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(H) 1) -2 (m) 1) -3 1) -4 1) -5
CAS % 5= 7440-48-4 1307-96-6 1308-04-9 7646-79-9 10124-43-3
oy 58.93 (Jfl+H) 74.93 165.86 129.84 155.00
P45 i) o~ HfkmoiEih | B-IROORS | BE G, Wintk | M~ okl
MoREOBR |k | Mk DEYE. 5
B glem? 8.9 5.7~6.7 5.2 3.4 3.71
1B 5 C 2870 1049
KT kPa(‘C) 5.33 (770C)
Bl C 1493 1935 895 (4 fiR) 735 735 (43 fiR)
IKRA~DYfENE . . .
RT3 TRIT 70 WRIF 72 )
/100ml (20°C) w7 w7 BT 7 53 36.2
TI8 )=l K 45 AR
% log Pow 0.85
Q) M bRfERIED 16 : g2 /SL v D -5
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R A=AV

EPER  TEHR7e L
AN HEA L
A& iR RIR, PR 0B Al A v, ftoRE . REFEIKS, 30 ADOWEH

LGS - WA LS, AAbFREE, Vb T, B LFEArsERT
fiifig = 3L |

APER - 2009 4F 4000t (HEE)
AR : fHEWAe L
& a0 MEOFE, FEM., A vRH, XA b A RO PRl OEE, il

G - BVEAREAL S, BAR LS ERE, AMEEES T3, b T3 B bEmrsenT

4. fEEERZ
(1) EBREMWIT 5 3

7 Ak
Bt
A R= VAV ~ A 7w b AUaES FLE Y B
A, LC50 T2 10 mg/L 1h T—HL T—HL
&0, LD50 R R .
F—Hp L 6171~8610 F—HL F—HRL
(mg/kg bw)
2. LD50 F—H2L F—HL F—HxL — 2L
Wbz 0 <~ A Z v b ARES FEJLE Y B
W A. LC50 FT—H7xL T—X7L T—X7L T—47L
. LD50 .
80 42.4~418 F—Hrp L 55~80
(mg/kg bw)
& F. LD50 F—H27L F—HpL F—HpL F—HI2L
iR 2 3L ~ A Z v b A= FELE Y B
WA, LC50 F—H7L F—H7L FT—H7L — X7l
#r. LD50 N .
123~584 418~768 T—HX7xL T—HF7aL
(mg/kg bw)
. LD50 — XL — XL — AL — AL
TR R 2
[ INEEE

VU T I T UNEAE I L R RPN #E (106 mg/m3, 3 IR E 721X 6 F
f) L7cl ZA, 3HMIE< B&RETIE 24 FFRAILAPNIC 14 DU 1 PE23, F 7 6 B < BRETIT 2
PEANBETE Lz, ZORTITIES B LIZBLa 0 F OB T B BHRE LR L L
Ez b, Bb= L MBI TR0 <L ARSI TR S AL DRk~ & AT
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T 5 Z LVHBI L7 (Wehner 1972) (ACGIH, CICAD), #7119

Sprague-Dawley Zv MZasv MBRO=T7T e YL (10 mg/l) % 1R AE<ELTYH
FETEITERD B39, LD50 fEi3>10 mg/L & L TV 5 (Union Mineiere Bruxelles) IUCLID
7440) 102,

7w MIKEE L= L % 83043 F'ﬁfﬂl <& L7 LCso fEIE 165 mg/m3 Td - 7= (Palmes
1959), KEg{t =SV b OEHIZ I VRO L5 EREW TOFRMEFTRIL. WL R=r=>r L
BLORZ VR =R < §'§ L ORGP L TERY | JAKES, oo o, i,
e Vo T EEROEENEC TS, L LEERIIINV A= L=y VORI 0&TH D
(Stokinger 1981) (ACGIH) (CICAD) #-2.19),
8 A 425 RERIR G-/ Z DA DR

% 0 5

T~ (B LOME) ~oa 90 o miE< #&I2 &5 LD50 fEIZHET 8,610 mg/kg bw, Mff
T 6,170 mg/kg bw & O 723% % (Union Mineiere Bruxelles), £7-7 v b ~DO#E 1L < FEIZ
£ % LD50 fE13>7,000 mg/kg bw & O#ii5E 7238 5(OMG Kokkola Chemicals) (IUCLID 7440)
11)-2,

Stokinger and Wagner (% 20 mg/kg bw Dbz F & RICR OG5 Z £12 L 0 JRImER
WEEAZBIEREITZE2WmE LTS (B b~OBRIMEKSK) (ACGIH) 91,

7 v MZBIT 53,90 ME OGO LD50 fEIX 5 L7z 2L FOALFEE (7 vz v k|
[ A=PAVIZE NIV /2= PAVIZ NV | = DAV NN - 7= DAV P N 11 = DA VI NP 1517 5= P AV 7 NN
Hifg = NL R) THEZR D . 150 mg/kg bw~500 mg/kg bw & DEd 23 H 5 (2 m;%f“%%/ui%r
9% & 1.5 mmol/kg bw~3.0 mmol/kg bw & 725), B CTRO HAL 5 SPEER I ZEEFRIREE
fl. Z L CTHRIRIKT Th o7 (Speijers 1982) (IARC 52) 62,

RTECS (2, & =/VL MEEH Ot 0512 & 5 LD50 EDORLHN H 5, Hikb=/90 Mk
7% LD50H : 7 v b (80 mg/kgbw ; wMET —# ML), 7 v b (418 mg/kg bw ; JRIE I X
OSRERIR D2k, i), ~ 7 A (80 mg/kg bw ; T —# ML), £/LE > b (80 mg/kg bw ;
BT L), B2V MZEBIT 5 LDS0E : 7 v & (424 mg/kgbw ; E X, HE ED)
JUE, T, RERECD . BEFEIEIK ). 7 v b (424 mg/kg bw ; JRAIE I L OSRERIRD 2L,
i), ~7 2 (584 mg/kg bw ; ITEMMHNIER T D IRX, LI LORIEBRIE~DRE),
BV MZEIT 5D LD50fE : 7 » b (6,171 mglkg bw ; 1TEHIHNICE R T 2 IRA, BB IO
FEVERME A~ D) 121,23,

a0 M ERARG LT2GE. £ 0 LDso TG Lz a0 FofbE g L OE L7-8)
ML L > THRRD U 4 A% —F v h& SD 7 v F Tl LDso fEA 42.4 mg =731 kg bw (M
fbzssr ke LT) ~317mg 2730 RMkgbw (kgL k& LT) Th-72(FDRL 1984),
U4 AF—F v MIBITF A0 B O LDsofE23 418 mg =231 R kg bw & D4 (Speijers
1982), REEME= L FTH LR L= L D SD T v MMZEITF 5 LDso EAY 3,672 mg =2 /3/L
k kg bw & OHENDH H(FDRL 1984), F 7= AA A~ A2 TlX LDso 7Y 89.3 mg =2/3/b kg
bw (i =31 k& LT)~123 mg =2/3L hkg bw (fiifig =31 & L) Tdh - 72(Singh 1991)
(CICAD) 19,
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MEEN 5

B L DTy MEPENEGIC L D AL LDso T 100-200 mg/kg bw & #HidE ST
V% (Fredrick 1946) (ACGIH) ¥, 7 v MIZ =L b 2 FRENE G- L 72FF 0 LD50 fEiZ 100~200
mg/kg bw & OWENH D (B GFEA) (Union Mineiere Bruxelles) (IUCLID 7440) 112,

RTECS (2, & =2V MEAWOIEIRENEG-1Z L % LD50 ED R’ H 5, Hib=a L MT

BFHLD50ME : 7 v b (17.4mgkgbw ; T — L), ~7 A (80 mg/kg bw ; T —
ZHEL), fiEg=/NL MZHI1T 5 LD50MHE : 7 > b (31.6 mg/kg bw ; TEMMHNIZE K3 2 IR
s LOSHERIE~ D) . ~ 7 A (126 mg/kg bw ; 1TEMIHNICE N DR, LB IO
FNEFMEA~DORE), &JEa/3 L M2 25 LD50ME : 7 v b (100 mg/kg bw ; fENRIEIESD 5
VN EFRARPLGE) 121, 2.3,

RENREG-

Zv b (—BE6IL) ICE&Ba VN, BRIV ITAT Y BT AT U= REKENE
H (& 5%%mi%E 1ml GE:50mg)) L7c&l A BBEFVITATUVBIRE T AT U H—N
A FTIHAEETRD N2 - -0kt L, &l 290 MG RIS LN E T LT, &
BAE R | EE 2 MKIEN A U TR Y 280/ A7 57z (Harding 1950), (ACGIH) 91,

BHNESG

WA AH =Ty b (BB L OME) IFiE 2 UL & B L7540 LD50 {Ei% 768 mglke bw
& OWE N B % TUCLID 10124) 101,

ARG

v

RTECS (2, & =2V MEAWOFIRNE G2 L % LD50 EO RN H 5, Hib=a L M

BIF5HLD50ME: 7~ b (4.3 mg/kg bw). ~ 7 A (23.3 mg/kg bw), fifig = /3L MMZEIT 5 LD50
fili : 7> b (18.2 mg/kg bw). ¥ 7 A (27.1 mg/kg bw), A DLE L ATEMHNHIZER T 2
IR i K ORIMERE~DRE) bl LRl STV D 121,23

IR B OV ek
FLHCE L

AR

P& IRAEE

Buehler (% 1965 42 Hartley /L€ v b2 AW 2 —7—7 2 (Buehler test)Z{T-7=,
02%7 b7 7B B L N By RV CRREKIESRICERR L T2 50%HE(k =00 &, 1 [N
Ref], 1AM Z &I 6 [FE R Lz, ZORR /L MBI L 2 BBRIIPF RO LN
Mo TN, ZFOFASARE DN RIREM) & e TEy GRS 5 ICR 2 PEizkE L, 10 Pidr 9 L) &
FH LTS, Z20#%ZE < OMFREIZ LV IEIEEDNTIR DN R TEIEESMETH 5 &l
SN T2 (MAK23) 19,

1% =z v s (T 7 U AZEiR) % 51808, 4 BEEAm L“CEW’E%W}’L?L: Hartley E/LF v
(515, Hf) % v 7= open eplcutaneous test (OET)’C WX, 2%HilE = > r v (F 7V A fR)
D 48 REWERAT CTHE SN, Filik= v 7LV TRIESNIZELE Y b THHLa/ UL b~
FHRNED BT=(Cavelier 1989), L L7 A —7 b OFBMIZZ LW EORENH D
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(MAK23) 13,

TuA s TV any MEGERE W] ERE T Vo T, BBRICHWZ 10 Lo
ELE Y hETUIEL T L ADOIGERED BTz, Z ORER Tl 0.35% (b= )L MEiR %
0.4ml 5 L, 2M%IC 1%/l L MEIK CHRE %17 > 72 (Allenby 1989) (MAK10) 19,

