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1. MEICET 2ERNEIR

1.1 BEAFILOYEILENMNEE

AL A FVIEEB TIEEADO T A TH 5, LA T MIIEFITEWERE & KA~D GRfRE = H T 5,
AU —HIEBRRENZ 0D, RBRKNODEBPRENWEEZ LN TWD, £l 7% ) —N
KBARE DN NE N LD, EYP~OEREIEI NS, BECEEFICHLEIEFELRZV LD LHE
zbihd (WHO 2001) . 27 % ) —/VIKGEARED & IR MEFRE112.98~3.16 L #HEFH ST Y
(OECD 2002) . AEWRMEIHEITERWEEZEZbND, ZNbDZ NG, Bk A F /LT EIZRKPITHT
ET5&E2x6N5,

HAE A F VTR RG T TlEEICE Fudx s T UhL L ORI THR S, KK ToHami
1I~3F L SN TWDHA (WHO 2001) . KO & L T4~40% (OH T ¥ VR EE 23X 106~
3X105 4y f/em3 LRELCEHE) L LbobdHD BREEE 2004) .

= 1 EBIEAFILOYEBLERME ( WHO (2001), OECD (2002). IRiEA (2004) M 551A)

TR : 50.49

B ©0.920 g/em3 (20°C) . 0.911g/em3 (25°C) (#kifA) . 1.74~2.3g/L (0°C. 101.3 kPa)
(5&E)

AR . —97T~—97.7C

Wi : —23.73~—24.22°C

KL K 480~510 kPa (20°C). 573~575kPa (25°C)

R fRE D KIZHE (4.579~7.250 g/l (25C). 4.800~5.325 g/l (25C)). IR Tid—

COBERIBAI LR T VA I,
7 B — KBRS log Pow = 0.91 (25°C)
BaFAR% 0 1 ppm =2.064 mg/m3, 1 mg/m?3 0.4845 ppm (25°C. 1,013 hPa)
~U—HIE# :  4.15~6.05 kPa * m3/mol, 8.82X103 atm- m3/mol

1.2 KEBRCIERNEE

3 M OMRNEREIZ DWW T, U.S.EPA (2001a) . ATSDR (1998) . WHO (2001) (ZHEZEAY &
EOLNTWDTED, TNH AL T FICEE M ZR LT,

1.2.1 BRIN

LA F LD hOERBBERREIIRARE CTHD, & MO TIE, Hk A F TR BRI
IR EFu, I CRUEICEHICET S (Putz-Anderson® 1981a; Nolan® 1985) .

Bl OEREE BEBINEBPAH) (2HE A F1100 ppm (8 A) X1E200 ppm (24 N) % SHFIIRE
T AER, FEPRERICBT 280 A T VITIREZEZ IR DN I E L, ok 2 FARE &
FEFIZ R OHBEBIfR (r=0.85, n=29, p<0.01) ALz, HHLA FILOMEKKERIZEIT HRE R D
M EREE L, 21100 ppmiET36+12 ppm, 7.7+6.3 ppm. 200 ppm#i¥ T63+23.6 ppm. 11.5+
12.3 ppm T - 7= (Putz-Anderson® 1981a) .



BrEEREE6AN (25~415%) (2. 10 ppm (20.6 mg/m3) . 50 ppm (103 mg/m3) % 6HFHIETE S H7-
R MREE AR 1R TP P M OV DA A T L B AN I AT L, WRIGE 13 1.4~3.7
pg/min/kg L HEE STz, F£72. 10 ppm~DIEFE T, MR- 250 RENT2.12~2.49 & STz, FERH
e OV DHEAL A TV OFRFE IR (LB LT, BBRE2 AT, 7RV 4N & TR O
B A FPREEN15~205, MHIREII3fMEmA o7, 7eds, M OEIIE2 A TI05r, 7%V 4N T50%
Tdh-o7- (Nolan® 1985; Lof > 2000)

Hifk A F /150, 1,000 ppm % D Fischer3447 »~ & (3VL/HE) Z6WF[H, HED B — 7 K (BIL/EE) |
SR A W75, WifE & b MR A% LRFRT LA MR T D 3L A T LY BE 3 SERFIC 3 Ly i B
BREEIRE I L7 (Landry S 1983a) . 50. 1,000 ppmDERFRIZOWCOIMLK- T AREIX, T v
FT1.8, 1.9, f XT1.5, 1.8CTh o7z, 7+ —7 v 7W4E THEDFischer3447 » k%50, 1,000 ppm
(CHRE SE TSR, & B O ORERE THIRER LR CEICE L, kA F L OBGAREIL, 50,
1,000 ppm CZ#1L2410.20, 3.27 nmol/min/g-bw T >7= (Landry® 1983b) .

1.2.2 9%

AL A F VRN E < BUEICE SN D 2 20D, BRSARIC OV TR E b R OEREMW O
FTELFH-S T TR,

EEREM) T, WAL A TR S 72t RNO LI AT 5 2 L3R ST % (Landry
5 1983a) .

KD Fischerd344 > v MIM4CTT UL LI=Hi{k A /1500 ppm (1,030 mg/m3) % GHFHIIREE S 74
Fe. BREREZICHE 2 OMEBICEY IAEN T HBORTEYE (mmol/g-RE &) X, JFhKT4.18+0.65, g T
3.4310.53, W C2.42+0.24, FHE.C2.2940.19, MiT1.21£0.25, K T0.71+0.05, /i T0.57=0.08
Th oz, MM ORI SNT80%LL EOBSHEMEIZRFEA D H DT, %V IFNEE. RNA, DNA
Je OB RS A LTz, EIRES T CHREHEE T ~ Vi &z 2 Sl o0 Tk, AL A F Lok
EAEMMTHD Z L LUCHENITIELS ML TVD Z 0D, BN T L3 LB ERE 5~
MVIALDFERE ol ) I b, RBNCEDMV AL ARFETS =M A-T2Z L) I2LDEH
z bz (Kornbrust® 1982) .

HEDFischer3447 » &~ (6JL/EE) (C14CTT~UL LIz#i{b A F/10, 50, 225, 600, 1,000 ppm (0,
103, 464, 1236, 2,060 mg/m3) % GHFMINETE X W75 R, 14C O HETENED B\ KRR IR > ik > ks
BTholz (LandryH 1983a) o RNHHIEMEDMCO HAHEME O EFEITREEIRE & B L7z, —J7, filil
ARRTREZ2 HHTEME 13600 ppm L EORED TR, gk & 1,000 ppmAEDOFEH Cafn L= Z &R ST,
ORI BE L R@ T o 2 HL A FANHE L-1RE T — NV OEHE 2 B RS FITHERIA
72O HO) OfafE N L7=b D EE X BV, 225 ppmPl EORET, AT, Bk, FE., KR E
KOIEZ X7 EMEA V7 e KUYV (NPSH) ERREICKGE L TR Lz, 202 &b, HHikA
FILIN IS ORI L, T D%, GSHI AR TR# S Z LRB ST,

PEDOBDOHRETH DN, R CHIEOMBIZHEL A T AR T 5 2 L DR X 5 3B R
HEIINTWD (Bus 1980) , #F4E L 7=Fischer3447 » 21,500 ppm®Dift A F /L 1T WR19 H (Z6KF
MR EE S8, BREEFL0,. 2. 4. SEFIORENMY & BV OMARIZ I D NPSHEZ 7=, REE) O,
ik ONPSH & 13, MEFEE % o REE & bl L TR & < U (Bl Bl 2 E st it 14.9%,



27.4%) . S CIEH 2 MEICR > 7o, IR ONPSHE & IRFRE L ICATREED87.5% £ TR F L7223, 4
R AN IEREIC R o 72, BRI Tl JIFhg & SR R ONPSHE N IREZ 2 TR BIKTF L. i
ZIKRTHHED66.8%., T1.0% & 72 o 7o, E 7o, RIS CIEFEICE &3, 2N E st D 86.5%,
92.6% Th o7,

1.2.3 {5t

FLEN DAL A TV D FEBE AR 2 LR LT,

FEBEW KO N OWIZEND | in vivoll B W THAL A F AL OO FE 25 —BIEIL 7 V2 F 4 8-
NZ7 A7 27— (GST) W ETDHINE T A AGEDRFEENRH D S AT VI NVEFF B
RENDZ ENREBEINTUVWS (van Doorn® 1980) . S-AF LT NEFAANTSI LI ST,
SAFNVATA RAZ L TFA—NEI2D, S AT NV AT A AL A F AR LT 958 DR
MO Sz (van Doorn® 1980) , A X U F A — VMR EMEEZA L. FERITRWRE CTRHF O
F N7 v ABEEER ZHET 20T, A X o FA— L3 A T L0 AR R <o/ MK R g O
FHa 2 EOFEDOREME L EZ 5N TWD (Bus1981) , A ¥ FA—/LEF 7 1 AP-45012 &k -
TRE S, FVLT AT e REOFMAELER L, €ORBRAIURKEZ T —/V &l L TERSSF~
DHLY IAFZIICOIERRICFIHREETH D (Heck S 1982 ; Jager® 1988 ; Kornbrustd Bus 1983 ;
Kornbrust » 1982) , Z /W& F 4 3L A FA~DIREIC L > THA T2 LnmbnTnsg, i
DBEC3F1~ 7 AZ L DAL A FAOWARKERT, I, B, WD NVEF A DAL A F VIR EIARAF
LT Lic, 22T A OBDIIAFCTRBEWHTH Y, 100 ppm (206 mg/m3) (Z6HFH]I ABEEE
FTBLETAEF AL DL LBAE%IETF L, 2,500 ppm (5,160 mg/m3) TIXZ X FH> O& 8z %t
B~ L D2%IZ4KF L7z (Kornbrust & Bus 1984)

W SIVICHEAL A F VDRI BTN F A ALEINLHD, ZORERE T 5&, Fhonm
LP-450 (CYP2E1) IZX2f#ICLD, RAVATATE RRELEINDIZ LB RBINTND

(Guengerich® 1991) , CYP2E1D L~JLZIFEAATIEH2& 23 5 (U.S.EPA 2001b) , 7 /L4
FAAAE EITRRY . 2 S ORE LI A F A OMRBHERE & ORNIIZAEBIRR A 72y (Nolan &
1985 ; Stewart® 1980 ; van Doorn® 1980) ., HEDFischer” » k% 4,000, 10,000 ppmiZ 3K
% SETRER. M CHREE ORI A S0y o 7273, 10,000 ppm TR THOT 072 BMR & 5
7= (Kornbust & Bus 1982) .

1.2.4 HEfit

Bh7pue SO R OVEREY O ANS WA ST A F LD RKE I3 H3C02E LT HIZ
BEE =D Z ENREN TV D (Kornbrust & 1982; Kornbrust & Bus 1983; Landry & 1983a;
Stewart 1980) , 4CT 7L LIt A F A Z6IFHIRA LT2 7 v b Tl 6.6% B RE(LEE LT,
45~50%73C0z & L CTHER H Iz H S 4v7-2 (Kornbrust® 1982 ; Kornbrust & Bus 1983)

K0 D EOEALA FITRFIZHEES L, 2N ORI EFILEMEEATEY, YOI IVH
FAAVEE (S AFATNVZFAL) BkeBE xR (US. EPA2001b) , S-AFLI AT A T
WERZE A2 T2 NEROT v bOJRFP TR &7z (Landry S 1983a; van Doorn ™ 1980)

Zoft, Ty FTIFRPTERES R S TS (Kornbrust & Bus 1983)
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A
CH;SH
ABUFF—L O,

ERBIFAOIMYRAH

1 BIEAFILORE FIRILF— - EXERMRAHRERE CEVETMBREE SR
BATEREHEE 2005)

1.3 fAfZE - E&EIZDOLT

b RTHE, INETHANBICE G T2V EFA LS T AT =T —F 0 (GSTTL) s 127
IZ R DBERTEMED ZIT L - T, MR, M DA FURESIRFPREYOMBANERHDH LB 2 BN
TW% (Coles & Ketterer 1990) , Warholm o (1994) 1%, GSTT1L#EE 22 e T3 DOREI,
ThbbIFaEE (GSTT1EM %K <, non-conjugators. NC) . K &%E (GSTTUEMENNMEV Y, low
conjugators, LC) . &{aA&%E (GSTTIEMEA N EVY, high conjugators, HC) DJRKIZ/2 > TV 5D &
i L72. GSTTULEE - KBOHBLEIGO NFEENE D L FEAN (64%) >#EEAN (60%) >7
7 U AFKEAN (22%) >HAN (20%) > AFTaZKEAN (10%) DIETH->7- (Nelson 1995) ,
AARNTIE, AL, AR, ROFMOFBRER L1 H Y | GSTTLEFREOHBIEIGIXTENEN
44, 43, 51% T 7= (Saitou & Ishida 2015) .

AL A F KT 2 GSTTUEE O ZIZ S\ Tk, & hRilnEk (HC, LC, NCoO3H) & FhrEh



DTl B g DM B TH L 72 RA D IR DNER TR T L7z (Thier» 1998) , i~ 7 % (B6C3F1)
> i~ 2 (B6C3F1) >HC> 7 v I (Fischer 344) >LC> NARZ— (YU T v - I—NT ) >
NC.

AL A F xS 5 F b7 1 b P-450 2E1 (CYP2EL) DR, Rtk OFIZFRF RN TH D =
EMTy FE~ U ZDOMIE, BlETHEIN TS (Dekant 5 1995), £7-. CYP2E1 O L~L(C
IEAHTIESSE R H D Z L EMEN TS (US.EPA 2001b). & b (AA) OIFIIEAT
IEARCTETOEPRINIZH DD, CYP2EL #BUIHT 2 BIE 2N HFET 52 LITREZ9
ThHDEREINTND (Gonzalez & Gelboin 1994), F7=. B b (BkA) OFEI 7 1 Y —LAh, B
fige7~ & BLEE S A 7oA RS AL Clk CYP2EL fEPEII HE & 722> 72 (Amet & 1997; De Waziers
5 1990; Lasker © 2000; Cummings & 2000),

2. BREEEFLE
2.1 REAAMRVBECFESSE (EREH)
2.1.1 EtEHE

2.1.1.1 #BKRAM

AL A F OV T IARC (1999) Tix3 (B MMk 2B AMIZHOWTHETE Z20) U.S.EPA
(2001a) TZA—7D (B FOREBPAMEIZOWTHETEIARVWWE) oI TW5,

<EMNAIZEET HEFEHR>

FED AT D EREREAFEOMEITR2O LB TH D,

WAL A F OB A SUTAEPET D LG0T 8#E 2 xt5 & LT/ D 27— MIFJE (Ott & 1985 5
Holmes & 1986) 23& 5723, ZiIUHOWFFETIL, DADOH L RBRERECITRO HhT, ak— M
A ZPNSNZ & HEOTFWEIREE LT D 2 LD b b A F~DgEE & O BEMERT] S A
TR EEZBNS, Olsen & (1989) . Dow Corning Corporation (1992) 22\ T, Ff#E
DEEE DAL FEE R L TN D72, LA FIV~DORER & 3803 A O BIEME DA 5 2> TIE R0,

AR O EE > B L7 b 2 Fv (M ik 3 BliL D IR EE L ~L) 1T K 2 B 2R IREE 2%
F 7o B O T KOS A% RHIFBE L 72iF7E#is (Rafnsson & Gudmundsson1997 ; Rafnsson
& Kristbjornsdottir 2014) 23% %, Rafnsson & Gudmundsson (1997) I3t E 24 N2>\ T 1965
~1995 #- % C, Rafnsson & Kristbjornsdottir (2014) [IARE 27 AT DWW THEIL A F /L O H i
DIFEAE LT 1963 4REI2#D | 2010 - TEMGHEAIT 72, ZO#5%E, Rafnsson & Gudmundsson

(1997) TIEFEN AU A7 OEMNERD B> 7273, Rafnsson & Kristbjornsdottir (2014) T
(IFED A DA — REITAR2 AT 2.07 (95% CI: 0.85~5.04) | Bl#ind A T 9.35 (95% CI:1.28~68.24)
THY, URAZ OEENNGED Lz,

B, 6 2RO ORI GIEILFECTH Y, BELAFVITREE LI-RE 1 AIZoE, %
)T DO ERETE (IR - it AL, FikB) hofFlmt~yF o7 (£2 %) SET
AT B NERIREEE LTWD, FHE OITREH L SRIEOMBOMEZEG ST 52 & T, 421



PR -SOMREE BN 7L 2 — AR RO LIS EE R T OFEE IR Lz £~ T 528 (Rafnsson
& Gudmundsson1997 ; Rafnsson & Kristbjornsdottir 2014) . 2 A2 TIIMEFEERE & KHREEDO 4IRS
TEE - OFFFEITH LTI, ELIZEEAADY A7 KT & S5 I (Body Mass Index 2 C
) NEBEEIN TRV, ZNHDZ &b, ZEKFOFEIIA BN, o, 2 #F
FRITIEAL A F L ORI FEIC L 25002 5kEE (4 AF) OREBEZEINIELZ DO THH ., ADF
MASBORFHIEFE AW X0 REHIREOKLELRG L Lo b O TIEARN,

UEDZ D LA TFIVA~OIRFEIZ L DB N OFENANEIZOW T, GELA AR5 &Il L 7=,

x 2 EFOEFICEHTLIHE

Ott & (1985) 1, KE (R v nAx=TM, BV 7 L=T) O LthD{bZFTHT 1940
~1969 FOMIZA~L—T 1 ZEMT 1 FELL FEH SN BEITEE 1,919 NExi5 e L,
1979 £ & TIBWR L 7B FE 21T o 72, FEE TR ESR A D 5720, —AY7=0 1.5 OEE (fE
) ZRBRLTWDHD, 226 AL A2 U kAT, r7uar Az y) ofiE (Zaeaik
Vi, WU IRFE, T 7 7nnxF L rofELGEEND) IHEFELZRER G -7, kA%
VHOBYEICHERE LIERBROH 595 E T OWTHERER D &, KEAD &l LESA1TT,
IR OERE(LIELC L (SMR) 13 0.6 (95%CI1:0.5~0.9, n=42) . EMEEE O SMR X 0.7 (95%
CI:0.3~1.3, n=9) TH»-7= (IARC 1999) ., EMEHD S 5, %H@W/wﬁ) 3N (WiFHE 0.9 AN)
B, 9D 2 NIFTEFFHN 5 RN, 750 1 ADPEFFEH 6 FThoTo, I, HlbAF HE
SEORRFBIRIE 1T STy, TARC (1999) 1%, 57 BMEE O F B TR L T\ D 2
& R OMRRIRE DR O KIS AL A F VDI /M E Bt 2 IS IEARFZE DA IR S0
HE Uiz, 7B, kit SMR OFHHEMIZ IARC (1999) 2k %, FEFEIZIE SMR & ZOEHEX MO
HwEIX 2o T,

Holmes & (1986) 1%, XK[E (VA 7 FM) OT7F /L3 ARIET T 1943~1978 FFDOREIZ 1
» ALLERER S, HAb A FIVICEE L= wTRett o & 2 Bk 852 A (B A 661 A, FHEHAA
191 N) Zxtg e LIEFHEEZITo -, O, BEEEIC L5501 30 A (HA 19 A,
FEAN1LN) Thoto, KEBMEAD & g U= B A D SMR 1ZH AT 0.66 (95%CI:0.40
~1.03) . A AT 0.63 (95%CI:0.32~1.13) , EMEEED 5> HRERARZDO N A (DA zELe)
® SMR (X, HATO0.70 (95%CI:0.28~1.44) . #EIJ\T 1.20 (95%CI:0.44~2.61) Th v K M
PRI K ORI 23R D A3 A C SMR OF B/ INTRR D b1z, £7-. B AT & IOV T,
ERIR, RS R KOMBEORE (& OMEICL > TE, . REICE) &
FEMERESC K DT & OBEME 2 ME L7225, SMR OF B/ BNN-CHREE O E TR L 7= 8
IHIIRIN ST, TRB, BETIZHOWVTH B AR OIEA NFEE T SMR O >7, F71E)
FH OWUYEENE S D TG O HIIA STy,

