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BIEAFILICERSIBE) X VEEM@IZDONNT (F])

1. WEICET SEFNER

11 BEAFILOYBELEHMNEE

BEAEA T VIERIRCTIIEEO T A TH 5, HILA FRIEFEITEOERE & AK~D G EH 5,
AU —RIEBRRENZ E0nD, RERKPOOEFEPRENEZZIONTND, £t ¥ /) —
KOGBUREDS N ENZ LD A ~OFREMEIT NS, HEPEEFICHLZFIFELRNLD EE
z2 bbb (WHO 2001) . F 7 & 7 —/VIKGBARED & EIRAEFRE1E2.98~3.16 L HER S TH Y

(OECD 2002) . AWRfEHEITEWEEZEZ bND, 26D Enb, B A F T EICREAHICH
ET5LE2LND,

AL A FUTHRBE ARG TIEEICE Fuxs T D0 L DLZERISTHOMB S . KK TOHEMmIT
1~3F L INTVDA (WHO 2001) . RKH O & L T4~40% (OH 7 ¥ h VR 23X 106~
3X105 43 f/lem3 LAELCEE) L LcbobdHd BREEA 2004) .

x® 1 BIEAFILOYMELELFZAME ( WHO (2001), OECD (2002). IRiEH (2004) M i55IH)

i . 50.49

B :0.920 g/lem3 (20°C). 0.911g/em3 (25°C) (iffA) . 1.74~2.3g/L (0°C. 101.3 kPa)
(&UA)

R . —97~—97.7C

Wh R . —23.73~—24.22C

RRUE . #9480~510 kPa (20°C). 573~575 kPa (25C)

T fRME o KICHE (4.579~7.250 g/l (25°C), 4.800~5.325 g/l (25°C)) . #IRTlE—

WOERFN EIR TV E D,
F 7 B 7 —IKGESREL . log Pow =0.91 (25C)
RARH . 1ppm =2.064 mg/m3, 1 mg/m3 0.4845ppm (25°C. 1,013 hPa)
~ U —HIEES :  4.15~6.05 kPa * m3/mol. 8.82X103 atm- m3/mol

1.2 KPR CIERNENE

3 K OMANEDREIZ W CiE, U.S.EPA (2001a) . ATSDR (1998) . WHO (2001) [ZHEZEAN F
EHHENTWATED, TNHEBMRL CUTICTEERMRAZR LT,

1.2.1 IR

BAEAF VO OERIBEBFERKIIRARETH D, b PO TIE, Hb A FUTHID D RH I
&, M CRGEICEMTICET S (Putz-Anderson > 1981a; Nolan® 1985)

B DEREE (BB AN AI) (ZHi{b A F 1100 ppm (8 A) X1X200 ppm (24 N\) % SHF[EBREE
SETER, PRI T D0 A FTRFEZ IR DN EHHIEZE L, P OBE(b A FARE L
FEFITE VBB (1=0.85, n=29, p<0.01) W& LTz, HLA T L OMEKHERICEIT HIRE KR
MR, 21100 ppm#fET36=12 ppm, 7.7£6.3 ppm, 200 ppm#f T63+23.6 ppm, 11.5=
12.3 ppm TH -7 (Putz-Anderson® 1981a) ,



BEREE6N (256~415%) (2. 10 ppm (20.6 mg/m3) . 50 ppm (103 mg/m3) % 6RFHEERGE S t7-
FER L BRERL 1R CRREAT B OV DAL A FL DS RGN T I L, R 1.4~3.7
png/min/kg & HEE Shiz, F72. 10 ppm~DOBEFE T, MiR-ZEX 0 EFRENT2.12~2.49 & STz, FEAH
B OUIIR T OYEAL A F- /L O PR FEIMEFEIR I LLp] L iz, BBRE2 NI, 7RV AN & TR T oI
fEA FIVIRIENRL.5~265, M APIREII3MEEmN -7z, 723, MHOEHIT2ATI0%, 7D 4N TH00
Toh -7 (Nolann 1985; Lof 5 2000) .

Hifk A F /150, 1,000 ppmZ D Fischer344Z » &~ (3VL/RE) (6], MED & — 2 VR (BIL/EE) 12
SRFMI A S5, mifE L ©gERE IR LN MR O b A FOVIRFEEDSEHNIZE L, IR
PREZIRE 2] L 72 (Landry® 1983a) . 50, 1,000 ppm®DEEFZIZ DWW T OIMEE- T AEEIZ, T v
FT1.8, 1.9, £ XT1l.5, 1.8CTH -7z, 741 —7 v I THEDFischer344> »~ k%50, 1,000 ppm
(ZHREE S-SR, © B D OIRERIRE T O IREE% 1R TR L, b A FILOBEAZZEIX, 50,
1,000 ppm CTZHZ410.20, 3.27 nmol/min/g-bw Toh > 7= (Landrys 1983b) .

1.2.2 H%

HAL A F VIR B < L BRI SN D Z 0D, (RN OV Tk e R R OVEREM) O
ZETE ST b TN,

FEREN) TIX, LA FADRRI ST, BNOILFFHIZOMAT 5 2 E0RIBE TS (Landry
5 1983a) .

HEDFischerd44 > v MI14CTT UL L= L A F/1500 ppm (1,030 mg/m3) % GHFFINRER S 74
S MRERE L I CHE 2 OMMRICI Y A E N HBOHEYE (mmol/g-IR &) (X, TIKT4.1320.65, BlE T
3.43+0.53, #T2.42+0.24, F§§T2.2940.19, fifiT1.21+0.25, AN TO0.71£0.05, iXT0.57+0.08
ThoTo, BFEARED D EU SN T7280% 2L EOBIHEMIIRFES O S DT, £V IIMEE. RNA, DNA
Fe OB TR LTz, RS CHEHE T ~A i Sz 2 Sl oW Tk, LA F Lok
ERHMTHD L LUCHERNITIAS AL TND Z D, BN T VX UL ERE 5 T~
WY IAHADIRR E g olz o I b, REHZEDMVIAAR (URFS— NI AT L) ITLDHEH
Z biviz (Kornbrust® 1982) .

D Fischerd44> v ~ (6UL/Bf) 1Z14CTT ~L L7z b A F10, 50, 225, 600, 1,000 ppm (0,
103, 464, 1236, 2,060 mg/m3) % GRFHEINEEE X W 7= 5 R, 14CO T v KRR LI > B > ks
BTho7- (Landry® 1983a) , RNEFIEDOUCORIHEIED S ITREIRE L BE Lz, —F5. flild
REHE 72 JidHiE 13600 ppm LA EOBED TR, Bl L 1,000 ppmBEOEE TR L2 Z L AVRE T,
ZOMIEEITEE LRI R LA TFARHEE LI 1URE T — LV OEFR Z BRI TITHAA
LoD bO) OffMEKR LIz D EEZ bz, 225 ppmll EORET, P, B, FHE. R E
KDL R EHEA L7 e R (NPSH) EQREICKFAL T Lz, 2o &b, HEikA
FOLNZ S OB L, D%, GSHIEARKRE CR#tShZ LR EhT,

P8k DB OWETH DA, BRI CHRITOMBICHEL A F AR DM T 5 Z & DR S 5 Bk 53
WHEIN TS (Bus 1980) , 4R L7=Fischer3447 » {21,500 ppm®Hifb A F/L & 4EHE19 H (2 65E
[WREE S, BREETRO, 2. 4. SEFMORENM &G IR OMAKRICIS T D NPSHE 2 i ~7-, R O AT,
MR ONPSH &I, MREE B IS0 IREE & bl L TRk & <3 U (i, Bl C 2 E st BiE 0 14.9% .,