BALB/c ¥ 7 A % Fi\ 7= local lymph node assay (LLNA) Ti&, 5%k =30 M(DMSO #%f#)
D 3 [BIEARCTHMESISDFRO HAL, 1 BIOBTIISTAE ChoTz, F7z CBA/Ca ¥ 7 A(Z
0.5%, 1%, 1.5%¥ k. =1/~ )L M(DMSO i) 2 @A Lz & 2 A 35D Y L/ ERIEAE A Bl52 L7273,
REARFAMEIERRD bive o 7o GRIMEEESDIZE 2 3.2, 3.7, 2.8) (MAK23) 19,

a5 r b (DMSO ICER) 2~ T A, 7w b, BLOENLEY M3 HHEBMIEE L
& Z %, local lymph node assay (LLNA) CHIFHHFEDOHIMAZRD ST, KR~ 7 % (10.8,
27, 54.1 mg =23V hkgbw,/ H), 7 v bk (9.6,19.2 mg =/ kg bw,/ H), B8LOE/LE
vk (14.7mg =23V hMkgbw,/H) T® - 7-(Ikarashi 1992) (CICAD) 19,

IR B EE

FAEY MRV NTREBIEL, To®REMa v =Ty vk 6 LB, 2
M AIELSFE L= E 25 (P 2.4 mg =230 b m3) | & Zilaved i (BALF) 247 R BRSO 4T
HEHEER OBIME R 235788 S 172 (Camner 1993), L L Z OB LI =20 h OFGE~DEAE
ERZH#HEHT 5 Z Lix TR L S T 5 (MAK23) 19,

T ERGENE (T - AR, BB RIENE, BB AMEIIERL)
INESS

Ty b, A=NTUNLRE— X ELEY b, vURZERIL MG TAERAR
<#& (6WFfH, A, 4 A) L7z, B, Mk, BT, MRRoiEls LU L
2 TOEYFEIZIB W CRERORISRFRO bivlc, LLa@E=a v My CAOIX BRI
% HHIZ O (ACGIH) 91,

=T RCER AL MR ERAIES#E (0.1 £720F 1.0 mg/m3, 6 FFE,H, 5 H, T3
AR L CHEBHEREIT 72, =7 ZI3ERPAC ORI bREEMIC L e MMOHE
UL ERE CTh D, ETHNTEERE /UL MRIT 50% 0ok SZFER) . 50%23pMH (N5
i) THY ., KTV A X1£0.4~3.6 pym THoT=, TORER, BIEKNRilia 7T 4T AD
TR B AL, LEXTILLENHETRE OB N BIEE Sz, Fo MR I EE LT
B, ag—r v B, SHEERROBICERT S EBZ26NDE, D OMiOZEIX
0.1 mg &)@ = /3L Fm3 TR 5= (Kerfoot 1975) (ACGIH) 91,

INAAZ =220 b (10 mg/m3, 7HE[ELH, 5 H M) Z/EJEICHIz > TR &
L7z A, EBEZGRD, FoMile B E X ORRRE RS L OREER 28 L
(Wehner 1977), 4 X2t =220 k2 AIE< # (0.4 mg/m3 £ 721 2.0 mg/m3, 6 B, H .
50, 14~16 #fH) L& Z A, IR ORS St IRk L2k L ififa~ 2
07y —YORWERM,. T L THREMRIENAE U7-(Johannson 1987) (IARC 52) 92,

7y hBXO~ U ATHilE =L F 2R AT #E (19 mg/m33 LT 1.9 mg/m3, 16 HHE) L
Tl A REXERIIR I a—V A RIE, S DITIERRO X 7 0 — 2 25 L OKERZENE 2 B
22X 7-(Bucher 1990), CFY 7 v MEZH L= L h &2 05 (50mg/kg bw : 12.4 mg =
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2L Rkgbw IZFEY . 33ER]) L. FIFHZ 10%T ¥ / — LB LN 5% W& &k s 527 &

A, IO LR E B X OISR & £ 5 2 O LI ARV AR 235D 5 AU 7= (Morvai
1993) NTPtr471, CICAD) 1719, Z v NI 2/3L MBHoki - (—&kEE 20 nm) % W AT < 77 (2.72
mg/m3 % 5 K[, HAHWE 2.12mg/m3 % 5 FFfi], H T4 HfE) L& 2 A, TaIlE EEORE
ﬁﬂEk S, v a7y —UkEE TR B R E, BVRMEERE, = U C I AU bR A

ViR B 7= (Kyono 1992) (CICAD) 19),

Wfﬂe#& ZHifb=a v k(0.5 mg =ML Mms, 6 Bl H, 5 H ) & 1~4 » H Fﬁ%&/\ B
SFEL=E 2 A, 1A a0 fE s L OMEERELZ S ERILTEBY, 12K
F ok~ E %R0 72 (Johansson 1992) NTPtr471, CICAD) 17. 19,

F344/N 7 v b B X U'B6C3F1 ~ 7 X | ZHilig =LV R LAKFi# (0.3, 1, 3, 10,30 mg/m3 : Z 4L
1% 0.11, 0.38, 1.14, 3.80, 11.38 mg =2 3/ h/m3(ZFHY, 6 Wl B, 5 B /i) % 13 #EWA
E<@ELIzEZ A, Ty b, 7 AIHI20.3 mg/m? (0.11 mg =/3L hm3) LB THREEED

(B B ED EOFERR) | $twh$% D7, ZOKE NOAEC 1R T /e, F344/N
7w FTIE 1 mg/m3 LA EDIE < B CMESRENIBMERIEN A U, WX FBIC L0 &, MEHE,
it C R 7o 258 72, BBC3F1 ~ 7 A% 3 mg/m3 LA LD < g8 CaPEIC A i*f“i» NSV AN
Z oy MEFERRICEN LD bEREIX<ERIC LY S, Wz, MilCEE2EENE Uz, 30 mg/m3

DXL FTETIL B6C3F1 ~ 7 AITHERR Y o/~ Ei ORI K O B M~ & 2 T OH8 (5 B
OEEMPBFED B, £72T7 v b &~ U A THIHHBRERNER MY 2 8122 L 72 (Bucher 1990) (NTP,
CICAD) 17, 19)

EFENEY MIZ VT AT A=A F=&@a L M LAZRNISE (31 OIRIEH, kL
F£8 0.5~2 um, 250~300 x 108K+ S2{E7 4 — ) % 20 HREATV, 5 HEEZICE HIZ 10~15
AEOWANIZL#E (80x 106K+ SYET 41— ) &ATo70, X< BETHNTH UAREORL
B (108K 1/ S¥ET 4 — B) B EERME/M) ~OEWIIRAGETH T, X T AT I —
INA R—=&Jg a0 M CANZIZEMEDGRD B, BV v MIAFFHIC L SAMENR THLE L
oo EfFLEEEAEY FEOENELS TN D 181 ABB LV 585 ARSI Lz 2 A, fifilc
WIEEL L 728 CARE DR bz, LLEOREEREND ., & =20 MMk Lﬂﬁu\ﬂﬂr{%@
MWRBHY, X T AT = RERKIT 52 L Tar L hOBFBENRER IS L5 LT
% (Delahant 1955) (ACGIH) -1,

O b R DO E
Bos

7w Mo b= vk (05 B8E 2.5 mgkg bw,/ H, 60 #) %7 » AMKRO#EE L L
Z A, ARIMERHEZIE 35 KX OV MLERKEHE O] 2338 6 B 7= (Krasovskii 1971), 7 v Mk GR#E4
A I b =0 B (10 mg =220 kgbw,/H. 5B ) 2 150 HEfE AL LizE 2 A,
MEF ORMEEL, ~~ b7V M, BEXONEZ v B REOHNNARD bivic, Z O
fad7z v O~E 7 v B REICEITRD LR -oTo 2 L h | B— O RIMERIEZIEN A U T
W5 Z & Zad (Murdock 1959) (NTPtr471) 17,

F v MIiiEEa L Rl (oS k& LT 26~30.2 mg/kg bw,/ H) &5 I
bz v hEEGTefok (Efb=ar ke LT 26~30.2 mg/kgbw) % 8 M5 x7-L 24, 30 L
26 JCO T v MOLIRE & O MBS L OVLIRZEHERE 238D 5 1172 (Grice 1969, Domingo
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1984), 7 v MIHifg=a v s &2 EHREE (Fiik= 3L ~ & LT 8.4 mgkg bw,/ H) % 24
Bz ZAh, DIRTHRBIL TWOIBER (v W A—N"—=FFH A F T 4 ALZ—F
(Mn-SOD), a 7T h7ua—ALCAF &4 —E, NADHF h 7 ua—ALC U H I 4—8, F

FBe—ALCAFTVHZ—E) BLOI har KU T ATP EAOH BRI FRE® 51172 (Clyne
2001) (CICAD) 19,

KENEG-

EE Y ML VL N ERENESE (50mg, 1B, 3#M) L. 1,4,8, 12 5 Atk E
THIZ LT, ZOfE R & 150 mg ORMb 2L MG & 0 BRISMEDKE L RIE &2 FRO 1275,
LFELNIZSERICEE Lz, ZOREND, Bt S0 MIKRESA~ORFEERED L &0
L TV 5 (Scheper 1955) (ACGIH) 91,

ELEY MIEE L MR 2 XENRTE (5,25 £721X50mg) L& 2 A, 25 BLWY
50 mg O H[a|# 5 T BMERIEN GO Hivlz, Z Ok 5 mg OH[AIFE 5 CTIIRIEITFR O b
NoTon, THMRBRICHEOS mgHkG Lz A [PHET) EC Lz, T LS —KG
k2 bo b, @R,V ML R BEEREFIIAEEIE IR Th o723, [3F
THEZ B EEZ LR LS DL, ZHiddeREa L RKEKICRFB L THE Lo &
& %z 515 (Schepers 1955) (ACGIH) 91,

ENEY MY U T AT U= RE&Ea L N ORRZZENAR (1001 £7213 311 0
IRAEEL, 160 mg) L72& 2A, —BMEDORIESIEAE L, KUE X B I JORE SR oK,
F - EINRIE L ORAEALFRD BTz, @ ESRIERL(10:1) TIXAMERIE S % 78 8 72 (Schepers
1955) (ACGIH) 91,

F ATE - RAEENE
INESS

~YUABLOT v MIHigEa L FERAIESE B mg/m3dH oW IENLL L, 13 #H) L
LA KT EEORK TR X/ IR R FROEMAG S Z Snen, ZoBRIT~Y
ZIZRD BV, T v b TR S e 72(NTP trd71) 17,

