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C23 9

BB K OHMEEER EITRL2IEFEME L LT, 7 v ROR M ZE
A A2 AT - 72,

PRI W BRI, BMEEERR (v ALK T v ), maMkE
R (w7 A, v b, DX, A X KON TH), BEFEERBREOEN
AHERBR (w72, 7y FEOUYF) MRREEAR (7 2AKTT v M),
EEERR (U2 Ty PERTH X)), A - BAEFEERAR (U X
LT v M), BoaEidi, EFHEFONRMETH D,

ToREFMALEEZEZIONTWVEN, LT LLHERRBRILIZ TSN TE
59, ~HERNMILEELHREINL TR, EHAKF O 7 vk D F s APk
BT 2EFZMENITONLTWAEN, B NOREN AN Z RTIEILIZ A+ 55 T
HY ., EBREWICB T DRNAMEOGER LA S T Zevw, EEmEix. W
LIRS M 2 AV 72 in vitro BB T WEBMERE RSSO TV DR, in
vivo ® DNA HERER TR A/ HIE L CMETHh Y | Bk m TAHEKIC &
o> THEMEER2B8REEEHEETRVWEZIOND,

LR T, 7 yRICOWVWTIHERDAEBMEICET A — B EIRE (TDI)
FEHT L ENEYTH D EHW L,

KETD 12~14 55D F EH 5,800 ANE xR & LIEFRHEICE ST,
WEOH N o RE 1.0 ppm ZRILE LT, +E8LDOKEE 20kg, 1 H
DK EZ 1L T 55L&, NOAEL X 0.05 mg/kg iKRE/H & 725, Z OfEIX
BZMHEOBWEMZHIRELZLOTHY , RERSRKELZEHAT 2 7L<,
TDI L AT 2 ENTEDHEEZLND,

bt 7 v3FED TDI % 0.05 mg/kg iKE/H %€ L7,



I. TR EMEOHME
7 vFEIT, ThoF X hFE| RFoRTLEZHVLZZENHDIN, K
FMEETIE Ty 2HWDLZ L ET51,

1. A&

KT v FEBEA G DFEETLZOE, TL L THESTHIEADIREANZ
EICERT D, BARARICIELS DHATDHDHRXNVA1TT7 vk B> T LS ERK
DTHDHTZD, WRHEOM TR, FIIKIZZLSEGENDZ 1 H D5 (E
L EE 2003),

2. —f&4

AR

3. ltZ4
IUPAC
mg o 7 v H
#: 4, : molecular fluorine
CAS No. : 7782-41-4

4. TxRA
F

5. RFE
19

6. MELFZMHMEIR
Ty RICIFFEAREEND DD, AFMEBIZSIALEZ O ) BbERG
D O ERAL FRIPEIR 2 L RIS R T,

VEAGBREPDIE, TSoHK) THMEHAZIN TS,



£ PR ZAX |7 nll SRV AV 7 v AibKFE
(NaF) (HF)

Wy BR B9 MEIR 1R dm R R B I N A
(EREEIN

s (C) - 1,695 (100 kPa) 19.5

s (C) 993 -83

B (g/lem3) : 2.56 —

KSR E (mg/L) : | 42,000 (10°C) 20°C THE 5 \Z 1A iRt

Zofth (BE) - — AR THREE |
KSR C 55 I

7. BITHAGE
(1) ZF0OHRHESE
KE LU (mg/L) : 0.8 (7 vEDOEIZHL C)
Br B L B (mg/L) : 0.8
Z D fth D FEHE
fa K AL OIS & OB O £ 4E (mg/L) 1 0.08 (7 v FOREIZEAL )
8z et A (FERBEANEYE) (ppm) : 0.5 (HF)
B A (mg/l) -
THIRAEI K O BEFENE ; I X T V0 4 — % — 88, R FEIOE &
VR B9 BAAL o 15 i 8OEFK 5 0.8
IRXRTNTF—H ;2

(2) ENEEOKEELEEXILIASA KM U1E
WHO (mg/L) : 1.5 (% 4 bR
EU (mg/L) : 1.5
K EERGER#ET (EPA) (mg/L) : 4.0 (Maximum Contaminant Level)
RN KE AT A K74 (WHO 2000) : 72 L
Codex Standard for Natural Mineral Waters (mg/L) :
1 b T7 b EfF oER]
1.5 LL TSR K OV 7 5k oK T 00 V2 B LT A 3 |

I Z2HICTRIMEOBE

WHO SKEHKKE T A 74 >, KEEZHE 2 7 F7 25 (NTP) © LR
— b, HEESEZ2MEHE (IPCS) 27 945V 7., EPA/#HEY A
JiEH AT A (IRIS) U X~ KEAEWHE - W B5#k/R (ATSDR)
DEEFENT a7 A, EENAMEKBE (IARC) O/ 77 75 % i
WL BE T D BB R A2 P L 7~ (TARC 1982, IARC 1987, IPCS



1984, IPCS 2002, NTP 1990, US EPA 1985a. US EPA 1985b, US EPA
1989, WHO 2004, WHO 2011, ATSDR 2003),

B, AKFMECT. 1L.ER2IBWTIZ., 7vibkWoEENHHE L -
7y#FRELTOEEZ mgF, WHE% mol F L R L7,

1. EHICETIREMAR
(1) KRFEE
QL2

KEME 7 oAb I3 D BEUZ ., HAEE LD 70~90% R NnDd, 7 v
EF PV TLAD LD REMENREN 7 v EWITIZIE 100%RIE=ND, 7
A ORI E B O pHDO LEHE ORIV T LA, =T 32T L, TV
SULDOREOHIMIIEVIETT 5, BMREOCIKWT vk T A 7
b~ T XA, Tk T AI =T AD X IR T AT DOFEE
Ky (IPCS 1984, US EPA 1985b., Janssen et al. 1988),

Tt T P DAERREN TS 30 0 CIERENE — 7122 L,
ZORBEITWRNENDG 7 vt T PV D LOREICKGFLTELS 2D, 7 v
EWixEIC7 vib/kFE (HF) OFRETHRIIN I, = O pKa (F&AREET %)
Bl 3.45 ThH D, dmg D7 b AN T LAEBEERT T 4 TIZHROE
B, 6 FEZICIMET 7 vIbWOREZHE LILEZ A, 7 ik
PULOERICEE LK T T AR EOEINIZIA LR o T
(IPCS 2002),

WASITRL RO 7 b WIS 525, WL DR E 1T 18 & 7
AL DRRE I XL » TR 2% (IPCS 2002),

BN O 7 oAb OAEYFHIR A FIZET 205CIXIF E A E 7L< 9
ROBEMANRT  ZAOMETIZ.HEOEMICEENRTWDE 7 vk DAY
FHFRAEIXZ 90%RETH-oT=, ZERKRO 7 vk NV U ADEYFH
FARITIZIE 100% T, Z77 A 1HOINT LREKICRAT S & 70%/-%
IR T L, AV U A zBEICE0RMERKFICIRMAT S & BIZ 60%
F T F L7 (IPCS 2002),

Fisher 344 (F344) 7 v hIZ 200 uL ® 7 wv{tF+ + VU 7 A (Nal8F) %
BOFEL LB T, 8 7%28 2.5 BFBANIC O ED 5 I S vz (IPCS
2002),

@9

W S 727 vieixiEz 0 L CGEEND, bk EWRICh T
STI7 vk EaEBIR LS., P REIZSEIKRKFTORE LR T &2
%o T OBIRITHCEI KT ORRENLO ppml FOEAICKY SLo, 7 vk
IR IZ AL, W0FICIYIAENR 208, #HHARICITER L2V,
RBHE SO IABLIEIFHENTH D, BMEFIEZIZ, 20 OMEMEN L
OBAITHEZ 5 (IPCS 1984, US US EPA 1985b, Janssen et al. 1988) .



#199% O 7 v ALWITE L W ICE D A F A, FE D TR e Mg Y B AT
ET HEHEMEICHAT 5, AKREMEBETIE. B, RHEELE= T ANLVETH
W BT bW OREIXFR., R, BEOMBEICK > TR % (IPCS
2002),

T KBILY VIRAEGEURMEIBIT T vk EEET LI ENRD L
n<ws (ATSDR 2003),

M2 >~ F&224 ppmD 7 vtk RV T A, T a b A BETRT7 VA
TABEFT MU U ACEAMGRE (B5REAH) LB T, ANEHE
EOELWVWEFTHEOONT, FNEN66.2, 68.1%1064.8 ppmTH > 7=
(ATSDR 2003) .

O R ¥

7 oAbiE iR, EELEOTFAEZE L CHEM" IS (IPCS 1984, US EPA
1985b. Janssen et al. 1988),

ENO 7 oo ERPEHREITEREH T, B2 V7721 30~
50 mL/3 7208, o ~a by (k. 3 vk, BibW) 0B 7
7T AF 1.0 mLI R TCHoT=, 7 v b D 0% ~90% 1T IR AME TH
WIS D, RMEND pH, IROEE, BlEEREICEEELEZTHZ L
N bl (IPCS 2002),

BT ot WEE X 0.1~5 umol F/L T, #IH & KA D 7 v ki
DT ol BEIKO 7 vAEWIEEN 0.2, 1 ppm O #ilsk O #2 H %4
PEDMBEF O 7 bWk, BREIKDOBEZZ KL TV, BILF o7
AEMITITREEZEN A LN T, 7 v IbWIREOBRNELL R o To, —
BALADO 7 v WEEITERT 2RO 7 b WEE LEEEST L & OH
HEhdHDH, 7 vALWIEE DN 0.16 mg F/L A O BRI K 2 B H 5 L7 32
ANDOEFL T D7 oAb ¥ E X 0.23 pmol F/IL T, 7 v b WIEE N 1 mg
FIL OfEIKZEBIRT 5 LM 112 NAORILFPT O 7 v e EHRE X 0.48
umol F/L T& - 7= (IPCS 2002),

MEFE K. Sprague Dawley (SD) 7 v b, xa, UHFX, NARZ—|Z
0.5 mg Flkg KBEDO 7 vt PV U AEHEEIRNE LS LR T, 1 X
TO7 v odeitiZe MR BHLULTEBY, 7y hoffEF o 7 vk
MO IEE XA XD 25 Th 7= (IPCS 2002),

(2) ZEBRIME~OEZE
OaMsHRER

ZofbkF VUL E/ AT BT RN ULAKRTT v EARAXD T
v MCH T o A FHESER (LDso) T i, 31~126.3 mg F/kg {&
B, 75~102 mg F/kg fA®E ., 45.7mg F/kg KkE L #WE I T3 (IARC
1982 . ATSDR 2003 . Whitford 1987 . Whitford 1990 .
Velazquez-Guadarrama et al. 2005), 7 v{b >+ FU T AL, F/ 74 H



VDU R OLAKRRT b ARD~ T Rk T 580 LDso lTFNF 1,
44.3 KX 58 mg F/kg 1K #E . 94 ' 54 mg F/kg /AE ., 25.5 & ¥ 31.2 mg
Flkg AE &G LTV 5b (IARC 1982, Whitford 1990),

Ttk PV DAICEASA Ty FORMEFEHEOEEREIZTT v bO H il
CREE T D ENRBEINT WD, ZTORBRTIX 1, 8, 15, 29 H DI
HSD 7 v hMz7 vibF U w7 A (13.6, 21.8 mg F/kg (K&E) ZIEMENIZ
HEHRG LEZ A, 29 HIMBEICEIRMEEELNRO 5 NTIE)», BE
B, ROREE L pH, HALWHEHEIZEZE LWE{ERRBDO N, T K
DHEHEWVHEHE TR, 2D O BT E THEKE LK. - 72 (Daston et
al. 1985)

Tifazf EENBOONDOIHETCY vk e R G I NTERIEWIT, H
ﬂﬁ WCAEEXELZALCDLZ LR EINTWD, HE Wistar 7 v FDFHIZ
7 oAb b U U A ERMESEZ 0.INHEE (0, 1, 10, 50 mmol/L: 0.19,
1.9. 9.5 mg F/kg /KE) #% 10 mL/kg # 5 L7 3B Tix. £ 5% 30 4 LU
PNIZ 10, 50 mmol/L % 5-#E o i B k5 I 12 B Ak = 0 2 b (R m ks s -
BoEM - FEER ) "8 57 (Easmann et al. 1984), F7-.
Holtzman 7 v MZ 7 vftF+ F U o A 100 mmol/L 2 1.5 mL (17.8 mg
F/lkg hHE) oG5 LLE A, BMEICHEMAMTOZL (REED
file 2 % £F O Rk R ZEME R & *ﬁéﬁiﬂ’ﬂ@@% - CHBE) DR, &G 48
RERTZ T E RO R REBICEENR D 57z (Easmann et al. 1985),

@ HIAIESHEHER
a. SHEMEFIAMSHERAR (¥THX)

Swiss ¥ 7 A (M, &GS BT H7 vibF MU T A (0, 2.25
mg F/kg (K&EH/H) @ 83@%%}(7}(&5@&%‘%75%?29%710 BEHTHERDD LN
TwmMRER1ICRT,

EEIZBWTMETDs-7 I/ L7 ‘/@(zﬂmkﬁ%?% (ALAD) &M &
W7 F 4y (GSH) VRO FERIKT., IEERERE (ROS) L)L
DEHEEREFENRRBO LT, I Hﬂﬁ&@ﬁxﬂ@wﬂ@x—/\—jﬂ%:‘/ N
LE—8 (SOD) EHOAEAEBERIKT., A LEY — VEEKIGYE
(TBARS) VXL HFER EFLE D 67z (Mittal and Flora 2006) .