Olsen & (1989) 1%, KE (A 7 FIN) DEALA F VK OZE DO WE % £ET D1t
FTHT 1956~1980 4 £ Tz 1 4FMLL LA &S B A0 B @ 2610 N CEE4FERR 26.2
. #PH 17~62 %) Z Gl LT, 1980 FI L RERE Lz, TOMEE, H#Fo2ELE, &
PERES IR O 4R, MR, A% A2 EZE LT EMREOBER) | KE., A 27 Kk
Ol (5 SO#X) D A[ &l L7-35A1C SMR O ERBINTERD oo, EMEEE
D5, BiE GEB M B ME 2 ETe) OFETHERICONT, KE, LA V?ﬂﬂ@}xm &tbi&
L2 B BICITABERBEINTRD DR 722, #ill (5 >DO#IX) o A[ L e Ll




BERBINNRBO 5z (SMR 4.92, 95%CI1:1.01-14.37) ., L2 L7AR235, HIUIRIC X TR D
TN3ANThol=Z & B E R (HIEOFEE) HMEohiholzZl &, 3 ADOTHTD
PEEHMAENZEN 1.2, 2.8, 9.8FETHY ., MHEG R > TWZ &b, FEOITAMIFIC X
BTG < B L FEE L TWARWE B X 7o, 7k, ABFZE CIRE L A F L OBRTE O HFT
i SN TEHT, FFIIIE A T LN OEI DO FIE OMEE ST T,

Rafnsson & Gudmundsson (1997) 1%, 74 AT > RO ha—ViENC BT A8 ATF L (5
EOWEL) OISR (1963 4FI234) 12Xk 4 HBZE LIZMED > H 24 N (A7 1 —6
A, HRE 18 N) 122\ T, S E RN AL 1965~1995 FEDOHIRK], BHGERAE L7, 728, Hik
AFIVOBEFE L VTP HIERNBENDRETH L0, WET —XETMEI Ty, Fiz,
T Sl t% . 24 RERIDANICOE L L7 HIRE 1 A, O 5 D &2 3IERIC 18 » ALINICE& LT
B 1A, 11 » ARICAZ LA 7 0 3 —1 NEIHERRIZE TV,

XERREIE, WREE L7 B OTREE (iR - ML, BB L. HIREB) 120 U T, 3 R &E (i
R - sk, BB L Ek, MBFeRESATE) AEHL. 22 0Fk (£25%) 2wy T
7 EE, BT L ANCoE 5 AEZRAE G120 A ; A7 0 —I1250% 30 A, FHREIZ/FE 90
N) o 72dB, MEEORED 1963 FLURNIMBE ITBER L L TUEIHH L TW\We, FHOIX, L&D
D5t REEDOBPUHFR T IV T, LA, i, ARECMES & L TOEH OREIZ OV Tt
L7z LTW5D, JHEXNRE O, BAMRBITEZ R, JERBGR, 23 ARG CHRE Sz, 1§
FERE & oot PREE 2 LEl LA 5, R AORERITBER T3 N (A7 4 —2 A, HIRE 1 A) |
MHIEFECT 12 A (A7 4 =3 A, BB 9 AN) THY, LVBELZZT-EEZLN TS HIK
BlzoWTHD L, it (rate ratio) 120 A (1 N) TO0.6 (95%CI: 0.0~4.4) . i’z (1
AN) T2.7 (95%CI : 0.1~52.6) TH Y, WEIFEITEO b oT,

Rafnsson & Kristbjornsdottir (2014) 1%, Fa—/LEOME D 5 b, WEELT < IZJEERD
b o - FIRE WY H D HEBIERAZ R L T2 &0 h, BUHEOBEA MY H (1963
f£1 A 18 H) IV, 2010 FFE THLT E RPN AEZTHE LI, BEIIME 2T N (7 49 —1T
A, HHE 20 A, JRHEFHE 24 BEFILINOSELEH, 18 5 AUNOBEZE 2 &Te, ) & Lz, %
HEE 135 N (7 49— % 35 A, HIREBIT/3HE 100 N) OIRGIE, HERGE DT, F
D A DOIEHRIRIE Rafnsson & Gudmundsson (1997) & [RBETH 5,

Kaplan-Meier AA70HTIC & 0 AEFR 2 BRERRE & XTIRRE & CLuBR L7 fE 3R, <HRBE O AR E
Mo, Fio, Cox I NY— RET I L o THE, TREZFIEE L7238, BB ADO N — Rt
R USSR, 201 (REERE 20 A, XHHRRE 75 N) O Y — RIkid 2.10 (95% CI: 1.28~3.46)
B D AT — REITRN A (BEERE 6 A, X 28 ) T 2.07 (95% CI: 0.85~5.04) | ik
DA (BERE2 A, XfHRRE2 A) T9.35 (95% CI:1.28~68.24) TH V., U A7 OEINNTRD 5
niz,

kB, I 2 MFRICK T A AETEEEICKR D RER FEORFEIZ OV T, Rafnsson &
Gudmundsson (1997) [IXHEBEORIUBFRICIB WV THESHIBEK, Flin, MBECIRFES L L Col
W ORERIC OV THHE L7z £iRXTH Y, Rafnsson & Kristbjornsdottir (2014) (ZMUEEE, 7
a— B, BFER EOREDOATEBRIER T 2P L TV D REEIESH D LR TS, Ll
725, ZFO—J T Rafnsson & Kristbjornsdottir (2014) 1 Z 4L 5 OAETEEIER 1122\ T
FERE L SREEDMERIE 1T D RN E BIRRT NS, LR -> T, 2HFFRICIBN T, IRFERE L %R
BED TR EEIZAR D K1 OFFFE T & 2 TIX RV,

B, 2METIEBIEN A DY 27 KT & D (Body Mass Index %5 THIE) (22T
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EZB I TRV,

Dow Corning Corporation (1992) I#ifb A FN~DBETEDH 5V a— A pElaR O F7f##
Zxtg L UTRERAR DS A DR AERIZOWTIIE AT o 7208 AL XA FOVITIREE LT 7 v — 72k W0
TNAMEBEEN DN L BABE RO IRREOBYE RN E N & D il A F L~z &
IR B2 DS A DI & DEBIZ DWW THRERRfT 1T A 2 LR TEX o T,

<HEMAIZEET HEMMER>

NN T 2B EROMEIIEIO LB Y TH D,

CIIT (1981) @ 2 4R ABEZEABR TIX, 1,000 ppm BEOKE~ 7 A TOH, EhgiEE (RE, IR
) OFELEINARD G, 225 ppm FEOHE 2 1T CH EIESE A2 bz, M~ A 7> MERE
TIREGOHEMTI /A>T, ZOFERIZONT, U.S.EPA (2001b) 1%, M~ 7 2 DOEIBEEK O
AT =X LIZIEETO CYP2EL BEMNE G T 2w Retknid 5 2 & GEb A FAPRB SN THRR A
PED & 2 PRSI S5 ATRENE) . B FOBEIETIL CYP2EL A STV ianZ & i - Hidd
1 FEORED AT, OB —OIE CORFELIER T NOBBALEHE LW AREERH S Z &
BT, M~ A TROOLNEBIESESE FOFENAEBELARWAREMERH S & LT D,

JEAE (1997) . BANSAL T v Aiget s % — (1997) @ 2 F [ ABREZE AR CTlX. 200 ppm
FEDME~ » A CHIVRUE SC-tifa R B IE O NN, HEZ > b RECHER AR O IR ARNE & TRk e & OF &
TERAEROEMP A BT, ZORRICONWTEASE (1997) . BHARSAFT v fEE & —
(1997) X, ~ U A TITRE 32-Htifa b Rz JRIE O HE NN G 8 B A7z & O O FEPE D FlEE 25 A 5 372
Mmool b, Ty NTIERARIROTERDRBRIE, AR AR O IEE B CRAE RO A B /e h
Sl Z b, HAMATFILORPAMEZTENT 572D ORI E L TIEIARF55E LTS,

PUbEDZ &b, EREBMDOIRENAMECHONTIT, FEL AR5 L H S 5,

& 3 ELNAMICET 2BYERR (RAKRESE) OHBE

CIIT (1981) i%. B6C3F1 ~ 7 %, Fischer344 OMEfES 117~120E4 1 BEL L, 0. 50, 225,
1,000 ppm (0, 103, 464, 2,060 mg/m3) % 24 » HE (6 FEf/H, 5 H/MH) WA SHT, vV AT
I%. HED 1,000 ppm FE TIREER 12~21 » A IZEIRONELS; OF ERBMARD Hiv, 13 PLiZs W Cht
17 OB (8 SO RENE, 4 >ORYE, 2 SOFLEERENIE, 2 SO WRFEMIE, 1 >DIL
SIRFERE) Thodtz, Fo, BHETIE 225 ppm BECTHAER DO TITZRW DS, BIRARMEAS 2 PLIT A
Sz, BEGIX, 2O OBEEEIIEL A FIL~DORZERLEET LD E 2, £7-, BEH%
18~22 % AT, 1,000 ppm HEDME 7 VT OMfE 1 P, 225 ppm FEDOMERER 1 PCIZE BE ORI HZRD
bivlc, LL72enss . U.S.EPA (2001b) (3. %< O@MEFEMERABICE SO THRE LR, v v
A TITEEIO BIRFEAERNEmO RO T D, 728, Bolt & Gansewendt (1993) (L~ A
DOIEHEZ K D MES OB H KT 2 JRIE O BTV 0SB 5E AEICR 2 U 7= ATREME 2 a4 L 7=,

B, Y EOME (48 X Pavkov & (1982) IZF L b T2,

Crj : BDF:1 ~ 7 A MRS 50 PT/BEEIC 0, 50, 200, 800 ppm % 2 4[] (6 Fefil/H, 5 H/H) WAX
H7-fER, 800 ppm BEOMEMENSIREIAMIATHI L VBT L, EHEHENE LWL Lz, 95 @ T
REIFIRE SN, ZORETIEE LWERE MO, BRI EIICIE, MmEOIREA b




3, JRERRHAR B SEIN & 72 2 EAITRR O /ey o 72, 200 ppm BEDMERE CIRE ~D B I /20>
72o 200 ppm HEDMETHIKUE 3l EEIRIEOHMN A G860 Haviz (9/60 VL) , HETITIREICEE L
TENEBOEMTA 2o Tz (BAE 1997 ; BANA 47 v A5k ¥ — 1997)

%72, F344/DuCrj (Fischer) 7 v MMERESR 50 VL/FEIZ, 0, 50, 224, 1,000 ppm % 2 4[] (6
/B, 5 BAR) WA SRR TIE, 1,000 ppm B OMERETHREIEINOME] 2 38D 7=, HETIZHFRIR
DOUENLIRIRIE & TR I 2 ORI B AR OBINA A S, 0, 50, 224, 1,000 ppm B TZEIETH
3/50, 1/50. 3/50, 6/50 DAL TH 7=, LNLARAS ., HIRIROIENLIRIRIE & I8 IR RS 0 4l
BHIMCRAERZ BT GE, INT72 o 7c, MECIIRER IR L 2B OINEA b iveinoT,
B, BBEREOLELREA~ORBIIA LN 2ol (JBEE 1997 BRSNS F T v Aty Z—
1997) .

B ORERAERIZONWT, v U A TITAIRE SC-Ififn B B IE O AZRD Hiviz b O OFENEOfiti
NN DR oTe Z & Ty N TIEHURAROTERDIRARAE & I8 AR i 0 & JE 5 0O B T O N3
HONBRPoT2Z b, LA T NVONAFHEEZGENT 57O OFHLE L TIEIAR 9 Th s (B4
41997 ; BHAASRAL AT v A 2 — 1997)

2.1.1.2 BEEFEEHE (ZERMH)

BARFREEMEICET 5 F R mAERe-1, AFERO - ERAERL-2ITF L DT,

in vivo iR RERClX, #ib A F /1 15,000 ppm % 3 R A S 727 » b OFflE THRES DNA Gk
DFFVFHEIE N BT, R, &8 BRI CIEEER S o7z, E72, 1,000 ppm % 8 IFf
M A S 7=~ 7 2T DNA HBERA ST, 3,000 ppm % 5 A (6 B#/H) WASIHEZT v T
EPEBFEZDRIE BN T HT-A, ZAUTE L A FAAOEBENRER L WS k0 b, K AT i
ZEINTERIEITER T D RN EZR I TN D,

in vitro B TIE, ME CES T RAL R, WIHEOREMIL CEIZ T BRE R, RaRE, i
R RA i, TEERHE, T v MMRES BTN CREWM DNA G4 LTz, v, ZAbo
AR EE EIEE (5,000 ppm LLE) THALNMERTH D, & b U o 3EERE kMO DNA £
DI, ZREIERL. 7 v MMREEERIN CRERAIE, <8 BEGHIE) OAES DNA SR DWW TR
PHEOFERTH o7,

PLED X 1T, in vitroi R CITER FEEMEOFR NS LTV LA, i &R E (5,000 ppm
LLE) OBETH D, £72. 1n vivoilBRIZ DWW T, /IMERBRSE OREER) 7238k O 1T 72 < | in vivo
DEMEICRBR TIZBEORE RIIGEONTND b DD, LA F T K D T IREI 7R B CEMEEIEN
EETWDAEEENRERZ I TV D,

IO &G, LA TFANEREERIC KLV EN TR FEEREZFERT D200 T, Pk
IefEEmiE g e neE 2 5,

= 41 B FEEHICEAT IHEE
<in vivo 7Bk >
e FLEN)

Working® (1986) (Z X4, HEDFischer 3447 > ~ (CDF (F-344) /CrlIBRZ » k) 123,000~
3,500 ppm  (6,192~7,224 mg/m3 ) DL AT /L E1~5 AR (6FFH/H) WARE SR, K




B LRI, REREAE, R CREMDNARRIZHERE S o7z, L LS, 15,000 ppm
(30,960 mg/m3) %3 W AMREER S W72 & 2 A, & LRGAE, KR Tl A EBDNAS KO
FILTe o 7203, A CAEMDNAA RO BENNE R 23 A BTz,

Working © (1985a,b) | LU, HEDFischer 3447 » ~40PL/#£Z0, 1,000, 3,000 ppm (0, 2,070,
6,200 mg/m3) Z5HM (6HFE/H) MREE S, ZO%8HEM E THR., HEAEOME L ASH S B 7-EMEE
FEIERIE BRBR O FE R, 1,000 ppmBf TIEATHL U 72 MED IR RIC BT /2 v o 7208, IR LA DO AR
THERAELRO DT NENAERE T 2R 7, 3,000 ppmit CIFBRHZEH2E DL REOEK T, 1B
T2 1% 8 M £ THROAAFE., AR DA . EIRAT - BRBEOMBIBOMEZR DT, L LN
5. ZOEKRATORIBREOAEZRBEINIREZSHAOLZRICL > THLRO LN, BETEEELD B
RIENFHEIR LIoMamtEic X5 H D & LTV 5,

U.S.EPA (2001a) &. ZOHMEDOMBRBOHMICHOWT, BEHEMRBEFEEEICEID LV
IV, ©UAKROKHICHT 2B EBICER L TR, R AT &k Z SN RIEKX
SRR T DR DB L LT 5,

Chellman® (1986a) (X, Mt A F /T L > THFRE SN DK FOEMEBFEIIRE R LREE LR K
iE & OBEMEZ 72, HEDFischer 3447 v MOLZ1EEE LT, MIKIEAIS- T /-1- (m-~Y 7v
FuAFN) 7x=)) 2-7 VY (BW755C) DFRIFHEG-OHF O /MEL OS5 T 3,000 ppm DI
b A FAZE H [ (6RF/ B ) W ARREE S IRFEIE T 1431 & CHALE O & 30 2kl < 7=, BW755C
O 575 U THIAL A F/VACHERE U 7=k & A28l L7-MECld, MBEEH% LE B ORBLORS S, iRME1PE Y /-
0 OEFERBIBREOFE 72N, BE% 1E B R O28 B ORE CIEIMERR (R RHURE R
DHBEIREMZRD T, —F . BWISECOEH5-H Y THAL A F/ATIEREE SV L 22l LTz
o DB I oTe, Fio, 2U EOFIREWBROH HMEOFE Gof IEIRMER) 2O\ THD &
WRFE 14 1 H OZBL CTIEBW755C O 1 572 L O35 121331%., BWT55CO AV O5E12138% ., M
T %21 H OZECTIXBWT55C O # 572 L OH45121330% ., BW755COE5H D OGA121312% TH
0. WITNHLBWT55COEEH Y OEAICEREIBROH HMEOEIGNME T L, FEEHELIXIND
DFERMNS, HAEA T ML > THER SN HEMEBEEZRARERIT, R LERORIEOHFEDOFERLTH
HEBE L, In vivoCIIRIEMER DN B FENZHRT OEELZ RTLOTHDL & L,

Ristau® (1990) 1%, HEPDOB6C3F1~ 7 A|Z1,000 ppm % SHFHIM A S, BRIFEFL, WREEH& B,
48P CRE# L., B CODNABEG Z TR, DNA-F 2 N7 BB AU DWW CIEIRERE &1
IIFETED R SV DS, BRI, A8KEMIZICIXA DL D o 7=, DNA—AREGIMNIL, MREEE % &K O
BEHASR I CTlIA b T, REEHSIFH T LN, FH BIL, DNA-¥ X7 BAUEE R0
brE X572, DNA—ARSHUIWHIEHET 2 L) IcBbhd & LTnWd, F7-, i~ 221,000 ppm
ZAHR (6FFRI/H) A SE, BBREK T EE K OSH%ICES L TBIRODNARE Z il ~ /-] T
VIR FR AL T 255 O B CDNA—ARGIMIN A ALz Ll LTV D23, FEMIIT R S Tun7zn,

<in vitro iR >
N

Fostel 5 (1985) i3t MHRD U o3k (TK6) 125K 1~5% D k A F /L % 3F[HIIEEE
L7oAER (SOmixd#7Ze L) | IREIKFEL TR Y 7A4Adu F I 9 URBIMEOSREE N Lz,
F7o. KPIREO0.3, 1.0, 3.0%IZ3HFMEEEE S E/-f R (SOmixDMZe L) | 1.0% LA EDJREE Thili
RGeS RSSO BE N L2, 1, 3. 5% T3RFRIRE LA R (S9mixDIRM7Ze L) . DNA
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5 (DNA—ASUI) ORIAH DR

e LB e

Hatch® (1983) 1%, v U 7 o A AX—RHifd (SHE) ZHW T, KHiEE0.3~5% (6.2~103.5
g/m3) DAL A FILVIZ20WFHIIREE S, SATT T/ U A LV AIZ X B A s il 217 - 7= 5 5

(SOmixim7Z2 L) . 0.6~2.5% CIEIIOMEE NN L=, 728, 5% CIIWHIDATFE N2>
7=,

Working & (1986) 1T kX, HMEDFischer 3447 > k (CDF (F-344) /CrIBRZ v k) OXE B
M, AFHID, RS2 . SOmixDIRMNZR LT, AHIREL 3. 5. 10%DHH kA F /L2 3FHIRER
SHTAER. 3%LL EOJRE CTHF MR, FEHIE CREMDNAG RO R A LT, A& R
JaTIEH LN T, 7, B TIZ10% A, K& LRI TIZ5, 10%5E Tllla st s 2 6
i, ARG TITMa IR Do T,

Asakura © (2008) 1%, F ¥ A =— A NARAX—HKOMME (CHL/IU) %MH\\WT, i
Z 1/ARIA [ TEE HZ IR0 | 8/4RIER 1T AL A F /L ORURIZHRTE S 52 E 10 L > TRAFRFEHRRET-
Too KFIRIE2, 4, 6% DAL A F IV 6RERIIRTE SH-fER, 4%l L TSImixD YO A I ) hio
OPYL AR (BERT) 3% Lz, SOmixDOFMA LT, K TRE1~3% Dk A F /L1245
W& 2V IT48H IR S B RICBWT Y, AR (BERT) Z23F% LI,

AW

Fostel 5 (1985) 1%, ®r X I F 7 AHES. typhimurium (TM677) % HW\\ 2 B{n 228K % (AL
IR B S BRZ 1T o 7=, SOmixRETEM R Z SN L 72 W R R IRES~30% D b A F /1 T37°C,
SRFMLER LTz & 2 A JREITKAT LIS SRAERRBOHMARD v, 2B, 20%EEICBIT 1A
I F 7 AEDAEFRITE0% TH T2,

Simmon & (1977) (ZLNiX, XF A F 7 AES. typhimurium TA100% HV 7= B R 1299828 BBk
T, SImixREHEEROWMOFEEIZD D 6T, KTHREE2.6~20% Dk A F /L T8RFMALEL L 72
fa e, B TR ERZFHR LT,