B6C3F1 v U R {ZHiilg = 3L sk fna AL < #& (0.3, 1, 8, 10,30 mg/m3 : Z#11% 0.11,
0.38, 1.14, 3.80, 11.38 mg =/3/L Mm3|ZHHY, 6 KffE], H, 5 H 7@, 13 H[HA) Liz& A,
30 mg/m3 (I < & THE~ 7 RTKEBZEMN . M~ ¥ ZIZTHRIGEWHIR OBEMARO bivic, B
HEEIOK T 3 mg/m3 F/213Z N LD a L F&2IZLFE LI~ T ATRD b (KIEE CORE
AT > TV eWY) | 80 mg/m3 X< B CHERER FE O, HMEEELS LOHERE HMEAEEOKT
38122 S 7= (Bucher 1990) (NTP, CICAD) 17, 19,

b R T DO OREEE
O & 5

CD-1 ~ 7 2T bz L b 2ok $%5-(23, 42, 72 mg/kg bw, 13D L7-& 2 A, kR,
BTrRE, T L CRHRREREEOR G EEKFHZK T2 b7z (Pedigo 1988) (MAK23)(NTP
tr471) 13), 17)0
B6C3F1 v U 2 & W o BVEBSERER C 1~ © 21Tk =30 | (400 mg =273V ML, 72 mg
230 hkg bw) % 10 EMPOKFEG%, BAHEOM~ 7 A L QRS S, ORGSR, f{ban
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v N ERECIXIEREM B B L (31 PUH 18 T, xREE : 32 Purh 29 L) | & - 4TRME~
Z 1EH 720 DAERRIEE b Uiz GaHIREE 8.3 (oxt L L= L MEGRE 6.5), & D ITHEIRIE
~ A 1WCdH 720 OFRRFETITAZ SN L7z G BREE 0.43 126 L L 230 M E5RE2.4)
BRBIECIIBIERE SNRD o 12D IR~ U ZA OBV 72N e IR RO B IXRHE T = 722
Mole, ZIUIRBFRECKTITNRKEZEZ LIV, ZOTDHEENMIT LIZ O L Ebd,
Z D% 6 HMOEEMZRE Lz L 2 A KFIREDOREIEITBIE SN2 h o le 3K OiE#) &
B L OUEHEE (progressive velocity: VSL) (XIE® L2 % TlH{E L 7= (Pedigo 1993)
(MAK23) 19,

SD 7 v b % 265 ppm D =2/3)L kA& T AT 98 H Fﬁﬁ? BLIc& ZA, HRIGBMTHZE N
RO, ZHEa L PGl EEITERBRERREICE D SRR KEEEZ BILD
(Mollenhaur 1985), SD 7 » ~Z#Efb=,3L kb (20 mg =2/VL I\/kg bw) % 98 HH&EH#& G L
e Z A WHROBHB LR 7 n— &, L b Y MIROEN, HBFEREDIKT, £ L TH
R KOV (F7213) BRI BRI GO bivlz, ZORMEMEY —F v Bl

WZZABIERR D B 7 9o 72 (Corrier 1985) (MAK23) 13,

2L MIIREEEES H 5 Z EAVR SN TE Y ko VL MRIE D 2 VIXmER = L R
Wi~ 0 ARFERICH IR G35 Z LI XV IRIRICNBRNE L 28, ZonEZTarTY
YHOLNET == MM roOEEICIVIfls s 2k 75>$E%§ZFLTU\Z>(Kas1rsky 1969, Mitala
1978) (NTP tr471) 17,

M= > Mzt b= 0 b (Hfb=osr b E LT 548 K0021.8 mekg bw,/ H) &M 14 H 7
ORA 21 HETRAKBE LIZEZA, BIAERODBREAEE L PZDHDOAEGFROKTRRD
Nice 270V MEBIZEV RHMRIC b BEA S SR L, REEKT, AEEREK T, & L Tk
FHIRAEEO LR B iz, B HAIEIIEIE S 72 ) > 72 (Domingo 1985) (NTP tr471,
CICAD) 17,19, Z O L 138720 | 4 SD 7 v Mot =v kb (K 100 mg/kg bw. 1
M,/ H, Ek 6 H~15 H) ZF =2—7 CTHlfilik n &5 L T REEE-CRAEMEITRD b i/
Mo Tz & OWENH 5 (Paternain 1988) (NTP tr471) 19, £/~ & _iﬁﬂﬁﬂ/\ﬂ/ L (81.7 mg
230 hkgbw, 1B/ B, 4R 8 H~12 H) Z#& 5 L THRILOMER L OB CHIZEILR
DRI T-E OWEN S 5 (Seidenberg 1986) (NTP tr471) 17,

7 v bEHEEa L b <iﬁ4t:/</v k& LT 13.3~589 mglkg bw,/ H) Z&TREHH DT
KT 2~3 » AT LA, BX O~ 2 &2H b= v ks (E{b=290 b & LT 43.4 mglkg
bw, H) T 13 lMEEE L% @ﬁ'ﬁﬁif FEROZMER L OFEME O B L7z (Anderson 1992,
1993) (CICAD) 19,

PERNZRREN U 7o~ o 2 &4 k=00 |k (200, 400, 800 mg/L) % & ek € 12 M E L.
%ﬂ%@%ﬁa}ﬁ’\éh (CHALBE O~ 7 A L RS H T2, EOFER, 400 mg/L 5 X 800 mg/L
D)L ML 5B L7 fE & QW LT MED B IRBO A BITAR T L, F2RIROAEFRII 2T &
/}ﬁfﬁi’dﬁ%?i)! W BTz, KER RO E RO T 800 mg/L X SBRECA U3, KR
OFFTE s O B 400 mg/L 35 X1V 800 mg/L (X< BRECTRIZ Sz, W EiAd o
B BOE TIX2E< BRETRD 5., 400 mg/L 5 X0 800 mg/L 1E < B ClIMEH TR T4
BIO—HBHY O TEABDE Lz, SOITBRICTEEORENBOLN, V—T 1 v
B OIER, M DS o, FEFRMREME, £ L CREEE S X OMEMRO R 7 o — 20381
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22 X7~ (Elbetieha 2004) (CICAD) 19,
fEEN T 5

CD1 ~ 7 A |ZHift= 3L (200 mol/kg bw, 11.8 mg =3V hMkgbw) % 3 [RIJEFENES- L7
LA, FETRER LORRERICEITED bz 7 (MAK23) 19,

71 BinEME (ZREME)
In vitro

FAIF 7 A TA100 Bz AW o= A A AGER T, BT S9 X v 7 ZADF T )b b3 i
=730 N BRI DL FFMED TR HAVTZ, 723 TA9S #hds JL U TA1535 Kk TITA B FED e
R SN2 h - 72 (NTP, 1998) 17,

KEEME = 31 NI 6 U YRR 1I5R 96 LR o 7o d3 . ik Ge a7 (R A8 4
(SCE)Z =+, Fofla/ MERoMEisiz b e b L S8, (MAK23) 13

t MARHESEIAE 2 V2328 Tk, 2L A A0 0d UV-C BRI K W B XL Z &7z DNA
BEEOEEIEFE, F5IC DNA OOy, EEWBRARE L (47— a COWRRIZITREL 5
Z2 72 7z) (Karwn 1997), £7220 A Ao, @B E(Xeroderma pigmentosum)
WD LHE T 4 v H—RID X R IETX I VAT RREBEEZME S XPA (Xeroderma
pigmentosum group A)DFEREILEZ 5 X Z 92 & B3#HE T % (Asmup 2000) (MAK23)
13)

KEENE = 0 MEIEZ < OWFLFEAIL T DNA 81025 S 2323, @2 L M LA
e (REFEFR DRSS LS Tl < 7@E D U R TRO bz 2 E A ST
Do ZOFRNFNT SV BRI b a L N F T RT U d—" o RPNRIET DS 46
B3k T8¢ X 0 EETH > 7-(Anard 1997, Boeck 1998) (MAK23) 19,

FLEGAG 2 I 2 R CTIEAREE =2 3L R OBRFEMERRBD biv, U 7 b A X — Il T
IR JOVIMETERDNE Uz, ~ U ARRMESFE I CIEs ABNHIEIS 7 ps3 DFBLSFED &
A, W EKFEAFE T Tlk DNA O—AKSUIECH 52372 DNA S N7 v 2 Y o 7 3 T 7208,
8-t NuXx-2-TAXL 7T ) AIMEDEERITEED S pinoTe, B b Y /SER (HIER
AR CIXZUH DOEIE DD LT3, ISR Y BRI (Jut it ds X O AR
ZARIE) OFFITRO ORI oTz, A7 A F TR DFER AT S ST
D, ANV SR AMOMERRA A (T X T A AN T A B 8, SR LS L
NOtSRBIZ B % AT T AIREMERZ A b T\ D, 7220 R3S DNA BEEZEET L Z &0,
WER KR EAAEAER U O FERE LR L DNAREZ 525 2 &b —o20nfett & Ebh
% (Report on Carcinogens 11th ,2004), % @i, IARC vol 86 (2006) ©1, MAK Value
Documentations vol. 23 (2005) 1|22 CCTEE L TREIN TV 5D,

2fli> = v MEEWIE R R 2 F 7 A (Salmonella typhimurium) .. X5 HE (Escherichia coll).
H2FEERE(Saccharomyces cerevisiae) |kt 3 DB RFIMEITIZ & A LRMETH Y | W EE (Bacillus
subtilis) CHGMERE DGO b Z T TH D, 2 fliz L b THMERIEAME—RE ST D
DIFAARIF 7 AE(S. typhimurium)TA100 £ (IF S9 X v 7 AFM|EHE) 2R 7=FITH |
TA98 #k$ £ TN TA1535 #E TIXfaE TH - 7-(NTP 1988) 17, HZEERE(S. cereviciae) T 2 fffi = /3
v MEBEINZ L HERFUENRD bz & OREDN 3 Wb 5 23(Fukunaga 1982, Singh 1983,

29



Kharab 1985), [l U Hi2FRERE TR 72 2 /5 K03 H 2 B HIIA I T H % (CICAD) 19,

In vivo
ONEEE
FEREN & A TR BRI CROANE < @ T OREHEIZHEV (CICAD) 19,
O R O ORI
05

AA A~ AL v b (b0 R ELTO0, 4.96, 9.92 19.8 mg/kg bw) O Hi[a[E

P R BRI 3% B ARAF 7R Yt R B O 36 2358 B 7z (Palit 1991) (CICAD) 19,
IEEN G-

KN DR — b3 SV M EREIENEE S LT & 2 A, B RERIRC AR, RRCE AL T
LTI E OWENH B (Farah 1983), = OB G872 400 mgk =31 b kg bw T &
[N & BRRDEEAIINZ & FIHEICHW T REN D TH D Z Lo Do
(EHEPEDZ LUW(MAK23) 13),

BALB/c v 7 A~D¥ifba vk (k=90 k& LTO,6.19, 12.4, 22.3 mg/kg bw) D HiA|
REENEE G2 L0 P 554 30 WEfE] AN IZ 22 Yettk R ML ER IS/ IMETE AL O3 N 2 785 72 (Suzuki 1993),
FM47/%TiM&ﬂAw%(O36mg@bm DIEENIEIC LD, 5% 2B L VN10 A

%A RE . BN, 3 KOV DNA R OBLAIEEF O L~ L) E5 L7 (Kasprzak 1994)
(CICAD)W%

UT UNLRAL T ANV N & 9 HIEITC 7 BIEREN S (R G- & 400 mg/kg bw) L,
9 HZIZAGEMIL O BENE LT ~To & Z A HIRIOEE S H PN T 5 @ fF 8RO MBI
bz v MEERETIE ER L Tne, ROBESHP I TIHEWEZB9D 727> 72 (Farah 1983).
TSy RT3 B AG T D AT DA & AR DOWE 5y H D B AR 2 Reil3K 11~13 A )
MBI EML, ZOWETHWZ 9 B & W 5 W REIa O Qe R R 2 3 21213587
TIERWEEZBND,