X1 ¥R SEMEIMFHEHAR

A B & 57 i3

7 vibF b Y v A | 2.25 mg F/kg fA®E/H | 8-ALAD ;O GSH L XL Ok F, ROS L
D EFH & VB SOD IEME DK T,
TBARS L XL |5

b. 6MAMEIRMESHEHAR (YT R)
B6C3F1~ U A (M S5 G RE8~12[8) IR 1T 5 7 v{kF MU 7 A (0,




10. 50, 100, 200, 300, 600 ppm : 0. 0.7, 3.4, 6.8, 13.5, 20.3. 40.5
mg F/kglikE/H) D6 AMSKEGRBE M TONTZ, FESGHETRD L
iz m M R x R22R-T,

600 ppm#E 5-HEDORE4APEN 133 H & 1438 B2, MEIVEA8HH H 7~ 5 188 H
12, 300 ppm#E G- REDMEIVE 23198 HIZSE T L 7=, (REEININH] 23200 ppm
LERGHEOMEL HICRO LN, REFFO T v EWITHEKFRIZHE
MU=, 100 ppmifLl EOMIETIZE BICHHE 7 v BIEDRIENE D B
72, 300 ppmPl EEGREDHED BN, FHhg. ¥ &K OLH & 600 ppmfx 5
REDOME DB i, AFIE KL RO IcB W TR B FZH LN R Sz, K
B L IEE i, BETiX., 50 ppmIh ERGHEL S, M TIX100 ppmlL E#E&
RO OHE OB MMNHER Sz (NTP 1990) .

£2 IO HAAFHESESEHHR
AR Y H Rt i i
7 vAtF RV ¥ 4 | 600 ppm 13 & 14 WICHT |8l E 18 WICHT

(40.5 mg F/kg K& /H)

(4/9) . &Mk, SR
TR NPT QU EEER iR
FH AL

(9/11), B hisk. JFHEK.
O TR B AR R
Ak

300 ppm
(20.3 mg F/kg K &/H)

19 #WIiZE T (1/8).
Y M, FREC. RS L
il T 9w B A A
&

200 ppm
(13.5 mg F/kg A& /H)
B

1A 5 15 0 41 76l

1A 5 15 0 41 76l

100 ppm
(6.8 mg F/kg A& /H)
U E

W7 o FRAE . KERE
B THE O N

50 ppm KERE & RE CHEE | mET R L
(3.4 mg F/kg fkHE/H) | M
Pk
10 ppm AT R L AT R L
(0.7 mg F/kg K&/
H)

c. JOHMEEAMHEMHRAER (v kM)

Wistar 7 v b (M, £ G SIL) 2B F5 7 vk b U 7 A (0, 100

ppm : 2.3 mg F/kg fK&#H/H) @ 30 H K& 5

T bzwmEpT R 2 & 312577,

10

MR T, &G




EEOWMMILKIEOFERIZLD, TENBEOT R M= AR D LT
(Guney et al. 2007),

£33 Svyb HHEBEIMSEHEER

R B gy i i

7> bV A 1100 ppm TENBEOT K R —
(2.3 mg F/kg K &E/H)

d 6MNAMEAEEESAR (Sv )

F3447 v ~ (Mff#E, & G/E100L) (2B T 27 vikF MU 7 A (0, 10,
30, 100, 300 ppm : 0, 0.2, 0.7, 2.3. 6.8 mg F/kgiAk&#E/H) D6» H [
KBRS Tz, £EGHETRD LN EERT R %2 R4R7,

BEORFO 7 oAb A ERFPEEML 72, 30 ppmiE O i TIRE
D RIE . 100 ppmHf O HELE THRE KR LR OB A A 57z, 300 ppm
BE O MERE CHREIEININE], AE P O 7 vk O, JRE TO R, =Z1H,
HEGE . BB En A bz (NTP 1990),

x4 Svbk 6HAARMBREFSERR

TR/ R 5B I
7 vitF YU A | 300 ppm REEMIME . WEF o7 v bW o
(6.8 mg F/kg k& /H) m. BREEALCTCORE, RiE. B,
L i 4 5E
100 ppm Ji B TR b Bz i Bk
(2.3 mg F/kg Kk &E/H)
30 ppm iR E D KIE
(0.7 mg F/kg Kk&E/H)
10 ppm w7 L
(0.2 mg F/kg (K&E/R)

e. 6N FREAMHESHEAR (DU X)

Tove s uHx (M, £ GRE10L) BT A5 7 vk U 7 A (0.
4.5 mg Flkglk®E/H) o6 HMBRAOKE LGB ITONT, B5HETRD L
Nl-wmME xRS,

RIMEK AL O ATPase (7 F U 7 AKOH Y 7 L) IEMENR1T% A
ATPase (=7 % 7 L) {EENR3TREM L., MEF@BEFRA T 724 —F
LEORTNVHVEAT 7 X —BOEERZNEN2T%., 34% 1K F L7 (Jain
and Susheela 1987a).,

11



x5 ¥ 6HAMESIUSIHAR

AR B P 5Bt e

7otk F Y 7 A | 4.5 mg Flkg KE/H | ARIMLEKAM ALK DO ATPase (7 MU U AR OA Y
U L) IEVED 17% W, ATPase (w7 x> v
L) EPED 3TW M, MGt R R 7 7 &
— P RO TNVHYERRAT 7 X —FDOIEMENZ
NN 27% . 34% KT

f. 6AhEFREAESHERR (41X)

=7 VR (M, S EERE200) BT S 7 vk U A (0, 0.32 mg
F/kg (RE/H) @ 6 »ARMAEERBR N T, BEHTHED LN
TR Z R 61277,

FEHEOFROHBERET (GHMEERESHMEITICEID) PR LT
(Snow and Anderson 1986),

A B ) & 5B i3

ZvfbF FU 7 A |0.32 mg Flkg K&E/H | BHEOFROFEKAEE

g. 6MhAMEIMHEEHRR (T742)

FJry R —27% (M, HE&EGH8IL) ITBITHZ vk MU 7 A4 (0,
2mg F/kg (KEH/H) © 6 P AMREOERGRBRIMTONT, BGHTHRD L
NlemMEr e & 712787,

FEHEOFRELROCEROFBARET GHEEEFHFETICL D) 23R
5172 (Mosekilde et al. 1987, Kragstrup et al. 1989),

x®1 745 6hAHESMKEERAR

WA B P G- RE i
7 vitF h U v A | 2 mg Flkg (KH/H FAEOH BE K OV 30 RGO

@ EUHFIHEABRUEINAMRER
a. 2FEMEMHEERAR (TUX)
B6C3F,~ 7 % (M, £ & G5#70~1000E) BT D7 vibF + U 7 A
(0. 25, 100, 175 ppm : 0, 1.7, 4.9, 8.1 mg F/kg{A&E/H . #0, 1.9,
5.7. 9.1 mg F/kg/kHE/H ; IPCS#LH) O2FE MM AE GHABRMNRIT LT,
EHREGEHTHRD DN R 2 £SITRT,
100 ppmId EOHOHHETHEH OEKERE NB O b, RIBERHEIZEW
CTHEERAEHEOAER EFIX %&pﬁgmfmwt(IPcszooz NTP 1990).

12




x£8 YUX 2FMEMHEHEHAR

B & 5’ iz

=&

)
e

7 vikF U 7 A | 100 ppm DT Rk R
(i : 4.9 mg F/kg (K&E/H .
Mt : 5.7 mg F/kg (K&E/H)LL |

B
S
R

25 ppm wmIET AR L mMEAT AR L
(4 : 1.7 mg Flkg (K E/H |
Mt : 1.9 mg F/kg (K&E/H)

b. 250 HREIEBMEMEHAR (Zv k)
MR T o b (MERE, S &G HREIIL, M208) 1Tk T 57 vk MY 7 A
(0. 50, 80 ppm : 0, 1.1, 1.8 mg F/kg/K&E/H) D250H MK K57
B ATz, %%‘2—@#1%&5%2@7& PEFT L & 9T R T,
WG HE T, MO IC L FEREEMEEE L LT, B oA Kiko il
NRH LI (Qiu et al. 1987)o

£9 Sv b 20BMEMHEEHERAER

A B ) gy iid Ik I

7 vitF MU A | 50 ppm B DA K AL O I

(1.1 mg F/kg {K&E/H)LL k

c. BHMrAMEBHESESERR (Fv )

SDZ7 v b (K., #F&5#64~66IL) ICBITDH7 vk (0. 5. 15, 50
ppm : 0, 0.1, 0.3, 1.1 mg F/kg{KE/H) D182 A MK & 53 Bk 0317 b
Nz, #EGHTCRONTZFEETRZEK10ICRT,

EEERET, KEGFOREOKTNEOD L7z (Turner et al. 1995),

£10 Sy b 18K AREEEESAER
LY/ R & 5B i3
7 vk 5 ppm KEREF O 58 E DK T
(0.1 mg F/kg (KE/H)LL E

d 2FEMHEMHSEEER (Sv )
F344/NZ v b (M, %% 5#70~1000L) (BT 27 vibF F U 7 L
(0. 25, 100, 175 ppm : %0, 0.8, 2.5, 4.1 mg F/kgiK&E/H . M0, 0.8,
2.7. 4.5 mg F/kgiAHE/H ; IPCS/EHCHAH) o 24F [ K % 5- R R 2317 b
Nic, #HEGHCTHROLONT-FEHETRZRILIZRT,
WTNOBEGICBWTCHEERAMEICHETFZNICAR R LR
DO o TN, BEO100 ppml ER G THERBERN AL, HETHE

13




AR A L= (IPCS 2002, NTP 1990),

®11 vk 2FHEEHSHERAR

A B ) & 5’ i3 i

7wt Y A | 100 ppm HEKAFNRE RN | EEFTRL2 L
(Ht : 2.5 mg F/kg (A &E/H | JliE D 3 A
i : 2.7 mg F/kg KHE/H)LL E

25 ppm wIEAT A2 L wmIET A2 L
(M : 0.8 mg F/kg (K &E/H)

e. 9 EAFIBHSESHERR (TvbH)

SDZ v b (MEHE, K& 5FE70E) B0 5 7 v MU v A (0, 1.8,
4.5, 11.3 mg F/kgfAk&E/H) OB MR GREBEN{Thi -, &5 #
TR N TwmE a2 &R121I277,

HIK#E G & (1.8 mg F/kglhk#H/H) LEOETORGIHICBWWT, & (=
T AOVIERE O R ER T, UltE O K TR RE . = A VB O KA
) ROE (BEMEEHEE) ~OoRERROONTN, BREITZOM
DREGE DR ALK FZICABEREITRO 5 - 7= (Maurer
et al. 1990),

x®12 Jv b 99 EARMEBESERER

i B P G fE s T

7 vibF b Y 7 | 1.8mg FikgAE/H UL E | = A VIEMNN O R R . W)t o kW &
WIERR R, = F ANV EDOBEA 2, B
P & 1

f. 2 AREEHEEHAR (VY X)

Tor s X (M, F&EEGE 5L ZBITH5 7 vk MU U A (0,
4.5 mg F/lkgKHEH/A) O 12 0 AMBEARGRBR M fTTbvz, & 5HT
Wb HE L ER 131277,

Mo oRMmER, AfmER, U XEk, /i, BER, 4 B BR B OV 4 JEER
DEAF NIZ~F 7 o B fEN R REE Lt ~_J L7 (Susheela and Jain
1983),