Andrews® (1976) (ZXiUE. R AIF 7 RAES. typhimuriumTA1535% F 7285 1- 229K ik
BRCRTIRE0.5, 0.8, 3.8, 8.7, 13.3, 20.7% D b A F/VZHEEE S-SR, SOmix AL %
DUEIMND B 5 A 12150.5% LL 1T SOmixfRHNEME R DRI D 72 WG 12138.8% LA _E Tilf5 122584
HIFHER STz,

Longstaff® (1984) (Z XiUE, * XX F 7 AHS. typhimuriumTA100, TA1535% H V7= 58k (S9mix
RENEVER OIS V) CTBASFIRNEENFR I, TA100 TIEEFIREL0% TRrARS (FExf
HINZT. 315 DBHEE DZEIRZER) | TA1535 TIXK IR EES % THRREUGL (FAXIHIIC6.205 OB EE D228
) 2oL,

®A4-2 BIEAFILICETHEGFESEECHRIFZRERO—E

ARG 1L Ak - ARORR - BT i R SCHR
in vivo | NEH DNA &5 | Fischerd44 7 v NiFHiAw Working & (1986)
Wi 715 "
+
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15,000 ppm (= 3 MR, ABREE
3,000~3,500 ppm (= 1~5 A (6
WREE/H) W ABREE

AEH DNA A EickiER

Fischer344 7 v NFEREM

Mg 1k

15,000 ppm (= 3 MR, AN
3,000~3,500 ppm IZ 1~5 HFH (6
IRF[E]/H) W AN

Working © (1986)

AEH DNA & ik

Fischer344 7 v F&UE Rz
Mg 1k

15,000 ppm (Z 3 B[], ABRTE
3,000~3,500 ppm IZ 1~5 HFH (6
RFfE/H ) W AR R

Working © (1986)

EVEBOERER

Fischer344 7 v
MRE 715 3,000 ppm 125 A (6
e/ H) W ABREE

Working & (1985a)

BRI ABR

Fischer344 7 v b
W% /714 - 3,000 ppm (25 A (6
WEfE)/H) e ANREE

Chellman & (1986a)

DNA SHUIWr, ZeAfR

B6C3F1 ~ v A & g
MR /714 11,000 ppm (= 8 FRFEFIE A

Ristau 5 (1990)

in vitro

ATEEIRIRAE Sk (8-
T TT = it

I ARAIF 7 AHE TM677 ; S9mix
(=) ; [HEE 10~30%

Fostel & (1985)

1T 22 IR IE FLa R I A F 7 AFE TA100; S9mix (+ Simmon & (1977)
=) RPIRE 2.5~20%

(R AN AR F A IF 7 AH TA1535 ; S9mix Andrews > (1976)
(+) . [HERE 0.5%LL
S9mix (—) . K[HIEE 3.8%LL 1

I ZR R HLEA R RAITF 7 AE Longstaff & (1984)

TA100 ; S9mix (+)

A
=
I
¥

10% THe Kt
TA1535; S9mix (+) . &P
5% T K i

TR AR

YT N AL —IHRE, LT
F ) 74V A (SAT) ;S9mix (—)
LI 0.6~2.5% (KT 5%
THIRHI D AAE R L)

Hatch & (1983)

AEH DNA A EicakiER

Fischer344 7 v bk fJ{Es 2 AT 4
fd ; S9mix (—) ; KHEE 3, 5%
(ZUPIREE 10% CHlfastEH v )

Working © (1986)

AEH DNA A picakiER

Fischer344 Z v kN #MCESZE KRB
fd ; S9mix (—) ; &R 3, 5,
10%

Working © (1986)
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AEH DNA & Ekatl | Fischer344 7 v MG ESE L Working & (1986)
PHIAE ; S9mix (—) ; AHREE 1, B
3% (RHIRE 5. 10% CHllaz:
H0)
DNA &)lr, Z8Eak | & b U X ZEERH MY ; S9mix Fostel & (1985)
B (=) ; KJHEE 1, 3.5% -
ZEIRIE HLG B b b U REEERHSEMIE ; S9mix Fostel & (1985)
(=) ; [HPERE 2~5% +
Tk G 3 IR A HRE | & b U U oR3EERH SRR ; S9mix Fostel & (1985)
B (=) ; JHEE1 3% +
AER N F v A =— AN A X —H KD Asakura & (2008)
fm (CHL/IU) +
S9mix (+) ; ZWHIRE 4, 6%
2.1.2 EEFHE

WALAFNVDIEDR Y ZA7ITOWT, [EERBERAEIC X 5 & &Rl o FEMfl LA b oTz,

HAL A F AZDNTE, TARC (1999) T3 (b MIxd 2FBAMEIZ DWW THEHETE 2 | US.EPA
(2001a) TD (b FEPAMENDIETERV) LRSI TR | EPFE L OSEREMW) OO s
IZBWTHHARBED AR LI TV RN 2D, EEHiIE TE 220,

2.2 BERAMLSNOEEH
2.2.1 SEtEEEE

2211 2H4SH

RHIZAMEFMICE T 5 MR AE R Lz,

b MBI AR E LT, WsEOHEEE U CHEM STV (b A F A olRHEs, Ak = o580
THCORMHFHROEENRE SN TS, BBERENHREINTND SO TIE, WAL OM D
5O FEHTIE, 9,000 ppmPi E (Battigelli & Perini 1955) % L < 1%39,000~600,000 ppm (Jones
1942) . A2 A 8E T CI13500 ppmbL b (Hansen 1953) LHEE SN TW 5, Z Dz, F78#& <.
MRER DR (DFEV, 2T AH, EHENHH, BIR, FET. R | BEER (K. W&, 150E) |
POEAME SN TWD, Fo, b MEFEEEBRTIE, 200 ppmDIEEE TITEI~DORE (RAERBEOIKT)
NEBD LN TS (Putz-Anderson®™ 1981a) .

FEBRE Tl WARRZEIC L DLCs0E LT, ¥ A T2,200~8,500 ppm, 7 FT2,700 ppmA
SN TW5 (White® 1982; Chellman® 1986b ; Von Oettingen ™ 1949,1950) .

&5 SMBHICHATIHE
B MCIBET T —#
<JEBIFE >
Jones (1942) 13, WHIT AT ADOBEH T4 £, EEFIZHEL A FIRE S L L@t L,
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YAk A F L D FE1L39,000~600,000 ppmFLE TH 5 EHE S 7=, BRERIESIJGH, TH&2,
. D &I ETHIREE, BECRIR, BOT A, GHR. R, WKL ONEMH-23 2537,

Battigelli & Perini (1955) 1%, MEI TGO 5781852403, WIEE 2B 2L A 57/129,000 ppm
PLEICHREE S e Lt LT, BEBERICOE WV, I8, BE T, Mmiosifb, IEK, MM, IR
KON, TDOIERIT, BEEZI~ARFRIZI Z 0 | IREZGRFHE T, ERSEIZM D> TR |
BREECDIHRICIE, eaelcEiE L,

Spevak b (1976) 1%, WEEOHND 7 U —=2 7 {E3EF, 50~60 D FLd 405, it L7
(b A F N OWRIER OVRRICIRSE S GREARH, 1K) | REPBEARHEZE T, HEX, Lo
<V, EEOHE, FBERH £ TERANPOIERNA LN, F-BEE2H % E TSI, BIET, 84
EL. EAR, GEBVRHH. SREREE. EE. KR OTUHEICRE SN D idepieEE (ARt BhIRARE, ZA
HARR A G Te) | B, 99040, DT emEo B EYE, MEREHIn, EEER, BV L e o8
. g2 L7 F = o8N, NEkEE CIRIRDS A Bz, 200 b1, AuEEEE ST
L. MIRBAH I, BEAE & e o7z,

Hansen (1953) (ZX#Ud, ST 28ETH T, Bk A FILORRREHIC L > THEES00 ppmbA
O A F TR ST EELS A, RAREE. BHEWV, =55, ek, BEIRFEE . 5P,
AR & BROEE O R FIER N A BN, IEFE10~30H #Z12i3EIE LT,

<t hEREEFER >

Putz-Anderson®> (1981a) (56 ADEREE (B3N, LMH1TA) 12, YT E/NA (FARMHRER
OMEIFD) 10 mgDEHOH D | BLOSEMAT, 0, 200 ppm DIk A F /LI SRFIREE S CTITHEh~
DEBE T, 72, AL A F 100 ppmDIREE & 72 S22, ITEI~OEBIH LR o7,
EREE AR LIRS Mackworthf5t7 A &) | “ERRE (BFREEIR-FMHEMNNT X 0) |
IRF A F BURRRE IS S W TR & 7U72, HEA b A F/L D 72200 ppmIZHREE S 72 E Tl SFEEE O FRE O - %,
BEOKTIH4% (A EMHHTMANOVA Cmarginally’Ze G & (p < 0.0563) ) THolzin, T E/NRA
B OG- T OK T1310.1% (p<0.01) THo7o, ¥ 7 E/NA10mg% £ 5 L Tk A F/1200
pPPMIZIRTE S 5A . SHEOMBE OO F2818.5% Th o727z, b AF L E DT ERLD
BHEITFEM TIE2 <. N TH D &Sz,

By IR T — ¥

White® (1982) 1%, MEED~ 7 I A F L% 6L ANEEE L7 & Z A, LCsold. #ET2,250
ppm, WET8,500 ppm Th 7=, VW F AL Ak OHEA| (DL-buthionone-S,R — sulfoxime, 8
mmole/kg) % TOFEINT-HETIE. LCsoi%3,500 ppmiIHIN L7z, 7 XF 4 EOFLEANC
K D AT OFFGSHIZ R FRRED 45% 129 U7z, MERED AT, Bk, AN CIREEREIIKE L=~
B TF I DD RH BT, 2,250 ppm TERFHIEREE SE72 56, MEHET 7L 2 F 4 > OB
DN BT,

Chellman® (1986b) %, HDB6C3F1~ 7 AIZHifk A F /L& 6HFEI ABREZE L= L Z A, LCsolx
2,200 ppm TH o 7=, Hifb A F L ~DOEER 1.5 FIZ. GSHAREA] (L-buthionine-S,
R-sulfoximine (L-BSO) ) 4 mmol/kg# JEENIL- LT5EG . JETITA LRI ST,

von Oettingen® (1949) (&, vV A& T v b GR#HEAH) (8L A F L2 AR AIREE L7z &
Z A, 7v FOLCsolZ, 2,700 ppm, ~ 7 ADLCsol%. 3,000 ppm ToH o7z,

_14_



von Oettingen® (1950) 1%, ~ 7 R L A F L2 TRFRIWARSE L7 & 2 A, LCsold. 6,300
mg/m3Th -7,

2.2.1.2 g - @S

b b R OSEBREW) OB ME, BIERIEICE T D BEARMIEOBE Z RSICE Lz, Fo, ERDWY
DB IRBREDZ N T ATy MZOWTONRSRHIE & RERE & ORBf2ZRKE, TICEH LT,

(1) EFOHR

E MIOWTHD & JEFIFFE I, EHI O BHOBREOEFNHRE SN TND, N ~—THT
OUETE (EEREEAP) Tk, MRR~OE (KL, O FV, MRmEEE) 23451, 200~400
ppmiZ 72 < & H2~3WHEIRTE LI HEA IOV TIIEEL, R~ 2% AEEE, FIRBED
PRER~DOEEN L5 TEHE Y (Dow Chemical Company 1992 ; Scharnweber > 1974) . EHIZH
LG (BRIREIIAP) CIIHEME~ORE, TR, B~ 2 GiH, ®R, ¥ 37 JR) |
RN DREESENRE SN TN D,

bt NEREE R GEFI2 A ERER) Cix. MR, DAIFEEES ~ DR BT /e > 7243, 20 ppmBL ED
HE T2 ERME T > R = AR A BTz (Putz-Anderson > 1981a,b)

FEERRGEBRFZE D 5 H4RFFE (Holmes > 1986 ; Olsen ™ 1989 ; Ott5 1985 ; Repko® 1976) ik
FIHOBBEEGRE LTZLDOTHD, Holmesd (1986) . Olsend (1989) K UOtts (1985)
AL A FL~OIRETE LR aR (BAREE LR R, IMERERAEET) | MFRaR, HILERED
RO Y A7 ZRE L TE Y, ZOFEE, 2D ORI FFRICE W TEEBOERELIE LT (SMR)
DHERZREINTRD biehole, 723, THLH OEFPHE CTIIEL A TV OREREOFHRITA < .
FHBE 1 XIEAL A F VLIS OEE O F W CESE L T -, Repkon (1976) 13X, 1EESG OB A TV
DARIRERTE BT DR FI KL OITEN A~ OB ZRE L2 DO TH D, MRRFHIRAE CIIE(L AT
DUgEFE O FEBITRD IR0 7o)y, ATEREORERERD 5 B AR S FERE O E B & b A
FILOKFREIE L OMICIEOMBEBRI R STz, LavL, BEBEHBEICERERE 2% -2
EMD | BIEDIR L -VVREEIC T 2 B O BR 2R EL S TV 5 & DR (Farber & Torkelson 1989)
5,

Fo, EIROMRED B L7 b A 0 (i) 124 B FREE L7 BE 0 EBFIA (Rafnsson &
Gudmundsson 1997 ; Rafnsson & Kristbjornsdottir 2014) Tli. 1965~19954F £ TOBEFOFE R, L
M REBIC L HIET Y 27 O (NP — FE3.9, 95%CIL: 1.0~14.4) 2538 b7~ BERHAR % ik
B L7ofER (1963F:~20104) Tik, DiffERER (Y — RE2.06, 95%CI: 1.02~4.15) DAtIZfiK
MAEE (N — RE5.85, 95%CI: 1.18~24.35) THIET Y A7 OEMARD Lz, L LR b,
TG O TIIMEEEE, Ty a— VB, BFEEOATEEER T OO H 22Tl
ZEDD KER T ORENRAR I EEZDND, T2 LA T LVOBRE L LA ST,

(2) EERBYOMER

(2) —1. BOREBRAR

A IR T, B R BB IIFZE (7 ) &V | 60 mg/kg TR~ DR BN - BTz (Dow
Chemical Company 1982) .
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(2) —2. RABRZEHER

FEREN) O ANIEZERERE LT, REZHER CEL DI OWTLUTICE LD EFL L, REDATF
NREETH > 772D “IRERHIFE S\ 2 /i (McKenna & 1981b ; Kolkmann & Volk 1975) (22T
X, ARSI TR DI,

(2) —2—1. EHSHRER

FgREM) (w7 A, Ty b)) (TR AR S E7EMEFENRER S L TICHT (1981) . BARAAL AT
v AR 2 — (1997) Db 5,

< AIOWT RS E, CIIT (1981 ; B6C3F1~ 7 AfffH) TIiX1,000 ppm#AEDMERE, HA NS A 47
v AWEE S — (1997 ; Crj:BDF1~ 7 Z{liH) TiX800 ppmit DMk CTAIEROFR KT 23
DO, WL REIRK TENCRBR2A T by Sz, CIT (1981) 1,000 ppm#t (MERE) Tirxfk
EHEMOE], APl CHAIROZNE, B0, /MK CRER MR ZME, ZME) . MiRcY > Rl
DWW, ZEHE, HETITBIR CRME O, BRTEMEOEM, EHbRv o, BAARAS AT v
AW ¥ — (1997) D800 ppmit (MEME) (2 DOWTITIRESINOIHI TR SV 03, JFELALRE
FETHEIR & 7 D EAIX e o 7=, CIIT (1981) D225 ppmbh FORE, HANA AT v AL
X— (1997) ™200 ppmuTmif TR, KE, B~ E L o7z, 728, CIT (1981)
™1,000 ppm#E (HEHE) DIZIZTRTOEY T, BEEEHE18~22 1 H I RE RS (7 7 v FRISIZ
HS) BREN, :@%ﬂ%@%%aid\ﬂ“m’@%% (BERLfE DN, Zofie) _iof%ﬁﬁ bNHHLDE X
nic,

7w MZHOWTL, CIT (1981 ; Fiscer3447 » MiEH) TiL, 1,000 ppm#EOMERECAREIEINOH)
fil, HECTHHIA OEME, FEMARBO LN, ARNSNA AT v AW % — (1997 ; F344/DuCrj
Z v MiEH) T, 1,000 ppmff CTREAHIM 28 U TRESMOIHIAFED BTN, TSN IRE
EBE L BT bR o T,

728, CHT (1981) O~ 7 ADiBRIC SV TiE, U.S.EPA (2001a) 73, %%ﬁ%%@%%ﬁ%%ﬁﬁ
HOTIEARRWE Loob, RBROBEI X (MHEOEROE T ORRY | —i~ 7 X DEEKHRE D
EBRYIHOEZRE DAY (50 ppmAf L 1,000 ppmiEDIREE /%r“ﬁ:SHFﬂJ\m*E;b@) ) %?Eﬁr.ﬂbﬂ\
%o

(2) —2—2. BEERHESEAR

(2) —2—2—1. ¥IR

~ 7 AIZHOWTIE, 11~ 13 OW AR HER (Mitchell®> 1979 ; Jiang® 1985 ; Chellman
5 1986b ; Morgan® 1982 ; HANA 47T v A #f%Ek > % — 1993 ; Landry 5 1985) 23H 0, 8
PEEMERER TR bV an B ~ O (IR, B, DN SEFE~OZENFEEL TVD,

~ T ADRII Lo TRHBREIEV AR LI, C57TBL/6~ 7 A TIIMLOFRIE L 0 &K T,
B, MO FEERRFERD BT,

OFFlig~ D F 28
g~ D2 S Cik, B6C3F1, Crj:BDF1~ 7 Az U7=ikEr (MREEAEFL6HER]/ B, WRaE I
11HM. 28, 13#[F#) 2BV T750 ppm~3,000 ppm CTHHHEANXT EEDOHN, LM, 5T
NGO BT (Mitchell > 1979 ; Morgan® 1982 ; HANA 47 v A W% v % — 1993) ,
C57BL/6~ 7 Az L7223 5 &, Morgan® (1982) (MEFEEHE6HRFH/H X9HM/N1HRE) T
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12500 ppmPL_EDREDIETHHIROZEMENGRD Bz, Landry S (1985) IZWriilgdE st (5.515/1/ A X
11H[H) | EfeiREE SR (2205H)/ A X 11 M) THBERZ 1TV, Wifthk#E 51k T T13400 ppm, 2,400 ppm
() | EfFMEEE S T CIX100 ppmBL | () T2V = —5 U REVEIZ B U 7o IFHR O 2R A BT
(Landry & 1985) , 728, CHTBL/6~ 7 A& H W13 (1,500 ppm) OFRER (6WFfE]/ H X5 H /3 X
20 [H) TITHEA~DOEEITFRD iz~ 7 (Jiangh 1985)

O g~ D2

EEA~DEEIZ O TIX, C3H, CrjBDF1~ U 2 & H\\W ikl (REEFE6RFR]/H ., EF11H
M. 20M, 133#8M[) Ti%1,000 ppmIl b Xi%1,500 ppm Pl b CENRO B (Gt SR . RN 8
BE) NFRH BT (Morgand 1982 ; HANA 47 v A M5k % —1993) , B6C3F1~ 7 A 2O\
TiE, HREORER (6IR:f)/H X5H/H X2H[M) 23& V. 1,500 ppm TRHIE O HEFEANEZE LD DT )
MR A 5417~ (Chellman® 1986b)

C57BL/6~ 7 A %Ml L7-3:BRD 9 5, Morgan® (1982) (MREEAHE6HM/H X9HM/A1AM) T
1%1,000 ppmPL k. (#ERE) | Jiang® (1985) D 1IREOFER (6IRFfE/H X5 H /M X 238 E) Ti%1,500 ppm
(M) TIRAE OB ZEVENZRD bz, £7-. Landry® (1985) |3WrptR@set: (5.5051/H X 11
Hi#) | EkeiREE St (22WFH)/H X 11 A M) CRERZ1TV, Wikt #E Sk T C132,400 ppm (M) TR
A OZNE, HIIREE S T CIX150 ppm  (HE) TEEAE T EEOBEMATED L,

OUNERNGS-A

B6C3F1~ 7 222\ T, HREORER (6I#H)/H X5H /M X 21 [#]) Tidd 223, 1,500 ppm T/IMH
HERLJE OMINE OB Hivie (Chellman® 1986b)

C57BL/6~ U AZMiH L7-3aBR > 5 &, Morgan® (1982) (RREEAE6HFHM/H X9HM/11HRE) T
131,000 ppmPL b () . Jiang® (1985) DO 1EEOFRER (6FFH/H X5 H/#HE X 2;f[#) Ti%1,500 ppm
(M4E) /NI O FERLHIACE OB DM NGRS iz, £7-, Landry S (1985) 1IWriihR#E St (5.5
W/ H X 11E M) | EpiRia it 225/ B X 113 ) CTHRERZ1TV . Wit 4t T Tl3400 ppm
VL b () | #ReiREESIE T ClL100 ppmlh B () C/NMGERL A ORI D25 150 ppml 1
() T/IMOT X, fE,. BE RN OZERREATED Hiv7z, Landry® (1985)
I~ U AEBHHRAMEORER (m—4Fm > FRBR) LML TRV, WikehEE &0 T CTIE800 ppmbL
(M) | EAEIREESAE F TIE150 ppmlA L (M) THUEAME T L=,

@EFR, ZOMmoEE

B6C3F1~ 7 2 Zffi [l L7-3kBx (6M5[E)/H X9H /11 H ) Ti%2,000 ppm T L/BEFEIRFEN 4 b
7= (Morgan® 1982) .