X BB
a9V h, EEI VL MR, 250 MEEOWAIC K DB AMEE R T — 2 1T L
IARC Monograph Vol.86 (2006) 61 ClIit# L T\ 5,
WNIEL #E
fiftlg 2 N s O AIE < FEZ X DM AT — % 23 K[E National Toxicology Program (NTP;
ﬂRAﬂ,w%ﬁwmfﬁ%émfmé(MRC%/737®1f%ﬁmLI%mm1vvz(6@
%A%W%5M@%OO31030m¢ﬁ®%%ﬂﬂwFt*ﬁ%%@ﬂ@%%WWMD1&16
pum; GSD, 2.-2.2 um) &K= 7 1YL 6 FEl, H, 5 B /O T 105 @B AL 5
L7z, ZORER, AR - AFAELE BITHREEL OEWVITRD SR 0 > 78, SFEERE TR
? 3.0 mg/m3FHHET 96 #6105 £ TR LV K<, METITER= L MEGHET 20
W25 10538 F THIZHMNNFRD Hiviz, OV AMERLRRERA AR 1T 3.0 mg/m3 B 5 REDOIET,
PR R MER R ER LA AR 1T 8.0 mg/m3 # G REDOMECTHIRIE LV b ABICELS BAEL TV, 2
il S S (77 ) —~B LS ERE ALY —~) MBS, MEELIC 3.0 mg/m3
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B HRECEWIRERERO -, i,/ [EXT7 T /—~ (i, 3.0 mg/m3) OIEF, il K
BX PNy ) —~< (fE, 3.0 mg/m3) OIFAER, BLUOINbEZEDOEREAERIL, NTP IZEBIT

HWMAEBROE A NI AN ay bha—)L L PVEBR T\, RBEERAICITRERFEMEN
H Y F ORI TR AT TN O BIERTE A FED 572 (NTP, 1998) 10,17,

Fischer344/N 7 v M & HWW =R Tk, Lilko% & [FAERICHERES 50 T Fv, 0, 0.3, 1.0, 3.0
mg/m3 OHilE =)L hEkF &2 Giem 7 vy LT 6 B, 0.5 B/ BOSMET 105 BRI A
IX<E LT, TOMR, FRELEEAEFHIIREE L EWVITEEO Do Ty, # U /R JE,
il ERARAE, IZEREMEIIZAE, VB ERHEIE O AR L OEEBE T2 TOfiiE =L ME

 BERECHEREILIZBEE CTh o 7o, Wil ERGBEIZAL O A RITHETITRIX BT, T 3.0
mg/m3 L < BAETH BN L, /R B A K OBRA I E R @k i3t o 1.0 mg/m3 BL
WO 3.0 mg/m3 X< BAECTENENAE ERENAFRD bz, F7olild, K58 NS 842
7’@'( ¥ 3.0 mg/m3 | BRETHEITHML T2, —7F5, HETIE 1.0 mg/m3 B LV 3.0 mg/m3

SBRHECINOIEBEORARNBEMLTEBY, NTP O AR B arybo—LL Uk
ﬂﬁi’(l/\f:o Fa B ATHED 1.0 mg/m3 X< TWRET 108, 3.0 mg/m3 X< FERET 1 ILEIZL
7o BE S 72 1 ZEMEAS A AR O 58 A SRITED 1.0 mg/m3 X < FERER L OWED 3.0 mg/m3 (£ <
BRECH LD LAEICEHLS. NTP EXA MU v av ba—A LU B 2Tz, ZOM,
EIESRIER, W R FE, MRS R R R A OSSR M I C A E < BEECA EISEM
L. BRI Sz, B @D /R kA3 L O E R o b A g4k c
mg/m3 X < BRETRHRAEL © A EITHI L7-(NTP, 1998) 1017,

e R DM ORREEE
AAE NG

Steinhoff and Mohr (1991)i%7 v & 2/ )L k=7 /LI =7 A — 27 1 LA E R/ (spinel)
ETIESBELIBREZMEL T D, AN AERMEHF AR T Co2t 0.66, Al* 0.7, Cr3+ 0.3,
02+ 3.66 DAL (FHEX) ZFFH. CaO, AI(OH)s, Cre0s % 1,250 C THEfE S CT& b (hif
D 80%A3<1.5um), SD 7 k (10 Hfn, MELES 50 PL) 12 10 mglkg DA E RV A 2 HH[E Z &

21818 (19 ENS 31 EIEIZ4EM I &2 1), 2FEMKENEA L, 1< EICLHKRE
B ;Uiﬁﬂ;ﬁfﬁm@j D BRI DTy, AV RVE < B RETHiIE, K8 3 00 BLH HETE 4 58
® (100 Pt 61 [T ; X]LBEE?( X 0PE), 1VEDHER L2 IEDMEC R FRZ 2 Alcarcinoma) &
7= (IARC, 2006) 01,

Farrell 5(1974)OMFHCIE, 7 v b (MEREILIZ 25 J8) (1289 0.5 mg D N-= ke Y V=T )L
TIVERE TR L, 0% 4 mg O30 b % 30 BREIAENES LizE 2 A, 50 L 2
VED T~ MMTHREAZS A D334 L T2 (ACGIH) 91,

HERE N $e -

Steinhoff & Mohr (1991)1Z SD 7 » k(10 ##H, HEHES 10P0) (a2 NL h =TI =0 A—
71 DAEFOVRR (ER(1)-2 &[F) 2 2 » A 18], 3 BIEFENE S L 7= (55, 600 mg/kg
bw), HIRFICEDL ETHE LT 2 A, AERAELGHT 2D T v MIEBEEE R S
7o GREGRERAE 1 DT, AIBE 1U0), ZedokfiREE 1 DLISHLARERIE 272D TV 5 (TARC, 2006) 611,

BN G-
Heath & Daniel (1962)1%7 ~ b (2-3 » A s, ) 10 PCIZ 28 mg D4 jE =N L MK % g sh
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WNHE U, BGREITRERREA M (51 7 —7), £ 4 IR (52 7 v—7)

L. 28y HETHIZ Ak, "3 AETICHE 1 BLOE 2 /v —7FTZRLH 6/10, 2/10
DTy B LN, AFELTET v MIOWTHHRZE Z A, 12 PU 4 PUIZ RN P IE 2 32
7= (IARC, 2006) 61,

TS

Steinhoff and Mohr (1991)i%, SD 7~ b (MEKEILIZ 1 #£ 20 IT) |2 2 mg/kg DLz /31 b
Z 5 MR K U TG, 5T 20 mgkg DHEHEG 21TV, 2 4% % CEE LT - &
Z A, 20 mglkg O[5 T 20 PEH 9 PEIZBRFMEREE % 788 72 (ACGHI, 2001),

B NHEA

Memoli 5(1986)IZ LALX, 2V hE4E (Vb= y v, TV TT U BT ATV,
VNnva=y NEEZEH) & SD 7 > kb (30-43 Hin, & 10-17 PT, #ff 8-15 VL) DO KRERFE ITH HIA
Z (E£1.6 mm, BS 4 mm O/hay R, H25 030K, ZAMERESERE L., 30 %
AFETBIELFT L 2 A, BRI LICRHBEOERAZRBDO T EHELTWD : a0 M 41% %5
TV NEEMIRBAEL(1/18), 33% 2L M EE T = v v — a0 MIRRES/26), 51% =
PV R &G TSR R AEB/32), (TARC, 2006) 91

F72 1520 lEo v (FE, YA, HEARE) KREREIRICEE 2L My LA® L WITeRE s
0 LK U Az DAL 6 £ THEE X ME AWt 21T 2 A, 290 NBHERET 2
VT, 7 v AFBAEREC 3 PCIZ B 5 0 B R 2358 8 B v7z & D15 (Schinz & Uehlinger, 1942)
R BHH, IARC U —% > 7 7 L—7 1% limited report & L Citik L TV % TARC, 2006) 91,

i A N 4 -

Heath (1954, 1956)I%7 v I~ (10 » H#n, HEHES 10 /D) 12 28 mg D)8 = /L M A A K
BRESFAAIPIC B G- L, #&5% 122 # £ TlorE@4/10)B L OGRS ToRE (1F
& A EDHERUTHNIE) DR E RO, BIBRE TIEeE =00 Mk (M, n=10) O
g (M, n=5) MEH D WNTZ 7 27 Uk (M, n=5) ZZiLE 4 28 mg AN EER S L |
Be b4 105 M E Tz a0 MESRE(8/10) TRIE (BRI NIE) O RARO T, Z OFRFihH
HWVNEH T AT R ERECIIAERRRITAE U722 - 72(TARC, 2006) 671,

Heath ©5(1971)3 XU Swanson & (1973)i%. 7~ b (7-9 #fin, M) 1 AN T H 5 %
N LB OBEREIZ X o CTA Ule “BEFE” R (R 7££0.1-1 pm) 28 mg #MiRAANEE LT,
ANTREICIIERAEBEBMEIE LTCa sV = a— ) 7T AEMEF SR TWS (an
VK 66.5%, 71 26.0%, EYTTL6.65%, v H L 1.12%), 3EDOFER (it 80IL) %
IToToRER G- 29 » AR £ TICEREAICRAIEOT A A2 MRS L7z (1181 H :3/16, 2 [F1H : 4/14,
31EH : 16/50), FEIIRGBUHNIE, MidiF & A EDBERHERECH - 72 (TARC, 2006) 611,

Gilman 5(1962)i%7 v FB LV~ 7 AL 250 b & DWW IEHHE 2730 S Z f NI HE]
Beh U, BERAPEEMEZRR 2L B R0 b a L hOFRENZ L FlevUREID LT
v MO NEBEEICRERNANEEZ RS Z L ERE LTS, Gilman 5(1962)13% D% OMFTClg
b= v b (RAEE) 12857 v h CTORBAEOR AR 50% Th o=l L, v v
A TIEELBD LN Do T2 & LTV AHACGIH) 91,

(2) & b~ (EFHEROHEH)
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7

v

aEEE
FLHCE L

I M OV e
FLHCE L

AR

PR A

a2 FOREERBEEIZ L mSN TS, 2290 FOIEL FEIC KV 7 UL X — PRl R E 2%
EHIEE TN, FRCEA Y N —o P I TEH SiEIcZ<RBOBND, CAEBHHRE
INTND, =T VBIEEEZ A L, =y 7 & ORZZERUNTHEN WV, T 7390 M XD
[EEEITETONEDE (SR L LaL MERE) THELL LD L EbnS TARCS6)
61