®13 oy% N2HAMEEMHSHERR

AR B R i

7 vibF + VU 7 A | 4.5 mg F/lkg (AE/H M ofRmER, Bifmek, Vo S8Rk, M/,
BHER, IFPEREOHFEEROHW NI~ 7
=R (RPN R
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g. 16~26AMEESHRAR (V¥ F)

TR X (RN, FEGH 3~5L) BT LH 7 vikFT Y
7 A5 (0.4.5mg Flkg KE/H) D 16~26 2 H MK O K ERBRI M Thbh T,
EHEH TR NI HmEIT R 2 & 14 1277,

WEAsE h 7T v~ 2 CRBIREORE RN, REko A Kb, + 45
EEREREOEEL, KED 2T — 57 ARG . IR Ek O e R E
WO, e, MEFaLF Yy — L ERaLFaxrTar bbb,
BHRHUYTNAVBEORZ ) a2 700 lBqEEOFEEHEKD 2T
—r e Rex ol @8O RFH#EIN TS (Jha et al. 1982,
Sharma 1982, Susheela and Sharma 1982, Susheela and Jain 1986,
Sharma and Susheela 1988, Susheela and Das 1988, Das and Susheela
1991, Bhatnagar and Susheela 1998),

£14 D% 16~26 0 AEEESHERER

R H gy i vy (HERIAREE)

ZoibF MU DU A | 4.5 mg Flkg RE/H | M E T TV~ 2 UEBIREOAREREM, X
RO LKAk, + B EBEREKEKOEEE
fb. BED a7 — 7 AAREH R E | IR Bk o fE
Be mighoarFy — v EkRXalrFaxs
7LD RE MR O ST VER KDY
AW I )TV B LR R ORISR
Hkoag—Fordhor Fuxy 7ol &
D 5

@ HEHEMHHAR

a. 30BPMmAESEERER (TYX)

Swiss ¥ 7 A (M, & GHSIL) BT L7 vikF MU v A (0, 30,
60. 120 ppm : 0, 2.0, 4.0, 8.0 mg F/kg IK&E/H) @ 30 H M AKX & 53
BenitThbhlz, £EGHETCRDDONTZFBETTR AR 15 12R7,

DGR CHWEE CA3 fHid . CA4 fEIE M OV R [B] O #h #% /l fa (R 12 A &
IR EMEDBLEL S AU, 60 ppm DA R BB T HUERS CA2 fE I8 oD #4 E A A (AR
BB REENBIE S Lz (Bhatnagar and Susheela 1998),
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F£15 v 0 HE#EEEHAR

e LY/ R & 5B i3
7 vt v Y U A | 60 ppm v o Vg B CA2 i I8k o> b % M0 B A oD 25
(4.0 mg F/kg K #E/H) A L
30 ppm Jibd 7 S CA3 ik, CA4 i K& OVE IR
(2.0 mg F/kg (RE/H)LL E | [B] 0> #6840 A 1R o 28 P

b. 30 BfMMEEERAR (v bH)

Wistar> v b (M, &% 5815~18Jt) 27 v{b+ r U 7 A (0. 50,
100 ppm : 0, 1.1, 2.3 mg F/kgiKk®E/H) Z30HRMMAKES%, A—7
7 4 — /v RBIMEEER & O = 5 M e Eh 09 [B58E 5OS RBR BN T b vz, &% 58
THRO LN EwMET A2 RI6ITRT,

50 ppmPl EHRGHETHERIMLEEFE NBZ S, & 512100 ppmix 5
BECIXREENAY B BE S BR CllBE S IS DO A B 72 D 23380 b iz, EEhfEE
TEIE I N )ho 7=, 50, 100 ppm&EHGHEE BT v FOUIHIZERE O
o7 v BIENBLE S 7= (Chioca et al. 2008),

x&16 Jv b 30 HMEAESEAR

LY/ R & 5 B i3
7wt MY A | 100 ppm Ae B 1Y (8] 8 3K Bk T (A8 KOS B o
(2.3 mg F/kg (R &E/H) WD RO WS T Y RIE
50 ppm B b . BEE O 7 v FIE
(1.1 mg F/kg fk&E/A) Lk

c. 10 BfMmEEEEAER (Fv k)

Wistar 7 » b (M, K& 58 15~18 L) 27 v{k+ + VU v A (0, 30,
100 ppm : 0, 0.7. 2.3 mg Flkg (K&E/H) ZITIREKE»OBEALY £ T
AKELH L, HAEZOIREY (HEHAFE, &5 9~15L) (b [E URE
T 10 Bk T RN T, FEREHETRERD N FEETT R
ERITIZRT,

100 ppm & 5-# 0 WEW TIXWERS . R, EBEE LK T/NETHE R
MR EMENFR SO b7z (Shivarajashankara et al. 2002),

x17 v b 10EHEBESEAR

e LY/ R & 57 RE Y
7 wvitF MU U2 | 100 ppm Wi, Rk, EERE L O/ THE R
(2.3 mg F/kg (RHE/B) | ffR £
30 ppm mIEPTAL L
(0.7 mg F/kg (KE/R)
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d. EREEEs4EEER (v k)
SD Z v b (M, K58 10 IT_E) W27 vk F b U 7 A (0, 75, 150 ppm :
0. 1.7, 3.4 mg Fikg (K&E/H) % 15 HMEBMAE L L, BRI IZ X 5 fil
WEEZ W E T 5 von Frey hair iR 7oz, ¥ GHTRO LN
AT R Z &R 18 1T,
EERERICBW T 2 BT BME 2 A L7- (Balayssac et al. 2002),

®18 Sy b 1 ARMMBESFSERR

B E &5 i3

7wt MY A |75 ppm I % B 9~ B A oD e
(1.7 mg F/kg (RE/H)LL £

e. IHhARBBESEHR (v k)

Wistar 7 v b (MM, & 5#H 8IL) BT 5 7 vk MU v A (0,
30, 100 ppm : 0, 0.7, 2.3 mg F/kg (K=E/H) @ 7 7 H [ 8k 535k 5
fThhlz, EERGHETHEROLNT BT R LR 1912R-T,

i oo = 3?‘/?$7’“IZ?‘/1/3 U % XK (nAChR) O Ak % §f ~ 7= b 5.
30 ppm DL F 58 CHEREIL T D nAChR @ a7 7 2= > %@ﬁimﬂz
DR B, 100 ppm Tﬁw"iﬁ?ﬁflﬂﬁf’&/\ WD nAChR ® a4 V7 2= v
FOFEE R PRO v (Long et al. 2002),

£19 Svyb THAMAESERR

A B E 5B iy
ZAVX 7o all SUR/AVN 100 ppm > nAChR @ a4 %7 == v b+ D
(2.3 mg F/kg Kk &E/H) 2
30 ppm 4> nAChR @ o7 %7 == kD
(0.7 mg F/ikg K&E/H)U k| &

[(Z&]1/in vitro HEH AR

SD 7 v FO¥FEME M A invitro ©7 v{bF MU 7 A (20, 40, 80
ppm) (T 24 B[R S ¥ 7238k .80 ppm I B T g 5 40 M0 I o 4 17 3R
SODIEMDOH ELRIK TNRED H L, 40 ppm LU E DR E THEEN K R B F
(LDH) @53, MRANIEERERE L X7 R b — 2O E G O, it
MRSy 7+ (NCAM) @ mRNA BH L ALK TFRB O LN, -,
GSH., /22 F o XA F % —F¥ (GSH-Px) EMEDOIK T N 2R KR

TRO LT M, EEERE T NCAM-140 © % /X7 EH BN | 40 ppm
PLEDEECTNCAM-180 O ¥ X7 BRI, 80 ppm DIEE T
NCAM-120 @ &% > "7 BB T L7z (Zhang et al. 2007) .
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FRREERBRICHE R L 2 FgE T 7 vk U U AT 40 ppm BLE TS AR
REANNE > S HIAM AL JE W45 Ik, NFxB 0% 8 EH . DNA 85 O 58 5 fEiE
17 (Zhang et al. 2008) .

Z v b (RERFE) O v NBRAMEMEESRO PC12 fiid % in vitro T
7 vt F U 7 A (1, 10, 50 ppm) (2 48 K¢ igEE S & 72 B T, 10 ppm
PLETTBARS VXL O FER EHMPA 54,50 ppm T nAChR @ 03, a7
7=y OO BRD B (Shan et al. 2004)

® HRESMHEHR
a. 10 EAfARESEERER (YO X)

C57BL/6N~ 7 2 (M, & #& GHE100L) 2B 57 v+ MU 7 A (0,
10. 20. 30 mg/kgiK®E/H : 4.5, 9.0, 13.5 mg F/kgiK&E/H) @ 10 [H 54
flfE O &SRB TNz, KRG THRD OB R 2 %2012 5R7,

13.5 mg F/kglAE/HBETTHIEO B R HDOEM (84%) . B Iais M
(BLRPEA) DIRT (10%) 2358 D 5172 (Sein 1988),

£20 voR 10 EMERESEHAR

AR B G- fE i

ZofeF P U DA | 135 mg Flkg (KE/H | TR O AR SRKOWEM, Bl iE %k oK F

9.0 mg F/kg (KE/H | wIEAT R L

b. 2~3BEMAESHEHRARER (Fv )

FMAED T v b (HEHAGE, & GHLIL) BTS2 7 vk MU D
2 (0, 100 mmol/LiEE %#0.5 mL : 0.7 mg F/kgiKk&E/H) D2~3HE[H (2
m0E) sl 0 & GERBEN TN, BGHETRO N mME A2 &21
(R N

WA VIR KOG R Y S Ei DY A X OPER & AR e 2 D | FH- 23
H oA, ART N7 I (OVA) EHEELIEBE K O2E To%ERIETE
RO SNz, Sl UMY o7 (MBP) (259 5%
a7 oG (IgG) HURIEEDOZE LW EHZED 517 (Butler et al.
1990),

£21 v b 2~3EAMARESHAR

Gl P G- R 7 v b (PERIARFE)

7 vibF Y 7 A | 100 mmol/L WA TR EBEBEY > )oY A4 XDk
(0.7mg F/kg fAE/H) | KEMRFEEED L5 OVA HEL O IGE K O
EH TORBERIEIEE, MBP (253 5 IgG
PLiRIEE D E&
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c. 28BHfMEAREEMHHER (v k)

Wistar 7 v b (K, & GH# 8IL) BT S5 7 v+ MU 74 (0, 9.0
mg F/kg fKE/H) ® 28 HREfRKEGERBRNITTONTZ, BEHE TR LN
TemMERT R 2R 22 1277,

UV ERCBER A ER  TgG K OV M 0 £ D 30 2358 8 & 472 (Das
et al. 2006) .,

22 Jvb 2BBMAEESHEAER

AR g i i3

ZwoibkF MU U A | 9mg Flkg (KE/H | U 3Bk, BLER, ek, IgG. MRS O %o
Ty

d 9IMAMBKESHEHR (V9 F)

Tor s X (M, FEERE4L) 4B, TREIIN I AT
U THREIELE, IHFEOREEE L, OIIFN 7 A7) U THRE
SEH. 7 vk N v A (4.5 mg F/kglKHEH/H) 290 A& O &G L.
MEEX N7 A7) CHRESELE, VEHEOXIBEES L, IVEIXEE
7 ofbF U UL (4.5mg F/kgiRE/H) Z90 A MRKELGH%R, FT7 A
Zx U THRESYE, LT vk NI v AORAKREEZ90H AT
o, BEBH TR NTZEFMH A2 £K23I27-7,

BEHEZLB LR, 70T N A3 oNlldO 2 KT S+,
EME O X RN HEEREMHE T A LY, iR IG5 2
ENEH 5 7= (Jain and Susheela 1987),

x®23 oYX IHLhAMRESEER

AR gy i i3

ZofbF YV UL |45 mg FlkgAE/H |V o il BiEK T . REMBPO X X7 E
AR O IHIC X D HURTE AR o 1)

® X5 - RESHRAER

a. J0OBHMEAMHEEHEER (TOX)

Swiss v U A (M, K& GH408) 2B T 57 vibF F U U A (0, 4.5,
9.0 mg F/kg fAkE/H ; F& HH#HE) © 30 HHAKEERBRPAITHOILE,
KHREHETHO N EBET AR 24 1277,

4.5 mg F/kg (R HE/H LI B GHE T, HEORRICHKH LR OB 2 & o
MRS ZALNR D 572 (Chinoy and Sequeira 1989a, Chinoy and
Sequeira 1989b),
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®24 THR