27.4%) . SR CIER Ml R~ 7=, HMRONPSHE & IEFEE % (KT REED8T.5% £ TR T L7223, 4
RELAPNIC EREICR o 72, FRIETIE, Il E Bk ONPSHENERZ2MH TR BT L., Th
ZIKHRRED66.8%. T1.0% & 72 o 7o, £, BBEHKSRH CIEREIZR 7, ZNZ IR IREED86.5%.
92.6% T -7,

1.2.3 X

WTFLEN DHEAL A T O B R RERE R 2 1R LT,

EEREW L O e R OWFZED S | In vivolZIBUWTHAL A F A ONRFH O LR —BIZ 7 V2 F A4 8-
N7 A7 27— (GST) BNMIET DI NETFAAGOAREMER H Y | S-S ATF N TNVETFH B
RENDZ EDRBEINTVS (van Doornd 1980) , S-AF AT NZFA TSI HIZRB ST,
SAFNVATA URAZ T A= N0 D, SATF NV AT A AT A F VA IREE LT 55 B#F DR
MO &7z (van Doorn® 1980) , A ¥ U FA— /LR EMEZ A L, FEFITROIRE CTHKF O
F b7 o AR LEER ZBLET D DT, A X U F A — VR A TV O AR RPN HIE A <o/ NN EERL S
i EOBMEDORERME L ZE 2 5 TWD (Bus1981) . A X FA—/LIF 7 1 AP-45012 k-
TRE AL, AV LT LT RROFIA AR L, £ ORIBRFIILRE T — V28 L TEKRE S~
DOHLY IAFHIXCOTERIZFIHFIHETH D (Heck > 1982 ; Jager> 1988 ; Kornbrust& Bus 1983 ;
Kornbrust® 1982) . Z /W& FF 3L A FA~DIREBIZ L > TR T 52 LnmbhTn5g, [
DB6C3F1~ 7 AT K DAL A FVOWAGRBR T, T, B WO T VZ F AL DPAE A FREITRLF
LT Uiz, 2N TF A OBDIIHIFCTRHEHTH Y, 100 ppm (206 mg/m3) (6N ABRER
THEITNEFF DL~ D45%E T L, 2,500 ppm (5,160 mg/m3) TIX T NVZFF v DG &%
L~ D2%IZ/E T L7z (Kornbrust & Bus 1984)

W ENTHAC A FIVDRERGZ N T N2 F A AG SNDBN, ZOMNERRE A 5L, Fhornm
LP-450 (CYP2E1) 12X 2MEHCEY ., RV AT AT RBREAINDZ LB RBINTVS
(Guengerich® 1991) , CYP2E1D L~VUZIFMEAMTIEL &3 H 5 (U.S.EPA 2001b) , 7 /v %
FHAAE EITRRY . 2D ORE LA TFLORBHEE & ORICITFERIEAfE A 72y (Nolan &
1985 ; Stewart® 1980 ; van Doorn® 1980) ., MMDFischer” v k%4,000, 10,000 ppmi(Z 3FFfiiRE
B SHTRER, M CREIEOERILA b 27273, 10,000 ppm TIZRH THOT 02BN 4 5
7= (Kornbust & Bus 1982) ,

1.2.4 HEiftt

Bipne ORI OERI O ENG . WA SIIZHALA F VORI HC02& L TR I
= b Z ENREI TV D (Kornbrust & 1982; Kornbrust & Bus 1983; Landry & 1983a;
Stewart® 1980) , YCTZ L L7 b A FLZ6REIM A L72 7 v T, 6.6% 03K LR E LT,
45~50%723C0z2 & L TR FIZHEME S 7172 (Kornbrust > 1982 ; Kornbrust & Bus 1983)

K0 DBEOHFAATFTRPICHRE S, S ORBMITEREEMEEATEY . KO T LY
FA UG (S AF VT NVEFH ) kB x bl (US.EPA2001b) , S-AF AV AT A
BB L2 T2 NROT » FORFP TR 7z (Landry 5 1983a; van Doorn® 1980)

Zoftl, Ty MTIFRFP TR S TS (Kornbrust & Bus 1983)
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1 BEAFILORE FTIRILY— - EXRTREMARERE (CFYEAMIRMKE HaTl
KT E AR 2005)

1.3 BRZE - EHEICONT

b R TiE, IAETFA B ET 5NV AT A S b T AT =T —E 0 (GSTTL) s -2
IZ R DEERIETEDZEIZ L - T, MR, MR DAL A FRESCIRPREM OB ERNH D LB B
T2 (Coles & Ketterer 1990) , Warholm & (1994) 1, GSTT1L#EE 2 e K T3 >OREA
T2 b bIEEAEHE (GSTT1EM: %2 K <, non-conjugators, NC) . K& (GSTTUEMENEVY, low
conjugators, LC) . &fa&# (GSTTIEMEA BV, high conjugators. HC) DJRKIZZ2 > T\ 5D &k
i L7z. GSTTIEE T REOMBLEIG O NFEENE A D & TEAN (64%) >EEAN (60%) >7
7V HFRAKEAN (22%) >HAN (20%) >AFTaFKEAN (10%) DIETH 72 (Nelson 1995) .
AANTIE, AL, AR, BRSO AER KNS H Y . GSTTLEE T REOHBEIG I LN
44, 43, 51% T 7= (Saitou & Ishida 2015) .

HiAb A F A9 2 GSTTUEEOFERM A >V T, B MRMLEk (HC, LC, NCO3%) & FZBRENY)



DTN, BN DM E Thl: LT R 3 & 0 IR DN TR L7z (Thier s 1998) , #ff~ 7 2 (B6C3F1)
> i~ 7 A (B6C3F1) >HC> 7 v b (Fischer 344) >LC> "ARAZ— (VU T v« I—)LT) >
NC,

AL A F T 5T b7 1 L P-450 2E1 (CYP2E1) OIEMERE, SRR OHEIZERNTHD =
ENT v b= RO, BligETHE S TS (Dekant B 1995), F£7z, CYP2E1 O L~
FEABTIESSE R HD 2 LN EMENTH5H2Y (US.EPA 2001b), b b (RA) OFlEEA T
A CTETFOEMNREINTZH OO, CYP2EL BEUCET 2 BI5 T 2N GFHET D Z 3% 9
ThdEREINTWD (Gonzalez & Gelboin 1994), 72, Bk (%A) OFEI /7oy —2, &
figi 7~ & BARfE X A7 i R M C ik CYP2EL {G PRI IR S 472y > 72 (Amet & 1997; De Waziers
5 1990; Lasker © 2000; Cummings & 2000),

2. @R
21 EHRAMRVECFESE (EREMH)
2.1.1 EHEHE

2.1.1.1 BLRAM

AL A F OV T IARC (1999) Tix3 (B Mok BB AMICHOWTHE TX 220y . U.S.EPA
(2001a) TZA—7D (B FOREPAMEICOWTHETIARW0WWE) E0BEINLTW5,