Ty FT A MIRLATONDEMN, Ny T T A NGHEZE T2 L MELE @%%#@mii
NTHY, ZOZ LRI hRoasL MED T LV — Ml 7 1§ 25 O FRA it % IR
W5, a2 hasOEZMEE, =y ZVICBRIZEEL T DB WLMEICHES < BO b D
(Enders %, 1988), 72 = 7 /ME ETIERWNEYZ 0 ABRITEIEL TS LI d 290 R
TEMFRD 51TV 5 (Geier 1988) (MAK23) 19,

Ny FT A RNTEHIC 1%DEN= SV 2T VZEMLUTHWD, Ny TFTARTT
LV —RF80 b2 BIEREIL 0.01~0.1% (b= v b)) s ST 5 (Rystedt
1979, Wahberg 1973) (MAK23) 19, L2 LEAE LA Z T BE O b RE I Tnd, BE

ICEERBD LT D 9 4 OFBE TIIELa v MKIEIRIC & - TRt E R 23 5] &
HoSh, ZOESOBEBIIREDa T 3 a 2B FAHD 0.001% (b= 30 ) THES
128 & #2 = &7z (Allenby 1989) (MAK10) 19,

Ak a0 MRS T D BEOFIGIL 567 A 1.1%5H 50T 1,141 AH 2.3%E DT — X 3k
% 3 (Nielsen 1992, Sch 2001), X W %54 %< LizHG 5% ~20% &AWL U TH D Z &3
A ENTV5(MAK23) 19),

TV EASDEAERP L TN ExEER. @REmMNIRA. € L THR L THWI &
MEZERE#R R v NV —27 AIVDRK)DAT - 1= 2R FERI 53 F7 A N TH L7z, 2390 MEE
IR I A S, RS m ABIC L DB ASI SR LTS Lo TIRASCEBRIEERICS
WA, ZHIEBZELLEBA L MO L MZHIEKBE LTS 72D & b5 (Geier 1988,
Guo 1999). fth DO RAE CIIBEE A< O RE T3 - I T T35k X O B Oies (B7 v 2)
THWa ) N EEZBIEE TG E 525, E24 4T E L N LS CO KRR
(airborne contact dermatitis)f33 2 Fl#H 5 X1 T2 (Dooms 1986) (MAK23) 13),

458 NIZ&JEa )V bT 4 A7 %, 492 NIZ 1%k 2 Sv b (TR Y A 2 HnTox
v FTARNELTHTmE A, Bk L REET 23 4 (4.6%) DBBMERIGERL, £DH5H 10
BIIRRIE = > F VB USEZ R LT, 2D 234D 9 H 19 48 Ea IV b T 4 AT 5
FEPEROG 2338 537~ (de Fine Olivarius 1992) (MAK10) 18,

IV EBIO=w NV EHW Ny F T A RT, 1,310 A 76 4 (5.8%) (ZAZ X ESHFR
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B BT, 1,310 AH 50 44 (3.8%) 23 231 MIXF L CT LVX —)is % 7~ L7z (van Joost 1982,
Marcussen 1963), /3L b7 LLFX — = v 7 LROMOBE, K7 0 AMIEELTZBEICE
<FRROBAL, 4,140 NDOBEZXIGIC Lo KRE e ak— MEAE I L= 0 b ~DE/EFERN
7.1% CTd - 7=(Schnuch 1993), 12,026 4 % %4 L7 fthod> = 78— MRA Tl =20 b~
JBAERIT 4.7% TdH - 7= (Enders 1988) (MAK10) 19,

223 NDF—A %G LT= Xy FT A2 N T 1%EIL 7L Mkt L 224 (9.9%) 12, FHE
79 4 16 44 (20.3%) (ZHEARPERZ 2 A U7 2 & 3 & T B (Kiece-Swierczynska 2000,
2002) (CICAD) 19,

IV T L AF—BEICKEE 2V MR EHERRA L COTFRENE Lot 2 &
N, AL MZEDT LA —IST a0 MEIZE D o Tida EigdE a0 SRS
E2b0THDZ EPRE STV D Nielsen 2000) (CICAD) 19,

Jé AR AEME

B S TR R R R & [RERIC 2L R ~ORIEFHIEZETH 508, < D=L M
/N%Tﬁiéfb'tf/kw~VVfHﬁbh L BELFBEL T TR a L MR ED

DiEe72 ) 290 BRIF~DOIEBETHAEL D & OFEHN B 5 (TARCS6) 611,

BT AT v I —A RS CEI < 1,500 AOFEE O S H 9 AITh BAER RO i,
1 IS ER L O—HBEFEV) O T 28122 L7z (Coates 1973), T 4L & ¥ LIFTIZ =231 | Rl
T THE< 120 L OFBED 5 b T4 NMEIEREZF 272 L OWMENRH D (Key 1961), LavL
Z D% OB T T2 (MAK23) 19,

BB EERERE O 2 L NEBHINS 0 | 1< BE IR MK T LRI SHER 2 825
ZTeH, PRPB LM 2L MNEEE L OMBITERD bR d oz, 1944 DX A T T NifE
TATOWCHIREAEZIT o 72 & 2 A, xHREE (RIREIX< #E 102 4B K OIRECEE 59 4) |
XL, FREESED 92 AIZENIMTEROK TR L FEVI OIKR FR5E® b, F7- sk
REIOKOFRAER S @RI B CRBEICBIE Lz, BIGRET 0TI #FEITIEEL

B REEII B, SREIICBETENLEN0.4,1.6,10.2 g =130 Fm3 TH - 7-(Nemery 1992)
(MAK23) 19,

b S b7 ey VOB AT B L VIEES N BE IO ERIELZ ER TN
e KT 5 (Shirakawa 1989) (CICAD) 19, FEV1 LUV T & M « JRAF =0 R
FEBIOZER a0 kL OBOSERATHR O TN D, 290 ME TS )< 122

DIFEE 2551 13 4E[ (1988~2001 4F) D7 4 v —7T v I %#{7 727, FEV1 L~L
TEEERICHE DT DL EDRBEINTEPRELOHBERRBO N T Tho T2
(Verougstraete 2004) (CICAD) 19,

a0 hEB I ONa UL MED, B Sa0RE T - T THB L0 A 7E Y RFE T T
B < FBHEOXEIEIEER 2777 Z ERHEINTWD, 290 MEAYIDNKGEIZEENE 2 A
THZELERTROEERREHIT —ARZT A NOHEIN TV D, Eb=a v b &2 W
%%ﬁ%ﬁmi\ A4 L3 B < 7BE D 5 b0 bivd 12 NDGEE RS EIERS %R

. RERFCTOMEETIE 105~1%E (k=L ) Thovz, ZhiE 0.007~0.893 mg/m3
DLV TIFEEITENL EDOIELE L OFL#HH & 5(CICAD) 19, /3L hA~DENT A MK
JEPEE 1L 8 NIZIRD B, D HH D 6 ARz s —HAS HAERE AW ET L
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— W ET A NRASDIZEIE L, 2390 MEEERR IgE 3 X OV [gA 23 S 7-(CICAD) 19, Zd
6 NiIhilg=> 7 VOKRNT A M THEERISER L, = v 7 /L —HAS (23T 5505 IgE 23k
i & 7172 (Shirakawa 1988) (CICAD, MAK23) 13). 19),
a0 MERTECE < 82 4 DI B X G Wi 417\, B LOURF =L Mg
B ARMEREL DA S, BRI, WiRE, SRS, £ L CHEE O MG HEERERIC OV THRA
2o MBOIBEZITEBE NV R, a0 M, a0 M EMICIEKBELTEBY , ER P
I 0.125 mg/m3 (0.001~7.7 mg/m3 L >Y) Thotz, TOFE, ML ORP =0
Mar“ IR I L MEE L ABEICHBI L TV D 2 & MR EERS X OIS 2 3F 2 5 BEIT
CEHTARICHEMLTVWS Z & EHICBOME e EOREREORELIXBHTHR
a:%w:kﬁwww%k@ot@wammlwnﬂchmum

T REE BEME (B - AR, BEREE. BRAMEIEERL)
L INESE

B TAT U=, RERWDEA L N = o FGETHT 2 MBI TV D 27 4 D55
BEDS B, 241 XBEORFE 2B, ZiUuIE Ay M — A NMeEBBIICEE LY 5 2
52 L ERLIERIOBETHD, ZD%, 1952 42 Millar HITKE DT A > b —s3o il
ETHENG 3 BlOCAMBHEZRD, a NV IRFRKNTH D Z & EZRE L7 (Jobs 1940)
(ACGIH) 91,

BT AT v I—N A R - 8 T35 T < 1,600 ADEE D 5 6, 12 44 I8 TE - E
ﬁub%%mbtgm%®9%9%i%Lu\3%iﬁf_%$bfwto$ﬂi< R
12.6 /. (1 % H~284F) Th o7, #IHPEIR E L CHzbEmis L ONEE % 0 B8N 28582 LT,
1240955 8K/IFFET L, ZD 9L 4 X0 DAFTMLRRAG I IHMEIL 2 £ 5 BER o I E MRE 2

R BTz, MfRPIIT D EO a0 RGeS T AT = RBREE NI, BREET
230 MEEEIX 0.1 mg/m3 % 2 TV /= (Coates 1971) (ACGIH) 91,

BT AT T = FHHEICHEET 5 22 4O EE IOV T 21T > 7, EFFEECES)
ciuﬁ(bmﬁﬂﬁkoto%Xﬁ@’ FEIERO BT, ERE bR R E R ITRR O 7
Mo TeDs, BHER U ARSI IR REIE S 2 5 S Z LT\ 2 &R B 2 bz, WS
@§ﬁ¢nﬂwb%§ixnngnhwbmsu&%ﬁvV»Ok;0>mm@&/7XT/
/m3 (10 %> 7)) Tdh - 7= (Lichtenstein 1975) (ACGIH) 91,

1979 FE~1983 TN T, AT = —TFT DR AL M — A F TIHITEB O TR X 7 i &N T
biviz, 2790 MIKBREITMEICL > THRRVIZEAEN 0.1 mg 29V Mm3 LV K
MoTeDs, JEME, BIE, WHEICERET 20 @E IR bIX<BE LIV Eo 1o, BEREFE LT
WCEERIT 5 - (DXL BIEE 0.06 mg 22730 Mm3 O 55 #E (2 BHZEME D HZEMERNRD STz
(Alexandersson, 1979-1), (2) F#IE< FEIEFE 0.06 mg =73V b m3 O F7 B E 1L fgE 0%
FUgZFR 272, RPBIOMmF a2 v MEEE 29L O BIREICIEOMB 278D 72
(Alexandersson, 1979-2), (3) = 3L NI # (0.06 mg =/3L Mm3) Z[EGEL TH, 41 F‘ﬁ
JitikBE DG A e L 7= (Alexandersson, 1979-3) . (4) {EXAFHNIC#ED 5 97 (230 ME
< BEIRE 0.06 mg = /3L Mm3) ([ZLEMORENGRO LI, FEIE< 8 LXK EEZ 2
S, FO%OPFHE TLAMMITENGEIN D & OEREEILEED b7 < 72 - 7= (Alexandersson,
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1980&1983) (ACGIH) 411,