0 B ER S EHAR

R E gy i

i3

7 vt v VU 7 A | 4.5 mg F/kg A&E/H UL E

BB BB o B 70 & o 9 B S B9 42

e

b. S0EBEMEAMEEHR (YT X)
Swiss v A (M, &G 200E) BT D7 vibF MU 74 (0, 4.5
mg F/kg /KE/H) @ 30 HESAKEGRXBENITOWZ, BEHTED LN

T R 2 & 25 IR T,

B OBD ERFOERE, M FEFRITLAOCZHEOR TRRD S
#u7= (Chinoy and Sharma 1998),

#2060 vORXR JOBHEIMHSEER

AR B i

i3

7 vftF r YU 7 A | 4.5 mg F/kg k& /H

B oBAD., BroEi§E, K LEFE
ZREHE DR T

c. SEHMEIRMEEHAR (TVX)
Kunming v 7 X (M, &5 2008) (BT 27 vF F U oA (0,

50, 100, 200, 300 ppm : 0. 3.4, 6.8, 13.5. 20.3 mg F/kg {K&E/H) @

8 W /KEERBENITONT, FERGHCHEDOLNI-HEMEIT LR 26

IR,

100 ppm UL B GHET, B o@EEBM, AFFE, MELXTRKBEROT X b
27 ryOET, HHEFEOHMMARO biv, 200 ppm UL EEGH T, &
THOWA AFFEMIE DO G1/GO Bl O IER .S M D FEAE 258 0 b 7z (Huang

et al. 2007),

F£20 YvOR SEHMBBRMEEMEHER

Gl 2 & G-

i3

ZADZK | o il U B AV 200 ppm

(13.5 mg F/kg A &E/H )L E

oA, KEMREO G1/GO H
DI S B o 5

100 ppm

(6.8 mg F/kg fKE/R)LL E

B o@EE M, AR Mg &k O R
DTFANATE L OKT., BFRED

B

50 ppm

(3.4 mg F/kg K& /H)

mIEAT R L
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d =HREBERESTHERE (THIX)
Webster ~ 7 2 (M, & GHE 8IL) ITHBITH 7 vk FU T A (0, 2,
100 ppm : 0, 0.1, 6.8 mg F/kg {K&E/H) ® =iz 7z 2 IR & 55

DATPHO T, Hx ODEFM}E%A

(R, FEEEL RS OKRER L)

W SR EBAITR D b7 hr o 7= (Tao and Suttie 1976),

e. 29HMEBEEAMEEHEHE (v k)
Wistar 7 v b (. &G 6K) BT 57 vk FU 7 A (0, 9mg
F/kg fKE/H) © 29 HER O EERBENITb-, EHTRDOD LN

PERT R &2 3% 27 12§,

REIIIEGICEELEZAERE(LIZRB D Lo =2, FE O M xt
EEEFEMNML, iV BREOEROMSERID Lz, 2, ETOT
ARATERY LNV NIRRT O A538-E RreX 274 KTk R
n 4 —+¥ (HSD) KO 17p-HSD L _VITAHEICIKR T LA, £/, HH
ERFOBFREOWY ., BT+ XLy hFOB %7 —8 (CAT) Kk O~L
FX A —BIEEORERIKT, BE, BE LK, ﬁ%&v/%¢@ﬁ“
DL (B0l O LEFERED BT, (2K A A TR D RK
B T2 L, BHEOILENRED b,

UENS, Z2H50137 v BIIMEAERERJICAELREZEL 52 it
A MLV ADOFHEICERTDIAREENHDH E L TS (Ghosh et al.

2002),

=21 vk

29 BHRMBESMNSEHR

R H g i

i3

7 vibkF MU U A | 9mg Flkg (KHE/H

FEER O RTEE O, AL R & UK 2 O 8 5
BEEOWD, METOTF A FRAT L L_JL
Ko A5,3-p-HSD, 17p-HSD L <)L DK F
B+l y b CAT KOS LA F v &4 —F
EMHEOMKR T, BE, BE K, BrXry b
DOIEE O EF | FEHE OB 7
DI K E O LR

f. SOBMEAMEEHE (v k)
Charles foster 7 » b~ (M, & 5# 100L) B8BTS 7 vk U T
L (0, 4.5mgFlkg{K&E/H) © 30 HEKR O K GEREBE M THo -, &5
TR LN TmEir a2 & 28 1277,

BEHIZB W TH O EE)FE

T L7 (Chinoy et al. 1995),

CAEFERKOI b RY TIEEEE K
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#28 vk J0BMEAUSHAR

AR B B R I

7ok U UL |45 meg FlkgKE/H | HBFoE#E, EFRETI bar P 7iE®E
fFREOET

g. SEHMEIMEBMHEAR (Zv k)

Wistar 7 v b (K, &G 6L) IZBIF5 7 v+ MU 7 A (0, 2.25
mg F/kg (KE/H ; EF OHE) O SEMMAKEERBEN TN, &5
THRO LN wmHE AR 2912777,

BEFIZBWTHE O SOD &M, EH#REOA E R T AT TBARS v
NNLVOFEEZREANBOONT, B, BTAEGFRIIKHTLHIEEITHED L
N7y »o 7= (Izquierdo-Vega et al. 2008),

x£29 Syt SEHMEIMSMEHAER

N R ¢ 5. B i3
7 wvftF P U A | 2.25 mg Flkg KE/H | 7@ SOD &, E#HEEOIL F., TBARS L
~)L D FFH

h. 6MhAMESIHEERR (SY )

Wistar 7 v b (H, & 58 1008) BT 57 vikF FU v A (0, 2,
4, 6 ppm : 0, 0.05, 0.1, 0.15 mg F/kg K&E/H) ® 6 H H MK 5k
Banitonlz, £#RGHETROONTZHBET R EZ#R 3012737,

EREGEETHEE BER LEEKOEMETSIRO E & O B oEE M,
B RE DK T QN — RO REME R . RS BRI S OV 7/ i o e o i 20 23
B BT (Gupta et al. 2007),

£330 Svyb 6HAMBRMESEHER

WA B & 51 i3
7 vt b U YA | 2ppm FE B ORG B B IR R ST R O B O
(0.056 mg F/kg (K&E/R) | ¥+ OEIVE K O EZ O T | — B R
DS B, RS REARNE. RS A oK F

i ZHEHAREBEERESEHRR (v )

CD 7 v b (MilE, &G 480) (BT D7 vibF MU 7 A (0, 25,
100, 175, 250 ppm : 0, 0.6, 2.3, 3.9, 5.6 mg F/kg (K&E/H) » =X
OBk BESRBR™M T, Fothftic 10 B E L%, [F—& 5/
DOMEREZ AR S, KR SICICHOWTILAEIE 20 HEICH EWBA L., 7%V

OEWITEOEEFHESELZ, Fr RO WTIE, 21 H ORFLIH £ .
Fo AR & RIARIC 10 W& 5%, KRl 72, Fi oMk 20 A B2 £
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L. ZWMEOBE~ORBELFTI-, FRGHTROLONT-EETRLE
# 31 IR,

Fo Fithtfie s, 7ot F P DAL D HEEREEBIRD LR
720 175 K OY 250 ppm & G- RE CIXAAKEN D L7228, ZHIEBRICK 2
LOTHDEHIW Sz, Fo. FititfRE S, A (REL. =, £F) I
T HEBIRDOLNT, Bz EEL MO ERE~DOLEL R
O NN o T,

INLORREIY, FEELIT, 7yt MU U AT 250 ppm £ TORE
THAMICEE 2 5 270 LT\ b (Collins et al. 2001a),

T, Fi KW Fo RO T, 7ok T MU U AICK DA HEAEFREDOA
WA N, EERE, FRE., EFHRERICITEGHICE 2E VIR
DO o Tz, FalaRIZE W T, HEEAMEO NIRRT IXE O 5 v
S 7273, 250 ppm &G THEE O FLAHEA L7z (Collins et al. 2001b),

x31 Sy ZHALEBBRESHAR

R B i3 Fo. F1 F2

7 vibF v VU 7 A | 250 ppm L HH O F AL DR
(5.6 mg F/kg k& /H)

. ZHKKEERESEERAR (Tv )

Wistar 7 v b (&G / 168) (7 vibF F VY 7 A (0, 30 ppm : 0,
0.7mg F/kg RE/H) ZMRI AN OBEAM E THOKE LG L, HAEREY
ICRICHEGET 4 PHBBOKES L, &5 40A%, RAESEEO F
REZRIET PR z2zEG L, FTi#HREFECHEO Y vibTF MU T A
ZAPARBREG L, REHECTRDOONTEHEETTRAE R 32 1TR-7,

Fi, Fo X (B GH L) O T, MAOERICIHT 57 vk MY
VADRBELEFHTLE A, Fi, Fo AL B ICIEE ML IE (TBARS
LA EFA)ICE DT MR OEROESE N D 6 vz (Karaoz et al.
2004, Oncu et al. 2006, Oncu et al. 2007),

32 Sy ZHAEBBRESHAR

R E B 5 R I )
AV X | 7val NN VAPN 30 ppm Fi, Fo RSB E B BRL RS X 281
(0.7 mg F/kg R &E/H) | fifi B OV fik o b &

k. ZHAREBERESHERE (T v k)

Wistar 7 v ~ (Fp 45060 1 PE, M 4 PC) 1cBIF D 7 v kT b
Y (0, 10, 50, 100 ppm : 0, 0.2, 1.1, 2.3 mg F/kgK&E/H) %
A (Fo (21 HREIBREE)., F1 (3 »HM®E). Fo (6 2»HMBRE)) 2
K EGRBEN T, SEEEHCROONIZEETTALEZE 33 12
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ZNAC I

Fo tH{CHE (K& GRETIL) Offilckt 3T 2@ MEE2Z M7=/ K. 50 ppm LA
Fo®ERECHMEHE T O SOD. GSH-Px & CAT oK . (KE DRI
NZ TBARS @ EHENRBO Bz, £72. 10 ppm LI EF 58 ChfifA xf &=
BEOWLNRD BT, WA FARAE CIX 50 ppm BL L& 58 T
ik DR 45 & i B A8 i oo MR BB | RE KON S O BN 3R 8 6 4L 7z (Aydin
et al. 2003).

x33 Jvb ZHREBRERASMHRER

A B E e Bt F2 28 4

(1.1 mg F/kg (AkE/B)LL | KE OB A, TBARS © |5

JiE Ko OF i 5 oD $ on
D 5 LR 00 I B A AR 2 00 £ Ak

Jifi L 8 oD $R 155 & il i A oD i e B

7 vitF bV 7 A | 50 ppm Jiti #L %k 7 SOD. GSH-Px. CAT » & T,

x

10 ppm Jiti #8 & o R
(0.2 mg F/kg (K& /H)LL |

FRealER & [E Ul it © Fo i RME (K& G/ 7TI8) OLHICKT D
FmEERATZRABRICB W T, 50 ppm LA B G5B TO0 6 O B A
ft, (LMoL E) RO T (Cicek et al. 2005),

. RESMHER (v )

CD 7 v I (M, &5 33~35L) 2B TFLH7 vikF FVU A (0,
11.3 mg F/kg K&E/H) OHEIE 0~20 H OfRAESRBRNITTbNZ, &S5
HTROoNT-wmHETRE R 34 12387,

BROREICAZEZZITRO 520> 7= (Collins et al. 1995),

x34 Sy REFHEHR

==
o
cd

)

R E & 5 #f

HH%}

7ot b U v A | 11.3 mg Filkg (RE/H | L OKRICAEFERLER L

m HESMHERR (v )

Wistar 7 v b (M, &5 6L) (7 vfkFT RV DA (0, 4.5 . 9.0
ppm: 0, 0.1, 0.2 mg F/kg RE/H) ZIEIRV B OEEFLH (21 BHIE) £
THRAKRELG L%, o WEY (5% 58 32~34 L) % 90 HE & 5T
BT A RABRNITONT, KRG THRDODONTEFBEFTRLEZR 35 IT7
T

PREHTHETEERLOCATe A FEROBIIZEDABEEENRD L
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7= (Reddy et al. 2007),

£33 Fvb RESHER

AR gy iid L Eh W

7oAt MY U A | 4.5 ppm BIERLEOATE A RERDOEADICTX
(0.1 mg F/kg RE/H )L E | 5 A5l REE O 3 4

n. RESMHHER (v k)