C57BL/6~ T A% L7233 RD 9 5, Morgan® (1982) (WMRERAHE6RERN]/H X9HM/11HR]) T
132,000 ppm (MfERfE) TIEFEHR2~5H TEREN T UTHSLIRAE, Jiang s (1985) DO LEEOHER (6
IRFfR)/ F X 5 A/ X 23 ) TiX1,500 ppm () TIIIRES 1 EM THET (2PL/1008) L7z, 7. Landry
5 (1985) (XMrivinikidz 2t (5.6WF[M/ A X 11 A M) | HEFRESI: (225H]/A X 11H#) CTHREBRE1T
U, B fee R TR 211 T C132,400 ppm () 23BRTE T4 8~9 H THASLIRRE 2 38 bR T 5 1F T T 150 ppm
PLb (HE) CHESEIRRE TS 3588 i, 200 ppmbh b (M) TIFBRFTEH4H ~5H TEREFLT 1D
HivTc, Zoofth, Wit St T Ci32,400 ppm (M) THEUWROIEIE 580 b7z (Landry» 1985) .

B, v U AOHERMEFEERR CIL, BRA~OEBIIA LN 5T,
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(2) —2—2—-2. Syt

9H M~ 13 D ABEFEAER (Morgan® 1982 ; HA/NA 47 v A Bt ¥ — 1993) DR
RS L Ty TR, B, B, . RSN OV FIA TORENTRD i, sk
DR L IRFRRIE L OBROMIKIILL TO B0 TH D,

OEFRA~D B

Fischer3447 » b &M L7 3Bk (6WFfH/H X9RM/11HM) Ti, MEE%5 H123,500 ppmbL T
SEIRBENS GRS H 7= (Morgan® 1982) , F344/DuCrj (6HFH/H X5 H/AHE X 13 M X I1X2:8E) (AA
NAFT AWt & — 1993) TIXEDOREEREIZIB W T HEFSRIREE T TITA LN R o T,

O~ F 28k

Fischer3447 » R &/ L7-7kEk (6FFR/H X 9B /11 HRE) TiX. 2,000 ppmPL ECHFfllad 2
DR BN (Morgan® 1982) , F344/DuCrj (6HFRE)/H X5 H/AH X 13 M X I1X2:8H])  (HAA A
T v BAMGEE U F— 1993) TILEDIREREIZHE O T HPSERE X I T ITA LN T,

@mﬂlﬁﬁ n[ EX,\@Eg;EB

Fischer3447 v b Z{EH L7-3 8k (6FFffH/H X9 H /11 HH) TiL, 2,000 ppmPL_E TR DZME,
3,500 ppmPh L TR & bRz ffn Tkl O B3 2 b7z (Morgan® 1982) . F344/DuCrj (6FF[RE)/
HX5H/MH X138 [E]) TIiX750 ppmbll E TR OIRIFEAMENTE D Hiviz (AARARAL AT v A WfetE
A— 1993) .

@M~ D 5L

Fischer3447 v b &l L7-3lk (6FFf)/H X9H /11 HE) TiX5,000 ppm T, F344/DuCrj (6
/B X5H/E X 13#[E]) TiE3,000 ppm T/NKOFERLE/IE DN D H vz (Morgan® 1982 ;
HARANA AT v A58 % — 1993) |

@)L N4

Fischer3447 v FZ{EH L7-38k (6IffE/H X9HM/11HM) & TUF344/DuCrj (6FFfH)/H X 5H /i X
WESUTZ13HE) CTHIROEEITA L) >7- (Morgann 1982 ; HARNA 47 v A HF5EE 4

— 1993) .

OFH, HHR ER~D%E

Fischer3447 v ~ A L7=#Bk (6H://H X 9H /11 HR) T132,000 ppmBl - TREOLM (#
WIS T OB 2/ 9) DR 6tz Morgan® 1982) . F344/DuCrj7 v M EMH L7 ERD 9 5,
13 M OMEEE (615 B X5 H /A X 13 ) Tix1,500 ppmbll b THEEOZEN ., K B TR0,
QI OBRTEE (6 H X5 H/#H X 238[#) TiE380 ppmiz 3,000 ppm T D . 3,000 ppm T
FEH ERO ER RS, MlRRE SR bz (AARNSA FT v A5ttt % — 1993) .

(8) RVR. v FOBRABRBSBRERDOELD
(3) — 1. BRI ONT
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<~ U A, T v OB~ EE ABRERBRE R A S D L il Ui, B, N, R - IR b
RA~DFENBDO LN TN\, 2B, Mg~ I~ ADH, BIE~DHEITT v PO THRD L
Nz, ZOZ Enn, FFlR, BRI, R - KR B, Mg, BIRSENESR E S 2 6D,

(8) —2.%IR, v FOFEMEIZDONT

CIIT (1981) D2FERIRAMEFERBR T, v~V A, T NOBEEEORERNEZ LD L, v UAT
131,000 ppm#E THEFRO T, (KEHMOMB], FFiE, B, D Mg, BRASOZENZD b
7eh3, 7> R TIiE1,000 ppm#t THREHMOMEIOHBD HiLiz, ZOFRERDL L, v T ADFRNT

v &Y BHAEA FILORBI T DREZMEDR R b O &b,

(3) — 3. HPYERNORBEICONT

~ A, Ty MOl L RERE L OBR (K6, 7) »bEZXDHE, Ty FTIEEMITEST
BN LI DIREIZKRENR, —FH, 7 AZOWTIEB6C3F1, Crj:BDF1, C3H~ 7 A T,
T, B, NI, R, AR T 5% < ORENI1,000 ppm A X DI (WrkihRiEE O T) T
BNz Eicxt L, ChTBL/6~ 7 A TlE, Landry® (1985) DOWrktlRE DOSA: (5.505M/H X 11
HRE) Ti3400 ppmlh LT/, HlB~OEENED Hivlz, 70, #@FehiEEOSM (22KF[)/H X 11
H#) TI%X100 ppmPh EC/MK BERIEHIRLOZEME, FEME) | g (77 ) 2 —57 > oRsigic X 2 ik
DRKESORD) ~DOFENEA L, 150 ppmPl ETIIIMMO T v )@, oFg, AE THaNst
DZEfAl., ATl E R OB bR bz (Landry S 1985) , Z OfEHRIL, C5TBL/6~ 7 A 34 FdE
B DOV THORFEDO T AL b EEZMETHL L ERTHLOEE X BN, B,
C5TBL/6~ 7 A D E A2 MEIC B LT, RO A H = X LENMORK O~ 7 208 fE L B b
EDIERITE LR D 5T,

(8) —4. CIIT (1981) M{EFEMEIZDINT

CIIT (1981) ™~ 7 ZDRAERIZ SV T, U.S.EPA (2001a) 7%, ZEBRFE B DMK D 2241 % B 79
HLOTIEANWE LooY, REBROBIEI X (MHEOER OETORRY | —iH~ v XA OEEFHRI DY |
EEROHADOBRFEIEE DOREY (50 ppmif & 1,000 ppmAf OBRFTIRENSHEANLEDY) ) "D L%
R LTWD, L2 LR E, CIT (1981) O~ 7 ZDORBIER L AANS FT v A5t & —
(1993, 1997) O~ A, 7~ hO2ARM, 13EMH, 2FEMORERAER & 2t Lz & 210, HEORD
LN CIEBREOKRENWE THLIREES L TWHEEXLNDLZ b, CIT (1981) @
RBREROSBERE D LB XD,

K6 XVADRABRBARTROoNRELFERE

idess A -2 OPINSY a Wikl 353 AR i B H i
Z Dt RES
AEAFER | FET XAFEESEN | 1,000 ppm (HERE) (Z£ | 2 4fH (6 FREfE)/ | B6C3F1 | CIIT (1981)
i3 FERIKTFD=H, 21 | B, 5 Hil)
~22 5 H CiHBRITH
1)
2,000 ppm (%) 11 H# (6 B#fE] | C57BL/6 | Morgan & (1982)
/H. 9 HR/11
H i)
2,000 ppm (%) 11 H# (6 B#fE] | BEC3F1 | Morgan & (1982)
/H. 9 HR/11
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H )

800 ppm (MfEME) (£ | 2 4[# (6 IEfE)/ | Crj:BDF1 | HANA 47T vk A
FERIE T, 95 | B, 5 Ai) fget v 2 — (1997)
HCHREBRITHED)
150 ppm LAk (i) e 11 HH C57BL/6 | Landry ©» (1985)
(22 BFFRI/H)
2,400 ppm () e 11 HH C57BL/6 | Landry ©» (1985)
(5.5 FffE/H)
RE | REEINOME | 1,000 ppm (L) 2 4E[8 (6 W/ | BEC3F1 | CIIT (1981)
H. 5 Hi#)
750 ppm LA b (#fERE) | 13 [ (6 B | B6C3F1 | Mitchell 5 (1979)
ffi/H. 5 Hi)
800 ppm  (HfERHE) 2 - (6 B¥f#)/ | Crj'BDF1 | AANA AT vt A
H. 5 Hi#) Wrzet v #— (1997)
150 ppm LAk (#) Hifge 11 B C57BL/6 | Landry » (1985)
(22 FER/H)
2,400 ppm (i) Hfge 11 B C57BL/6 | Landry & (1985)
(5.5 F§[#/H)
Ffge | FFAmAR o 281k, 1,000 ppm  (HfERE) 2 4Ef (6 B#fil/ | B6C3F1 | CIIT (1981)
s H. 5 Hi#)
1,000 ppm LL_E (i) | 13 M Crj:BDF1 | HANA AT vt A
W7t v % — (1993)
500 ppm LA k() 11 B (6 H#fE | C57BL/6 | Morgan & (1982)
/B, 9 A1
H [H)
2,000 ppm (/) 11 B (6 H#fE | B6C3F1 | Morgan & (1982)
/B, 9 A1
H [H)
1,500 ppm LA E () | 2 [ (6 B§f#/ | Crj:BDF1 | HAASA F7 v A
3,000 ppm (iff) H, 5 Hi) ot v % — (1993)
JH s 22 1,500 ppm (ML) 13 3R (6H | B6C3F1 | Mitchell 5 (1979)
M/, 5 Hi#)
) a—4 2o | 100 ppm BLE () HfEE 11 B[ C57BL/6 | Landry ©» (1985)
FEYBIZ L 2 (22 FER/H)
faDREZ ZOW | 400, 2,400 ppm YL F | dfE 11 H C57BL/6 | Landry & (1985)
s () (5.5 F§[#/H)
FExFE RO | 750 ppm LA (HERE) | 13 [ (6 FF | B6C3F1 | Mitchell & (1979)
ffi/H. 5 HiH)
Frligiisct B> | 150 ppm (M) Hfge 11 B C57BL/6 | Landry » (1985)
% (22 FERE/H)
S Mk PRI DA 1,000 ppm  (ff) 2 4Ef (6 B#ftl/ | B6C3F1 | CIIT (1981)
(- ¥ LN PR A H. 5 Hi#)
B, B EET) | 1,500 ppm (M) (B | 28 (6 B#RE)/ | C57BL/6 | Jiang & (1985)
— DRERIE) H. 5 Hi#)
2,400 ppm (i) Hfge 11 B C57BL/6 | Landry & (1985)
(5.5 F§[#/H)
1,500 ppm  (HEHE) 21 (6 B§fil/ | Crj:BDF1 | HANSA AT vt A
H, 5 Hi) ot v % — (1993)
1,500 ppm (i) (B | 2 #f (6 F¢fEl/ | BBC3F1 | Chellman © (1986b)
— DREHTE) H., 5 Hi)
1,000 ppm  (JHERE) 11 H (6 FefE] | C3H, Morgan & (1982)
/H. 9 HI#/11 | C57BL/6,
H [H) B6C3F1
2,000 ppm (M) 11 H (6 FefE] | C3H, Morgan & (1982)
/H. 9 HI#/11 | C57BL/6,
H [H) B6C3F1
3,000 ppm  (Itff) 2 1H (6 B§fil/ | Crj:BDF1 | HANSA AT vt A
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H. 5 H#) W7t v 2 — (1993)
BIEAR AT EEO | 150 ppm () HfEE 11 B[ C57BL/6 | Landry ©» (1985)
el (22 WEf#/H )
7N HERrimiuE o2 | 1,000 ppm  (HfEHE) 2 4E[# (6 H#f#/ | B6C3F1 | CIIT (1981)
P, ZEHESE H, 5 Hifl)
1,500 ppm (M) (B | 2 #[H (6 K§f#/ | C57BL/6 | Jiang & (1985)
— DREHTE) H. 5 H#)
1,500 ppm (i) (B | 2 #R (6 Kif#/ | B6C3F1 Chellman % (1986b)
— DRERIE) H. 5 Hi#)
1,000 ppm () 11 H# (6 B#fE] | C57BL/6 | Morgan & (1982)
/H. 9 HR/11
H )
100 ppm LAk (#) e 11 HH C57BL/6 | Landry & (1985)
(22 FERE/H)
400 ppm LA E (i) e 11 HH C57BL/6 | Landry » (1985)
(5.5 F§[#/H)
X g, | 150 ppm BLE (M) | i 11 B C57BL/6 | Landry & (1985)
S E. AET (22 FEfE/H)
HERE PN A oD 22
b
LA U oMo | 1,000 ppm (HERE) 2 4ER (6 FE[E)/ | B6C3F1 | CIIT (1981)
P M D ZE H. 5 Hi#)
i
JiE iR 2,400 ppm (M) Hfge 11 B C57BL/6 | Landry ©» (1985)
(22 B§[#/RH)
FEH KA O, | 1,000 ppm () ZEF'EJ (6 H[#/ | B6C3F1 | CIIT (1981)
eSS H. 5 H#)
=T Y FORABEABRTROON-FLELEZERE
s | A WEBORLNT-RE R A fi B D HH
Z Dt EX
TR | BEAEIRAE 3,500 ppm LAk (M) . | 11 HFRE (6 W§f#] | Fischer344 | Morgan © (1982)
5,000 ppm (/) /H. 9 H#/M11
H i)
RE | (REHINOME | 1,000 ppm  (HERE) 2 4R (6 B¥fE/ | Fischer344 | CIIT (1981)
H. 5 Hi#)
1,000 ppm (M) 2 £ (6 BfE/ | F344/DuCrj | AL AT vk
H. 5 H#) A W o H—
(1997)
JH i R o 25 2,000 ppm BA_E (), | 11 B4 (6 F¥f | Fischer344 | Morgan & (1982)
3,600 ppm LAk (#E) | /B, 9 HRM/1L
H [H)
5 Mk JRAHE DM 2,000 ppm BL_E (), | 11 B4 (6 F¥f | Fischer344 | Morgan & (1982)
3,600 ppm LA b (#E) | /B, 9 HR/11L
H [H)
Elk RWRFO LM | 3,600 ppm LA E (M | 11 BHfE (6 BFf | Fischer344 | Morgan & (1982)
fa CHE OERE | 1) /H. 9 HM/M
H [H)
ARAAZENE 750 ppm BLE - (#f) | 13 38 (6 #5H | F344/DuCrj | AANA A7 vk
1,500 ppm LA = (#) | /B, 5 HiH) AW #—
(1993)
Nk YERL A D 25 | 5,000 ppm (M) 11 Bf% (6 HFfE | Fischer344 | Morgan & (1982)
P /B, 9 A/
H [H)
PERL AR g D 28 | 3,000 ppm (K) 13 MR (6 e | F344/DuCrj | HANA 47T vk
PE /B, 5 Hi) AW & —
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(1993)
5 5 RS D2 M 1,000 ppm (%) 2 4ER] (6 BFME)/ | Fischer344 | CIIT (1981)
FEhE H., 5 Hi)
1,500 ppm LA E (B) | 13 K] (6 ¥l | F344/DuCrj | AARNA FT vk
/H. 5 HiA) AR Z—
(1993)
B D ZE 2,000 ppm LA E (FE) | 11 HRE (6 EFRE | Fischer344 | Morgan © (1982)
/H. 9 HIM/M1
H [H)
R OEM, #% | 2,000ppm LA E () | 11 AR (6 FFf# | Fischer344 | Morgan © (1982)
R o /H. 9 HM/M1
H i)
R L | Ko 1,500 ppm LA = (&) | 13 8[# (6 ¢f] | F344/DuCrj | HANA A7 vk
{EN /H. 5 HM) A WEE s H—
(1993)
380, 3,000 ppm () | 2 [ (6 K/ | F344/DuCrj | HANRA 4T vtk
H. 5 H#) AW E s H—
(1993)
R AR AR EE, | 3,000 ppm (/) 2 R (6 e/ | F344/DuCrj | HANSA A7 vk
iRy H. 5 Hi) AWt 2 —
(1993)

= 8 HigH - BHEHICETIHE
v MZET T —#
<JEBIHFIE >

MacDonald (1964) %, RV ~—TLT¥THIL A FVICIREZEINTZ8 SDOREHI T, IBEEZKICH DO
T I, KERRSEEL. T, IR XRIN, HEVRL LN, BICEEOERS. WA, REAAELI,
T & A EDFERITHAE DAL, 5D, MRGREN I DLz G Sz, BRES L AR JERSERAE
L7,

Daw Chemical Company®#H&EIZ LAUE, b A F I K A HREEE6ANIL, JERFETATIZ200~
400 ppmiZ 72 < L b2~ MIREE L Tu e, FERIZABE THEEIL TR, #EEL. 1TARY L2
. IR, N7 CAOARLEN, FIRER, MR, SRR LS, B oERN A
DI, 1FE A DA, (BN BEENT1~3% A TIERNEIE L7z (Dow Chemical Company
1992 ; Scharnweber©1974) .