TR M= NRUEICEF LR B Z RO T2 83 2 4 O MR v MR A xR
&R LT, R O =30 MBS 0.0052 pglg THo DIk L, 24 D055 o=
U REEIZ0.14 BL V1.0l puglg THY 27~194 fF@mBETH -T2, kb 2 7IL MREDEWES
NIIHERR U v )EiTH Y . %FHEE 0.002 ng/g (IZxF L 3.28 nglg (1,640 %) T&H -7~ (Hillerdal
1983) (ACGIH) 91,

KEDE AL b —3q NS T CEI< 41 4 OF B IR IAEE (41 4 34 4) . X%
BR (A1 4 13 4), IHSRERT (41 4% 28 4) 2D 7T, il X BRI BE N80 b=
B ORI A b — " FMEETH T 10 L EEN TV, 2D HD 241220 C
iR EAT 72 & 2 A, FHIIRIEREIE RS X O L 2R, AT =T DAL R D
— 3 MLETIHICBIT A1E< 8T —# (Alexandersson, 1979-1)72 6, F#H HlXZE& a0 b
BEE% 0.06 mg 2/3L hm3 & LTV 5 (Fischbein 1992) (ACGIH) 911,

AL M= NRUETE TV T 42 4 O5BE IOV TR ZITo 72, 2O THIT
1982 FEIZPAS S 7= 28, FHAIL 1983 4E00 D 1985 4R I2 T TIThiviz, 4 412k L Tl %
{ToTcb 2 A, Efﬁiﬂ@rﬁ'ﬁ’fﬂ%ﬂm%% WO, FTomBREDH T AT U —A RBBRHEE T,
16 4\ ZJifi X Bt 0 Bowh 16 L OIS RE L & 2 580 1= BRI = 70 7 U 73 Thn TR,
B UAEDOZELR T 230 MEEIL 0.14~0.16 mg =2/3L Mm3 THh-o7- (OSHA 12X HHEN
1981 AT 4L, 0.05 mg =/ hm3 & L CWDMNESE DIXMEHEMEICERM 2> T\ b)
(Auchincloss 1992) (ACGIH) -1,

XK= (T T H—AMT) OXFA T NHEIEE IR ELT 5 HloWbhbd D Ta
Mifil BDHESNTND, 770X —RZBTFDHXATEY NMFEBIXFEEEXTHY, ¥4 TE
v N &= T0 2% < OJEEIN ENEN O TIFITAAE (10~100 JE&) 5, KIEENZnEho
TFEEM 2 FVMEE L QWD 1O EEBRBIIZN TN R E S B2 b, X4 7 2 NI &R
g DX ATy R—a29L MIFEEEN G Y | ZOMEBREIIM L b CED LA TE
Rk 7T 5, 2790 MEL BIXEEMEET 5 20X A 7EY K—a,90 MfFiliEE Sk &5 2
SND, BLADIH 4 ZIZHOWTHIEREZS COREMRAEZIT-o7T-& 2 A, ki Coates (19715
DA NI—3 A ML BHIOWRE & KENIT—E L7=(Demedts 1984), Z DHA I Z
Lahaye 519843 & HIZIBIMERE M X T2, XA T Rk 1% =231 b CRED 7= Z OWFEE
ARIL 1970 FEDAEDNIRO T, 1T A EDGERFHERMTh Ty, EXHl CA%
fRMTT 5L a L b, 8k (EBEO 7 L—2lkEBEZHbND), DPEOVY 2 IERERSE,
ZLTCHATEY FADRRBD O, RFHEREZITS 221280, B CAREIX 0.1 mg/m3 &
720, )L MEETRBEL T 45 ug 2730 Fmd Th o7z, Lahaye Hidt A2 b A— 3o
MEBIZa 2L OBBIIVARTHD , B AL M — 31 MEBTIERL TaoUr Mifigk) &
LTW5 (ACGIH) 91,

74Ty ROa v bk O GE T35 O < 578 100 BB MR SRR R
BARAENRELTWAZ EEH/E L, 2030 T T 240,000 + o OESIA (0.5%D
a9V NEEH) DBEE 1,000~1,200 RO N L NEFEA L, 230~240 A DIFEIE H MEN
TW5, RTHOFEEEIL, 1966 FOEER ) b X 3B 2 7F 2. 2 S 8#F DMEFEHT212 1~2
A2 Z LIRS TW e, ZOTAT > WLz L Mgk, 2790 MNERER, . &2
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Thbd, T390 MEERRIRFIZH AT 208 U AR 8~19 mg/m3 TH Y, ZOHIZiX 0.5~1.0%
OKREMEZ SV MR EEND, Roto 1T E 27872 21 AD 2L ML B ##E R L0, HmE
ZHLTWRNT F NI L2 55 NOTBE 2R e Licr—Aa Ly bu— b7 -
TWD, ZOREFE. RHRBHC L Ca L MES BEREOHEXTY 2713 4.1 Thote, Zedsa

MEL BEOEMNT _BILHEHICHIE BES N TN, FiiE= 0 k(0.1 mg/m3 L) 12iF
B U9 O ERE Y A7 13K 5 MLz LR LD, E5ICRoto lZa v bd Db
WITHISAE A =7 1 Y L MEMERE RO B 2 5 X 2T OGRS B BTl A
EAToT, TOREFR., 0.1 mg 20 Mm3 L N2l SL hEATT 17 Y /UZ 6~8 F1E <
SN THEBERE R EGI SR T AN L2 o722 LD | BUEEDIAM B PSS 3
KA G| & ZFHERIIFE LW EBRE LT 5 (Roto 1980) (ACGIH) 971,

Nemery [T —(2HD XA 7 E RE LG ZRZIC, 194 A\OXATE KB LB X
W10 ND XA T RHFBEEEFT@E & 59 AD X A 7 R THNOIEEFT < s
CRERRE) 12D\ T, 279 MEK R & MR ~ DR BICE L Tl & 21T > 72, A4 T E
RIFEE T~D a0 MES BT, 2790 M &SRB D RAT KT 2L ML AT
5, ZBRHEOY T MT L BB ENTNF T AT R EERT, b icho4 R
ZRDIz, RE B 2 L NBEZFRIZEZ A, R a0 MR EZERP a 00 MR
(CHEBAZRE . F7o 3 B0 BREICHFIN : 2 Fr—LL~UL CEEJIRE 0.0004
+0.0006 mg/m3), KL~ CEHEE 0.0053+0.0032 mg/m3), BLOE L-~L (CEHRE
0.0151£0.0117 mg/m3), @& LT TV N —7 TIIMRIEIR 2 5F 2 D BB ZVMEBIZH Y |
FIRCE, MEICRIEZE U, MEED HEEDPHEILS o7, B & OIEIR Z 773 558
FRIFRIELSBL LT NN —TTHRB I L —T 1T HARTER LT, AEZEP<0.05)1373
D BRI, MiERRITES I E B (FVC), — R &EFEV), H&KXPHEFER &EMMEF), %)
MR K E(PEFR) CREM L, (4L s & LUV BE CIHE L~ < BRER J O IRRE & bl L
THEIE T LT, 1IE BRI TOEWITEN S T228, KO TR BME L 0 LR & 58
SERZDZENHONE oot RBERLUEL BRETOMBEREOK FIIRO Lot
BUEEEICBE L TIIRTOMTRE TH > 7o, BLEORR) BIRIT < BREO T TIRE %
NOAEC (0.0053 mg/m3) & L CIE L 72=(Nemery 1992) (CICAD) 19,

UMD 20 FEEE (2L MR U a0 MRE S LT 0.06 mg/m3) (ITHEEEEIT <
# L 7o e B | R RER E 3380 b, MR TF e L VREOFER EHRRD b
2o B RY I3 —RFa=2 LoUUZZ RIS L7 by o 7z (Prescott 1992), ZUZkt L. &
fb=z v b, a0 ME BXOEE 2L MOE ELEZHBE CldmEthFeso o b
OEEBIROOLNT, MEF RV I—RFo=V LXARHFREIE N LIZEOHRERH D
(Swennen 1993) (CICAD) 19,

& O R O ORI
% 1 FE L

1965 4EICF 2Ny 7 TRA LT OAEIL E— /WZRE M = 2L EBERTH 5, Rkl
IR ESNTZ 48 NDBHFED H B 20 ADSIET THET L7203, S O RS C O FREHE Y 1 X O
N X OV ORI E B2 ERE T TWD Z BRI NT-, BEEENRFRIL 7 7 ROE—
VENR D REIZERATE Z LA LTz, ZORRITE— L OiaE BRD S 5 7Okl =2
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NV REMZD LT TW e, FEED, L LN OEZRENKEL L OSLEF—0b
W SN TOD, DIERIEICE T 5 2790 ROFEENL L < v Ty, B — /Lo EIHE
AR DAEZ 5| E 8 23RBS H 0 | Bilg = L ESEIRHCENICER SN D Z &I kY

E— LA REICHRT NOREREEZELIEMLI T E Lv7e ) (Bonenfant 1967)
(ACGIH) »1,

1960 FRFTELLHARIC/T T, KE, B FH, G —a v O — LR, JdOREA L
L CE—UICHEE = SV M2 RINL CTHRGE LT, 20— L&k KREIZERATEVHEE 03O AE T
CL7fnEsd s S Tung, Zo5se, 2,90 MEL E&ED 0.04~0.14 mg/kg bw,/ A (8~30
NAURN/R 5 4.4~165 U RV R) TEERBEWTEGGIETITH OO\ LEZ BN D,
SO LTZ VB H D 18% N AL TH Y . 40~50%HMF B NS S NVEAED 9 BITDHIE THL
Lz, a7V R ER I LIEZDDEDZHERFLEZ bR bDE LT, KEIZE—/L %
I T2 DICH R ITBEOVIRNEBEER -S> T2 &, $2T7 0 a— L HEODE~DREETH
Do BEmMTER SND 20 FRGIE R ZDHIE & 7L 3 — /WS KD DERIIAUE, 2
R COELZERE LD D2 BRTITEL L TS, S LR IITEEL S XEZLTEBY,
JFAfg DR 7 B — 3 ZARMIEH E U AV E U KO MiE PEEREEOMES A LT
(Alexander 1972) (CICAD) 19,

290 MEAEER D & D VITIER NERT 5 Z L1 & 0 B L OUmEREE A 5oy AN IS ML
v, RIMEREZIEZ B &L 29, 290 ME BEHBE ITRMEREZIENED DD Z LTk
OMHREN D S T2, BHFEREEMEICZ LWL O TH -7, Stokinger and Wagner (% 20 mg/kg
bw O LI L hERICERO#KEGT D2 LIC XV RNEKESELZ ISR T 2 L 2HE L T»
%o B FORMERIEZIEIZRD 755D 1 DETHELD, ZOL~VEBZDHRKEDIEL BN
IRV FEERETCRT B AR MEREE ZE 134 U2 & & 2 515 (Stokinger 1958) (ACGIH) 91,
6 NDOIEFRZ 7 4 7B (20~47 %) (ZHifb= 30 b (150 mg/ H) % 22 H R OHEEL
L7z & ZARMERMEZIED A Ules ARMEREIIWIIME LV 50~119 Fim <. ZAUIERG-ATOMEIC
AT 16~20%DHINTH 72, ~E 7 1 B A S FEERNI T 6~11% LA L7 (Davis 1958)
(CICAD) 19,