Wistar 7 > ~ (., &&5H 10 L) BT 5 7 vibF MU 7 A (0,
1.1, 2.3 mg F/kg{ATE/H) OB A » O HEHR 9 H £ TOBMKE LR
BnitThbhlz, £BGHTRDDONTZEFBEIT R A2 R 36 12R7,

MAERENY (MEME, S8 4 00) [T 2B 272 R. 2.3 mg/kg
RE/HOEGHETEE, LE. BRITEAOCLEICEENENT, £,
2RGHONEYMOREIZZRITE O N7 D b7z (Bera et al. 2007),

£36 Tvb RESHER

R & 5 iF L Eh W

[
ZAVE (ool N NL/ANN 2.3 mg/kg K EH/H ZRATEOWA . FH ., L. TTEHH.
i G 5 %

1.1 mg/kg KE/BLL L | REATEIO WA

o. HASMHHER (Tvy k)

SD 7 v b (M, KGR GIL) B TFDH 7 vt MU 7 A (0, 150 ppm :
0. 3.4 mg F/kg {AHE/B) OE4EFT (10 WH) . ERBIE S L OEILF o
KGR BE M TONTZ, EFETROONTZFEETREF 37TI2RT,

FEVICH O 072 BRI BRSO bz, BEFLZ O RENY O F I 21X
BB o7- (Ream et al. 1983a., Ream et al. 1983b).,

x£31 Zvb RESHER

AR E B 51 ISEIE7) REY
A |2 al VIRV ANN 150 ppm B Y Bl EER L

(3.4 mg F/kg A& /H)

p. RESMHHER (v k)

Wistar 7 » b~ (M, & 5# 100L) (27 v{bF F U 7 A (0, 150 ppm :
0. 3.4mg F/kg fA&E/H) #EI T 21 HEMRAERE L%, BEIL%OME

OWREY (FEE5HE 6L 12 12 @BMBAKEET 2R BN ITbNz, &E
%“f“( VO BT m T AR 38 TR,

HERE I LDH {EHO FER WY RN a7 ik EEEE (SDH) 3E M.
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ATPase {i%fé@ﬁ?z’)wu&b?ghto Z DM KT8 RO AR OIR

T RICEEREFHOBEMLE D 57~ (Liu et al. 2008),
=38 Tvb HLEFHHER
ARG 5t I8
7 v~V 7L | 150 ppm LDH &t o F5 % " SDH i&# . ATPase i1 o
(3.4 mg Flkghk [IKF, BT BELBETAEGTFEORTLAOETE T
E/H) o

. RESMHHR (v b 98 F)

CD 7 v b (M, K58 26 /L) & O New Zealand White 7 ¥ % (i,
BEERE260L) BTFA27 vk RV oA (7 k0, 3.0, 8.3, 12.3
mg F/kg KE/BH., %X :0, 4.7, 8.2, 13.2mg F/kg (K&E/H) DHEIRH
F'EﬁEP (7w bW FR6~15H, VX : i 6~19 H) ORKEKERBRN

Thhilz, FEGHETROONT-FEI R 2% 39, 40 1277,

Zv b, UFFLHIZ E‘*ﬁﬁE?&ﬁﬁif!@b%wwitﬁbnﬂnﬁ%mﬁw&b%
nic, ok, 2EEHETHEORRICHTLI2EBEIRZ OO RN

(Heindel et al. 1996) .

FZHEDIZ, ZORBRICBTDIRBM~DOFEMEICKT 5 NOAEL # 7 » b
TIX 8.3 mg Flkg{Kk#E/H, ¥ ¥ Tik 8.2 mg FlkgKR&E/H L LTV,
Fo. BAEFHEMED NOAEL # 7 v FTi¥ 12.3 mg F/kg (K&E/H, 7 H ¥ T
1% 13.2 mg F/kg (AEH/H & L TW5,

x®39 Sy REEFHEHR

B E & 51 ExukZ) Jia 12

7ot bV v A 1123 mg Fikg (R#/H | 45 1800 80 il WL

x40 OHF FHLEFHER

B E & 51 REEN W iz 2
7 it bV v A 1 13.2 mg Fikg (R#/H | 45 18 00 90 il WL

r. 30 RMEAMEHRER (VHE)

Oryctolagus cuniculus 7% % (M, ##E G 5E) CHT 57 vikT
MU (0.9, 18 mg Frikg RHE/H) @ 30 HHEBOKEGRBRAITHH
T, KRBERHTRD DNEBETREE 41 1077,

WG THTROMD ., BroESE, SHEECKFARD bhk
(Chinoy et al. 1991),
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x4 oYX HHEBESIMSHEER

AR B 5 RE i3
ok FU UL | 9mg Flkg RE/A L L | RO T OEEHME, ZHEOIK

‘I{‘

@ EEFHHER

a. /n vitrosE&

7 oAb#ix, Vv x 7@ (Salmonella typhimurium) % W 72 18 J% 22 8%
ERABTRETH >,

LR M 2 W ie i ovitro RERCIX. T v bl EEE R T
= T DNA G (Wiskg e o2 #ili, ~E 8 DNA &, =
Ay T vtA), ROEEFEFHEEL VBB FRARAERFRMEL R LT
N, WTENLIHWIEETH o 72 (Velazquez-Guadarrama et al. 2005,
Tsutsui et al. 1984, Wang et al. 2004, Ribeiro et al. 2004b, Ribeiro et
al. 2006), Z DT IX7 vk & ® DNA O EEM M AE/ER TITR <,
DNA GRS DNABEICE G T2 X NI EOEMICKITTREICER L
TWnb BRI TS (IPCS 2002),

invitro Bl @mHERBRICOVWTE L O MR EZ R 42 1277,

®42 TwEDI/n vitroglzEMHRABRER

#i. (SCE) #Br A F — G B oM Ok

B oo PO A R R EEL . BITH
(4 #1) RHEME | TS

R A

BIF 2R A BB | S.typhmurium — - Janssenn et al. 1988,
TA1535, NTP 1990, IARC 1987,
TA1537, TA9S, IPCS 2002
TA100

BEAEY

BAR 22 RAE R ~ 7AYo + + NTP 1990

ke KR | F v A4 =— A 4 + + NTP 1990

(CHO) #M

U T v ZXZ | No data + Tsutsui et al. 1984
— A
~ 7 A H A A . Velazquez-Guadarrama
et al 2005
Qe (A B H B | CHO #il i - + NTP 1990
U T b AKX | No data + Tsutsui et al. 1984
— A f
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RiE# DNA & ik
B

TN RAH
— JA

No data

Tsutsui et al. 1984

DNA 8 5 # B

L-02 % i #m i

Wang et al 2004

CHO i fia

Ribeiro et al 2004b

~ 7 AU X JE M

Ribeiro et al 2006

B, B b A 2F e

+

ik, —: Y. = 95k
b. /n vivoiE&
DNA #HEZEE L LEABRIAIRESINA TS, b FOE WA KIEE
(0.11, 0.23, 0.90, 1.02. 4.75. 5.03 ppm) (2 X DKMV > RERK D hifi bk
Yo IR AR A Bk ITfE M CTH - 7= (Li et al. 1995),
Wistar 7 v MiZ L 5. &EE (4bmgF/L) 7 vk T bV v LD KM
(20 7~ H) ok GRBR CTix, FREME DNADOAFERBENRD LI
7= (Ge et al. 2005) .,
> Wistar 7 » IZ 10, 20, 40, 60, 80, 100 mg F/kg ® 7 v {t7F k
U AZBEERAOKRE LRI T ik 80 TN b 5 i
OO R R i K OV BE AR i @ DNA & IX58 O b2 v o 7= (Leite et al.
2007),
it > Wistar 7 > M2 7. 100 ppm @ 7 vibF U 7 A% 68 B &K
B LR TH, REY o NEkMb, O PR, Ao DNA E81E
X H L7 o 72 (Ribeiro et al. 2004a),
R L OERE FREARAERELFEIC L invivo ilBRO & IT 0,
invivo B EMERBRICOWVWTE O EE2E 43 12577,

FA43 TVED invivoiBlcEHHEBIER
2 B oo Ff B PO 7 B BEEL ., BITHE
(%4 ) i
Titi #k Y €0, 3 1R AS # B RERMN U oS ERGHE — Li et al 1995
DNA & % AN RN S L) + Ge et al 2005

(2Ay FT vEA)

Z o MR, AR R, B — Leite et al 2007
FFOPR R HE B . B b R
T FERMY oNERMM, 0 —

I Sl e A0 e i A M

Ribeiro et al 2004a
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%) Eb~NDEE

YL O MZE->T, ZyRBREFIMATLREHEEINLTWHS, L2L, &
FNOLGEIWICIE, EFEMATLEFE L TTEIHAKBIZIINLTELT, RIKERELEE
ERTT =2/ TVWRY, = 7yl oRn&EICk ) arthE
JEREZSI S EZFTICE., DA<t 1 mg Flkg lEOREENRVLETH D
(Janssen et al. 1988),

DO E~ADEE

T oAbITIRIBE T, BT ELORETHICHT A ERN ML AT
e ZOMRENRIT T vt DOTF ANERE TORISY AR L BEEZENH
V. REIKT T bR E K 2 mg F/L £ TIXEE OB NI EV IR ED
ENLERT D, COREDREZBRESIEDIOICKLERIREIAKF 7 v LW O
MIKEEIZN 0.5 mg FILThD, —FH., BEIKEN L7 vk EH
BRICE-TRHZIVELIAEFEEBICEAL T, 2L 0EZEMERITONATE
D, ZNHDOIEIE. 7 bW RnEL L TERMEGSE (BROHE) ICEE%
FIEFT 2T & D EFAEL TS (WHO 2004),

ke x I ETITO 7 KB 72784 (Chen 1988 ; WHO 2004 L v 51 H)
TlX., 7tz 1mg FILEHTHHEIKDE S, AENRERD 46%
T 7 vy RIENBREBINTEN, BN OLO 7 v OBIEIZHA L NT
X7 oTe, — I, BEIKF 7 v AEWIRE DN 1.5~2 ppm LA T O H
WIS T BT Z 5, KD EREMIE T, KOBEEENS
Wed | BT 7 oALIRIENR ZN LT TOHO W F 7 v RIEDE Z 5 "l hE
MNH 5 (IPCS 1984, US EPA 1985b, McDonagh et al. 2000), #EFK
DA DR (Bl X, 225, B%) 507 b ERN % Vil T,
ELKFOPRED 1.5 ppm L FTHHEF 7 v BIEN BT 5 /[ HEME N 7R
XN TWwb (Cao 1992 ; WHO 2004 L v 5l H),

McDonagh &%, fSKEIKF 7 v{bMIRE Lt oF 7 v FIE DO AT 5
88 MOEFLXMAEMAT L., Bon-mIRET VLD, EKFZ vkt
JEFED 1.0 ppm O RF O BEIR # O fE B 21T 48% (95% (5 #HIX M :40-57%) |
ZTOHIBAR EMEE RS WH T v FBIEDOREERIT 12.5% (7.0-21.5%)
EHEEL TS, LU il x OMFFERRBICIZNZ2 D OEDPBD LT,
2. 7ot MIBEEN 0.4 ppm 05 1.0 ppm I EHTHE 6 AT 1T AN
WF 7 vHFIEEZREL, 20IHLD 14084 FoMEEZET L EHEL
T35 (McDonagh et al. 2000),

Hodge & (1950) ®»., &% (12~14 . 5,800 N) Zxf& L L=k

E TOEFMIETIE, WEAKFT 7 v bW IEE 2~10 ppm THEIR g HBLIZ
MIEOREEREENDH D 0.1~1.0 ppm TITEER o2 L LTV 5D,
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Z ORI E S W T, EPA/IRIS (EPA 1989) TiX. 1.0 ppm Tl BN
WO LT, 2.0ppm DHEENBOLNTLE LTS, TE8HDKE 20
kg, 1HOMAKEILEL, B0 7 v{btWER%Z 0.01 mg/kg K&/
H (US EPA 1985a) & 9% &, 7 vk EBIREILH 0.06 mg/kg (KEH/
HiZ72 %,

Q@ EBE~DEE

7 oAb EOMINIEEERICL ., XV ERLEEL LT T ATREM
N D, BMEKFIZ 3~6ppm D7 vibkINEENTWD L, BV v HRIiE
(B OFEERENR) NBLZEIIS (WHO 2004), —iZ, EEDOE 7
v FBIEITECEL KT O 7 oAb WEE N 10 ppm L Lo & X2 B9 5 (IPCS
1984), EPA X, IBEN 4 ppm RO EEOE 7 v BIEICIT bRV &
L CTwWw?% (US EPA 1985a),