<HELSAIZET HEEHR>

D AT D BHEAREFMREOBEITR20 LB TH D,

AL A F A HSUIAEPES 2 TH O EE 255 L LI/ 24— MMFZE (Ott 5 1985 ;
Holmes & 1986) 23& 575, ZiALHOWFFETIL, MWADOH LB ERE CITRO b, ahk— M
A ZDPNENT L RO EITRE L T D 2 &bl A F~DlgdE & ORISR 57
TR EEZBNS, Olsen © (1989) . Dow Corning Corporation (1992) (Z2OW T, Ff#
DO EIIREE L T D720, HE A TV~ OIREE & FH A O BIEMEA T S 2Tl

MM DO 2> D L7z b A Fv (REERAB D IREE L~UL) (T K D FHIA 720k EE 2%
T B O KO A BB L 72aF2e#s (Rafnsson & Gudmundsson1997 ; Rafnsson
& Kristbjornsdottir 2014) 723% %, Rafnsson & Gudmundsson (1997) IIfiRE 24 N2>\ T 1965
~1995 4% ¢, Rafnsson & Kristbjornsdottir (2014) 3 E 27 AT DWW THAL A F L OfmH Sk
DAL T2 1963 4RIV | 2010 % CTEBGHEZ1T>72, £ OfE %, Rafnsson & Gudmundsson

(1997) TITHNA YV A7 OEINIFED S/ - 7273, Rafnsson & Kristbjornsdottir (2014) T
TEFED A DN — RERIT 423 A T 2.07 (95% CI: 0.85~5.04) | Bllig23 AT 9.35 (95% CI:11.28~68.24)
THY, URAZOEMBPRD Tz,

B, 6 2O B ORINAGEIZFE CTH Y | HLA T /VITIRE LIRE 1 ANIZoE, xf
JST DWHOM B BEE (IR - i, L. FIRE) »ofmr~yFr 7 (£2 %) SET
BATE D NEXBREL LTV, FE OIIRERE L MRBEOMBOBHEAZEG S22 LT, 42/



Pk O 77 L = — VAR, RS ORI BRI F ORI S LTz £ i< T %728 (Rafnsson
& Gudmundsson1997 ; Rafnsson & Kristbjornsdottir 2014) | 2 #F28 TIXERFERE & P IREED A 7EHE
BN OFFFIIA 52> TIER W, SHIZBIENADY 27K+ & S5 (Body Mass Index 2T
i) NEEINLTWRY, 2602 Enb, ZBKRTFOMBEIIA+nEBEZbND, £o, 2 bf
FEITHAE A F ORI FSIZ L 52U RRE (4 Af) ORBZBEIGRE LD THD . ADFE
MBAFEOREHNTBEFE NSO D L) REMIREORELRZR L LIcb DO TIERY,

UEDZ LG LA FNV~OFEFRIZ L D e N OB AN DN T GEIL A543 &Il L 7=,

&2 EFOEFICEHTLIHE

Ott & (1985) 1, KE (R v A_=TM, BV 7 L=T) OF LthD{bZFETHT 1940
~1969 FDOMIZA~L—T 1 7 EMAT 1 FELL FEH SN BT #E 1,919 NEaxt5 e L,
1979 £ % TIBIR L 7B FE 21T o 72, FEE TR ESR A D 5720, —AY7=0 1.5 OEE (fE
) ZRREBRLTWDH, 226 AL A2 U (b AT, U r7uarAzy) ol (Zaeaik
VA WU LRFE, T 7 7ruxTF L rofELGEEND) IHEFELZRER S - 72, kA%
VHOBYEICERE LIERBROH L 9BE T OWTIHERE AR D L, KEAD &l LZHA1TT,
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) To»-7= (IARC 1999) ., EMEEHD S B, %Hﬁb)h?ﬁ) 3N (WiFHE 0.9 N)
BO. 9D 2 NITEFFHN 5 RN, 750 1 APREFFER 6 FThoTo, I, HbAF U HE
SEORREFIRIE 1T STy, TARC (1999) 1%, 9738 BNEE O P E IR L T\ D 2
& R OMRRIRE DR O KIS AL A F VDI A E Bt D IR ZE DA IR S0
5HE LT, 728, it SMR OFFHEIZIARC (1999) (2L 5, JFEFICIE SMR & ZDEHEXE D
WE LR o T,

Holmes & (1986) 1%, XK[E (VA 7 FM) O7 F /L3 ARE T T 1943~1978 FFDOREIZ 1
» AU EERA &, b A F VIR Lo alRetE D & 2 B 5@+ 852 A (A A 661 A, IEAA
191 N) 235 LI FREEITo -, TOMFE., BHEEIC LS55 30 A (HA 19 A,
FEAN1LN) ThoTo, KEFHMEAD & g U7z B2 A O SMR 1XH AT 0.66 (95%CI:0.40
~1.03) . FEAANT0.63 (95%CI:0.32~1.13) , EMEELD 5> HRERERZDON A (DA zELe)
® SMR i%, HATO0.70 (95%CI:0.28~1.44) . #EIAT 1.20 (95%CI:0.44~2.61) ToHh b, H
PRI K ORI 23R D53 A C SMR OF B/ EINIRR D Lo Tz, £72. HAFEE IOV T,
ERIR . R R KOWMBEORE (HEEOMEICL > TE, . KREICE) &
FEMERESC K AT & OBEME 2 ME L7223, SMR OF B/ ENN-CHREE OFRE TR L 7= 8
BHIIRIN ST, TRE, BETIZHOWNT S B AKOIEA NEE T SMR O/~ 7, G718
F OBREENESE D AR O BERITIE SN TR0,

Olsen & (1989) 1%, KE (A L7 FHIN) DAL A F VK OZE DO WE % £ET D 1b
FTHT 1956~1980 £ TiZ 1 4FMLL LA &S B A0 B @ 2610 N CEE4HFERR 26.2
. #PH 17~62 %) &Gl LT, 1980 F L RERE Lz, TOME, H#FEo2E L, &
PERES IR OIETE 4R, PR, A% A2 EZE LT (EMREOBER | KE, v 27 Nk
Ol (5 SO IX) O A &g L7252 SMR OF B2 INTEO bivieino o, EVEEE
DS B, JIMIE GERMFEA MR EETe) OFETRIZONT, KE, LA °/°77L'J‘I‘I0>)\D ttbiﬁz
LS a3 A BEREINIRO Do 7223, Hulk (5 DOHIX) O N1 & ik L7513 fF




BERBINNRO 5z (SMR 4.92, 95%CI1:1.01-14.37) ., L2 LAR2N5, HMIEIZ X DTN
T3 NTHo=Z &, JWEENRER (BIIFEOFEE) NELNRholmZ s, 3 ADTHTO
TEEHM A ENZI 1.2, 2.8, 9.8FETHY ., MR > TWZZ &b, FEOITAMIRFIC K
DHTIIRS S EH LIFBE L T e B 27, 7B, A TR L 2 TV OIREE OFEEE M FE
S TR T, FEF T A T VLSO DL E OEEE S T,

Rafnsson & Gudmundsson (1997) 1%, 714 AT > RO ha— VNI BT A8 ATF L (5
RO O S (1963 FI12%45) 1Tk 4 AMBgEZE LIZMED > H 24 N (X7 4P —6
A, HFRE 18 N) 1Z2W T, S E RN AE 1965~1995 FEDOHIRK], BHRGRAE L7, 728, Hik
A F VO L~ VTHPEIER D BN D RETH LN, WET —FF TR E STV, F£72,
TS, 24 REFRIDINICPE L L= HRE 1 A, BE D 9 DA RIERIC 18 » AUNICEF LTz
B 1A, 11 » ARICAZ LA 7 ¢ 9 —1 NEHERIZE TR0,