Wood (1951) %, 10 FRWmEEOEIRIEEB O BIENSHBEITHEL A T VICHERE S v, M bess
FZDOFERDIENT, g, B~ L E2 5nb, HIE, ER, X R T ROFERN BT L
2 o D

Klimkova-Deutschova (1957) %, 18MERREGEAIHIC, Ho7Re. 980, MEIREESE, 4 Jxdan, /MK
~OREEFE BRI, RN OREEREDHENEE T E@®E LT,

<t hEREE TR >

Putz-Anderson > (1981a,b) (ZHLKINDRELREREE (a—0 VA N, FEREKO@HE) I
0. 20, 100, 150 ppm®DIFEiL A F v % 7 V—TTZIX7.5R M/ H ., 7/ —7INZIE3KRE/ B, 7 v—7
N2/ H T, 0 ppm Cefff) (21 H Rl ~Efpi2 H #1220, 20 ppmiZiEiid H#], 100 ppm|IiE#
foe5 H I, 150 ppm{ZiH#ife2 H [FiREE S, B\REZ O, MR, RO, KO, AR,
PRRATEN A, BRIR TR, EPRRAELZIT o7, 0B, X100 ppmDIEFEOH Th 7=, ZOf
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R BB AT EEE T, MRREIRA, W, HREYESREN (VER) | RBENT A b, B
(BERERR O BOG OFEAM) | OTEERE IR ER & B L 7= BIX A D e o T, b A T~ D&+
(20 ppmPh EDEE) (T2 MERNET > R— ADRI 5L, BRI OpHOA T, CO53 =D
BIMEM A A BTz, 7eds, XIRA SRS A CEBMNRLIE Gig, BREOER, RKEE U570
E) [CHEZEIFA LN )T,

<S>

Rafnsson & Gudmundsson (1997) 1%, 7A4 A7 > KO s — VAT BIT (LA F v (GERE
D) OIFHER (19634FEICHA) ICIVIBELI-MED S B2 AN (7 4+ —6 A, FHHE18AN)
IZOWT, %t#%l965~1995$®%@?3 BHEE L7-, WEEMEEI SN D ETO4AM, AT

WAL A T ACHEZE L CR Y . mEIT< | EEE®%OKUA($WE@E)@OB 1B AR HED
FER K O\ 2% LTz, BIREDDEEN - B EXDLIIAN (96 7 ARF 7 4 ¥—) 1%, BEOEH
REX I 2 LI E 2D 5 & XL A FVICEE LT, kA ?‘/VOD&%EQ{%FM ITHE S
TV, FIRE 1 AT ESIER 24 I LINICAETS L, FARBIANEE D H DK & RIEZIC18 %
AUWNIZBEE, 47 4 P —1ADBEEEZILy AUNICHZ (R SHE%E L TITHARB) Lz, 20
REDAELFED S B24 N (7 4 —6 A, HRE18AN) KOXTEERE120 N (BEEREO KM B OREFEIZ IS
UC, ME - Mg Eaek, MELRE MEESEEAENOER (£25%) 2~y F U7 SEH5A
BRI Zxg b LT, SETIRIE A 1965~1995F DEF Gk, R G, BABETEH Lz, 72
B, FEOIX, ERROXREEOBIURFEICIBW T, 2RIk, T, MEHEEER L L TomE o
IRERIZOWTHHELI-E LT D,

PHAEDOFER, 47 4 P —TIZ VU 27 OEEIMNIA SRR 208, BHRE TIEe=0 U 27 e (RR)
72325 (95%CI:1.0~5.7) |, DIERERICEL DD Y 27 (RR) 233.9 (95%CI:1.0~14.4) T
HY ., BAELREMNED LT,

Rafnsson & Kristbjornsdottir (2014) 1%, Fa—/LEROIE D 5 B, WL < [ZEERDH -
=W E Y DS PHIERZ R L TV Z &b, BUREEOBMBEZMEYH (1963414 18
H) (Z#Y ., 20104 & TR LA A Lz, B#E ﬁiﬁEWA(ﬁ74ﬁFﬂk FRE20 A, R
Fi 24 UIN DT, 180 ALINO ARFEE Gl ) & L1z, #1835 N (X7 4 —125
¥H35 N, HMEIZ/FHI00N) O GiE, AERNZEOELT, 1A O #RIR X Rafnsson &
Gudmundsson (1997) ¢ EIEETH 5,

Kaplan-Meier EfE0 0TI L 0 7R A BRERE & cHIBEE TR U fE R, HRBEDEFER N FE D -
oo FTo. Coxbbfiint— RET M I o THEHE, T Z 5 L2 ERBIBEC o — RibZR L
TR, BT ONY— REI32.10 (95% CI: 1.28~3.46) . &0 REBIET TlE2.06 (95% CI:
1.02~4.15) | 2MEEEIIRM DR BCIE3.12 (95% CL: 1.11~8.78) | MM R IE B Tl1%5.35 (95% CIL:
1.18~24.35) | HFTI%13.76 (95% CI:1.18~160.07) Th -7z,

B, THHOMEIZBWT, FH DITATEREITIR D KK 7 ORI BEE L, kRO BIUE
FRICB W CHEMBERL, i, MBECIHER L Loy OREIC OV THHE L (Rafnsson &
Gudmundsson, 1997) . & D WIEEEE, 7L a— LB 57 EORE DA IER 1 & T
L TCWBAHREMEIZH 5 (Rafnsson & Kristbjornsdottir, 2014) iR _XTWAHH, ZDO—FHTINHD
EEEER FIZOWTIRER EBRBEOHEUEII LR E T % (Rafnsson &
Kristbjornsdottir, 2014) , 28FZEIZ 3\ THREERE & TRRBE D ATEEE IR A R 7 O I3 5 22Tl
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20,

Holmes & (1986) 1%, KE D7 F /Lo L HETY; T 1943~1978 EDOMIC 1 » HUL EEM S,
B A FVICIRETE L= alBetE D & 2 BiEs i 852 A (HA 661 A, FEA AN 191 N) &#xt5 & Lz
FWMEEIT T, TOREK, BT, EHEEE, HRSEE, MM 2 TOVTRICEN TS
SMR OHE RN AZRO IR oTz, o, BATEHEIZOWT, BRI, REEHE V2 AR &
IREEORE (EHE OEEIC L - TE, . IREICHHE) e, B, fHeRasE~A, A
PEFET & OBEMEZ fET L7223, SMR Of B e N-ougEE OFE IR AE L 723 INT A b ino 7z,
B EEITEA A TSNS b EEOCTFWEICIREE L TR0 | BEEEEE O ATEREROF RS
FHN TR,

Olsen® (1989) %, KE (LA 27 M) OHEALATF IR OZEOMOILFWE 2 AFET H{bF T
% T1956~19804F & TICIFEMUL FEA S A AD BT #2,610 N CEXFE26.25%, #iPFA17
~62i%) EXRE LR RERE Lz, HiE O, SR LEER, MiE REER, S
PEIC L DR &4, PER, AFEZZ2BE LT (EMmBEOEIEE) | kE, A U7 M RO
(6ODHIX) DANRA & LTefE R, SMROAEREINTERD bivehoTc, 7036, AWETITHR
LA FIVOBFEORRENFHI SN TE LT, HEE I3 A F LN OBE DL E O S =T
T,

Ottn (1985) 1%, KE (R nAxX=7TM, BVU Z7xL=TM) O CEtLDbFTH T1940~
1969F- DI AN L —T ¢ » ZEMCURLL EEH SN2 B 7 @3 1,919 A& 55 & L 1979 % T
BER LT ERE AT o 7o, FEE IS BRSNS 5720, — NS0 1505 (E¥) 2B L T
WD, 226 A\ L A 2 UHE (BEAL AT, Yrra XX y) oflE (Zaakivs, WUEGRE.,
ThI77aunxFLrofELEEND) IR LERBRN b 72, LA X VHOBEITEF LT
RO B 2 FWEIZONTHD E, KEANODPLRD I HORHE & h_T, 2IER, MEERE R
DB, FFRERROEEB, HLEROEBORCHICH BRI 20 o7, WM, Hea8 K OREH
RO THEOAH, HFHEL D ARSI LT, Z2ds, Bk A ¥ % OREREITHRE ST
RN, E Tz, FEE I A FOLLSMNC S RO T E IR L T\ D,

Repko® (1976) 1%, 1E3EY DIRIRERER 21T DA R O TENC BT 2B DWW CilldE L 7=,
WAL A F N2 D 5B 122N (56, ZM8AN) &, 4Fim, MR, AT~ v F o7 Liox BEE49
NEextgel Uiz, 1EELOEAA T VOKTREIZI9THFEO 1M (iR F Kk OTENC BT 2 M E
JFRFE) ICHIE S, BARARE RN TIETY33.6 ppm, F ¥ 2— L F 2 — 7 & HO I HIE TR
45.11 ppm Th o7z, BEFERE, REEE SRR MEEOFEER T2 < RENRE (MR
TEET) ICBOWTHWMBECTHEEITRO OGN o Tz, T3SHEEOITEIORIEMD 5 B, FREIRR 2
FHEREIC BT DR ERRE &t FRBE O 2 i35 & | HEH A RMEEIR =X —F A4 Th o7z,
XBEH U T E S & R HIREE & OBHRIZTEDOFBZ R Lz, L LA s, BBEHITE EICERE
DAL A FIVITIREE S TW el FAERHIHE S ALK L -VIRER T3 5 5 B0 BIfR A 3R EL S
7z L Dfafii (Farber & Torkelson 1989) 736 %, 7235, WEDOKIRE O ERIM, HEEMEITHRE S
NTEHT (G7hE OWmBETFEITRET25FM) . 202 L %US.EPA (2001a) IEABFIEDK K &
LTW5s,

W FEBRT — 7
<HEA G IR >
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Dow Chemical Company (1982) (X, U HFIZA4 U —7MIZIED L7240 mg/kgDiflk A /L% 83

A 22072 v 60lal3RiRE O 5 L= 3Bk, X100 mg/kg DAk # /L % 85 A 24> 7= 0 60[nl5hiilRE
A& G L7 RARE LTV 5, 40 me/kghE CIRE, BAMERIC K 2818365 Ol B, @I, M
gk, WENR) ~DOREIIAOLNR) o7z, LLZARNRS, 100 mg/kght TIZMEN LR L, Kok
WAL, BMEBETIIHFEED 9 o, BREEMAENEDT Y VIREDRLA LN, FH DI,
JEL ik DR 2 I B D B I OV U AR HED & LTV D,

<WR R IR >
R M OV M 7 MR R

Burak® (1981) %, Sprague-DawleyZ » MMERE-40VL/EEZ0, 200, 500, 1,000, 2,000 ppm%
2~3H M (24F5f#/H) WA STz, 2,000 ppm#f (20 M L3 H W AREE) Tlk, 2B gRET
SOTMEEwEBR O T LTe, FERERITBFEEEZOROBEALO LI B b, EEEITLY
B b O ORFIgEME D SN TH 72, 1,000 ppmbf (2 H U3 B MWL ABEE) Tk, PEo A3 %
BRI L, WREEHII2121,000 ppmfAHifk L7/ R, REOIK T, BlMEE1 RO b, ®H
SEEEIL E VIRV S ODRFEEME S A Hitlc, BIEMIFEZ TIX, Z2< ORI A—=FRNEFERD | R
B OFEDOHENFIENO DEE T 02 AL 6 0NTRE LTz,

500 ppmPh EOFEORE (28 H X3 A MW ABREE., [FHEHICAEFL T2 b D) OREE R TENE,
RIE, K TREEER R, MR, PFAZEMEOZ(ER A Bz, 200 ppmit (20X IX3 AR AMRTE) T
&, BT RIIYED A~ DN BT,

McKenna® (1981a) 1%, Mo v — 7 VK BPL/iE) . x= (BPW/EE) (2, 0, 200, 500 ppm (0,
412, 1,030 mg/m3) A 3HM (23.5K¢fH]/H) WA ZHT-, B — 7L RTIIY A OIREE TIIER L
M- 1oy, 212500 ppmff THAMXAFRGRORE (BIR, WiERES) 10 6hic, RIRED
3 PR A IR B AR O S . 200 ppmBE TIXIRER & BHE L 721X A L ivZe > 7273, 500 ppm#iET
VX2 TN & FRECIER 12 (very slight) ~#84% (slight) 72 IAPEDIRENA L LTz, 2 Tl
500 ppmit THCHBEDIRZE DM 7 BT Hd, BRI OIEBEN O L (IR, 1 ESfEE e L)
e ole, FEOIL, FITA XORBFE RS | MXUTEHOIRE & FARFRER A~ DRI IS X |
NOAEL%200 ppm (412 mg/m3) & LTW5,

Landry® (1985) (%, Mo C57BL/6~ 7 A12L/EE(Z, 0, 15, 50, 100, 150, 200, 400 ppm%
11HR (22K:f/H) WA, XiX0, 150, 400, 800, 1,600, 2,400 ppm# 11HMH (5.585[/H) WA
I, IRRE, MR (m—& oy RRBR) | (RE, B4GE~OEEL T,

22158/ B OBEFE T SH 7235 Tld, 400 ppm CHEFEE%4 HIZ2HBET, 200 ppmif CHEZE%S
I 2EA ST, 150 ppm P CIIIREE % 10 H ICPESEIRRE & 72 0 B S v7z, 150 ppmPL_EORETIEAL
fifk - WIFOIRIENBIEL S, 150, 200 ppmit THEEAEDOHA L EHAREO A BRI T, 150 ppmif
TR s K OH % B B O Pl SR O | B HEFE < E B O H N AR H 7z, 100 ppm
VU EOBEORIER T ) 2 —47 > ORI X 2RO KR E SORDBA L., L0 &REORERT
TR O BOREESE N A D LTz, 7235, 400 ppmBEIC DWW EFEOEED T —Z OFt#in e <, 7F
fili £ AL TUVW72YY, 100 ppmEL EOFET/IMOBERAMLDOZNE (B OWRM, /e &) A biviz, 150
ppm#E THEEE %A BI/NRO 7V F o g8, BE THEEOMAEA &K UMt o2 faftns
Z»Hiv, 400 ppmBETIZ LV ERAREETH -7, BEHRIDBOr—% 1y R T200 ppmif T
TgREO L, 150 ppm#f CHUROA BERIKF#EO b/, 7035, 400 ppmfid, FIEIOEERNE
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KOva—4ury RRERETNZET, & L TERIRE L 7272,

5.5WEW/ B OBEE TR A SIE72RBRTlX, 1,600 ppm#E CTIRERL 1L B IS B OB 72 il B A 7 5
iz, 2,400 ppmif THEBEHA~THISRAR (277 L, RiLERIIHBE ST | Gk - B3R 50,
IRFE %8 H H S)UX9H H £ TICHESERRE L 0 v | B S #L7z, 2,400 ppmiE TIIHEOMAIL, #iko
FEOEMEN A DI, BEREORD & FHREOFERIKRTRRD b,

TR, FHARRAS 13400, 800, 1,600 ppmifD— K (82,400 ppmAf D 25 /MK T RERIHI L E O
BRI BT (2,400 ppmiE CIIBMM/RFEE) , 400, 2,400 ppmBEEDOFIE T Y 2 —47 v Ot L
BESHL U 7= 8B N e LT 8, MARR O ME, BESEIE e v~ 7=, 1,600 ppmit (BREH#S5H HOFIF) CTF
WNEM DR, RO KE SO RH SN, 2,400 ppmiE CHIROIEE (Bishd o rfher:) |
fa B Dkt o O B B O IR CIER TR /2 2 Bt O 25k & FRAEAg . PRAAE N O i et
FERRD bz, BEZ4AHBoOr—4% 1y KRR T, 800 ppmll EORE CHAEDOAE 2K T 278D
7eny, BREER8H H OB Tl2,400 ppmiE TO A MM O A ERIE T 03580 b7,

NS OFERND | FEH DI, 2205/ H OMEE TR A XH 723 Bk TIE50 ppm. 5.5 M)/ H OSEE T
WA S 7238 TIE150 ppm THEN LA LN NE LTV 5,

Morgan® (1982) (%, Fischer3447 v kK UB% MO~ 7 A (C3H, C57BL/6, B6C3F1) |ZHifk
ATV a RN S IK, g, B g~ DR A J]~ 7=, Fischer344 7 » M HEMEA 10PL/FEIZ130, 2,000,
3,500, 5,000 ppm# 6/FHE/H TEHOHM (5HMOBEEER, 2AMIKIE L, £D% 4 A HEdE) RAS
7=, C3H, C57BL/6, B6C3F1~ 7 AMEEA5PC/HE(Z130, 500, 1,000, 2,000 ppm% 12HW (68
f/H) WMASHET,

Z v N TTIFRFEXS5AIZ13PE (5,000 ppmAEDOIEGIT K OMESPE, 3,500 ppmAEDOME2IT) ASPASEIRRE
L RS, TN RS BRI OB, B O B IERREENH -7, 5,000 ppmiEOHESPL,
HE2PT T /NI D PN FERL g M D B~ FR A BE O S PE AN A BTz, 2,000 ppm A D EED I} 183,500
ppm L EOBEDOTE T OB/ ENE (= A THE SN L O RIFIREELIX 20~ 12) DAL
Nz, 2,000 ppmlh LR 183,500 ppmbll EOMEDOBK T, BEEE AT L 7= Irhr ih FRAGE O ZEMEN
RO, IRV RANE 1 XA B 72 o 1=, 3,500 ppmbPL EOMERECRIE O SRR O LRI T

B O & i 5B A 22 OB FE \TIRAF LI=ERA A2 57z, 2,000 ppmEl EOREOHED 4
B CUREEIARAT LIRS E (RIS o . KRG & RERE+ & D53 Bl & 1 B Rk
IR B2 OFRHRNTH & 237 i G 2ein, BERZEMIAMROIER) N b, 72, ThEOMR
L INTZD, WET RS T,

~ 7 ATE2,000 ppm#E T, HEDOBEC3F1~ 7 A& THNIREFHE2H H £ TITIH T UIPASEIRAE L 72 0 |
C57BL/6~ 7 ADIEIVE2 H HIZSEL LTz, 4 & 55 722,000 ppmAEDOMEREILS H B IZBHSEIRAE & 72 -
Too FECHNTAMPL NI H ) b B OB G2~ L7z, 2,000 ppmEEOHEO 25 T4H H £ TlZif
PRISF B3, 1,000 ppmBED 4T OMETSH BIZIMRN A Hilz, BEDC3H~ 7 212,000 ppmif TiE
A~5H0 BICHLR DA S iz, EICCHTBL6~ 7 ZDMETD 1,000, 2,000 ppmiE TN PR E o [R &
BN B, M B ERE & & DRERDHIR O /N SWFE N D - 72, CBTBLI6~ ¥ A DI
TIL500 ppmBh_EDORETHIRDOZEMED 2 & 71, C57BL/6 % NB6C3F1~ 7 A DD 2,000 ppmi T i i
DR ZE D I B AL, i HRER ORI % (4 O HFAMAEEIE . Ak DR ERE O EFE. IFHia D Z=haqk,
) a—A L ORBENI BT, AR 1,000 ppmBEOMERE THftE MR . 2,000 ppmEED
HERECE RO ZENE, RN A BT,

Jiang®H (1985) 1%, MEDOC57BL/6~ 7 A (10VL/EE) 120, 1,500 ppm#% 23 (6FFfE/H . 5H /)
WS, /MK THI & 2 S-S OIS 2 8~ 7-, 1,500 ppm#f T, WEFE1E H 2200358
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T L7, BEE2E B IZ—H O~ U X CTHFHEB) O KGN H L0, o~ 0 2 CIIHR R R I E O
FER I B 720 > T2, 1,500 ppmBED/INMOMAE % e TAMEE CHIZR U7 fE R, PR
Jel G IR PRI D IR 7 AE MEREAR 2 £F 5 TR AL O & MIRE O MG, RO (L #iFH
ORI OMENR, BlRME, B, B, BRI OB, MRHEORUN R R EE S Te) A
S, BEMEERBETRAEN S Tz, B -IMSE T, BRCAR O & iaE OFRAME 2 Med L7k 3R,
MRV E IR IL 2R 3 o 7228, MR/ NG D BRI FIE 2 > To B DPHED 7 D iLTz, 230 H Ok D2
PEIZOWT, BAERITHE SN TWRY, 1,500 ppmt TIEEIRO B X TH Y . 2IETITNLIR
S OB ENE CEIRWNEETH VI HEIC L D0 D) BARLNIBRETH T2, ~TATHD
NTMOTRZEITE D TIXBHERELBEE LD THIHN, ~ U A TIEBHEMEOBIRA 72 5 T
7R EEF DTSR T2,

Chellman® (1986b) (L. HEDB6C3F1~ 7 A2, GSHA K EHA] (L-buthionine-S,R-sulfoximine
(L-BSO) . /MDD E & BEEEZ T+ 220585 V) 2 mmol/kgD 5 (Hafk A F /LD A
BRFE D 15T OFEDOSLM T T, 0. 1,500 ppmDHifk A F /122 (6WE/H. 5H/AE) WA
SH, B, BRSO BEL I, LA T DORITIESE LT21,500 ppmffE T, /NEONERE T
ZHM OB U N B HT-, —J7, Hlb A F N ~DIRFEINCL-BSOD 5% 32 1 728 Tl
DFEET 20> T2, HAL A F A OIIIRETE L 721,500 ppmBf OB E & L BHERED T A =2 D H b
JVTF= VT TR, Tha—RAEZ o _ T EORFPPEIEER | RIEMEREIC DU Tidoo B & [F
RETHY, MHPIRFEFR (BUN) L ILEREREEL Y bR 272 b OO, T — X ORPFHAN O
ETH -7z, 1,500 ppmiE CIIAFHEFEME R EIRE O DT 72 B8MR & iz,

EhglZ3 1T 5 [BHIT X ¥ ODNA~DORGAZ & (HIfAESEE O FAEDEEE) 1%, b A F LD BB
A L721,500 ppmif TIIRHREED 3HE#E T > 7273, L-BSO%E & 5- L 721,500 ppm#t: Cldx AL & [Ff2
ETh-oT-,