IPCS (2002) X, BB LHF~OFFLELOBEIZOVWTHRF L., U
T XS IZHEmDIT WD,

7 vRIEXITETFOY ZZ7ICET LIV OORETIE, 7 v bW
WEEEOHERICEROEENHEEGITONL TS, HELEOA » KT
ITOTWFEIE, BCBKF 7 bR E N 1.4 ppm UL ETIEE 7 v RIED
BIREPEBEDLZ L HZHREL TS (Xu et al. 1997, Choubisa et al.
1997), L2rL., ZA6 0% Tix, (a) ZWAHENR LT L BEAIZHE
ENTHELHT, BCHFEOERICE S TZH I TS, (b) EHRIEE
LCEEIKETREESIN TS, VW) ZHo0MEERH D, Dl &
HLHELRA Y ROV ONDOHIE TlX, BWEROELENRKDEE %
KMEIWZ B2 AEEMENH D & HEH L TV 2 8F% (Liang et al. 1997, Ando
etal. 1998) " 5720, REOMERIZEETHAH, LzN->T, &K
Bk G 7 oAb IR E D 1.4 ppm % LA 5 HlE o & WA 95 R A o 18 B
WWERERT D EWV I ATEELHERTE 220, 26 O Tk, REBILEN
14 mg FIHUL EOLAEICITHEO 7 v EEHFEOW L NRIEENRD b1
LD, BEEN 3~14mg F/H O TITE 7 v RBIEMRBEIEL S Ak
MTHDLHTO, ka2 BREBIRFICHXT 27 viboRERE LB 7 v HRIE
DYAZ LDOBOEENREMGEHET A2 LITTE Ry, BITICET 5
st s, (a) 7o bW OBIEEZHE CEXH2MBIIMEINTEDY
(Kurttio et al. 1999, Liet al. 2001). (b) #RIT—EBEM2172< ., Bkt
HAICHMERMEm AR, (¢) 7 vk oRERENHEE I N TV RV, &
WO ZOoDEHBOEDIZ, MRARETHD, 277 L, HKx e BER % fiE
Fri,. REREOHEMZW S NI LzPEOBFZE (Lietal. 2001) 23 M
—HONDH, TOWETIE, 7 vEWIEEN 1.45 ppm UL EOBEK %
BLUZZGEICENEREOY 27 BWEE DB B RE S, i EIuE
B O(REIKT 7 oAb iR E 4.32 ppm (FREEE 14.13 mg F/H) #) T
DHFAKT U 27 DEFHFICHETE >7- () 227 =1.47, p=0.01), &
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BT 7 oAb IR EED 1.45~2.19 ppm DO #iPH (R E A 6.54 mg F/H)
T, BHEEOMT Y 271X 1.17 ThH O, HEESEToMt ) 27
12213 ThoTm (EFHELLHAEERL), O E, FEKLXDOA T
DI ESSHEEMIZIRDO oD A2 RL TS, T bbb, (a) #
EHE 14 mg F/IH TlX. B~ ZZ%ﬁMDH%LLXﬁﬁwﬁ%ﬁ> 72 % . (b)
7ot ORBIENKN 6 mg FIBDOY A&, B~OFEEED Y X7 B E
FHLELETRBRT LMD H 5,

@ FDEIDEE
REKICEEND 7 vk E BN OB AREREEOBEBRIZOWNTOW
OMDEZFMIENH 5, IARC 1% 1982 & 1987 £ Z v & D HF %8 % FF
fliL. e FOEPNALDOFEI E L TIE AR+ Th 2 & L7z (IARC 1982,
IARC 1987),

F 72, McDonagh &% 25 ® kT — 5’/\“»-%@#*%2%6?%%7%71 26
@Eiﬁ?%ﬁob\“(@ﬁb KN BEARKP7 v REELEOMIC— A
OHHIZEEMETRD NN L TW5D (McDonagh et al.
2000),

72k, IPCS (2002) X, AT OEFTT — X R OEREBM T — & % AT
L. MU CEREWICBIT2REDAMEOIEIIZIREN 2 O TIERL ., FE
WMOELPITT7 AN MR AVERESEDL LTV NE LT
W5, LU, IFEAEDOEZMETITBEREIZOWVCOIMEZIT> TE
53, BRMBICET 27 —XITMHMWICRESNL TS E LTS,

BB K 7 oAb SRR R IE T A ERZBICEAT 2EFMHAENR N D)
Y, ETNDDORERNO X T EBREE XTI RETEOFREEMRE L 7 vt
MANDEEIKEREDOBMICHBAZEKRIT RN ENXNFTBINLTWVD
(IPCS 1984, IPCS 2002, US EPA 1985b. Janssen et al. 1988), £ 7-.
FHEBEEBEOEFLRTEMINT Y U EBRE & KT 7 v R E O
RIZEAT 2EFMEO L E 2 —THRBEOKEMNA R I TWD (Whiting
et al. 2001),

Ortiz-Perez 13, A ¥ a3 T7 v F (3.0ppm) Z & LACEIAKICHRE L
TW5 160 AOBMHIZOWT, 7 v FEREEFRLVE VX VICET 5%
iﬁ%%%%bto&%%i%ﬂm@ﬁ%ﬁbf7/ﬁ (CHRE R L (R
BE27 N &, RBHKIRERICM A T7 v R 1L EIREREE L 72 &gk
133 NSz, RPO7 v RBEZENOHE S NT-IRERIT, &%
FAHETC 3.4~27.4 mg F/IH, [KIEFEH T 2~13 mg F/H HEEI N, &
Wk 7B A CIXIRMR AL I B L CliE R o IFRR I A v | v (FSH) A E
2@ < (p<0.005) . £ by B, T A MNATRY, 0TI T
ITAEEICE»-72 (p<0.005) , £7=., f e b BiZxt73% FSH OfE
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HADRRERE & i L TR »o 72, ji HroEE (BrEE. B1rE
B ERE) XV T O gREE Eif%:ﬁ IR o To, FEEHEOIX
3~27 mg F/IHTO 7 v ZBEFE XA R D ﬂ%:%@%@zé&bfmé
(Ortiz-Perez et al. 2003) .

R DOBFELEL, EHN @R AR TT vk OEEBICHT D REE
Wa/hsnwZ ERmLENNTWS, L2rL, ZORBEIZBEEL TATFTRERT
—ZIFIEFICROENTNWDED, ZDOL IR AND 7 vibh @I xt 7 5 &
ZMEEEMICREMT 5 Z LiF T2y (US EPA 1985b, Janssen et al.
1988),

B2 7 vAbMBEOKEKEZEBIRTH2HEO Z>oMilkod 512 A+
b (8~13 k) ZxZIC —HEMRIET 1Q (Mufik) 7 X M Tbh
T~ o 5 g (Wamiao) OCEIAK D 7 vk EH) B IX 2.47+10.79 (&
I 0.57~4.50 mg/mL) T. {XEE#HK (Xinhuai) OHEKD 7 v {L#
)R EIX 0.36+0.15 (#iPH 0.18~0.76 mg/mL) TH-o7=, T A b*x%
TAROMER, LRBGY, TAROERZ EMOFEZR 7 v bl iR iE
SINTELT, SKEIKEIME—D 7 v{bWIRFEI CTH > 7~, Wamiao Hillk D
FECHLORT 7 b WiEEIX 3.47+1.95 (#iPH 0.90~12.50) mg/mL T,
Xinhuai #138 TiX 1.11+0.39 (&P 0.47~2.50) mg/mL Th -7z, 1Q 7
A2 M OFEF . Wamiao Hilik (mg&EHE) o+ &6 0 1Q (92.2 £ 13.00)
% Xinhuai #ils ((KIREHIE) O F &6 @ 1Q (100.41 + 13.21) &t~
TR, Iy N T7EZ IQB0 Kifii, N F~—F7 VAR A% 10%E L
TZHEED 10% Bl 65X F~—27EE (BMCio) 1% 2.32ppm. 10%
Rl T O TF v — 7 REEE TIRME (BMCLio) I 1.85 ppm TH
- 7= (Xiang et al. 2003),

2. EREKEAF T

(1) International Agency for Research on Cancer (IARC) (1987)
1987 A O FEAl TiX, TARC IZECEH KRN A R 7 v k%2 . & MR
LMD AIEDFERIZONTIE, 7y EFOBRBELRBPAREFE L OHBIZON
T—BHEOHLIBRENELNTE LT, %%%%’ﬁ?é%%®7 2%
+ 45 Ti&wkbf JN—7 3 (& MZXTL2REBDAMEICONTHIHAT
TRV L TWD,

(2) Joint Expert Committee on Food Additives (JECFA)
R E 7R L

(3) WHOERMAKKEHA FS5 4 v RTRILXE (WHO 2004, WHO 2011)
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WHO KB KETA RT A4 FH 1TIRENEME LT 1984412 E $2,1993
EOE2MBIEME L THERLZ 15 mg/lLE WO T4 FI 4V lHENK
ST ARNENH D L ERBTAIIIFELRVE LTS, ZO0E%E
A DEEIL, BT 7 v FBEOY A7 250, BENSLITELIRDLE
ToFEEEGERIFTLEL TS, ZOEIX, KEBEK~D T v BTRINOHE
B (W@ IX 0.56~1.0 mg/L) (Murray 1986) LV & &,

T ol OENEE IR A R4 v ERELEZY ., 7 vk~
RBEICL S TEZONLIEBEEEBLFFMULZD T HHRCIX, YiZEMIC &
LZKOFBEIZ T TR, MOBRER (I 1X. BYOEX) ICHEKT L7
AL OB L EET L ENAARTH D, BREN 6 mg/HIZHT,
HDHWITHEZZE D BRGEICIE, BEXIIHIR T A FZ7 4% 1.5 mg/LL &
DHIEWREEICEETH2ONMEUI THDLELTWD, EPKFIZEEND
KIR 7 oAb O PR EE D @ Wtk TiE, RIS & o TiE, R H AT RE 70 AL B
WEHWTH A RTA VEEZERTHZEDRHE LD LA WEL
T 5,

(4) KERFEHRET (US EPA) (1989)

Integrated Risk Information System (IRIS)

EPA/IRIS TiE, {bFME OFiZ ., TDIIZHY T 2R O0SMAH®E (&
0 RfD) & LCEMIFERERDAMEOFEHRELBEMIEL TVWDL, EF2.6 9 —FH T,
BN BIZONWT, BRAMESEHIZOWTOBEREZEM L., LEIZST
T, BOBRIZEDIVAZIZOVTOFEREZEREMLL TS,

@® #0 RfD (US EPA/IRIS)

i S5 7 & a A3 EiEtR ZRHAE
¥ #H(MF) (RfD)
(UF)
b7 v FAE (BERH). NOAEL: 1 ppm 1b 1 6X102
EFNNRA (M fE: 0.06 mg/kg & mg/kg 1K
T ELOEEMRICL D E/IA) #/A
(Hodge 1950) LOAEL: 2 ppm

a Hodge (1950) IZ k2 F &b (12~14 %) DOEFHI, KB KT 7 v {b IR E 2~10 ppm THE
RERBFICHRBEOHBEKAELNDH D, 0.1~1.0 ppm THEELRL, FEXLOKE 20ke, 1 HOK
KEI1IL, B2 607 v {b®iEI%E 0.01 mg/kg AE/H (US EPA1985a) & L., REIMENKN
0.06 mg/kg E/H, » RHHBEECOL FORTMHEN (FELRE) KBTFL2EETHI
D, AHEEREIT L E LI,

2 IMRE 2B TIE T 7 v EWEEN 1.5~2.0mg/L 1275 & #fF £ L < 22 W BER i 23
B D605 5 (National Research Council 1977)] & % 5., National Research
Council (1977) OV E 2 —{21X 1.5 mg/L ODEZO L OOFRE TR WIZD ., xR
R RSN E2RFEL T WHO R LIZEEEZEZ BN D,
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[EMBFERCEPAD O A > K]