SR, WREE Lo B OTREE (iR - Aivie L, BRI L. HIREB) 120 U T, 3 o &E (I
R - iy tcsk, MRk, MBS LEAHE) AL, ZIho8m (225%) 2~y F
7 EE, BT L ANCoE 5B AEZRALE GF120 A ; A7 0 —I1250%E 30 A, FHREIZ/HE 90
N) o 7B, REEORED 1963 FLURNIM B XITiEER L L TEIHH L TW\We, FHOIX, B
D5t FRBEOBYUHFE T IV T, LSRR, i, AREOHES & L TOEH OREIZ OV T
L7z&E LTS, HEMEE O, DSAMREBITEZ R, RS, NARE TR Sz, 1§
FERE & e IREE 2 LEl LA SR, R AORERITBER T3 N (A7 4 —2 A, FRE 1 A) |
MHIEFET 12 A (A7 4 —3 A, BB 9 AN) THY, LVBELZZT-EEZOLN TS HIK
BlZoWTH D &, b (rate ratio) T2 A (1 A) T0.6 (95%CI: 0.0~4.4) . finniA (1
AN) T2.7 (95%CI : 0.1~52.6) TH Y, WEIFEITEO ol

Rafnsson & Kristbjornsdottir (2014) 1%, ~ e — LEROME D 5 b, W < IZJEERD
b o - FIRE WY B 2D HEBIEREZ R L T2 & h, BUEEOBG AN H (1963
£1H 18 H) 12V, 2010 FF THLE ERNAZTAE LT, BEHIIME 27T N (K7 4P —7
A, FRE 20 A, JRHFH% 24 FERILINOELE, 18 » AUNOBHZEE 2 &Te, ) & L, &
MERE 135 N (7 4 —120%E 35 N, HIAREIZ/HE 100 N) OER G, RERIRE DL, 3
M ADOTEHRIEIL Rafnsson & Gudmundsson (1997) L FEETH 5,

Kaplan-Meier ZE/70HT12 & 0 (7R A MREERE & KTIRRE & TR L7/ R, TR O AFER NG
Mmotz, Fiz, Cox BN — RET T L o THAR, BFEZ R LT, BRADOAY—Rib
R USSR, 201 (BEERE 20 A HHERE 75 N) O Y — RIkid 2.10 (95% CI: 1.28~3.46)
RO AT — RETRN A (BEERE 6 A, X 28 ) T 2.07 (95% CI: 0.85~5.04) | ik
DA (BERE2 A, XHRRE2 A) T9.35 (95% CI:1.28~68.24) TH V., U A7 OEINNTRD 5
niz,

ek, I 2 MFRICK T A AETEEEICHR D KR - EORFEIZ- OV T, Rafnsson &
Gudmundsson (1997) [IXHEEEORPUBFEIZIB WV THESHIRERL, Fln, MBECIRES L Lo’
ORI OW TR L7z LT Y . Rafnsson & Kristbjornsdottir (2014) [XM2EEE, 7
v — AR, BRI EOREDOATEEER T 2T L TV D REEILH D LR TS, Ll
7RG, Z£O— T Rafnsson & Kristbjornsdottir (2014) 1 Z i 5 OAETEEEK 122\ T
B E X IREEOFELE IT 00 70 E HIR_TWD, LN - T, 2HF2EICEBW T, BREREE & kIR
BED TR EBIZAR D K1 OFHHE T & 2 TIX RV,

B 2METIEBIESA A DY 27 KT & S5 (Body Mass Index 45 THIE) (2-2W\W T
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EZB I TR,

Dow Corning Corporation (1992) I#ifb A FN~DBRTEDH 5 V) a— A pElx O F7f##
Zxtg & UTRERAR S A DFEAERIZOWTIIE 21T o 728 AL XA FOVITIREE LT 7 v — 72k W0
THNMBELN DN L DNABE RO IRREOBE RN E N &S, Hilb A F L ~DIRFE &
WG B2 DS A DI & DOEBIZ SOWTHRERRT 1T 5 2 LN TEX o T,

<HELNAIZEET HEMMER>

FEM AN T DI FEROMEIIRID L B TH 5,

CIIT (1981) @ 2 MW AMREZFRER TIX, 1,000 ppm FEOME~ 7 A TOAH, BhghEE (IE, R
) O ZREEMARD 4L, 225 ppm BEOKE 2 VLT EIEE N Hilz, Mi~D A T MR
TIEGOBMIE e hoTz, ZOFERIZOVWT, US.EPA (2001b) X, #~ 7 A DEIREL KD
A B =X LNZIEETO CYP2EL BB G T 2 etk d 5 2 & GEb A FARRB SN THN A
PO H D PRSI S ATREME) | & FOETIE CYP2EL A SN T2 & i thiAE
1 FOHEDOH T, DOH—OME TORRAE LIZERITE OB A LB LW alREEN H 5 Z &
BERTTC, U ATRODONT-EIESE N FOFENALEBE L2 WAEEERH D & LTV D,

JEAEA (1997) . BANA A7 v A5t ¥ — (1997) @ 2 F R AIREERER Cl%, 200 ppm
FEDME~ © 2 THIRUE S-Fitifa BRI IE OHENN, KEZ b RET FR IR O AR IE & I8 Re ks 2 pf
TRAEROEMP A BN, TORRICOWTEAE (1997) . BRSNS AT v A5t ¥ —
(1997) 1%, ~ U A TITMKE SC-Mifa B IRBE DI GB S B vz b O OO FEEE 23 2 5478
ol b Ty MTIERRIROMERDRMIE, JERR AR 0 & JEE R TR AR DOBEINA I B 7ehs
ST, BACATFNVORNANMEFTEAT 572D OFLE L TIIA+45E LTn5,

LIEDZ Lnd, EBREMWIOIEN AN HOWTIE, FEWAR o LN 5,

& 3 EANAMICET 2BYMER (RARE) OBE

CIIT (1981) iZ. B6C3F1 ~ 7 A, Fischer344 OMifES 117~120C% 1 #£ & L. 0. 50, 225,
1,000 ppm (0, 103, 464, 2,060 mg/m3) % 24 » H[H (6Kff/H, 5 HAAH) WMASH, vTU AT
I%, HED 1,000 ppm #f CIEZERL 12~21 » A IZBIBRONEL OA Z RO Hiv, 13 LIV TEf
17 OB (8 SO ENE, 4 SOy, 2 SOFLIEEREGIE, 2 SO RFEMIE, 1 >DIL
SIRFERE) Thodtz, Fo, BETIE 225 ppm BECTHAER DO TITZRW DS, BIRARMEAS 2 PLIT A
Sz, BELIX., 2O OBBEEIIEA FIL~DORZEEEST LI D EEX -, £7-, BES
18~22 % AT, 1,000 ppm HEDHE 7 VT KL OME 1 P, 225 ppm FEDOMERER 1 PCIZE BE ORI HZRD
bivlc, LL72enss, U.S.EPA (2001b) (3, %< O@MEFEMABICE SO THRE LR, v v
ATITEEIO BIRFEAERNEmWD LRI T 5, 728, Bolt & Gansewendt (1993) [T~ A
DOIEHEZ K D MES OB H KT D IR O BTG 0B R AT 2 U 7= ATREME 2 Fa4 L 7=,

