEEZERS (2018) DIT-7-fHET
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I 0.815 pglkg (KE/H ., 95 /S—k L Z A U 0.754 pg/kg (KE/H & DF
—Z N D,

AFHECHEE L7 NOAEL XX BMDL Offi &, HEE MK v HEREICIZFNE
TUCHAFEREEDR S D EEZONH0, WA LTS DO TIE R, £D70),
HARNIZEIT 52— O EgRGES TIE4A RIS E L7 NOAEL XX BMDL % # % % f&
e BAEIL TWDAREEN D D,

b BGYHUR OB K e BREN ORI FENEZHEET 52 L ORY
P& OHEBMIZEES < HERSHERHMN ORE R 2 OB K b OBERIE & A L7
WEREO b FREFERWOFMICEA T2 2 & O YOO TIIMRFT B LET
&»H V. NOAEL X/ BMDL #& & L CTDI 2= U 27 ZHiET HEH72 U
A FEAN 2 R SR R AR EEA & U CSERE T A IS IR L2 nuid e & 72 W EREE I
%wo%zﬁ\%ﬂm@mmﬂkﬁﬁlk@ﬁéﬁ BRBE. fAIRAE, AKX
WA T AL A IJVDFEVITE D R4 I BRI X D588, MR b SRR ER 1T L 5 Rk
WAEOREHLOEMIBEHE LTV 5 AfH @#%5 T, B BRECHLND R
RSBk 2 BB DAL B D % G2 DWW THERB 22 R 20,

HEMFC LB RN AA T = AL EITONTOMBENRE L, £72., BE

BRI O A FEMED B WIGEITIX, BT OFRFFERE R K-S < B AL R 2N I
Lo THMHATERWERNELZZGENTEY, ZTO/KR, HEELHELOM
ODT“%M%KE%MK&%Z%/\%T%% HEMEFAMAL R & BUEOFE N E ORI
ENEVE D A . BEORMEKEZ D ENMETH D,

L= - T, % %%%#ﬁ%ﬁgﬁmf B BBAT D200, FAREIC

T OBEEEEL OB FHROE BIRELIH O NI L BT, @%@E(ﬁ‘(@lﬁ%%v
~UVDEMENG L LTEFHEROEEA D = X LTI ERLETH S,
F7o. AEERICOWVWTIE, BAMEFEETMMICE T 268 BT 23T

WREBIRDT —HADRELTWDEI D, BB T =2 OERBPLETH D,
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<RBIfK : BBBE>

AAS SRR T

ACE T VKT oy AW SR

AFS JEA- =T

AES SR -3

As(III) 3o F#E

As(V) 51Dk F

AS3MT 3l & 58 X F VIR RESR

AsBe Tk S RE A

AsC Tkl

ATSDR CKE) MBI

BBN N-n-7F)V-N-7 X -4-F—)-= a7 I

BMC Ry Fw— 7 RE

BMCL R F2— T RED 95%(5HH T RE

BMD X F~v—I &\, XUF~v—T7 F—X

BMDL Ry F<v—07 F—2D 95%(Z 1 T BRAE

BMDS Ny F~v—J R—ARAY T+ =T

BMI body mass index

BMR RyFv—T VAR A

BUN JRFFER

CAMA calcium acid methanearsonate

Camk4 Ca/INEY 2 ) MKEMET e T A FF—E IV

CHO ##fia T A =— AN LA X — PR IR

CI 15 HE XA

CONTAM /<31 OE}FSA D 7= RFz— BT DHEWEICET 28
asvid

CpG VRV TT =

DEN N-=ha Yoo FLry I

DES T F ) AF LN b —)L

DMA(II) U ATV R

DMA(V) CAFINT O R (13 VER)

DMAE CAFNAT N ) S ) —)L

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

DMBDD #L{& Ll A =T — g VALE

DPAA A=y Vi A

DSMA disodium methanearsonate

EC KON 2 B

EFSA RPN £ i 22 e B

EPA KEBRE R ET

EPA/IRIS KEBRERETHE U A7 EHR AT A
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ER-a TR kUK R

ETAAS T SUNENE RO S #r

EU RN EL

FAO ] B B B et SE A B

FFQ B RO L R A

GC HAIa~ NIT77 —

HEALS b Sl e BT T 9

HEPO SRS 3

HGAAS KA AR AW

HR Y — R

HSD t Refv27ueAf R7Fe Rl —+t
IARC [EIBE A3 AR ZERES

ICso 50 % BH 2

ICP FHENES ST X<

ICSC EE b E R — R

JECFA FAO/WHO & [F& iR s
LC Wikr7a~ N 757 4 —

LDso B

LE 7 v i Long Evans 7 v k

LTP R R

LOAEL e/ N EEE B

LOD T HH PR SR

LOEL s/ MEH &

LOQ RS

LPS VARRI Y BTA R

MAP NERES 2 NI E

MMAII) ) ATV R

MMA(V) F ) AFNLT Y R

MOE RE~—3

MOS KR~ —r

MS & oHTE

MSMA AFNT IV T R T L

MT AXaFERA

MT-null AAOFF A N7 v 7T 0k

NA WA TE 0

ND ASHR HY

NEDO NIATBOE N = 3L X — - FEEHITR G B RS
NF-H PRI RS V= N X LT E
NF-L FRAMBRMEIR B T o=y N X VR TE
NF-M FRAMARHE Y T =y N X XU
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NHANES K EE R AR A
NOAEL MR

NOEL AR &

NTP KEEFHEET 2 VT A

OR 7w X

PAD FRAEENPE L

PO pn5le

PTWI W E MY U R U

RfD ZHRH &

RR FEXFU A7

SAM ST T )l AF A=
SCE Hifik e 0 53 R A H

SD PR 2

SD 7 vk Sprague-Dawley 7 > b

SE PR S

SMR BEE(LIE T b

TAM HEXT T o

TDI M7 — B U

TeMA TRIAFAT VY =7 A
TMAO RUXAFILT NV AT A R
TPA 12207 75 H ) A NVENLVE—1L-13-T T — b
TWI TR i [T 4 B

UVR AN

V79 i T A =— RN I AL — [T HE SRR e
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