W7 v RIE (BERE) X, XA AKALT 2FEEH (FIEIX8MI L WNE
T) W7 v EMICBRIICBBEI NS ETRIS, BHF 7 v HRIEIT, BRE

DHEAITHD 50% PN EAE L . EEOLESITIHE N EfA~BE2E 0L R
< (USEPA1985a), AAZHE LRI WHF 7 v FRiE (FPEENOEE) N E
WNITZEEZEBTCHAHINE DN OWVWTIEN D OEwmNH 5, EPA 1.
ZOXOIBWH T v RBIETBEEXITAEZETE R, EXLOEETH
%5 & L7 (USEPA1985a), WA 7 v FIE & EIAK D 7 v b Wi E o B f%
IZOWTOEFIRITAKETEL HEi vz (US EPA1985a), 15 iZ
KoL, EREMEERLIEF 7 v FEIEDO NOAEL X, BBt KF D7 v
fEWRE L LT 1.0 ppm TH D, ELDOEREL 20 kg, 1 HOMKE
Z1OLE L. BWrbo 7 vk oERE% 0.01 mg/kg fKE/H (US EPA
1985a) &35 &, fkELAKFT 7 vt 1 ppm @ NOAEL iX. 0.06 mg/kg
HWE/IHE T 5, 7P EEZHEEH (F8H) TOABLNLTND
7o, REFEBRBT1IPEYUTHLDL, B7 vRIEICRDITIE, 1 AHSDY
20 mg/HLL LT 20 MO 7 v{bWET. 7005 0.28 mg/kg (K&E/H
MWETHDHEINTE/= (US EPA 1985b), & FD'F 7 v H#HED NOEL
IR THIN., 7 v WBRBEOLEEEOREIIAGETH 5,

KE TIEE KT O 7 b WIREN 4 ppm (1 H 2LEKK) THZ v#HE
JEN K & 727 — 2T 72 (US EPA 1985a), 1A 70 kg @ K A 7Y 0.01 mg/
HO 7 oibmZz a6 L. 8meg/H D7 vk ZE B K 5EE (7
vALIRE 4 ppm, 1 H 2 LAKAK) 5672613, £ T 0.12 mg/kg (KE/
E@ﬁﬁ%&&éobtﬁof 7 vAt¥ 0.12 mg/kg (KE/H O &L, B
LWy RARA Y NCBITALZERBRBERE T S,

@ HNAHE
FEA 72 L

(5)E$%@%(m%)

BENEICBT2KEEEORBELOBEOFMOMEIZLL TO B0 T
H 5,

T RIFMAETLREEZLNLTWAEN, 4T L HMBERBILIT RS
TV, D RBFHILFAEBRELHESNL TR, BOEBRICLD
AMHEBFEEORIICIEL mgkg/ HOERMBRMLETH D E I N TWVD
(Janssen et al. 1988) .

%ﬁ§<onfiﬁﬁﬁ> %, R KR 2 2 mg/LLA b T Htl D T B5 20 R A F

I EDIZBW TN Z EnHEINTEBY, ZOEHE Ve L
%ﬁ05nwﬂkkt@% NDVNETHDHEINTWS, L2arL, 0.9~1.2
mg/LOFEH OB KF D7 v REE L, BEOHKRMEZ12~46% D & K
ICHEAEAIELIZEEHEINTND, L0 EEBEEOHEIKEECIX., B~
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D7 v HBLENRBOLN, BEONTHBEL LI SEZ T Z LR EIN
TS, IEDOWL OO 51%1.4 mg/LLL ETHE~D 7 v FEILED
WAEMMECHEIT Y A7 BNEMT 25 LI TWDHR, W OB S O)
BEAKEA . FICBEHODO 7 v ZOEBREBOHR N F R EIZHOWT, RiEE
HERFE-STNDHELTWND, RAMIZIZI4mg/HEL LD 7 v FEILE T
AN FE~OFEZERNDHD, K6 mg/HUL Lok ~7 v FEIE TIX
FEZEDOV A NI ELZEE2RRT5MARRBOLND &Rt
L TWw3% (IPCS 2002) ,

FENRAMEICE LTI, BIMERICBWTRENREN AL RTTF— %
1X72 < (IPCS 2002) . IARCIZEWTH bt h~DOENPALMEICELAR R
MEITRU¥ =572 0nE LTS (IARC1987) . £72. WL O D&
PEICET 2EFHETIT, F U VIEBERHRSCEOMOERET L7 vHEDOE
BIZBE LT s BEtEd STy (IPCS 2002)

EREICBWTE, BERERETHOB A LBAITED 0.8 mg/L %k
Tl enEHLEBELLND,

F44 WHOZIZE BT vEDTDIAICK DY RS

i NOAEL ATl FE AR K A il
(mg/kg {KE/H) (mg/kg R E/H)
WHO/DWGL & PSR O A R 72 ] T — — A RKTA
5 4 B “fE 1.5
(2011) mg/L
EPA/IRIS &R BT D B 1 ppm 1 0.06 mg/kg
(1989) (Hodge 1950) (0.06 RHE/H
mg/kg &
H/H)
J= AT A Pz I G0 5 D AR A T ) Bt — — 0.8 mg/L
7K 18 7K
(2003)
3. BERMR

WR21FEE O KERFHICE T 5 7 v EOBRHEIRG (FR45) o FEHH
SICBTOREMEAITAD E, FAKIZEBWTIE, KBEEKEEAEM (0.8
mg/L) ®100% % B 2 7= SN 12E T o 7228, 13 & A EDR20%LL T
(4,726/5,229) Tho7=, o, HARIZBWTIE, FKIZ90%HE 1 ~100%
L F08EfTd o720y, 13E AEDN20%LLF (5,033/5,5607) T - 7=,
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F 45 KEKTORHERKE (BFRKEHS 2009)

AL EE A RS B BB A &

fz 10% | 20% | 30% |40% |50% |60% | 70% |80% %)?g 100

p e | 10% | Hl | e | e |l | e | e el | ] o

o | KU |Gy e [BAF | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | o0y |

% il ﬁ“ S RS S O RS S RS RS e % .

2 ~ |~~~ ~|~|~ |~~~ |os1

Gl 0.08 | 0.16 | 0.24 | 0.32 | 0.40 | 0.48 | 0.56 | 0.64 | 0.72 | 0.80 | ~

mg/L |mg/L |mg/L |mg/L |mg/L |mg/L|mg/L |mg/L |mg/L |mg/L |mg/L
@fk  |5,229)3,565|1,161) 281| 99| 50/ 28] 12| 12 6 3] 12
itk 1,041 711] 243] 53 9 8 3 5 3 0 2 4

AN ]

e 278/ 159 82| 20 8 5 2 2 0 0 0 1
i ok 13,080/2,074] 680 172| 77| 30| 23 5 7 6 0 6
of | 824] 620/ 153] 35 5 7 0 2 0 1 1
@fk  |5,507/3,527|1,506| 259| 108| 43| 29| 15 7 5 8 0
#itk [1,012] 689 267 24| 12 6 6 2 3 1 2 0

T A

X b 276/ 167 83| 13 4 6 3 0 0 0 0 0
ok |2,924/1,826] 765 183| 80| 27| 18] 13 4 4 4 0
 Offh |1,285) 836] 391 38| 12 4 2 0 0 0 2 0

(EFR 21 EEHAE)

I. BREREZEFM
TyRIIMATXTRLEEZLNTWVDEIN, LT LHHMBERZBIVIIRINTE
59, —HERNIMLEELRESNL TR, SEIKTORKEED 7 v FE I
MEDOFHIENHDZEDRMOENTWVEN, HOTF A NVEICHERE L
Gz, BREZ5 &/ T ENDHD, T, B7 v RESRCEIT~OREL
WMEINTWD, EREMTIE, 7 v BOAETHE - HEAEBFBESCHRE R~ DR
HbRINTEY, ZOLIREEEZEICETL2EFZMELITOAL T VD,
REK D 7 oAb DR N AMEIZE T 2SR ITORTWDS N, B B
DFENAMEZEZRTAEIII AR+ THY , EBREMICB T BN AMEOFER S
HONTIEARW, JARCIT B 7 kot MIxtT 2B AEIC OV T,
B TERW (Fr—73) L LTW5, BBEmEEICHOSWTIE., 7 v N
FLIE B M &2 W 72 e R B R BR TIE B O RN E STV D08,
invivo ik © DNA #HERBRITEME & W, BRES T, ARicE - T
KPR E R D BEEEIIRTWEE I BN D,

UEDZ &, ZyvHRIZOWTITIERENABEMICET S TDI #2HHT
HZ ENWEYITHD EHML T,

— W ANDIRBE 7 v F~OROBEICLDEERELEIZOWNTIE, 45H - 5

LB MBER~ORE F~ORBE E~DOZBIZOVTHALA TS,
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HAEZBICOWTIE, BREIKF O 7 v R EEREFEICHA ZBEFKR 20
TENTBEINTWD, MR ~OEBIZONTIE, AXF v alBIT &S
MENRESNTWDS, 7 vFE (3.0ppm) 5K AZBHA L TW5 160
ANDBMWELET 57012, 7 v BOERELZZ T 5 EEERN (3.4~27.4
mg/H . KE% 50 kg & »72 3 & 0.06~0.54 mg/kg K&E/H) & L4
R 22T WIRIEERE (2~13 mg/H) IO 070, EgER & IR E
DBRBEERICERT H2H R bo7, B TICHT2HFMHBEISGENETRD N
o=, BRBHEICBOWTEILE L ~DOEENED LT,

MREARSNDEEIZOWNTIE, 8~13 D 512 ADOF+E L E2R4 2L TiTh
NI EOMIE T, BREIKT O 7 v AL EE RN 2.47 ppm O /& FE Hi R
DFEHITT7 bW EHREEN 0.36 ppm DOKEEHELO X b Ik L T
IQ "AEICKLS, Iy bA 7% IQ80 Kiii, X T ~—T L AR A%
10% & L 728 BMCio i 2.32 ppm. BMCLyo % 1.85 ppm ToH » 7= & 4
EhTwb,

B~SOEBIZONTIE, PEICBT D2EFMEICESEZT, 7 v FROKREI
mN 14mg/HU E (REZ 50kg & A7 9 &L 0.28mg/kg (RE/H) D% A,
BER~AOAEFEREOBREY A7 PHATHY, 7 v FOREBIED 6 mg/H
(KE% 50kg & A7 7 L 0.12mg/kg KE/H) OHA. BE~OEEDY
ATMWEEDLIENREBEIND EINTWVD,

HANDEBIZONWTIEEZL OMENITORL TS, 209 LHETITHI
REBEARFAETIZ. 7 vikWE 1 meg/L EHTHEBIKOEE . AEXTL
EHD 46% CHF 7 v RIENBHEINTZZ ERRE SN TWVDER, ARE
DFMIIARAHATHY, 2. BN DO 7 bW OEEREITIH S > TiE 2
Sz, —hH, KETD 12~14 D1 EH 5,800 ANEXfRELIZEFHFHAET
. BB KT O 7 bR 2~10 ppm THER # H B HBRE O H &K EH
NdHYV, 0.1~1.0 ppm TIEEEDL RNz, ZTOREIZE ST, ZED
BB E 1.0 ppm 6, FELDOKRE 20kg, 1 HOKE 1L &3
LHEWEIAMN S DT v FBEREIL, 0.05 mg/kg AE/H &5, ZOfEIX,
B KEROLNLEHENTZH DO TH D2, o &5 5 o8& 2B H
ThrI b, KVEEMAIZSL-fEE LT NOAEL Il L7z, E£7=.
COMEITEZEOBWVEMENRLE LELDOTHY  AEEBREEZEAT D
e, ZOEETDL EARTIENTEDEEZILND,

bEXv, 7v3F®D TDI % 0.05 mg/kg iKE/H L% E L7,

TDI 0.05 mg/kg fA®E/H (7 v% & L T)

(TDI 5% iEAR L) KE D 12~14 5% & 5 & LI E a5
(& HE ) =
EX ¥ 2379 K IT X % 1 HR
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(NOAEL &% MR pr &) BEAR o H B
(NOAEL) 0.05 mg/kg A HE/H

<HEZ>

7y EROKEEEMBO LR TH DIEE 0.8 mg/L O K ZKE 50kg D AN 1
HY720 2LERLEZHAIC. 1 HE 72D KRE 1kg OEEIEIL, 0.032 mg/kg
KE/HEEZ2ZbN5, ZOfEiX, TDI0.05mg/kg KE/H DK 345D 2 Th
50
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* 46 BAERIZTEH T 5 NOAEL &