B, Y EOME (8 X Pavkov & (1982) IZF b T35,

Crj : BDF:1 ~ v AR 50 PL/EEIZ 0, 50, 200, 800 ppm % 2 4EfH] (6 Rffdl/H., 5 HAH) WAX
H-fER, 800 ppm REDOMEMEN IR AT L VT L, EHFEENFE LB Liz=o, 95 @M<
IR EIR ST, T ORETIEE LWREEINOME], REMREZICIE, MEOREN A b




23, TRERERR A BN & 72 D BARIEER D B 0y o 72, 200 ppm BEDOMERE CTIRE~D R IT 220>
72o 200 ppm HEDMETHIKUE 3l B IRIE DN F86 Haviz (9/60 VL) , HETITIREICBIE L
TIEBOBEMT A b7 (BAES 1997 ; BANA AT v A%t % — 1997)

%72, F344/DuCrj (Fischer) 7 v MMERES 50 PL/FEIZ, 0, 50, 224, 1,000 ppm % 2 4FEfH] (6
/B, 5 BAE) WA SRR TIE, 1,000 ppm B OMERECRTEIEINOMNHE] 2 78D 7=, HETIZHIRIR
DOV IRIE & TEAIR e 2 ORE 7= B AR OBINA A S, 0, 50, 224, 1,000 ppm EETZLTH
3/50. 1/50. 3/50. 6/50 DIEARTIH o7z, LNLARIEG, FRRIEO TGN AR & I8 IR RS 0O 45 il
IR CIRAERE RI-IGE . BN e oz, HECIIRRE ICBE L ESoMINTA Lo T,
B, MBREOEFREA~ORBIAON o7 (BAE 1997, BARSA AT v A5tk ¥ —
1997) .

I OFEAERIZONWT, v U A TITMRE 3C-fifd ERIRIEDEINAFE O il b O OEMEO il
RGN A B> TZ b Ty M CIEARAR O HR ARIE & Rk M o & 15 o Bl T o BN
HONRPoT2Z D, LA T AONAFHEEZ AT 57O OFHLE L TIEIA 9 Th s (B4
41997 ; AL AT v A% Z— 1997)

21.1.2 BEEFESHE (ZERYH)

IR FREEMEICET 2 MR e R4, ABRERO—ERERL2ICE L DT,

in vivo B TlE, (L A F /L 15,000 ppm % 3 A ZH727 » N DTl CTRES DNA 45k
DIFOFHERNB A DIT-A, R, 8 BRI T Sz »7, £7-. 1,000 ppm % 8 I
WA &E7-~ 7 2T DNA #5084 Lz, 3,000 ppm % 5 A (6 BKil/H) WMASELT v hT
EMEBFE ISR BN ST, UL A FAOEBENRER L WS L0 b, HE LA T
I INTRIEITER T B ATREMEN BRI LTV 5,

in vitro SR CTIX, ME CHEAR T-2URER | WFLEOEE ML Cltfs T 28R B, e Ry fif
RGeS R, PR, T v MOIRES BRI CREY DNA AREFHH Lz, 2B, Zhbod
ARER T EER EIREE (5,000 ppm LA E) THLNAERTH S, & b U o SEERH AR O DNA £
Tilkr, ZEEIER. T o MR ER CREREIG, XU BEGHIE) OAES DNA SRl W Cidka
HOFERTH -T2,

PLED X 51T, in vitro R TITBR FEEMEOFE RN A LN TV DA, &R (5,000 ppm
LILE) OlgGETH 5, 7o, in vivo BERIZ OV TIE, /MERBRE OFEER) 723 B O 1 L1372 < | in vivo
DEPEEIERBR CIEGEORERIIH/ LN TN D OO ik A F VT K D IR 52 CREMEBBE
HETHHAREENERINTND,

IO e, LA TFANEEERICEL VBN TERETEFEREEZFHERT 200 T, Pk
IR HE RN EE 2D,

= 41 Bl FEEHICEAT IHEE
<in vivo ik >
e FLEh )

Working > (1986) (2 L4, HEDFischer 3447 »  (CDF (F-344) /CrIBRZ » K) 123,000~
3,500 ppm  (6,192~7,224 mg/m3 ) OH(LAF /L E1~5 AR (6FFH/H) WARE SR, K




B LRI, REREAE, PRI CREMDNARIZHE R S o7, L L5, 15,000 ppm
(30,960 mg/m3) %3 W AMRER S W72 & 2 A, & LRGAE, KRR Tl A EBDNAS KO
X7 203, L CAREHDNAA B O HEIME R 23 5 4T,

Working & (1985a,b) | LU, HEDFischer 3447 » ~40PL/#£Z0, 1,000, 3,000 ppm (0, 2,070,
6,200 mg/m3) Z5HM (6MFE/H) MREE S, ZO%8HEM E THR., HEAE O L ASH S B 7-EMEE
FEZESRIE BRBR O FE R, 1,000 ppmBf TIEATHL U 72 MED IR RIZE B I /2 v o 7208, IR LA O AR
THKRAPBREO DT NIENHERIK T 278972, 3,000 ppmt TIXREL2E DL RROIK T, 1%
T2 1% 8 M £ THROAMFE., AR DA . EIRAT - BRBEOMIBIRBOMAZR DT, L LN
5. ZOEKRAORIERROAERBINIRBEZSHAOLZRICL > THLR D b, BaTEEELD B
RIENFHEIE LIoadmttic X5 L H D E LTV 5,

U.S.EPA (2001a) &. ZO®EOMBELFOHMZIOWT, BEHENRBEFEEEICELE VD
E0b, e LAREOR I 2 MEE R EICER L TRY ., R AT & EZ SN RIER
SRR T DR DB L LT 5,

Chellman® (1986a) (X, b A F /T L > THRE SN DK FOEMEBICIIRE R L REE LR K
iE & OBEMEZ 72, HEDFischer 3447 v MOLZ1#EE LT, MIKIEAIS- T /-1- (m-~VY 7v
FuAFN) 7x=)) 2-7 VU (BW755C) DFRIFHEG-OF U /MEL OS5 T 3,000 ppm DI
b AFZEH [ (6FRF/ B ) W ARRTE S & IRFEAE T4 31 & CHALE O & 0 22k <72, BW755C
D578 U THAL A FVACHREE U 7= & ZQ8L U7-iECid, WREE% 1LE B ORBLORE R, iEiRME1PEY 7=
D OERGIEREOFE 7280, §E% 1E B K O2 B OZRE CIIMEIE (MR B AE R
DA BEREMEZFTROT=, —J . BWTBCOEHA Y THAL A F/VITIETE SV 1E & AQRL L 72 TIE 2
WO DI o T2, Fo, 200 EOFRBEIBRDO & HHEOFIG OfF EIRMEERD (ZHO>WTHD &
WRFE 14 1 B OZBL CTIEBWT755C O 1 572 L O35 121331%., BWT55CO AV O5E12138% ., M
T %21 H OZRECTIXBWT55C O # 572 L OH45121330% . BW755COE5H D OA121312% TH
. WTHHBWT55COIEREH Y OLGEIZEIRERBROH HMEOEIGMET Lz, EFHELIXINDL
DFERMNS, HACA T ML o> THER SN HEMEBEEZRARERIT, R EERORIEOHFEOFERLTH
H LB, in vivoCIIRIEMER DN BIE FEENZHRT OREELZRTLOTHD & L,