Mitchell 5 (1979) 1%, B6C3F1~ 7 AMEREA100C/8E, F3447 » MMERER10DL/EE20, 375, 750,
1,500 ppm (0, 774, 1,549, 3,098 mg/m3) DOk A F /L %#13:AM (6KFE/H., 5HAA) WA SHT=,
Z v N TIE, 1500 ppmBEDHERETIXIRFE%3~131, 750 ppmiEOMEME CIINRER % 6~1218 (K E 1Y
INOIHIDFED BTz,

~ 7 AT, 750 ppmbh EORECEREIIIM O], i E R OHINAFE S Hiviz, 1,500 ppm
BECHEMELVT 3 DI FHREZEN A H AL, JETIZSGPTOA B2 G b,

McKenna® (1981b) 1%, CD1~ 7 AfMEX10VC/E%, Sprague-Dawley~ v b HERE 10VC/RE, &
— 7 VR MERER-4VC/REIZ0, 50, 150, 400 ppm Db * F /v %293~95H[# (68F#/H. 5H/AE) WA
¥ 7, 400 ppm#EDME~ 7 AKX OHET » T, JFlgHE s EE OB T H 2 B3 FEHFRIC A B 2R
N BTz, Pl EE OB INT150 ppmEfOMERED ~ 7 2} 400 ppmBEDIfi~ 7 A TH A D
Nice L LR b, Mg REL) 72 i RO RE 2 B o 2 B IR L P A I ER It & 7~ 3G 2R
IS5 7=, 150 ppmBEDOMET ~ b K TN00 ppmBEDHET » b CTIRECE DWW D3 S 072708,
400 ppmAEDOMEIZITFEEN 72 < | BEIROREFA 2P A, WIRSCBAMEEIC K 2 BIERE R & OBE S 72
Molz, ZOM, FoEBEICITER, EEERERBR TN, LA T ~OIgERE & OB
Hopmole, ZORBRTIX, v~V A, Ty b, E—7/VRITHIEDIERIZRE O XV e/ 5
PEIERIL A DR Do T2,

Kolkmann & Volk (1975) 1%, WEHEDE/LE >~ FEF19PEIZ2% (20,000 ppm) DL A F L% T~
T0HR (1043/H. 6H/A CIEFERIEIZ L T6~61]) WA W7, 3THMOMERE (@FZ3201H) T,
BILIZ XA X BEFOERILHH, ARG ORI, %I OEENILTH & RERE A 5, % OER)
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Il & R ERRBII RO S O TIIBBRELTRIZICAE U, WERR AR T, /MM (EICRTE/ M)
ORI EHINE T, 10 H %70 HAIIEZ OPRME, MRKIEDS A B v, 21 BRRIZIXIREMEOESE, FIERN
OV, MO I 55 FEIR b TR MM N TR - 72, B L 288 i, BEhiino 7
0~ F U OBEEORM, MIREOKEE, Zeiaft, MR 2 A 5 Ml NRE OREE, TV o i
fa, 70 THIRROZEMS ST,

HARNRA ZT A58 2 — (1993) 1%, Crj: BDF1~ 7 AMERER10VC/EEIC, T v b LRIk
(ZHAb A FL % 200 ARG % S 72 BABROFE R, 1,500 ppmBEDORED1/100E, 3,000 ppmiEDOHELED
10/10PC3 3B 1 LT, —fRIRFEIC OV T, BED 190 ppm#E K V750 ppmll EORETIZE, 1,500 ppm
UL EORECHRBER EONRD, B ORFERER | 103,000 ppmiE T, VE, HIEEB) RO
A BLEIE . AREERE R, ARIEAR T, AN A ST, BED 3,000 ppm#At & O 1,500 ppm
UL EORECTREIEINOMH 23538 iz, JRBRR A TiX, 01,500 ppmbl EORE T D IH
25 (HUMIRREESE, /INEFRLMEEESE) | MR RO MR, MR OZENE & BB 8D Hiv, 1,500 ppmf
T, BIROLHERMEZE L REZEEOEES) | DIROBEE & o i b A 67, T, 1,500
ppm#f CEMEDAFHEENEZA GRIEEEDIEER) . 3,000 ppmff TR D RHIE BIE, it DVZIE,
%ﬁ&ﬂw@%ﬁ\@ﬂﬁ®@%\ma@@%h\ﬁ%@m%¢bﬁ@%\&w@%@X@W@%@

SR b,

it\ F344/DuCrj (Fischer) 7 v MMEREZ-10PL/EEIZ, O, 190, 380, 750, 1,500, 3,000 ppm®
WAL A F 2200 (6Rf/H, 5HAHA) WAXE, ZOKE, 3,000 ppmit O CARER MO
il 2588 1=, —HIRBEIC DWW CUIRFFE TR & AT I A B IR Do 1o, IR ERAR AR 2 2 CI, T 380,
3,000 ppm#f CHiE EIROMIfRFEE . KT 235580 B, ZAUTHZ T3,000 ppm#f TIIkEE _EIK
O R HIEEREE S ER D Btz METIE3,000 ppmAE THEIE OAEIHEMENZRD bz,

AARNA T v A5t % — (1993) 1, Crj: BDF1~ v A M4 100C/#£120, 300, 440,
670, 1,000, 1,500 ppm®HEfb A F /LA 1318 M (6FFfE/H, 5H/ME) WA SET-, ZOREFR, HETIX
1,000 ppm#£C2/10PC, 1,500 ppm#ECT10/10PC, HECTi%1,000 ppmﬁif“l/lOlL': 1,500 ppm#£T10/10
PERFETE Lz, —fRIRRBIC DWW T, MEED 1,500 ppmE TR IENL  RIEEIEE NG00 v, KT

EAL LB SR b, MERED 300 ppm L EOFETHREHI MO I 23788 647z, HETIX, 670 ppm
PL EOFE T, 1,000 ppm#f TREOAEX B R OKE, HfTiE300 ppmll EOFET.OME, 440 ppmbEL
L OBETHE, 670 ppm#t TEMNE, 1,000 ppm#t CHAEOMEXT EEOIEN RS Hive, HBEHMRE

Tl HETIEZ1,000 ppmbPl EOFETHIROIRZE CNEHFLIEDZERZ M, #EHESE) | 1,500 ppmffT
BN D FRAMGE HEIEDGR D B AT, METIR, B G HERFEA 70 o 705t FREE & e U CBRE IS MV a4
ZoR LT IR b o 72, MR Tld, #0670, 1,000 ppmiE Tk MERE DD
MCVEOMCH®EEIN, 1,000 ppm#E T/ Mo n, it 300 ppmPl EORETMCV O, 1,000
ppm T/ IMEEL O A 7B 7=,

MR Tl #ETIE300 ppmld LORET/ va—2 . vU Z U vT 4 FOREA. 670,
1,000 ppmAETIET V7 2 > AIGHEOEEN, ALPIEMED EF LR vz, #ETiX. 300 ppmll
DT I L AT 0 —/LOEE, 1,000 ppm#E TIXA/GHEOEM G RO Hiviz, RRE ClImibE s b
2, RO ooz,

%72, F344/DuCrj (Fischer) 7 v MMEMER10DL/EEIZ, 0, 190, 380, 750, 1,500, 3,000 ppm®

WAL A F V% 138 (6FFfE/ A, 5 /) WA SH 7z, %@%*ST% —ERREIZ DWW T, BED 3,000 ppm
FECHIEDEOWBA . BN, EHI, LB, BEMNER, REEE KRR, 101,500 ppmll Eo
FECTIRIC L 22 R PHOIBENAFERD H LTz, 3,000 ppmAEDHEL/IOVEN 13 B IZAE T LTz, MERED
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750 ppmPA EOFETERE M OIHIFE S H A7z, 1,500 ppmIh EOFED BECRE B Offser K O
BOKAE, M CINE DM & O EEOKME 2580 72, FHEMBRFMAE CTiX. 1,500 ppmPl EORE
DRETREIE DORRIZEME, R EAROR R, FROZE N & FEDTRO Hiv, 3,000 ppmff Tl
DR ZEVE B ER D iz, M TIL750 ppmbPLl EORE TR OIS bz, Mk
H T, MEED1,500 ppmbl EOBET, ~EZ B UEE ~~ 2 Uy MEOREAS, kAT
A Tlx, D750 ppmlh EORETI L7 F = O, 1,500 ppmll EOBETT LT 2 AIG
. avzra— KON SEEO#IN,. Zva—20RErb . CPKIEMEDIR TARD Hil, Zius
% T3000 ppm#EETIL NY 7 VBT A OB, S RU DA Y7L KO m—/LOEMATED

Sz, METIE, 1,500 ppmIA EOBETRa L AT o —v, U UHEE RO U U AOBINNED S,
AU 2 T3,000 ppmAE TIZA/GH L O MY o A0, LDH | ALPKX Oy -GTPIEMED E5-
I VT F = ORI RED DLz, RRE TIE, 103,000 ppmBETH X7 ORI O & OV
N ARDIGIEE D HENNN T 53T,

18 1 AR

CIIT (1981) 1%, B6C3F1~ 7 AMEMER117~1200C/FE(2, 0, 50, 225, 1,000 ppm % ficF24E (6

Reff/H . BHAE) WA SH, BgEE%6, 12, 184 Al A L7z, 1,000 ppmif Dl TlE#EE%10
H AP EFROAE RN T 2580, HETIT@E®21» H, HTIIRE%R22, A THERZITHU)0 |
Rt STz, 50, 225 ppm#t CIIAEMFEOE FITA LRI > 7, 1,000 ppmBEOIE TIXEZEZ12 5
H DABE, MECIIMEFE%6 » A LI CRE BN OMH 23580 57z, 1,000 ppm#E Tl AR O
O (IREE, BRBSE) 3 DT, m®%%ﬁfiﬁ6ﬂﬁ#oto% 18~22 Ath, k%
BEFAEE (77 v FRUSICHES<) 231,000 ppmBEDIFIEETOE TRENTZ, T OBIZ I
INHOIRE (BERLE D2, ZfE) | iOT%HTEﬂKQ%ﬁﬁwﬁﬂ#E%ﬁﬂ(%&)if@
WREEHE (EICHE) ©. FFRiepRe (SRS, MOS0, NS O~ % R Ol IEIR & ZZVED N L7223,
KA L2 O TR < BRI 2 BT b o7z, 1,000 ppm#fDOMERE T3 ATl
% (2=, B, Bk, 2840 AL, 2D OREIE, 1,000 ppmAf O CIRFER6
H ANZHIO THMB A BV, 125 . 185 H DR O T IZE 70, RREHEFEOR CTALT L~ L0f
BN E RT3, 1,000 ppmAE TOLAFHMILDZEMEN I BT, MOBRGERE CIIARRR S 72 T
B DZENE LH A Uo7z, 1,000 ppmBEDHET, B ORME LR OB, ERLRER125 H
THIO THE S, FEBRE T TRARE \EEENEIN L, 1,000 ppmif o Mk C iR o 2556,
U R MR O (METIIgEE#18~21% A, METIIRE%6» ALK 2NEo 6z, U.S.EPA
(2001a) (., FEBREROMIROZLEEZENTLOTIIRWE Loob, RFFEOK S E LT, I
HEDEERI DT OFRY (AR RS V) | —#~ v ZAOEEHRIOFRY (EXFRY) | FEERYIH
DOUEFEREOFRY (50 ppm#t & 1,000 ppmAEOIRERENSHHANLEDLY) 2R L TW5,

F7o. MREY~ORE I L m R EE IOV TO L E 2 —Tld, RO & 2 iTsh
A BERBE . ATEV R e & IXBE O 2 W IERE R R B R L fEER & LT\ 5 (LoPachin &
2000) , U.S.EPA (2001a) %50 ppmPLl EORE TR b= F ik Ol RIEAE & 2 M%, B
NALNIRNT & BIEOBRE N LN & DR EDFNRAGEBERN 2N E LT D,

CIIT (1981) (%, Fischer344> v ki 1200C/FE(Z, 0. 50, 225, 1,000 ppm% 24 (6HFH/
H.5HMA) WA S, BEE%6, 12, 184 A —H 2 H L7z, 225 ppmbPL EOEEO M & 181,000 ppm
BEDOHETIIWID D245 CREHINOIMHIATED D=3, 24U S —8 L CREBEFEL © HIRED R
Mo T=D1X1,000 ppmEETH -7, F72. 1,000 ppmAEDMERET/OMEFE T E B O, TR O
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BRI, RS Ot & Ot ER&OWRD M C g B & O AT B3, ik
PROMTE RSN EZEOZLEFHBE L 2WGEE LA DN, BetERE (xIEE, MERE)
DI, KREORD N ERFNTH S L 972 -72, 1,000 ppmBEOHEDOREE TIX, IRE%K6» H UK
(RSB OMIME, JRMEOZENE, RS OFMHEA A STz, BEK18y HUBIT & & B 2
PEARETE RS 2 AL, WREEL24 A Cldoe U 2 5 To A CRVE MR AR O 2 R & BRIE 0D 38 A2 3 7
LIz, B, HRER~DEEI I SN o T,

AAANA FT v A%k % — (1997) 73, Crj: BDF1~ 7 2 MEREA-500L/F£120, 50, 200, 800
ppm DI L A F L2 24 ] (6WFfE]/H . 5H/E) WA ST 03 A RBRIZ IS W TRIZE ST 3808 A LA
SOEBIIRDO LB TH D,

800 ppmAEDMERE EFE AT L VBT L (BECIIMRER% 13 LARE, HECIIMREZ2UALIRE) |
BN E LD Liz72 (EFENEC12/500C, EC13/5008) | 958 CTaBIAHIM Sz,
Z OFETITE LVREBMOME], MRS HRA IR, SREOESA A S 03, FHRERHRR T
FER & 72 BEAITERD R o T2, 2B, 800 ppmiEICOWTIE, IHESE R, MiEFAmEe, Mmik
AR, RREENER SIS OO, RIS 2 S BEEOT — 2 R0, ZHfH
BRI STz,

—RREIZ DOV T, 50, 200 ppmBEEDOMERE TR 51 K 5 & oL R et ix 72 o 7o, RE
[ZDOWTIE, 50, 200 ppm#f DMERECIRE~DFEIT /20 > 72, 200 ppmif D i C Ul Ot & OFH
KTEBEOJRAD PO BT, HEHER A OBE T oA B L OEIZ, £ OZ{bE RET 5
AR oI Z G, #RWE & OBIRIZIAI & vz, JRBBERRRA CIZ, 50, 200 ppm
REDMERE TR E (B 2 5B 3 b R hh o T, MUK Tl 50, 200 ppmAEDOMERET
WX LT, MR LA CIXHED 200 ppm#ECTH U w7 AOHNN, M50, 200 ppm#t TA/G
DM AR O T, JRIRE TIE, BED200 ppm#AE TIRpHD LA RBO bz, L LR L, BAN
AFT AR Z— (1997) 1%, MRACFRRA, JRIREDORRIZONT, W< DOND/RT
A =2 TEABHLNTZN, WTNbDTORENTHY | JREMRA T BET Dl c 2 D&
{bZRET HEFTANHR LN NoT2Z L, HRWE & OBRIIAHATH -2 LT D,

F7-. F344/DuCrj (Fischer) 7 v hMEREA50UL/EEIZ0, 50, 224, 1,000 ppm DIk A F /L % 24F
W (6FFM/ B, 5HMAE) WMASEIREBARRICBWTBESNIZRNAMELANOEEIIRO LB
Tbh b,

1,000 ppmAEOMERECE G- WM 238 U CTREBINOMEI AR biviz, —HeREElICO>W Tk, &5
(CBIR LB A D e o 1o, IRERFRAR A ik, ERE & B 1SRG BITIKIE L2 R AELIA O
R LA B2 Do T2, HED 1,000 ppmfE TR i EEOEEATRD SR, BRSNS 4T v
AT 2 — (1997) 13RI A CIIBE T 2MAEE | s E OB b & RS 5 P A
BHOENBRDoT=Z 0D, HRWE & OBMRIIAH E LTWD, Z O HERETRE 4 Ofifas Offx! &
ORI EEOEMEN A SN, T OZGIIREIMOMFENEST2H D & HANA
T AR Z— (1997) TIEBEZHNTWD, MIEFAIRAETIE. 1,000 ppmEEDOMERET U
VORERIE DN, DR P ERE O HECIIRMERER, ~F 7 m BB, MCHC, Ifil/MiEko
B b BT, MRALFAOMA TiE, 1,000 ppmBEDOHETT L7 2 > AIGHROHN, GPTE
Mo LR RFEEFZ, 7 LT F= 0D, MECTCPKIEMEDIL FARD bz, BB Tk, #n224
ppmll EOBETRpHDIK T, 001,000 ppm#f TR Z /37 ORGVEE O 3B Hivle, Ll
NG, AANAET v A%t 2 — (1997) 1%, MEFAORE, Mg L P, JRIRAE O
FAZHONT, WL DODDIRT A—F TEENH LN, WIS LT NRENTHY , [k
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B THREET DB E DA RET DT RN AR LN -T2 2 Lind | HERWHE & O BfRIZ A
Tholzt LT,

BB, BARASATT AW 2 — (1997) O~ DT A T v OLEMPABREE TR TIE, 3%
FE I O E IR S S TR,

2.2.1.3 EEHLEEN

AL A F A OATER AT 2 FE MR EZR 9ICE L DT,

b MIBT AR AFEEOMLITE N o T,

B FERIZ DWW T, 7 v B TlE 380~3,500 ppm THEHEL LA, K& B DA D ZEME R T E DB,
HERE DAL, AEFHREDIK T DORENZ 51 (Burak © 1981; Chapin © 1984; CIIT 1981;Morgan
5 1982 ; HARNRA T v A W9t ¥ — 1993 ; Working © 1985a,b) . 2 HAEERIZEHBWTEH
475 ppm L EC Fo, Fi R OBETAETEBEDIK TN A L 72 (Hamm o 1985) , #AERMRERTIL.
1,500 ppm THRFEME (FRAARZ~ORE) LEHEE (REE, EBEOERT) BAeabhnk

(Wolkowski-Tyl & 1983a) .