7 ARGH - FEAETENE
bt MIBUT AR X ONEEEEITEED b2 & OREDH 5 (Smith 1981), F 7= HE
RriChr Al & U CHafb S0 R 2RI U 7o 2otk & PE £ 3V 787 AR RIC BRIR 7 72 221338 0
BN o Tz LA STV 5 (Raybin 1961) (NTPtr471) 17,

B EAnErE
AL bORAB L ORI EICE D e FOBREEICET 2 @G BN L Rlich Ty
% (CICAD) 19,
Oesch 5199913 & M 2 /b M & 2 P EREFHEZI|E L T2, @B REHT (5
BEREEH 2L MREE>4 g/m3) T < 57#& 78 AD 5 H 11 AD Y L ERE HW TR 21T -
7L 25, DNA — AU O¥ENE LU DNA BbrEEOEERBD PBlZE Iz, — T
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de Boeck 5(2000)1% =V M TBHE (24 A ;215 g=2/VL b glRhrLrF=r) B
FOMHEAEH CAIEL B Ea (29 X ;199g 20V R gRP 7 L7 F =) OU L RERT
I IMETEZ AL DO, DNA G, DNA B biIEF TG0 b o o EE LT b, Zedsxiif
EFORP L MREIX 1.7 g 2NV g R 7 L7 F=2Tho72 (MAK Value
Documentations, 2005) 13),

AR, sab =ik BROBASOWEZS BRECTZ 26 NOBYEFBEIZ, Milikk
Yo IR T o ZEDEEI (riTic X 5) 23588 B (Gennart 1993) (CICAD) 19,
IV h, I RI UL BROSR~OFEEIXS ENAE LT 78 NOTBFE D B 157 BAZIMmER T
DNA — AU OFFEN MR S lc, X< BEREIX =V b (ZEKPIREHPA, 0~10 pg/m3) |
BRI UL (ERPRERPE, 0.05~138 pg/ms), LT (ZERTIREHPE, 0~125 pg/ms)
ThV, 22 NOIFXL BXIBE L OFERTH D, /8T 2V o 7RSI ORES., DNA
iU & =91 R (P<0.001; r=0.401)F LU R 2 7 4(P<0.001; r=0.37DFICA Z A FHBIR
DO, & OFBNIEIR®D b7 ho 72 (Hengstler 2003) (CICAD) 19,

X A
L INESE

Wegner ©(1986)I1X KA Y D IR T —|Zd HBBHEMITICE VT2, VL MEEMIZIEES N
TUW5 40 NDIBFE % %1412 1983-1984 EIZT 4 —/V KRR T ¢ BT o7, SEHEENT 42.7
+9.3 i, /UL MIIEL BEINTZHRTEHHIIL 11.3£8.04 FETh o 7o, 1EEBREELKFDaN
Jb NIRRT 313.61451.4 g/m3 Th o 7o, KGI7#E O MmERE, MtERET 2 M Lo X
MEEBRND DAY ) —=2 7 Tlida b MIFFRIRBIEITRD b gnote, 22 T Oe
BRESRIT T 72 < L b asVL M 10 L RIF<ES N7 8#& T, SEL L 70 ADH 6 67 A
DIERZ T, TS A THE L5573 O TR OFEENT 63.6210.03 % TH Y . 2RO T
(65.710.23 1%) X W TE -7z, 1981 4ED KA V@ FNE TOIIEHR(23%) & kT 5
& RBREM DD AT K DIETHIT 43.3% (29/67) L BHEITE < VKRB 19.4% (13/67) (H
HIBEE 92.3% (12/13)) . B3 AD 9.0% (6/67) (5 HIELESE 83.3% (5/6)) | oD FEMEREEE A% 14.9%
(10/67) Td o7z, 7272 L Z OFREILFNFECIBE SN TE LTV AT T ADET TH 572D
RT A BT HHERICRITTEY, Fo=y VORI B FA~OWMEDOILE (B
IR TOIEL ) ML TR E BT T2 afHeME 2 BRIk T & 720y, (MAK Value Documentations,
2005) 13)

Hogstedt HIZA Y = —F 1l D 3 » FTOMEAE TH TH < 57#FD 55, 1940-1982 47
O L b 1 FEMBESSR CAIIESESNT 3,163 4D BMEFEEZ R E L,
1951-1982 DB E 21T o TR AWM L T\ D, ZORFETILESEL 4 >Oh 7Y
—ITT TS (I aIRZER T a0 MRED) GBS &I EICR 2 25 A2 (<2 pug/m?) |
HEE S SRR BICHRN LD AL, EERITBEG S LR > Ty (1-5 pg/ms) . BEG Y
DRLEZ1T > T D (10-30 pg/m3) | B GEM ORIE 21T O BRICTH RO 2390 M<K ES
LT 5 (60-11,000 ug/ms), 2IBXHRFEEILY v T AT o H—34 RO L 9 7e, A4
B SN D ZFEOMPEIC HIE BES N TV o, ZORER, A ORIZ 80 sl T T 292
AL L7ZAY (SMR, 0.96, 95% CI, 0.85-1.07), 73 ADSEKRBAATHY (SMR, 1.05; 95%
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CI, 0.82-1.32), £® 5 H 17 NIl AZ iR 7 (SMR, 1.34; 95% CI, 0.77-2.13),, (X< FEREE
DEEE L AROEE T L7228 SMR IZRBECTH - 72, — 5, BEMIR (IENE < @S OrER)
B L TIRIELS #EZ 204ELL B & Lz 7 as— b TL @< JEM 10 UL BB L OIENEL &
225 20 LA Bk U 72 BE TS IS X 2 A B 2B E T 2358 8 H a7 (7441, SMR, 2.78; 95% CI,
1.11-5.72), S HICZ D2k — b TIIMHFRHEEIC £ DTN 4 BB S iz (Z 0T RE T
D 1A%IZAE L, 2EE 0.2% AL E@mWEETH L L EFH HLITF XL TND), 1970 F1X
DD VIATONTZHETIE, AV = —TF OB AESRETEHE & —HKOAY =—F » ANBk
DOBRFEEEEETI R o T2 2 EAVRENTWD, [TIARC T—F 27 7 —71%, Wi AL
BB D 72N & MDOFDAWEIL BOFER 2N & BT A7 LX< BHREIZED
FHBAN 72N 2 & & 4RfiE L5 ] (TARC, 2006) 611

Lasfargues 5137 7 v AOBHEE&EE T T MBI 5 ak— MIEEIT-> T\ 5, R
Wi &b VAFEZ R L7z B P57 709 A& XHRIT 1956 5 1989 4% TIBMRZ1T o172,
1983 4| :Mfﬁéﬂf:% CAfraryr MREBIOHEEORT 230 MREENS 4 SOE< #&
BEICHHE LT TR (BEASH CAICEBEZEBS LTV KIE<SERE B TA
H= L }‘Y}EE, <10 ug/mi’k PRI =0 M REE 0.01-0.02 pmol/L) . FHREEEIE < TR (B L AT
3L N 1540 pg/m3, R =L MEEE 0.01-0.10 pmol/L) . @i EEIX < & (RH )
3L MR > 50 pg/ms, SR =30 REEE, 0.02-0.28 umol/L) , %f 53 709 A+ 634 A(89.4%)
WEGFLTEY, £0 955 295 ABHRRER T £ CREA SN T\, FEQ@%IE@%%%@%@
81%, E/2ILE LIEAD 69%ITH -T2, T DRER, éﬁm&ﬁt% ETPHIME S IFIE L TR

(75 NFETC ; SMR, 1.055 95% CI, 0.82-1.31), i3 Az L BAE I %l MFBDH B (10 A
L ; SMR, 2.13; 95% CI, 1.02-3.93) . Z D& imo%r“ < BEILTENN T2 5B TR D &
BOOLNDZ L EHE LTS (6 AL ; SMR, 5.03; 95% CI, 1.85-10.95) . (IARC, 2006) 61

Z @ Lasfargues 5D LR — MIFEWT, 77 ADOMBEAASRNE T2 RIZa 0 hB X

O T AT v H—3 A RORZEIEL B &N AFER L ORI 2 7D KI5 1 R 7

DOFERPHE Sz (Moulin &, 1998 4F), Zid kiE Lasfargues (1994 )O3R 77
&2 ETe 10 » O T35 5 7,459 NoJr@ (BM: 5,777 N, ik 1,682 N) Zxtg L Liz=
BR—=FTHY, TNETNDOTIENR SRS (1945~1965 4F) 725 1991412 /] 31 H &

THEEIT> TV D, BAREMEIT Lasfargues H(1994 FF)D%I%R 77 > hCT14E, fhd 9 T
LT3 HTHY, ST FBHFHAIL 1968 4E00 5 1991 4F & TIT o7, SE1C L7- 684 ADIEX
IFFETCRWE (633 N) BLOILT (29 N) THEGE L=, 22 AB.2%IZ W TIEARHTH
STce 77U ARTORTRE T 5 & FERZFE LRWHa 0 SMR 13 0.93 (684 A ;95%
CI, 0.87-1.01) TH» V., Mlind Al X DT TiE SMR 1.30 (63 A ; 95% CI, 1.00-1.66) & HiiL
TWe, [aAR—MFr—R2ar ba—ARIC LDV ITE A EEBII R RDTEAH LEZ LN
DM, BERAE AT 2 & T SMR 23/ NGl ST < AlREMEAE TARC T —F > 7 7 L—

IR LT 5], (TARC, 2006) 6-1

Moulin 5(1998)D @k — hN—A 2> b —/URFZEClE, 61 Bl —2 (i ASETH)
BELR180 A=y ba—nazxtH b LTWD, ak— bENENS 1 5 —AHT=0 3Hlo=a
Fa— a2 U7z QB ICESE  A— AR L HIZEM 3 » AZFBLTEH Y 7
DEDRFRTEFL TV B> TS, OFRICETHY HAERRE6 s HTHD, 77—