Ristau® (1990) 1%, HEDB6C3F1~ 7 A|Z1,000 ppm % SHFHIM A S, BRIFEL, WREEH& B,
48P CRE# L, B CODNABEG Z TR, DNA-F 2 N7 BB AUZ DWW CIEIRERE &
IIFIED R S VTS, BRI, A8KEITZICIXA DAL D o 7=, DNA—AREGIMNIL, MREEE % &K O
BERASIRFI CTIEA O T, EHSIFH T LT, FH BIL. DNA-¥ X7 BAUEE R TEHC )N
brE X b2, DNA—ARSHUIWHIEHET 2 L) icBbhs & LTnb, F7-, i~ (21,000 ppm
ZAHR (6FFR/H) ASHE, BBREK TEE K OSHR%ICES L TBIRODNAR G Z il ~7- 7B T
VIR ER S T 255 O B R CDNA—ARGIMIN A ALz Ll LT A2, FEMIIT R S Tn7zny,

< in vitro R >
NI

Fostel®> (1985) I3t FHRD U L SIFERHIE (TK6) (25 1~5% Dl A T /v % W&
U725 (SOmixDFESMAe L) | EIIKIFL T R Y A uF 2 DU B 0228 BN Lz,
F7-. KTHEME0.3, 1.0, 3.0%IC3FFMIRESE SE-EE (SOmixDEMA2 L) . 1.0%LL_E D7 FE Thifi
IR RS HADBEFE SN LT, 1, 3. 5% IRFE CIMFRINETE L2 /5K (S9mixd¥si7z L) . DNA

_10_



215 (DNA—AREHUIM) OEINIA SR> T,

e LD i

Hatch® (1983) 1%, v U 7 o A AX—FHifd (SHE) ZHW T, KHiEE0.3~5% (6.2~103.5
g/m3) DAL A FIVIZ20WFHIIREE S8, SATT T/ U A IV AIZ X B s il B 217 - 725 51

(SOmixiwmZa L) . 0.6~2.5% CIEIIOMEE NN LT, 728, 5% CIIMWHIaDATFEN 72>
7=,

Working®> (1986) (Z XiuiX, HEDFischer 3447 v~  (CDF (F-344) /CrIBR7 v ) OXE LR
AR, MRS, RERUHERE 2. SOmixDRMIZ: LT, KHIEEL, 3. 5. 10% D b A F/UIZ SIRF[HIMgEEE
SHTFER, 3% LA EORE THMIME, HEME CTREMDNASKOFHE RN A LD, K[E EEGH
JTIEAH BRI o T, 728, T CIE10%IREE, <& BRI TIE5, 10%REE TR 7~ 5
ATz, FEFAIR CIIMiaErE A b v o7,

Asakura 5 (2008) (%, Fv A =—ZX LA Z—HEOMiHIE (CHLAU) %MW, BEEM
Ze 1/AIRIA [ TEE HUZIR0E | 8/4RIER T AL A F /L ORURIZHRRE S 224 10 L > TREKRFERBRET-
Too KFIRIE2, 4, 6% DAL A FIVIZ6REFIIREE S B 725 R, 4% L1 ETSOmixD RO A D h
Syt (BRERE) 25% L, SOmixO /e LT, [ REL~3%DH L A F /(2248
W& 2 VIT48HE IR S B RICBWT Y, RAKRERY (HERT) Z2@H8 LI,

sty

Fostel 5 (1985) 1%, * X I F 7 AHES. typhimurium (TM677) % H\W\2B{n 228K % (AL
SRS BER A 1T o 77, SOmixfUEHHE MR 2 Uil L7 WS G A EE5~30% Dk A /1 C37°C.
BRFRLE L= & 2 A IREEIRAF L2 28R E R OHINNFRO bz, 7836, 20%REIZH T L3 X
I TF T ARDOAEFRITE0% Th o7z,

Simmon & (1977) (ZLiX, A F 7 AES. typhimurium TA100% HV 72 B R 1295828 BBk
T, SImixRHNEMER OIRMOF I BT, K[HIRE2.5~20% DMk X F /L T8IRFEMLEL L 7=
fa e, BAn TN ERZFR LT,

Andrews® (1976) ([ZXiUX, X AXIF 7 AES. typhimuriumTA1535% 285 1229828 Bk
BRCARTIRIEZ0.5, 0.8, 3.8, 8.7, 13.3, 20.7% Db A F/VITHEEE SR, SOmixENE IR
DUEWIMD & 55565 12130.5% LA T SOmixREHE MR OB D 72 W IGAEI121E8.8% UL E TR 72284
RPFHETE ST,

Longstaff® (1984) (Z XiUE, * XX F 7 AHS. typhimuriumTA100, TA1535% U 7= 35k (S9mix
REHEEROBEINSH V) TBIEFZERE RPN STz, TA100 TIERHIRE10% TR RS (FEX)
HIZ 7365 DBEFE DZEIRZER) | TA1535 TITA IR ES % Tl KRG (FHXFAYIZ6.205 DS BE D Z25R 28
B) ERLT,

K42 BIEAFIVICETHEGEFESEICERIFABRERO—E

AR T1E Ak - AR - BT i R SCHR
in vivo | NEH DNA & /iER | Fischer344 7 > Mg Working & (1986)
W 715 "
+
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15,000 ppm (= 3 MR, ABEE
3,000~3,500 ppm {Z 1~5 A (6
e/ H) W ABREE

AEH DNA A EicakER

Fischer344 7 v NFEREM

WgEE 1k

15,000 ppm (= 3 MR, ABREE
3,000~3,500 ppm IZ 1~5 HFH (6
IRFfA)/ B ) W AR

Working © (1986)

AEH DNA & ik

Fischer344 7 v F&UE F R
Mg 1k

15,000 ppm (Z 3 B[]0, A bR TR
3,000~3,500 ppm IZ 1~5 HFH (6
REfE/ H ) W AR R

Working © (1986)

PEE R BR Fischer344 7 v k Working & (1985a)
WEEE 515 : 3,000 ppm 125 A (6
IRF[A]/A) W AN

EEVE BB Fischer344 7 » k Chellman & (1986a)

W% /514 - 3,000 ppm (25 A (6
RFfE/ ) W AR R

DNA SO, Zeff

B6C3F1 ~ v A & g
IR /714 1,000 ppm (= 8 R A

Ristau 5 (1990)

1n vitro

ATEEIRIRAE SR (8-
T TT = i)

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

Fostel & (1985)

F A IF 7 AH TA100; S9mix (+
=) RPRE 2.5~20%

Simmon & (1977)

[

IR IR AR

k=i

FAIF 7 AHE TA1535 ; S9mix
(+) . KPEE 0.5%LL
S9mix (—) . KHIEE 3.8% L |

Andrews © (1976)

Hu

FAIF T AH
TA100 ; S9mix (+) ; KT EE
10% TR RS
TA1535; S9mix (+) . KA
5% T Rt

Longstaff & (1984)

T AR

YT N AL IR, LT
F ) 7 AV A (SAT) ;S9mix (—)
LI 0.6~2.5% (KT 5%
TR D AAE R L)

Hatch & (1983)

AEH DNA A EckER

Fischer344 Z v bk #2840
fd ; S9mix (—) ; KHEE 3, 5%
(ZUPIREE 10% CHlfastEH v )

Working © (1986)