~ D ATIE, 1,000 ppm THMEOZEM (CIIT 1981) . 750~1,500 ppm CTREEEME (AR
~OFE AREOIKTE) (Wolkowski-Tyl & 1983a,b) . 500 ppm LA L THEVE DL &7 O &N
NI BTz (Wolkowski-Tyl & 1983a,b)

® 9 AERASMHCET IHME
EILZES

Burak® (1981) (X, HEdSprague-Dawley”Z v hZ500, 1,000, 2,000 ppm % 485 3 1% 72MR5[H]
WA SETRER, R B TEME, RIE. BFEROBA . KHRFE, R, PAZEEOZMERZ LN
oo D ORBITREKRFNTHY | 1I2AMORERMZE L TRk L TA LI, —HDT7 > b
TR OZEM, b A b,

Chapin® (1984) (%, HDFischerd447 v & (GAERBALARF OB ECAD]) 120, 3,500 ppm DIt
AFVESHM (6FFH/H) WMASHE, ZOH3HMIKIE L%, BOMHEM (6FF/H) WA SHET,
3 H RO OIKIEIL, 3,500 ppmit T—HIKENEL LIcEMEZRIEIELOTHo T,

WREE B AGTA T H B IR CUSPT TP RN ZFEABIZE S, D% 190 £ TRAEENHY
MU, 198 ZIE6/60CTH BT, REEFRMEHRI B B IR TR PG OBIE, JEPHEIEROFEN
KB, TIUDOREITREEFRGHZI9A £ CEIEENSHEIMN L7, 130 B3 L2k, fMiao
HIBEN A LTz, BEEBRLAZRTOH B of (SEROEIEHIFE) 128\ Th, 4/5/EDKI80% D AH
B CH TR OBT AR R BN e o lo EERMMES H BICHERILF OT 2 AT 0 REZHE LT
AR, XTERRECIX120431 ng/mLCTh > 7= D%t L, B@EREClI<6 ng/mLTh o7z, F/2, 747+«
> EHIOMREEZ T D -0Ice MEEETF R he vy (WCG) 12X 2RI, £72 FHEAOK
BEZ D= OICLHKH A LVE > (LHRH) (2 X 28GR 21T~ 72, ZOfER., FE S MmiET
Z kAT a s Loybld, hCGIZ & BRSO BA IR BEED N RBERE L 0 b 2GR RN E <,
WALA T NVOREFEIZL Y T4 T 4 v e ilgn ¥ —4 > b TH D AN/ RE S -, LHRHOFRMIZ
KOG EICIIR R L BB EEOREIIFRRRETHY ., 747 4 v eEfildE TERIKIZIZIFEAEREL
ol T ENRR IS N, REHRORFRI ORI, KH K ITIROIEZ 7R VT e R U VK
(NPSH) OB ZHIE L7-fE R Tk, BERT & X TENZEN66%, T9~87%. 92% DL Th -7
23, MR IR 2D o T, FHH DX Z OREFRIZON T, NPSHOBU IXEHE 72 7 L% AL
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LD HDOTIEHARL, LA TFANEZEZ I L TCGSHERA LR THDI LEXZ TS

CIIT (1981) TiZ. Fischer344F v . B6C3F1~ 7 2 & x4 & L= 24EM D@ MEFENEER (615
/B, 5HAATWARTE) 21T, 1,000 ppmBED T > b, ~ 7 A THEME DL, ZEMHENHLDS
iz, 7%, 7 v N CIHRER18y A LRI & B4 2 RV E MR R 3 A H AL, MEFE%24 5
A ClIxt Bl 2 & et CRIE MR O & BRIE DR AN A BT,

HANA T v A9t % — (1993) 1%, F344/DuCrj (Fischer) 7 > ~MERES 10VC/FEIZ
190, 380, 750, 1,500, 3,000 ppm®#ift A F /L% 2 (68FHE/ B, 5HME) WA R, HD
380, 3,000 ppmiH TR BIRDOMIEFIE, K71 235580 Hiv, ZHUINNZ T3,000 ppmif TlIAEH
R BRI AR EE D3GR B LTz,

%72, F344/DuCrj (Fischer) 7 » MEREA-10PL/EEIZ, 0. 190, 380, 750, 1,500, 3,000 ppm®

AL A F A2 133K (6RFE/H, 5HAE) WA SRR TIE, 1,500 ppmPl EOREDHETHE O
xif Mo O B R OARAE, ECIPBL O #set B OFA X B OIREDGR D H ATz,

Morgan® (1982) %, Fischer3447 - MMERES10VL/HEIZIX0, 2,000, 3,500, 5,000 ppm % 6IRF[H]
/HCEORM (5HMOEER, 2HMIKIE L, D% 4 BEIREE) WAI 72, ZOREE. 2,000 ppm
UL EOBEDRED A TUREEIARAF LT R OZEM: (B T8 ORD . FRia & R & o5
EEWE BT, R B DOAKHRN T & 7ol e Z2 i, RS EMIER R ER) 23 b7z,

Working & (1985a,b) 1%, HEDFischer3447 » ~80VL/HEIZ0, 1,000, 3,000 ppm#% 5 H [t (6HRFH]
IB) WMASHE, ZOfh, Bt EFIZIREE DR H I Mz%vz/;&f;::/ (TEM) 0.2 mg/kg# B
[EIREVENE G Uz, SEEDA0UL/FEZOW RS MK T# . SHIICE Y . Il 2 & I EALE O &
Rl S, RRRARIICEMEBSE IR IOV T2 (Working & 1985a) . %D D40VL/FEIZ D
N TR T OB 0N B O T BEALAR 7 A0 ARG SR ORIl o7z (Working & 1985b)

RRAESNZ DOV TIE, 1,000 ppm#f  NGPEXHHREE (TEMixEG) Tid, BRI (1~8i) DV
NOBFIZEBNTH R LIZMEOEIG I BEE & FIRRE CThH o723, BEE%1~28 03,000 ppmif Tl
B L7z (p<0.05) o AFHEEIZ OV TIE, 1,000 ppmBEDOIETIFAERIK FITA LN, B
PEtREE (TEM#%5-) TI32# B OAZHE, 3,000 ppmifETid2, 3l H OZH CTHERIK T 272 &5710
BEMEBBEIEIRZE T DOV TIE, 1,000 ppm#f TIFEMEBIEILRE R D /NT A —ZIZHONWTHERZEL
(37277572, 3,000 ppmAfETlE, BEEH% 1EH OLRL CEHEIKREZEIBREOD TN TH D 75>7ﬁﬁ7‘£im73[1%3
P (p<0.05) | EHRAMIRHEIRIZOWTITRFEH 1~8IH B O LR TN ZFE O 7= (B ROHMIE2
WH, 2, 3, 4, 6, SHHOREDOFRRTHEZDY) . BIEXHEE (TEM#S) <L, B#E%2, 3
I H OAZHE T A& R AT SR DN, ﬂ%ﬁ%‘él% H D ARBL T A IR R %a%#@tﬁéﬂu%mmto

EMEBFEO BRI B (FERER) 1TREER ORI 4 8 L CHEIRBIRIE R O & & RAIIR
BROBONHROEND Z EN—EITH DN, iﬁﬂ:% FIVORRBRETIZZ O — 0372 <, Bt
MR (TEM#Y) TOHRBLIT,

1,000 ppm#f & BPExHREE (TEM#G) Tix, & 1O, HBROFEMET /ST A — 2 (T3 REE
ED—B LTz I o 72, 3,000 ppmff TIXMEFE%3~8MEICHRERO A ERIKME (< 0.05) %
PRI, 168 F TITIT B L v L LIZ R LTz,

3,000 ppm# Tl BEEEZ 210 H OO 1250 % OEAR O R B EAJEHE T R I SO R O R - A
MBS AR SO BAMEE CRIZE S 4L, T O IERRIIC R E S CEEEN N L, PEREOIBEIE, [TE
**%%EHH@*G#& n~F ORI E, LEZER L, FRROFERNL, ZZEMR A T,

2~8WIZ, FBROBTHROIEMOBPEEIIKRT L, —FH., BEOHF L2 £ Clamd Lig
R 3~8mf7ﬁ?§ WK T L, 16 THRGDOIKR TN A DI, 1~6TiX, IS EE Z TRIOR
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F & EEE - OB IR R EED3.5~69% LK o 728, 161 £ TICEIE L=, BBER%SIE £ T, BE
5T S N D TEREENNC B I T OIN A b, 1~ S\ TIXAEREEM (<0.05) T,
3l BIZITMT70% CE— 2T LT,

IRHORERENS . 3,000 ppm~DBREFE TR B KL OREE ICFEE LB IS0 2503 H 0 |
S < B\n TR BB X D BRBIMEL & U THNDEEESEO DT R BINC RS L, BRI
RO TMlE, —YORE R, RRE I~ O @R, 7o O NS I RO BN 72 e 4 L
Lz, BAEATFUIC L - THIEEZ SNTRIE, MR E L TE U FREFIE, KOER, HK%
IR D LRI 7288 — o (Gl OBVERITE 2 — 2 L OFIE) 726, BH DITEMEDEKT (i
DOFERND) | BERABEEORIMNE, H»2REITZEOLK BFHEOK T, BrogolK T, +
2 BEBIR TR EIT &V ) X0 bREEETIC L D) ORRETH L LHRIL T,

Hamm® (1985) 1%, Fischer3447 v k ®OMESOPL/EEIZ0, 150, 475, 1,500 ppm (0, 310, 981,
3,098 mg/m3) % ZBLAT10MEM] (6IF[H)/H ., 5HME) K OARELHIM D21 [H K OMTIR18 H £ T & /o ifit4
4HH28H FC (6FFF/H, THAE) WA SH7-, HE4OUL/BEIZIZ, 0, 150, 475, 1,500 ppm (0,
310, 981, 3,098 mg/m3) A AEATI0MR] (6FFR/H. 5HMHE) MOKEMMO2EM (6Ff/A, 7
AAE) WASHE. 10VL/EHI AR ICHIR L, 720 30VL/EE 2 RALE O & 22l & w72, Fifth
0. 150, 475 ppm% HHA & FERIZRA ST,

Bl (Fo) HARTIX, 1,500 ppmHEDMERE CIRZERAR20E% 6 | (KEEMOMH CHREEL Y $10
~20%I8VN) NI 5L, 4T5 ppm TITREE 57 H LARE, (REH M OIH] (5~7%) M A iz, 1,500
ppmAEOHE (10/1005) THME OZM, FTAZEE (3/1005) Z§8., i OB O FEHIIx R
K150 ppmif & LR TESREOE R TH 7, MO WL, BEHOM CRREEIIFRE TH -
7273, 1,500 ppmAEOIE & A2 U 7o M CIIBREERE K OARALE Ol 5 T IEIX A B> 72, 475 ppm
BETIE, EOATERE N DIE FAA STz, 150, 475 ppmAE<, HAEE, b, HAEROAERE, ik
3t IRt &L FRRE CTh o 7o, FollfRorE<ix, 108MOEIEHM%,. 475 ppmiEoAFHAE L6 FREE
ERFREToH > 7273, 1,500 ppmiE Tl FEEEICXT L T26% Th - 7=,

Fii T, 475 ppmMETAEFERE ) DR TN, FIEEOHED LR DR T3 A 6072753, 150 ppm
BECIIEEIT 2o T,

Wolkowski-Tyl 5 (1983a) X, C57BL/6~ 7 2 D#E33PL/#EIZ, 0, 100, 500, 1,500 ppm (0. 206,
1,032, 3,098 mg/m3) Z4LR6HH17H (6FffEI/H) £ THRAIHET, 7. 1,500 ppmbfidiLiz
1022514 H ETICPBEIRRE L 700 | BRI 4L72, 1,500 ppmBFO BN Tid, 4ER9H (MEEEH%4H
H) 22BAAE o T2 WRMERRO ML, AR R OBSREREE (MFFALLE, TUEAE | Rk, PR E)
MBIV, IR10~14H (BEEZS~9H) ICEBRDBMERIFEEIETH- 2, FIRICEY, Zhbo
REEN D/ NIK O N FERLJE TR DOBESEN 2 BTz, EFH/NT A — X ~DOEBII 0~ T, HERED
JR VLG FEEHEINCA B TIEAe VA, IRERIREE OB -V VA E L BB R O IME M 23 4 57z, 100
ppmEDHEDIR IR TD A, FMEFFRNCH BERBEE R OHMNNFE O btz (p<0.05) . 100, 500 ppm
BEORBIL T, MREEICEIE L 7R, B ROATEIT 20 572, 500 ppm#f TIXOIERO A E DO F A
DHEBR¥EMZR O, ORI, BIRSILTHEALDERRO =09, MR, FLEAM . MKIE3LT
FERELED Z0Fr, R, FLEAR . IR IR 1E Cliflo.OF LEHIR TR LT,

F 72, Wolkowski-Tyl® (1983 a) &, Fischer3447 » bk ®E25DL/FEIZ, 0, 100, 500, 1,500 ppm
(0. 206, 1,032, 3,098 mg/m3) ZMFETHIH19H (6HFE/H) £ TWMASET-, BB CREY
DATEN ML /e o 7223, 1,500 ppmff TREEME ((KEHMOME]) & alidEE (HEREO R ORGE
H, IEIR20 8 OMED IR L OB E OILT) BNAbT-, BR, WIE, RO, HEIZ OV T,

cd
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BREEICRE L 7- T o 1o, B DT A F L OB IIFIRE BN HIL, 26 < REEMEICER
L7z &EEB5 LT, 1,500 ppmALD G e CTHEHALBIEDFT A I DAV, BRERICEE LB IR o4 KA.
Wik, BHRDEFRIT -7,

Wolkowski-Tyl 5 (1983b) 1%, C57BL/6~ 7 2 DHETA~TTIL/EE A C3H~ 7 A DL A/ &4, 0,
250, 500, 750 ppm (0, 516, 1,032, 1,548 mg/m3) Z4EHR6 A2 H17H (6HFf/H) F THMASH
72. 750 ppmBEC, BEEHBTH (WLHR12H) 2> DIESHNRGH, RER, &, Bl & 5 1oxt 7 2 mmeE s
B, FHEERIOFNI6IEAET L, 1L BHIEIREE TR STz, 750 ppmiEDOAEfFENY TlL, 4
PRMARI R ORER N, EHR18H OIRE, MHMAEBN (FEEREZRVEE) SR L Y bAE
W7o T,

PSR, MR EE, REWONTIRERE, AR, WIS, BIROETH. AR R (GE
T ROWRIR) | AEfERR IR, M, —IEH7- 0 ORI O AR ICIESE & OBI#IIL bR o T,

—EY 720 OFEITHE GEELOEE) OHLNEZREORK, B8 (%) 2oV T, HE#N
(A BRI RAE LT 3 B B, T~V =T LSMTDIEDO B E T - 72, FOFELED ZRFH
& B U 7= FLEER B OVSUTIER B OB . BRI O LB, ZRFREE, NSV ALE, LDO0EDORE
DEVIEEY (D LEET) BRArb, FREEITE (148K Lo b (23fE{K) T%<. 500
ppmAED 1 JE & 750 ppmAEDSVLIZIEZ MO CRATIE N2 DALz, DIgRATE OFAEFEIX, 0, 250,
500, 750 ppmHETENE4L, 3/433M612 (3/68]18) . 7/458R1E (6/6211F) | 11/444/R1E (7/62)18) .
17/40006 % (14/5688) TH Y, 750ppm#E T, wFOHA LI i, BEOAEREINZRD T,

EFHDIL, 250 ppmff CIIMEZEICRE Lo Bt IR S UIBIENE, BaRIEA oo
& L. 750 ppm CHRE#EME, 500 ppmbh EORECEAEME (DIEOFE) 35 E Lz, 2B, Mk
BRI IAT DI TUiRuy,

2.2.2 EEF
[EIFFHRBE I & D B EAHI O 2 % 10 (2F LT,

£ 10 ERE#EAFOEETMOBE

WHO (2001) %, CIIT (1981) ®B6C3F1~ 7 A D 24E M AR RER TR L= FHfhRtIC
B DIREMA A2 -3 < LOAEL%A 50 ppm (103 mg/m3) & L., [FfESERBEEZ I L CHiE
BT D —REM D 7= O DFREHE (guidance value) ZHEE L T35, EEAKXZI LI-EEUTHE
FEREIED100% 2 H 0 1T (X1.0) . WrithRiEE) HaleREE~iE L (6RFHE/24FF# X5H/7TH) |
RWeFARE L LT, EEZEDTH D10, HERZEDTZH D10, F—F X— 2D AR 5840 K NLOAEL®
ERIZ L 2100FTH 51,000% 8 H LT, FH#HEA0.018 mg/m? (0.009 ppm) EHEEL TV 5D,

U.S.EPA (2001a,b) I, Landry & (1983c. 1985) ®Difio> C57BL/6 ~ 7 A% 7= 11 HE DO
A (1 ZTERE) TRO LA/ NMEOEFEIZH-S5< NOAEL 50 ppm (103.2 mg/m3) 75
RfC 5% E LT 5, g2 7> & e R 8~ 1E L (22 FF[E)/24 B[ X7 H/7 H) . regional gas dose
ratio (RGDR, t k& EBREMW)OIEMRRICK T 2R EL) % 1.0 & LT, NOAEL ®t hZ{f
IREEZ 94.6 mg/m3 & L, REFEREE LT, EfZEDTZHD 3 (1012) | EERZED=HO 10, 11 H
[ D ANRE AR 2 A ER G AR I CAMET D 720D 10, T —F _X—ZADREEME (FENTOMDIE
BEIARDIBRE O BOMABHGELNTW RN &) OzHo 3 (1012) OFFTH 5 1,000 ZiEHH L.
RfC % 0.09 mg/m3 & E L TV 5D,
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723, U.S.EPA (2001b) X, RfC oL L LT, 2 FM OB ANEERABER TH S CIIT (1981)
TiE72< . Landry & (1983c. 1985) (2L Ao C57BL/6 ~ 7 A D 11 HEIRFERABR (22 FEfE/H X
7HMAA) ZRATFEEE L TCUTFEZZET TS,

1. Landry & (1983c, 1985) NEL<FEHINZHABRTHD Z &,
(CIIT (1981) 22\ TliE, —i#f~ v ADOEMEFAI OREFE, —H~ 7 A DILYR, HFFEIH O ER

EoiEWE, REBRTFIEOMR Y NEHINLTW5, )

2. JEFIFFEIZ 31T 2 PR REF O R Che b BERFEL EZ X 5N 25/MEOEEN, Landry 5
(1983c. 1985) Tix, Mt CHTBL/6 ~ 7 A TR\ T, (RIFHHHIREE T 100 ppm. WrsiiRZE T 400
ppm T#EH H7-73, CIIT (1981) @ B6C3F1 ~ v 2 Tk, FERDOMEED 1,000 ppm & V9 &

ETROLNTEZ &,

3. /MM DEEN, B6C3F1 ~ 7 A % AT 1,500 ppm D ELpE £ TR X172 90 H [0 T akbk
(Mitchell 5 1979) THRO LR -T2Z &,
4. C57BL/6 ~ 7 AT iR S 728k (Landry & 1983¢,1985) Tl 200 ppm THETAH 5

72 hy, B6C3F1 = 7 A D 2 [ D rigiliEz Ol (CIIT 1981) TiE 1,000 ppm Ajili TIEL 1L

bhnot=Z b,

ATSDR (1998) I%. CIIT (1981) ®B6C3F1~ 7 2 (D 24| ANREEZ sBRIZ 3\ CHEEE %184 A
(ZHEREC 2 DT AR 7o 528 GRBE DR IERR & 281) o/ hEtE&E (LOAEL) 51 ppmiZ#i—
&, AEFER%1,000 (LOAELOEH D720 D10, FEFZED =D D10, EERZED =D D10) ZwH L
TlEME O AR OMRL 0.05 ppmZ & E L TV 5,

7p¥, CHT (1981) DWW AMEEEFERIZ6RFH/ B, 5 H/AEDWkiEEE Ch -7-23, ATSDR (1998)
EHEAL A FL A B RGEE (IR LAPN) (SR & 0TIl R & R R S ST D 7o, W
e IR > O HRUREE ~OM EIX AL LT, F72, ATSDR (1998) (HHE(L A T /LT L B4k
BRI HONWT, YU RADENRT v F I 2% < (Morgan® 1982;CIIT 1981) | &
REICWHRET 2 L0 b, RREIERBEZET 2 N LI N5 (Landrys 1985) & L, i
FEIRER I X L TRV IEZEOEmW~ T AR e MIBT 2R FENEZEO L VET LV ERDL E LT
Do

HABE S A FE (1984) T, = 2REETIHICREWT, 500 ppm#% LEIDEETHE W, Ml
71, FRART, EELHH, RBIRZR EOPEIERSEA L EMESND 2 L (Hansen® 1953) | 8
RE [ faf B -39200 ppmbPL ETEMEFEHNET D & XD Z & (Scharnweber > 1974) . HEDIEH]
D72HZ100 ppm % E[E S 72 VIREETHRA LB H 5 Z & (MacDonald 1964) . Dow Cemical Co

(1981) MZHD TLIGOFAERER NG, KfEff EHFEEES0 ppm TITEZEENFE O 417, 100 ppmblL
FTTEAMALGNLN, BEMEEZEZZ TIHAREEZL0 ppme T2 L ORBELTVWD Z LELHE
2. FRIEE %50 ppm (100 mg/m3) LF%E L TW5,

ACGIH (2001) Ti, EBREMWOBRAREE R (KERE) 725, 500 ppmbl ETHlE, Bhigo
WA EGETEE, BN AL D 2 (U.S. NIOSH 1984; Hamm & 1985) | /i~ v 121,000
ppm % 24E R ABRER S 723 BR CRIEE OB A L7 Z & (Pavkovh 1982) | & hTlEX100
~200 ppm® XIEIRTE Tl 2~ DB E IR AW 70 52 B3 A DIV, BHEZRRREIC KR35
THABE D RAE D T IR ZEAIZ OV T, margin of safety B+ TZWZ ERRIB XIS Z & (Repko
5 1976) ZE5E 2. TLV-TWA 50 ppm (103 mg/m3) . TLV-STEL 100 ppm (207 mg/m3) % %€
LTW5s,
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3. RRERETAM

3.1 BIEAFILOR®E - FHERE

WAL A F VI TSV Y a— U flsoaEEE LTRSS, 2oz A Frtera—2 FRumiEtk
FICREDORE, R RAF L« T —LEOREA], 7F NI LRISEEE LTERIND (imx
SV — - FEEEHNA G BRISHEAE, (LW EREAGAT SRR, R AR A 2005)

20184EDEWNAEPERIF209,136 t T o7z (RRFPEFESE 2018) . £/, kA F N EHIb=TFLE2E
DY 7-2018F O H &1%23 t. WAREIZOWTIEFEFHIFLE D o7 (MEA 2018) , EWNAER
IR E U CIBAERNC S - 7228, 01 TAEUBEITHEINCER L Tng (K 12)

250000

200000 — ;.

| :
{
\
b
|
:

TEE (E)

50000

0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

=3
12 BIEAFILOERNEEE (1 A~12 A) DR

3.2 XKEHFDEEAFILORREBIEDTOES)

TR TOIAERD O O A F /L OFERBIHEITH 50007 (3.2~8.2X106) t&HEE LTV DA,
ZOELIZARBEIRTH D EEZ LN TS (WHO 2001) . M7 T v 7 b AT X B4R T T
DA TEA TV EIEHEA A DRI L o TERR L2 HAb A TV D4ER] 1~8X 108 tifEH & ik &
NHEEINTND, b I —DOREARIHIEN A A~ APREET, FERLHET 0.4~1.8X106tE S
TW5D, MEHr & FHR DA A~ 2RI KD EITAFEM 0.012X 106t EHEESNLTEBY . A A< A
BRBEIC X > T SN DAL A F VO KERNIEE T OB KIC L D b DL ST b, BEAERY
REELHEE AT VEER TS E SN TEY (WHO 2001) | Bifki®h S EMIC it S sk A 5
NDEE . RERNARE AWTZNE N T o AT D 5 150~30077t, BVETARIZ IS 1T B IR S8 &5
1305t IZb T rMEbH L GFEE. BN 2010) .