40



2R LR o=V OBBICBITSIES BTV a T2/ AR—Vry—< b v 7 22 HNT
137 (320 DFEEME & 0-9 DYFEEMRIIBEA 2T 25T, F<HEIL Q= v bhex s
AT =, RORIKHE T (BEEARIESEIRFEE)) . @ a v s &l & o R
T (hoRIERECTELAIWE), L LTHELE, a2V REX VT AT U I1—34 RO[H
HHE< BT, MBEREOEEOHM Ca— MELERKBER 270, E=2 T @\EShk
FGEIE, 3 X OMEE REIE < Ba LI Lo, BREIE< BIZIEMER 27 F 72138 E - N E
Za7 (M x kM x HE) L LCELE, BREIZKEAaTIXa 90 h~0E< BT
R L7t SHRRBEIC 1T 21X < B O GAEIZEI LTe, & U A7 ICkT HI1IE< A=
TR — AN T 5 10 ERTE TOBRICHE S, BEEEE CEEEL, DA - Tuve,
BEDLE > TWD) ([ZBT A IERIZFEESCHIED 2 WITHBREARNA V7 Ea— L THR, T
R TR 2 BB O 4 #E(ever versus never)|Z K 0 43T 7= (BREEEIEIZ R4 A IH R IT 20
B D 80%ICMATET), YaTmI AR—Try—~ ) v 7 RZHFETFT LN TODRENBAWE
RIS IR L~ LU /e EORERF ORI~ VT VAT 4 v 7 BT VEFIHL
T L7z TORR., a XV BIOZ VT AT 1 — 4 REIES BIEEE DA v XL
IESEL-UL 29 & LUL 0-1 25t LT 1.93 (95% CI, 1.03-3.62) Th > 70, T DA v X
< BAKGEHIE R LOFEMEREE M L7223, X< BE LV EITHE-MERERE TIXIE-
XD LD oTn, BEEERATO 2 SV N —Z T RAT U= RIZLFETIZY 27 B30 L
(A Xtk 1.69 ; 95% CI, 0.88-3.27) . M- MME AL & CTHEIC B L72(p=0.03), —J7kE
FEHROANN N —=Z T AT H— A RIEBEOA v K< (F v Xk 1.26 ; 95% CI,
0.66-2.40), RFEIZ<KFETHAEARITE OGN -T2, BEFS L ITAEEMED H D3R AWE
SO BEMELTEPERITED L o le, WHEIZ L 58 (KD 80%IZHEEEH V)
EMIET D & A4y AT 2.29 (95% CI, 1.08-4.88) (Z#f LT 2.6 (95% CI, 1.16-5.82) & #+
H 172, (IARC, 2006) 91

Wild 5(2000)i% Eifo> Moulin 5(1998)D 2tk — hDOHF Tl b KEWT T > F RGBT, Ak
DYaT I AR—=T v —~ bV v 7 ZAHOTEYFEMZRBBEREZER L, 1968 £ 5
1992 “EF TIBHAER 21T - 72, #5 2,860 AD 9 BIERZHE LaWEEs (RIS T
V) @ SMR i 1.02 (399 A ;95% CI, 0.92-1.13) TH v | i Al L BT BTN L 7= (46
A ; SMR, 1.70, 95% CI, 1.24-2.26), |X<&@EHME=2 THEIESESH CAIIT<ES NG ED
SMR 1% L5 L (26 A ; SMR, 2.02, 95% CI, 1.32-2.96) . BERSRTOE ARG BLE CE < 978
FOMMRAETITE SITEWVEZ R L (9 A ; SMR, 2.42, 95% CI, 1.10-4.59), —J5. Hefkitk
D77 MBI DHiINASLILSMR 1.28 (5 A ; 95% CI, 0.41-2.98) T - 7=, FBUER L OMh
DR AE 2 MR LT= R T Y U ElFET L Clid, BERERTO 2 SV B X ONWY v T 2T 7
— A FIELS B X DN AV A2 HE BTG U C ER3 2 2 & 2784 (10 47T 1.43),
L LBERER DIE < B TIE EH R Sz (TARC, 2006) 91,
b R T DO OREEE
% 1 FE L

IR TIVHAVENFT B HEE S, it L CHERT 272y =0 a0 M e E s
P 7ZBR. o CEED(considerable) 7 Z a7 = a0 e APICE AT, 5 A%,
FENIC E A RAE O 34 % 588 72 (Schulz 1978) (MAK Value Documentations, 2005) 13,
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A DTERER Y R 7 FEfl
2=v U AZ|ZEFL. US EPA IRIS Cancer Unit Risk Values
(http://cfpub.epa.gov/ncealiris 2/9/09 #E78)205 L O Air Quality Guidelines for Europe,
Second Edition (WHO) THMFEEIT 7243, 279V MIBT ARE#ITRO Lo 7o
("cobalt” Tf&5), %7z California EPA OEHHA Cancer Potency List
(http://oehha.ca.gov/risk/Chemical DB 2/9/09 fi%) 2V 5 X UF First Priority Substances List
Assessment Report (Canada EPA) T % [AIERIZHRFE 21T 5 7273 cobalt DIFHITFEH ST
o7,

IS AT HE
IARC : 2B (b MZHkT 2B B ARRDILD)  (Cobalt metal without tungsten
carbide, Cobalt sulfate and other soluble cobalt(Il )salts) 81 , Cobalt and
cobalt compounds 62
(2A (B M LTBZELLSBNAMENRH D) (Cobalt metal with tungsten

carbide) 1

ACGIH c A3(E NMTHKT DB ANEDILD) 91

EU Annex I : Cat.2 ; R-49 (& MIXT 28BN ANEEDND - W) (Eb= 0 b, Wil
a3)L k) 9

PEXEMATS 2 8 B (B M 2EBADRREDND) (229r hEBLa L Mes
) 7

DFG MAK : Category 2 (Cobalt and its compounds (inhalable dusts and aerosols))

13)

(3) AR DFRE
ACGIH TLV-TWA : 0.02 mg/m3 (8.2 x 103 ppm), as Co (=L I X OVERLE)) (1994) 91
ACGIH #5EE -

ACGIH (2001) 91 TlE = 3L b 38 L OMERE = 3L - 0 TLV-TWA % 0.02 mg/m3 (8.2 x 103 ppm)
EED, EAZE L OEATOMMREENE, DI ~ORELZBE/NRICPICZEEZBEH LTINS, 20
TLV HITBHEA SR T AT v H—3 A FIHCEIT 5 2,90 MIL BISEAT 505, BFEHk:
FADIXLBERFRIFRFIZAETTEBY ZHVHZEMEICEED 5 LB 2 bivh, EREM) Clific O %
WU a2 90 MELS BB CHEEEAARO LN TWD Z Ennb, BBRAME A3 (B FEERTIX
FEMAMEDNHEER S NT=28, B DN AMEE DR ﬂ%%u@%*}é) ST 5, Lol ACGIH (%
B MZBITD a0 RIS MEBIORB LI AHEFETH D 2 L 2R L T D, AR
IME TSkin) <PEfEME TSENJ RAi#E7-1Z TLV-STEL # &5 2720 D+45 77 —Z I AFETE
TR,

ACGIH TLV &2 1T 2 A EEDOTHMIZ OV T -
&JEa v hDOT v MEENE G X 5 EMEFEMEIX LDso T 10-200 mg/kg bw & i STV 5,
RNV BRI T AT BT AT B =N RO 5% A% 1 ml (GE : 50 mg)
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Ty b (—HE6IL) ICRENEREG LA @RIV ITATUVBIORNF AT o J1—3( R T
IHEERITERO Do -DICRt L, &E a0 MRGRETEEFRLINICIE T Lz, SRR
O, EERMAKENE T T 28Oo/MIMBED Tz, EHICT v b, T— LT VN AST —,
UHE, BTy b, YTRZERILV M CAE 6 IR, 4 AREIRAIES T LR, B
W, S5 PERPNE, BETS. e oiERs L O i EL £ TOEMRICE W CRBEO USRI &
AT, &R a3 M CADIR BRENSAAZRHETH D, ~NAAX—IZ 100 mg/m3 OfE{k
L b 3 EIX 6 K HIES B UARER, 4 BUMIZSEL Lz, BHEESETIE, 3 =74

20.1 £/ 1.0 mg/m3 D&JE =23V MY RE 6 B[t H, 5 H /T3 » AMWAIZL LI
FE&ENRII2 T TAT 2 ADIKR TR B, DB CIEO SR E O 3B S i,
F MR RABEEICIEE L TR0, 27— v B, RO &ICERT 5525
N5, ZNHOMOZEAIX 0.1 mg 48 =230 Mm3 TRO Hivlz, EFRAETIX 0.1 mg/m3LLF
D&FEI IV B IOMEK L MEEIDOIX BRI L VRO {ERBLE S, 2L
ke dEgntE TGS T D hiiE = 30 ME<#EE (0.1 mg/m3LLT) CTHgEOFRIEY X723 5 P“(j&;
ST EDWERDHDH, AV x—TF L OBIEEETHTIL0.06 mg/m3LL FOa YL MEKEIZED
—IEPED LA FRD bl 2N H OHEEZEEE 2, 290 M L OER =L o TLV-TWA
% 0.02 mg/m3 (8.2 x 103 ppm) L &) LT\ %, [A CEVEEE 1 — A ROX A TE Y ROBAM
BELTa W hEHWABHEEEY T AT o 1—"A RTIGIZ#EHA T 508, iEMcE»> 5 &
B2 OIVOMEMRL - ~DIX BHRIFICAEL TWD EE X HLD,

H A PE M2 £ 0.05mg/m? (2.05 x 102 ppm), as Co (/3L M X OEM(LEY) (1993) 7
AAREEMEFLEEOEE

PEEMAEFRBEABEN992) TIEa L FBIXOa L MeEY (Co & LT ; CAS No.
7440-48-4) ORI %R 0.05 mg/m? L ED TS, BEHEH L LT, FH =90 MEL # 0.06
mg/m3 72\ LZ L E CRGED AR AR 72 BAZENRO DD Z L b a0 MZOW T ORI
FE % 0.05 mg/m3 (2.05x 102 ppm) & L THEREL T\ 5 8
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1)-3 [EEbEE e 20— FACSC) H AGEM (k.= L (D)) ICSC % 50785 (2004 4F) IPCS
D-4 HELFEWEZ 2N — FICSC) H AGEM [ =31 R(ID))  ICSC #%5:0783 (2004 4) IPCS

-5 [EB b EE e — FACSC) H AGEM [Hifg =31 ) ICSC %7%5:1127 (2001 4F) IPCS

2) 11591 10Fps) (P LH¥EARMLE (2011 )

3) CD-ROM of Threshold Limit Values and Biological Exposure Indices (2006)

4)-1 Documentation of the Threshold Limit Values and Biological Exposure Indices (2001) ACGIH
“Cobalt and inorganic compounds”

4)-2 Documentation of the Threshold Limit Values and Biological Exposure Indices (2001) ACGIH
“Cobalt Hydeocarbonyl”
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5) IARC RENAMEWE U A » @//monographs.iarc.fr/monoeval/crthall.html, IARC

6)-1 TARC Monograph Vol.86 (2006), IARC “Metallic cobalt particles”

6)-2 IARC Monograph Vol.52 (1991), IARC “Cobalt and Cobalt Compounds”

T TRFRREORENS (2006 4H) | PEREM/EMEGE 485 p98- PEEM/ETR
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HhE
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11)-1 European Commission, ECB, ITUCLID Dataset “Cobalt” (2000)
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12)-1 CCOHS, RTECS CD-ROM “Cobalt(2+) oxide” (2007)
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13) DFG : MAK Value Documentations Vol. 23, DFG (2005)
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16) European Commission, ECB : Classification in Annex I to Directive 67/548/EEC

17) NTP : NTP TR 471 (1998)
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19) CICAD 69 (2006), “Cobalt and inorganic cobalt compounds”
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