AREH DNA A EER

Fischer344 7 » M #MCEEE R
fd ; S9mix (—) ; &R 3, 5,
10%

Working © (1986)
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AREW DNA A5k | Fischer344 7 v MMUEEESXE Working © (1986)
Bl 5 S9mix (—) 5 KHPHREE 1, B
3% (KHIREE 5, w% S A
H0)
DNA &lr, 28k | & b U X ZEERH kY ; S9mix Fostel & (1985)
B (=) ; JHEE 1, 3.5% -
ZEIRIE B BR b U RZEERH KA ; S9mix Fostel & (1985)
(=) 5 KAPRE 2~5% +
Tk G 7y IR 2 HRE | & b U o R3EERH SR AIAY 5 S9mix Fostel & (1985)
B (=) ; JHEE1 3% +
AER NN F ¥ A =— AN A X —H KD Asakura & (2008)
fm (CHL/IU) +
S9mix (+) ; [HIEE 4. 6%

2.1.2 EEFHE

HACAFNDIER Y AZITHOWT, EFRBEBIEIC & 5 E 'l O ER Bl b ot

AL A F DN TE, TARC (1999) T3 (B MIxT 2B AMEIZ DN THETE721Y) | US.EPA
(2001a) TD (b RERAMERGETE 2V EFHMEi LTIV | EFIIE K O FBREMW) OBt S
ICBWTHHARBERAMERZ LN TNz, EEHMEIT TE 20,

2.2 ERABLSDOESHE
2.21 SEEHE

2211 2EH

FBIC AT T 2 EHE AR A AR LTz,

MZBT2mRE LT, WEEORE L Lfﬁﬁﬁﬂ EN TV LA F L olitif, Ak o liE
I%T®ﬁﬁ$&@%@#%¢énfwé BIRENRE SN TWD O TIX, WAL O EED>
5O FEH TIE, 9,000 ppmli (BattlgelhkPerml 1955) % L < 1£39,000~600,000 ppm (Jones
1942) | Ak = 25558% T8 13500 ppmbL b (Hansen 1953) EHEE STV 5, Z DML, 5% <.
HREROIER (DFEV, T HHE, ‘ﬂ”@ﬁ%ﬁﬂ IR, FART. %) | BRER (R, WM, J99) |
HIHAHAE SN TS, £72, b MNEFEEERTIE, 200 ppmDIREFE CITEI~DF B (RAEKEOIEKT)
MDD HITWD (Putz-Anderson% 1981a) .

FEREM) TIT, WARERIZ L ALCs0& LT, ¥ 7 A T2,200~8,500 ppm, 7 v kT2,700 ppm A
ST 5 (White® 1982; Chellman® 1986b ; Von Oettingen® 1949,1950)

x5 SMBHICHATIHME
b MZBT 5T —4
<JEFIRFFE >
Jones (1942) 13, BWHIV AT ADBEH T4 £, EREFIZHEL A FIRE S L L@t L,
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Yk A F L OFEEIX39,000~600,000 ppmiEfE Th 5 & S 7z, BFEXIERIH, TEE. 58
. D& LT HIRRE, BARRIE. HOd I, B, BB, R L OWEM:N 507,

Battigelli & Perini (1955) 1%, WEI T O G555 24 05, WIESE A2 S 2HEL A F7/129,000 ppm
PLEICHREE S e it LTc, BEBERICOE W, IR, BEST, miEosifb, IEK, M, 8RS
KON, T DOIERIE, BEEZRI~ARFRIZI Z 0 | IREZGRFHE T, ERSGEIZM D> TR |
BREECDIHRICIE, eaelcliE L,

Spevak b (1976) 1%, WEEOHND 7 UV —=2 7 {EZEF, 50~60 D HLd 405, it L7
b A TV ORE R ORI S GREEARE, 1K) | RENBEAGHEZE T, &K, Leo
<V, EEOHK, FT-BERH £ CTERNAOIERNA LN, F-BRE2H%E TSI, BAET, 84
EL. EAR, EBVRHH, SEEREE. B, KR OTUHEICRE S D idepieEE (ARt BhIRARE. ZA
AR A G de) | B, 99040, b emEo B SR, R, EEEE, BV L e o8
. g2 L7 F = o8N, NEkEE CIRIRDS A Bz, 200 b1k, AuEEEE ST
L. MRDA DI, BIAE & o7,

Hansen (1953) C LU, &= A80E T T, HAL A F L OIRIRFEIC L > THEES00 ppmlh
O A FIVITHRTR ST EELS A, RAREE. BHEWV, =55, ek, BEIRFEE . 5P,
E R & BEAROEE O P FIERD A DA, BFE10~30HZICIXEE L,

<t hEREEFER>

Putz-Anderson®> (1981a) (56 ADEREE (B3N, LMH1TAN) 12, YT E/NA (FARMHRER
OWHIAD) 10 mgDHFEHEDOHF Y | L OKMET, 0. 200 ppmDIE L A T/ SEFRIREE S CTITE I~
DEBE T, 72, AL A F 1100 ppmDIREE & 72 S22, ITEI~OEBIH bR o7,
EREE IR LR Mackworthif5t7 A ) | “EHIE (FMHER-FHAERN N T vx 7)) |
IR [ R AR L C DU TR & 4172, AL A F/1 00 200 ppmIlZHEEE S 7- 1 TIESTEE O R E O K,
O TIH4% (A EMHHTMANOVA CmarginallyZe G & (p < 0.0563) ) ThHolzin, T E/NRA
B O 5 TR OE TI310.1% (p<0.01) Th-oT-, V7 R A10mgk 5 L Tk A F/1200
PPMITIRTE S B E . SEEOBEOBEDOIETAR13.5% ThoT2/od, LA F L L DT ERAD
SHEITFEM CTIE2 <. NN TH D &Sz,

W FEHRT —»

White® (1982) 1%, MEED~ 7 2T A F /L% 6L AREEE L7- & 25, LCsold, HET2,250
ppm. MET8,500 ppm T 7=, Z/NHF AL ADMHEA| (DL-buthionone-S,R — sulfoxime, 8
mmole/kg) % T OG- INTZHETIX, LCs0133,500 ppmIZHEIN L7z, Z /W& FF A RkOHEANC
& D ALERF OFFGSHIT R FREEDA5% I UTe, MEREDO TR, B, M CMRERIR EITIRE LT
WERFH DR RGBT, 2,250 ppm TORFHIREEE S E7-G. M T L2 F 4 ORI
Y NSY (W

Chellman® (1986b) (%, HEPDBEC3F1~ v A ZHi b A F /L Z6REHIE AIREE L7- & = A, LCsolx
2,200 ppm T o 7=, ML A F L ~DOEZ1.5MRIZ. GSHA KM EA| (L-buthionine-S,
R-sulfoximine (I-BSO) ) 4 mmol/kg# [EFENE G- L7256, SETIEALNR)N ST,

von Oettingen® (1949) X, v~V A& T v b GRHEAH) (ZHEAL A TV %2 AR R ANRER L7 &
Z A, 7v FOLCsolZ, 2,700 ppm., ~ 7 ADLCsol%. 3,000 ppm ToH o7z,
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von Oettingen® (1950) (%, ~ 7 RIZHAL A F L2 TR AMRSE L7 & 2 A, LCsold. 6,300
mg/m3Th -7,

2.2.1.2 HigH - BiEEN

b b R OEBREW) OB ME, BRI D BEARIEOBEZ RSICE Lz, o, ERDY
DB IRBREDZ N~ T X, Ty MZOWTONRSRHIE & RERE & ORBf 2R, TICEH LT,

(1) EbOHR

E MIDWTHD & JEFIFFETIE, NS BRI OBREOESINRE SN TWD, A ~—T3T
OigEEE (RFFRE A Tk, MR ~ORE (FBreiil, O, MRRESE) 28264, 200~400
ppmiZb7a< & H2~3HEIRETE L 7= HEE IOV TIIEEEL., R~ SHREEE, FIREWS D
PRER~DEN L5 TE Y (Dow Chemical Company 1992 ; Scharnweber > 1974) . EHICEH
HIEEE (REIREIIAY) CTIIHEE ~ORE, I, Bligk~0R8 GRH, ®R, ¥ X7R) | #
RAME DOEEESERRE STV D,

b NEREE R GERI2 A NRER) CiX, MR, DAIFEEES ~ DR BT /e > 7243, 20 ppmBL ED
BECHR MR IE T > R = ARA LT (Putz-Anderson® 1981a,b) .