—Ji. HAL A F I A X ) =V ESEACKBDOSUG, D WIEA X v ORI Lo TLEMICHE X
AT E A CEMOFHEDOGRICHV TR Y | - HZEORRE» b RRPFEICKT Sh b,
Fio, BRMEGE - FRICINA T, 72IXZ 0, ¥ —E VPR A, THBEH, DK OEEEES
FIEHERKDN O AL A TFARFAET H &S Tnd (WHO 2001)

AL E DB BE~OYEH B OHIRLE K OVEHEL O eI B9 5 58 CEAR 1 14E RS 865, LA T M
BIE) Lo, ) IS PRTRAIEIC L 52 E O )i R & - B 8w O EFHE R & OVm A E L & oHE
FHRE RIS AU (B EZES - BREEE 2019) . bETIZ201 74 IZ 880 tis D b A F /L O HEH M
JRIFHLNTEY . KB REKUTHEE STV D, i ORHEFHHEH B3l K231 kgf2FE & H#EE S
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NWIAEE S & o728, 201THEIT0 tTH 2D, JaHPEH &EIT2006F 5 £ TIIRE KB L, £ O%ITH,
IEV 2200 LRI CHERS L QU 2y, AEFER OB & &b C201T4HEEIZIXN L SN L= (K13) .
SRR OHEHE L D L 1tEBZ A A TFLOHE - B8 2RI H -0l bF T, S5 AF v
BIYEL L OES A BELEE TH Y . KI64%ITT T A F v 7 BIEREEE /L SHH SN TV D (F11)

4500
4000
3500

# 3000

(t/

O§ 2500
2000

1500

AKHEH

1000

500

2002 2004 2006 2008 2010 2012 2014 2016
FE

B 13 EEEICEDIKBIEAFILORSADBEHHEHEDORELEL

& 11 AEERITE DK OHAEOHHFERDIRIE A FILOKRSHHE (2017 FE)

PEH IR DR PeE: (149) PeEIS (%)
7T AT o i s 560.0 63.6
o 12 318.4 36.1
MR Sk B IS 3 2.4 0.3
/INGE 880.8 100.0
eSS 0.0 0.0
ESES S 0.0 0.0
Jea AR H FIE 0.0 0.0
2L 0.0 0.0
/Nt 0.0 0.0
RRPEH & Al 880.8 100.0

—J7. HREMEAEEILAY (VOC) HEHA X MU OHFTH, VOC ORE~DHEHEDHER N 72
INTEY, FEATFTLORLA~OHEHEIX 2000 FEED 4,994t & T 2017 FE1T 1,173 t &K
LW LTS (FEREEHIEEY (VOC) HEHA x> h U KES  2019) .

B, HRMEAIEEY (VOC) HEHA v b Tld, ¥/ 0B F17EE ) S RN T Re b
T (BT L) IRDPEHEDOHRZHEE L TV 5,

KSe M KRR U OBRIC P S b A F v b BICHEBIC L W KA~BITT 5 L Bbhb
(WHO 2001) , 7=, RRFOHLA F T ECIFREICB T2 Rafxs I PhL L DRIGT
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SfESND LERLN, RRF TOHFEMOHEMIE 1~3 F£ T, —fITAEEICBITT 2L Sh Ty
Do

33 KRE=HUYVY
HAE A F O REIE G DORBUT DN TIE, 2010810 FITHEAL A TS BRI E IR E S/ 2 &
BT BAERKIGREYET =4 ) 7RE L L TG ALFEIRIC X 2 % REEAR 2 20 L TAEFE 0 & A1)
ICFEMES LTI Y 201 T334 LA TRIAE N EM STV 5 (K12, BEAK - RXEREER 2019) .
25T E H A O SR E O FEEAMEIL, 20099 ~ 201 T4 IS 3T TRAFERIIC R & 72 88 1T L
bRy (R12) o B, ZOREL-VWIIHREICE T2y 7 7T v v RiglE (1.0~1.4 pg/m3)
(WHO 2001) O#iHTH 5,

xR 12 BEARRERYEE=2 Y VIRBICETHBIEAFILETHREORELL

. . Z YA /)M SN
e A s SR Fon o~
(png/m3) (png/m3) (png/m3)
2009 12 144 1.6 1.2 4.5
2010 41 492 1.4 1.1 3.1
2011 187 2,244 1.4 0.98 3.5
2012 313 3,756 1.5 0.11 5.6
2013 324 3,896 1.5 0.12 6.3
2014 323 3,876 1.5 0.13 8.5
2015 318 3,816 1.5 0.11 8.0
2016 330 3,961 1.5 0.37 5.2
2017 334 4,008 1.4 0.36 4.9
25
L
* T
P e
E 15 ha B —*— *
g
@
o1
£
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
FE

4 BERREERMEET=S ) VU REOREAERR (10 #R) (21T 5B A FILOFFEYR
E D
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AERRQIGEYEE=2 Y U REOM AR, T—MRE) | TEEREREL | KO [HE)
O3PSI TN D (RIS NE»SEEFRAEREL ] 2SI T 5) o 201THEED
THERER (F13) Z2RAD &, —KBRETIIEE T1.4 pg/m? (2404145 : 0.36~4.9 pg/m3) . [EEHLE
JRJE0 CIEE 1.6 pg/m3 (3514 : 1.1~4.8 png/m3) . il TIEEH TL.3 pg/msd (57HIA : 1.2~1.4
ng/md) THY ., TEEREFEDL] OFES, T—EER] ° HaE] 10 200m<hoTnsd &
13) o BRIEBOBE 3 A2 R Th,  TEERAEPEIL ] 1ZB TR O B O FRA R O FEsR A E
HENALNTND (K5)

® 13 0T FEFERRERYEE=2 ) VIRBICE T2 HRBEEANDELA FILOFTEYRE

. i e/ IME BKAE
Hh S B Hh g
(pg/m3) (ng/m3) (ng/m3)
— BB 240 1.4 0.36 4.9
I T 78 A PR B 35 1.6 1.1 4.8
ASLE] 57 1.3 0.47 3.0
TR IE 2O [ E A TRUE D 2 1.3 1.2 1.4
XN 334 1.4 0.36 4.9
&0
~ 50
B o— IR
fﬁ w
E -, mEEFREL EELN
a i
10
1) p— J— 3
=04 0408 0D.B~-12 1216

FEELRE (y/m?)

5 2017 FEAEARREEMEE=-2 )V JTREICEITHEEAFILOMABREINDFFEYRE
Xl

3.4 EIERERAED

2017 FEFEDOHERKIGERWEET =2V & TIE, TEERAEEIL ) OWE R O
D RfEIE 4.8 ng/m3 ThH o7 (£ 13, BREAK - RREER 2019)
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F7o. 2013 4EFE & 2018 AEFE IS, BREEA DS, HALA T AZHEH LT 5 2 FEFTO BB IZB W
THEZFE L T\ D, 2 FHEFOFLOF 8 HiAIZH N T, D16 [0 HV R IEEIT-72E 2 A,
A Z & OFEIEIL 2.5 ng/m3~110 pg/m3 TH Y | AHERKGIEWEET=42 ) V THREKRE LV L&
EE L 72 DS HER SN TV D,

(1) 1EH-Y 24 RefELEGHAE 21T > T\ 5D,

3.5 B A FIL OB R

REHF DA T NANDE E~DIBEFEIX, FEAEDBBARKORANICLS>TEZ D EZEZX DD, 72
B, BANZEKPOREOFMERFNI RS- 6007,

201THEEOHERKGIMET=4 1 » ZHEMER REEK - KRR/ KRKEREGE 2019) (2K
SNTHRADKER B4 15 m¥day. KE%50kgs L, 24MEEKSICIRE SNz e LT, KEOWA
WO B EAERET D & BRI O FEEIMEIC R LT 0.42 pglkg/day, 2RO i KEIZ % L T1.47 ng/
kg/day LEHR END (F14) .

= 14 KREHOSHADEIEAFILOBRZEENETE (ug/keg/day)

NS SLER B KAE
— B 0.42 1.47
EENIN 0.42 1.47

KRGS DOHALA F IV OFERITOWTRIZ E A ET —F 320, BT OHELA F AR, BREE
U % 2 HIIREA OO 72 90147 odL T B RS TIR4BIRIR DT TY 0.05 nglkg Rl TH 1 Al b O
FRIT 2 pglkglday A & FE SN TWD  EREEBREERMER 2004) |

BB P OB A FAREEICBI T 2 MG D edoTe, Eio, 199942 J UN20004F £ 0 B
H H A CIAIEFKIRO 130 LU THAL A F A i S v (B FRRE 0.01 pg/L) | &K
flil% 0.15 ng/LCoho7= (BRET 2000) , BEVKOERES 2 Lidayd L, wAMES B Sk
TOERIPMT 5 EHUET S &, 0.006 ng/kg/day DL A F/VICHREES N D Z L1127 d, HTo, [ALHE
B L H AR Tl K O23 DWW 0 & b L A F/UWEM I S0 d (BH T IRME 0.01 ng/L) |
H R K OEICAE O R RIT 0.0004 nglkg/dayAiifi & HES LT3,
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4. &R

I, KRB OEHLE Y ORE R OB T 5O ITE L. < OFRNE
BENTHDLD, kB ARHMRE ZAbHYD, SHROMIHEFOREIHEN D2 20, BEAOH
ERLZIGRYEIZBT HMEE Y 2 7 A ESELRCER IR 2 FMBRE AT, o2tz +
Rk Lo, BLEMETORAL A FIOLORBERBICET 2 MAN S, B RIZBIT 21k A F Lot
R ~OREFEFBIC BT D HESMEICOWT, LLTFOFHliZ1T-> 7,

4.1 RERUERNBIREICONT

b MZBWT LA T D FE e EER KT WANRTE Td 5, b A F VI3 S RIS 4,
M CREIEEICET D, 7 v ORI TIE, . B BR~OSMRE o7z, FEREW K
e FOFEND LA TF L ORBMOEBERE BRIV ETF A S- N T A7 =5 —F (GST)
DIAET DI NE F A RGO RENENH Y, S AFIVIT NI FFUBNEREND Z LIRS T
Wb, ZORFEEETHEL DA X VT A— /IR EEZ AT 570, Bk A F L ORI
T/ MR X T 2 DR E L B2 b C\Wb, 72, F 7 a s P-450 (CYP2EL) (2
E R OFE S RSN TN D,

4.2 BHEZE - EEZICONT

t hTCIE, IAETFAAARIIEET L2V ETF A ST AT 2T —E 0 (GSTT1) &isT
AN X DBRIEHEOZEIZ L 5T, MR, MRHF OHEL A FIVRESCIRHPEH OB EZR H D &5
25N TS, GSTT1 s KB (BERIEEN 2 OHBRESIIARICE > TR, AAA
DA TIFAK 40~50% DHiPH T o7z, PTEA, #HEANTIIK 60%. 77V TRKEAN, BATIE
#120% LHE STV D,

AL A F KT D GSTT1IEEICIFFERZESEO b TH Y . b MRILER GEMEAEV - HC, 1
PEAME Y LC &M R < :NC) & SEBRENY) O Tl 5 i o0 il el B C b L 7255 R i~ 7 2 (B6C3F1)
> i~ A (B6C3F1) >HC> 7 v I (Fischer 344) >LC> NAAX— (VU T v« I—)LT V)
>NC DIETEWERE SN TV,

F h 7 1 A P-450 (CYP2E1) DOJEMHEIZOWVWTH, B N THEAZOSH L Z ENEMH I TN D,

4.3 EBNRAEIZDONT

WAL A FAZHONTIE, LTFORBEIZL Y, b N R OERIY~DIED ANED I & 0725 A5 5
AL TUVRUN,

OIARC (1999) TiZ 3 (b MIHTHEMNAMEICONWTHEETE 22 | U.S.EPA (2001ab) T2
N—7"D (& FOBENAMEICOWTHETERVWE) EoEI W5,

OFEZMFFEIC DN T, AR OETHED SIRH L7zt A v (MRS BN 5 IR (IR
IREE LB % 30 UL EICE VBEE L7298 Ty A OB EA A D/~ — REEOHIMAFED &
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Nice L LZns, BEEIE, 7o —/ 480, BFES0AIEEER I 5O E A H
DTN & BIENAAD U X7 HF & b B (Body Mass Index 55 THEIfRE) & E I
TRNZ END, KR T OFERR A+ LB 2 bivl, b A T EHUIAEET 5 TGO
FE R E Lizak— MIEDE L T, BNAOBH L RBEBE IR b o7z, Hifl
RO ) A7 OHINZHAE Lz TAFFE TIX BTN 3 A&7 (BEORMEN R > TRY
PEEWRNCHIXODERN o Z enh, FEHELITEBLBEELRNLDEE X, ZTH DR
Mo, AL A TFNA~DOIREFRIZ L D8 NOBNAMEIZ OV T, FELAAR 4 & S vz,

OB EBRIZONWTIL, 2 DOERMERFERR T, v~V A, 7 v MBI, MKE 3 LRz, FRER
RS OFEDGRD LD, DT o 1 FEORED I, OB —OIE TORIEA LI EE, i)
WA AT=ALELTE FEFBRLARWATREER S D (v 0 AOBIRIES) | i) EIERER O
TR TR BTN, IVFRFE AL O RRIE « Bl 2 R 72355812 ) A7 OBMBRO bivd, SOfERT
H Y EBREMW DI AT DUV TIRERLA AR 145 &Ik S 7=,

OBBFREFEMEICOWTIL, in vitro BB CIIEE FREFEMEOFR DA LIV TN DA, I E R E
(5,000 ppm LA _E) DIRFETH 5, in vivo iRBRIZ DWW T/ MRk BRAE OAEUER) 727 BR D 20 72372 <
in vivo DEMEBIERBR TIXBIEORERNE SN TV D OO, b A F VIS X D RN B TE
HHFENEE TV D AEEERBRZIN TS, INHDOZ &G, HbA FANEEERICL VK
N B FREEEZFERT LoV T, FERRSRITHE R VWS E 2 5,

4.4 EHEAEUNDEZTEICOINT

b R BAEA F DRI K> THRSR O (FEMEEEL. O F V., mhilsess) | e
DR, I, BEA~ORE (B, HR, ¥V R) | $ERAKOETEENRESNL TS, &
MG R (Efe2 A FIREE) TIEFERMET o~ R—Y ZRH b, FHIRICPEER A B 5 R EC
BREE L7 B 2 304 L1 LIBBF L 72 fi A i, (O R, I E B L DT Y 27 O
HHITND,

EREY (U A Ty b) ORABRGEABRTIE, PR, Bl DM, KR, R ERA~08 (il
WD) PR bNTL, £lo, v~V ATEME, 7 v TR OMBEOLENED O,
D AL A F L~ DBEFR T K D IRRE & & 2 v,

4.5 BE—RIGEFROFEMHICONT

AL A F VAR DTN AMEIZOWN T, 4.3128B W T, B b~DFRENANMEDIA & 72 3L E ST
WS ENTEZ ED, BE—IGBRORHMIE TN &L L,
FENAMEUSDFEMICHOWNTIX, L FOBRIC L Y | E2RFZE0 % RIS < E—JS R O F 1
ITH 2 L IRNEETH AN, B ERT — 2 TS B KISBHROREEZIT O Z L IZAEETH B,

OFNAMUSNDAHEMEIZET 5 b hOEFAIZETIE, £ < O THILA FILOK[TIREFE DR L
NADEFERPELNTELT, FE—ISEARERTMANZ LN &,

O FBrEY & M T2 ABRTEABR Tl B AMELSOF FIECB T 2 B—USBIR 2”95 RAMFEE
THZ L,
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Okt k& EREMW DAL A F TR T 2R A D = XL KR OFEN AL OFEVEIARDIBEA =
A LNZHONWT, FEEZENRD SN DM ATV &

@%%%?~&%ﬁwfﬁﬁg FOGBEER OFEAMIL, SEBRENY) 2 O T W ARRERSEBR O 7 5

— GBR T 5 ETO+07e T — 2 B FEE L, KR ERE %%T%éumhﬁ>ﬂ%&
@@MHM?&X@&M®&%A®%ﬁ(%ﬁiﬁ@@%ﬁ\%%)@%éuﬁﬁéﬂﬁ%%w
NP DY i

Landry® (1985) OC57BL/6~ 7 A Z HV M oidfel11 H FIREESZER Tl Z Ot ANRZERSR & bt
AT BRI E (2205 1)/ B OR T 41k 100 ppmbh b, 5.505/ B O Wi #5400 ppmLL )
T/ (ERIERROZENE, FHE) L TR () 2= ORBIC L D FRO K E S OL) DR

MNEED BTN, ﬁmﬁﬁ%@TfiwommuLTmM®7w%/mE o1E. BB CHIFRN AL
DR HRD LN TS, /MU THEBOEER A LN TWNDE ZEnD, ZORBIFROFEL Y b
HREEZD,

L7273-> T, Landry® (1985) ®OC5TBLI6~ 7 Z D/INMOFRE~D R (PR @O Z5ME . ZE6E)
ZHWTE—SEROFHEZ1T 5 Z &Y & & 2 5,

Landry > (1985) (%, WAL LT, 1H Y720 OIREERERN 2 220 ]/ H XIX5.50F/H & L7z
25RMETHEML THR Y, /MO ~DRE (R EMiaDZEME, Fii) 2= RARA U he Ltk &
DONOAELIE, Z#Z150 ppm, 150 ppmTh 5, HWUIREMWFEFR TH V| —IXIREE T OMEESM (&
BERTE) ICX VITVRBERITEO L ONRH AT, TOREZFMIMEOR NS Z EREE LN
EEZDLND, LIzR-oT, 1HY720 ORFER 2220/ B O O3 —fi%EREE FOBRERIC, XY
WD EEZ D20, ZOREESRMNTH 5 17ZNOAEL (No Observed Adverse Effect Level ; #5
M) 50 ppm A FHMIEO B I H WD Z LY LB 2D,

728, CHTBL/6~ 7 RFIMD RO~ 7 A LV (b A F /A DIRFEITK L TEEZMETH D03, /MK
DEBEDREA N = X LPMUOEYHE (b Fa2ETe, ) | ¥V ADRMERLRD LOMRITHEONT
WRU,

4.6 REEFEICDULNT

KIS DA A F NV DOFEREICOWVWTUIIFEAET —EZRRVWBR AP TE T =X &
B, ALK, KBTI AREFRNEDTH o7,

REAFOEALATF LD h~DIREEIT, IFEAENRKRKORAICL-TRZ A EEZEZLND, —

BREERAKUC BT DBRE AR OV T, 2017 FEEOF ERRIGGIMET =4 U v TREE RO — KR
BONYEMEIZESL &, 24 RFRBRBERKEZ WA Ukt 2ROk A F VOB EITRKA T 0.42
ng/kg/day & WAEH b o,
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