5| B - ik Bk Fil T2 KRR A b NOAEL | LOAEL | j %
R - M - (mg Fikg (KEIH) | pr8 | g
) W BT HE #H/A) #H/A)
fia. |~ R 8 i [ 5-ALAD } O GSH L 2.25 7
Swiss oK & 5- N~ F, ROS b o
Vi3 SO EH g E Y,
5 B gt SOD & M o 1K N
T. TBARS L <1 D A
k5 (2.25)
b |~ % 6 7> A M KEEHE & &H CHEHE | 0.7 3.4 7
B6C3F1 fRK 5 ORI (- 3.4-, M s
i e 6.8-) W H 7 v FIE
8~12 (6.8-) N
A EE g Al (13.5-) AN
B, TR, REEL . D
i D> O i B Rk
Ak 2 fe R (HE
20.3-. M : 40.5)
e |7y Hh 30 HH TENBEOT R K — 2.3 7
Wistar ROK # 5- A (2.3)
i3 it7
8 )
AN
fid|Z7vh 6 7> A it fRH o KAE (0.7) M| 0.2 0.7 7
F344 KK # 5 H CHE (2.3) AHE Jns
i Mg, JRE ok
10 SiE . 2. ., 7 LU
g—3 2 (6.8) AN
fie |7H¥F 6 7> A [ R Bk A M B o 4.5 7
TIE RO s ATPase (F b VU o A& s
i3 EOA U v L) IEMEN
10 17% 84> . ATPase (= )
7 Xy ) JE 5
37% BN | 1 i H g v
RAT7 72— EW
TNHYRRAT 7 H
—EBoEENENE
no27% & 34% 1K T
(M. 4.5)
fif. | 14 X 6 2> A M F A OF RO FEK 0.32 7
v— 7L oK & 5- R (0.32)
e l(%on
2 N
AN
g | 74 6 7> A M EHEOFTELE L OE 2 7
ZryRUL— | ROgS 2O FE KR (2)
2 1t 7
i by
8 AN
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T =7 REEE R
I Bk o & He B | i 4
FoarvFY— 1k
RNa ) FaRTua
VAL o BE L miE P
DT INVEEE YT Y
a2 7Y
OV O HE M & OV
BEHBREDa T -7
vHEor Faexs S
ol s RE (4.5)

By HE - R fl =Y RARA b NQAEL L%AEL T
. M . mg mg
CUR7/E kit H/H) H/H)
18 ~ U A 2 4 [H] WO R (M | M 1.7 |49 | 7y
B6C3F1 fRK ¢ 5 4.9-, I : 5.7-) M : 1.9 | M 5.7 o
B
70~100 Y
AN
7 v b 250 H B O A K AL O #0 il 1.1 7
e A ROK $¢ 5- (1.1-)
5 )
AN
18 7 v b 18 7~ H [ K& @ 58 DK F 0.1 7
SD RK ¢ 5- (0.1-)
e t#
64~ 66
14 7 vk 2 - ] HEEKAFHN G AE|0.8 2.5 7
F344/N RK % 5 DA (K, 2.57)
70~ 100 Y
AN
7 v b 99 i fH T J AV 3 o 1.8 7
SD IR 5 pic B L G0 o oD filk BT K tF
i OB R, = A
70 BOWHRAE, BT )
oA (1.8-) AN
18 AV 12 7 A [ IR SRR 1= N S 1] 4.5 v
T %}:Dj&’g‘ £;}_<\ U \//\oﬂ‘z\ IﬁL/J‘*}i\ ,ﬂ:_}_
it BOER | AF TPER . AF MR A
5 Ko, ~ES e N
fE Db (4.5) N
18 A 16~26 2 A |#@iEH T L~z 4.5 7
TE & 05 fifi R 2 JE O 7 B 7n 1Y tF
i3 . KEhAk o A KA,
3~5 + ZHE G &R ERIR KU
DRI, B D = YA

40




EE | HE - B il T RRA v b NO(AEL LO(AEL i %
B # B #H/H) #H/H)
fa, | v A 30 H [#] JI o g F5 CA3 i X 2.0 7
Swiss oK &= 5 CA4 Xk & OVHE R Jus
i EIRAEEE SN ORI
5 . (2.0-) kY
I O NI [ 4
(4.0-)
b, | 7w b 6 A M fit 0 X} & & © B b 0.2 7
Wistar oK &% 5 (0.2-) Jns
Vi3 ii #1 &% & SOD .
7 GSH-Px. CAT O %X F ~Y
F VK #E o R A
TBARS D) . 0
FRER o FA R R B A
i (1.1-)
e | 7y b 30 H 4] B b B 5 | BEAE O i 1.1 7 v
Wistar oK &% 5 7 v #EIE (1.1-) Jns
T He B 19 0] 8 BB o =]
15~18 BSOS K D WA (2.3) KU
AN
Md |7 b 10. 34 fA] i 7> 73 14 4 ik o 4 {b 0.7 7
Wistar oK ¥ 5 (0.7) It
IRE Y HEB AR, Rk,
9~15 HEE) RE & VKT )
B E A (2.3) A
e | 7 v b 15 ¥ [ i % B 5 B g (paw 1.7 7
SD oK &% 5 withdrawal v
i3 threshold ) @ B 4 f
10 (1.7-) N
AN
ot | 7 v b 7 H M > nAChR ® a7 ¥ 0.7 7
Wistar Rk # 5 7=y b oRE D o
st fe (0.7)
16 > nAChR @ a4 ¥ ~U
7 2=y bowEb 5
(2.3)
foa. | v A 10 3# [#] T fMilaDFR53HEHD 9.0 13.5 7
C57BL/6N g AR D B | BN, B M RE TS M o K v
i3 T (13.5)
10 N
AN
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%5 EE /R A B T RARA b NO(AEL LO(AEL it #%
koL M . mg mg
) W) B RE H/H) H/H)
%b.| 7> b 2~3 1 [#] A VR & TR 0.7 7
5 AR OEE |V AREoY A4 X0 v
oK &M R SR E o
E&H . OVA EH oy N
BT TO6RE A
IS E M, MBP 2%t
T2 1gG FrikiEMED
5 (0.7)
e | 7w b 28 H # U »oNER, HER, 4FH 9.0 7
Wistar Bo®ks R, IgG. Mg ha %k v
T DWW (9.0)
8 kU
7 A
fd. | UY X 920 A M U v oR e o B8 E K 4.5 7
T ) roks T, EME o X R "
i3 7 AR Ol X
4 50 %X 0PAKE R kU
Dl (4.5) Y L
Aa | vTA 30 H Fif B o0 Jp PR AR ik - Y 4.5 7
Swiss »oEs 724 (4.5-)
40 kU
lyAUN
b | v R 30 HfH B8O, 1o 4.5 7
Swiss BOos EEhRE . K AT RE tF
T . ZHEEOIKT
20 (4.5) N
7 A
e | vUR 8 3t [ WyroEBME, £F |34 6.8 7
Kunming N = FOMFEROBEOT Jn.
e A2 A2ATFrLOKT.,
20 o 2 E o 8 N
(6.8-) AN
WO T R
> G1/GO 1 o % & |
S ¥l osAE (13.5-)
Ed | ~wT R = A iz FEIRESWE | 6.8 7 v
Webster R & 5 K OV IR B W (K T 5
i WL, fe7r
8 kU
lyAUN
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x5 W FE - Bk il = FARA b NO(AEL LO(AEL i &
) Wy BT HE H/H) H/H)

e | 7wk 29 H TR ORISR 9 7
Wistar TR O RS | . BTN R OV B Jns
1k D FH X E & O, 1
6 BHOTF XN ZAT R N

YUoUb RO A A
5,3-B-HSD, 17p-HSD
AL DR TR R A
vy RO X T —
PR VA F o F
— IR K
A 8 SR N - SN
Ly b oEE O
ik o EF | FEHE
D AN T E D W |
¥ A o fnak (9)

AL | Ty b 30 H i oE# R, AFE 4.5 7
Charles xn&ks EOXI bz R 7T v
foster R OIS T (4.5) f
P2 kU
10 AN

g | 7w b 8 i Rt ks + o SOD 7E M, i 2.25 7
Wistar oK ¥ 5 #HE D& . TBARS s
e L RALAEED LR f
6 (2.25) ~U

lyAWN

Ah. | 7 b 6 7 A R N SN R 0.05 7
Wistar oK ¥ 5 BT SR O B 0D v
i K+ o E #) M & N
10 BE DA T . — WK B A N

Bl ROKS REAME R, K AN
F MM % o KT
(0.05)

A . 7 vk Eﬁfﬁ E"Zﬁéﬁﬁ L (FO\ F1) 3.9 5.6 7
CD (Fo,F,F») EFE o F oD o
2 oK 5 (F,: 5.6)

48 kU
LAV

i3 17> b =R fiti ¥ %t = & o A 0.2 7
Wistar (Fo,Fl,Fz) (Fz : 02') ’ﬂ:'j‘
Viia K & 5 i ¥ #%& + SOD .

7 GSH-Px, CAT O & F KU
VRO N - RARS s AR NN AN

TBARS @ 5. )
PR OB E: R R
=4 (F,: 1.1-)
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E5| BwE - A B T FAA > b NO(AEL LO(AEL i %
o, mg mg
CUR7/E kit H/H) H/H)
k.| 7w b MEIR 0~20 H | OREKICAHEFE | 11.3 7
CD i B L Jns
i3 e
33~35 r D
AN
AL | Z v b EIRO~21 H | TFRAEAM T AT 0 0.1 7
Wistar i A4 RERDO@EDIT & o
1k K &% 5 L E B PR E o 3R
32~34 (0.1-) ~U
7AW
4 7 v bk VEMR A B ~ W | ZRATEI OB (HE 1.1 7
m. Wistar % 9 H 1.1-) Jn.
i/ KK & 5 FoE L GUIE AT A
ME 4 DT, M 4 MmEIZE 2 (2.3) ~ D
pC A
$£n. | 7w b EWRAT 10 W | BN (R84 - 3.4) | IR ) 7
SD M. ERWIM | B8y B8R L W o
I R TN L o 3.4
6 W EROK & 5 U
(7AW
Fo. | T7v bk %A 0~21 H |LDH Mo EH KO 3.4 7
Wistar ~He9 12 | SDH 7% M . ATPase it
1k K& G- M5 E LRl
6 EFEFEOKT KO R ~U
BT O M () o
Y . 3.4)
£ p. | 7w b MR 6~15 H | (Rl (R CUNIESY U7/ B I
CD oK & 5- ¥ : 12.3) w o 12.3 o
i3 8.3
26 U )] )
L/
12.3 7
£ q | UYF MENE 6~19 H | (REHE MG (RE8E) CUNINSS L7/ B I
New ROK # 5- ¥ : 13.2) 7/ 13.2 o
Zealand 8.2
White J5 o) N
i3 L7/
26 13.2 7
o | UHF 30 H et SR RN T e 9 7
Oryctolagus | #% 0 #% 5 EEIME, ZERROEKT Jn,
cuniculus (9-)
1 ~ D
5 AN
Eh|ED PR ERA | Bk & (0.1-) 0.05[E] | 0.1[E] 7w
KEANTFE
3 =7
5,800 A
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W mAMEEERR, 12 BEFEELOCRNAERR., % REEERR. M REMERR.
A Al - BABERR, BB b~
[E] : US EPA
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AFEMECTCHERALEBBIZDODWTIERIZE S - 1=

ALAD 7 X VT U BRI K EE R
ATSDR KEGEME - FEWBEE

BMCio 10% Bt T AN TFv— 7 RE
BMCLj1o 10%BIZxt T A6 _ v F~— 7 RE(GE T RM
CAT hHT—F

CHO i ja T v A =— AN AKX — P 5L SR Y
EPA KE R R ET

FSH Ry IR e N e S

F344 7 v &+  Fischer 344 7 v b

GSH TIVETF I

GSH-Px TNETFF Nt F X —F
HF 7 v AibKFE

HSD [ = S 2= B N2l = =/ Bl o4
IARC ] B 23 A BIF 2T 7% B

IgG g s a 7Y v G

IPCS [ B AL =) 2 A

IRIS MEUAZERY AT A

LDH LR K 35 I

LDso Y 5 Bt &

LOAEL i/ EE MR E

MBP ST Y UMY R

nAChR —aF T ETF LY U FIR
NCAM o R N A B2 A 4y 1

NOAEL i 75 M &

NTP KEEFEHE T2 7T A

OVA FRT VT I

RfD Z W&

ROS 5 M 8 56 f

SCE T ik G €8 3 fR A2

SD Sprague Dawley

SDH N P K 3 SR

SOD A —=R—=FF T R ALHX—F
TBARS F AN — VBRSNS

TDI i 2% — H & &
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