PSSR BIESE D 5 H448F%E (Holmes ™ 1986 ; Olsen™ 1989 ; Ott S 1985 ; Repko® 1976) %1k
FIEOEBEEZNRE LD THD, Holmesd (1986) . Olsent (1989) K UrOtts (1985)
AL A F~OIRETE LR aR (BAREEEIEEE, IS REREET) | FFRER, HILERED
PR OISR Y A7 ZRFTLTEY | ZOMEER, 2D OEFEHRICB W TEIRB ORI I (SMR)
DOF B ZRBEINTRD Sehotz, 2B, 25 OEZEAZE TR A F /L OREEREOFHRIT <.
FHBE 1AL A F VLIS OBEE O FE R TR L T -, Repkon (1976) 13X, 1EEG OB A TV
DARIRERTE I C BT DR F KL OITEI~ DB ZHME L2 DO TH D, MR FHIRAE CIIE(k A T v
DIEFEDOFBNIFRO Lo 123, AITEREOUERERD 5 6 FRARERF > HHERE ORI E M & 3 b A
FIVORHFIRE & ORICIEOMBEBRIA RSN, LovL, BEESEEICEHBRERE LS T\ =2
END | BIEDIR LUV IR 2 5B OB ZIREL STV 5 & O (Farber & Torkelson 1989)
N5,

F7o. R OmEED B L7k A T v () 1IC4 A R L7 B OBBEEE (Rafnsson &
Gudmundsson 1997 ; Rafnsson & Kristbjornsdottir 2014) T, 1965~19954F F£ TOBEFDOFE R, L
M RRABICL DT U A7 OEIN (AN — 3.9, 95%CI: 1.0~14.4) 23388 b7z, BRI % iE
B L7ofER (1963F:~2010%) Tl LffEREE (Y — RE2.06, 95%CI: 1.02~4.15) DAtIZfiK
MAERE (N — KE5.85, 95%CI: 1.18~24.35) THIELT Y A7 OEMARD Lz, LU b,
T O TIIMEEEE, 7y a— VB BFEEOATEEER T OO H 22Tl
NS RIERTOFENASA 0 B2 DND, iz LA TV ORE L~V il STV,

(2) ERBYOMER

(2) —1. BORERAR

A IR T, R D R BB IIFZE (7 ) &V | 60 mg/kg TR~ DI 2N 2 BTz (Dow
Chemical Company 1982) .
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(2) —2. RARZEHER

EBREN O ANRFERBRE LT, FEEZHR T LD OVWTLUTFICE L OEF LT, HEDOAT
DRFETH - 72720 “IEEHZ IS W=/ (McKenna > 1981b ; Kolkmann & Volk 1975) (22T
X, B ARSI TICH DT,

(2) —2—1. EHEHRER

FEREY) (7R, T v b)) ICRAREE S S EEERBR E L TICIT (1981) . HAANAL AT
v AR 2 — (1997) Db 5,

<V AZOWNWTHD E, CIIT (1981 ; B6C3F1~ v AfHfH) TiL1,000 ppmALOME, HANA 4T
v — (1997 ; Crj:BDF1~ 7 Z{fiH) TiX800 ppm#t DMk TALFEROF KT 233
DBV, WG BREHIR TR T B0 5 7-, CIIT (1981) 1,000 ppm#f (HERE) TIXik
EHMOIE], APl CHARROZNE, B, /NN CRRI MO ZENE, FHE) . MR T Y >Rk
DWW, ZEHE, HETITBIR CRME O, BRTHEME DL, EEbRv o, BAARAS AT v
YA WgEE & — (1997) D800 ppm#f (MEME) (ZDWCITIREBMOIHIAFRD Hvi=n, EHE
FHICIEIN & 72 BT e v o 72, CIIT (1981) 225 ppmBPL FOEE, HANA 4T v A Witk
22— (1997) ®200 ppmll F O TITAFARE, KE, Fas~DORBIX 70 o72, 723, CHT (1981)
1,000 ppm#E (MEKE) OIFIFETOEWY T, BE%18~22 5 H ITHBIREFLIEE (7 T v FRIGIC
%6<)ﬁ%éh\:®ﬁ$%%@$%®ﬁ£(%ﬁ@®%ﬁ\§%)_iof%ﬁﬁ%ﬂé%®ké
iz,

7w MZHOWTIL, CIT (1981 ; Fiscer3447 » M) TiL, 1,000 ppm#EOHERE TAREIEINOH)
il HETHRME DL, FMWPRBO NI, BRSNS TT v A e % — (1997 ; F344/DuCrj
Z v MEA) TiX, 1,000 ppmAt CRERHIM 28 L TREBEINOIHINFRD -0, ZLIIMIgE
E B LB IR D IR o T,

723, CIIT (1981) O~ 7 ADRERIZ OV T, U.S.EPA (2001a) 7%, EBRFEROZYMEEE )T
HOTIERWE Loob, RBROBEI X (MHEOERIOE T DR | —fi~ v 2 DEEKHR DR
FEROIIOBRFRIRE ORLY (50 ppmifE & 1,000 ppmifE DHEER {);%f”b>3EiF’ﬁ)\n*’%D) ) EFEREL TV
%

(2) —2—2. BEREYESERAR

(2) —2—2—1. ¥IR

~ 7 AIZHOWTIE, 11 B~ 13O AR HER (Mitchell > 1979 ; Jiang® 1985 ; Chellman
5 1986b ; Morgan® 1982 ; HARNA A7 v A% ¥ — 1993 ; LandryH> 1985) 23H 0 | 2
PR TR bV an B ~ O (M. B, DN SAEFE~OZENFEL TVD,

U ADRIFIT K o TRERIEIEWVR A LIV, C57TBL/6~ 7 A TIIMhO R L 0 KR TRk,
B, /RO ENRD b,

O~ 5228
FFlg~D 22> Clid, B6C3F1, Cri:BDF1~ v Az L7-ikEr (MREFEAEAL6HER/ A, MRaE I

11HM. 28, 13#[F#) 2BV T750 ppm~3,000 ppm CTHHHEA X EEDHMN, FFHIOZEM:, HE5E

ENFED BTz (Mitchell > 1979 ; Morgan® 1982 ; HANSA 47 v v A if%E > ¥ — 1993) .
C57BL/6~ D A%z L7728k 5 &, Morgan® (1982) (MRFEAHE6RFH/H X9HM/11AM) <
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13500 ppm L EOBEDOLETHFIRDOZEMEDGRD H 7z, LandryH (1985) XMz 514 (5.505H]/ H X
11HM) | EfeiRFE S (22KFH/H X 11 B RE]) TRBRZ 17V, WigehikEz 514 T T13400 ppm, 2,400 ppm
(HE) | RIS T CIX100 ppmll b () TV a— 7 A BICBIE U 72 RO BN A ST
(Landry & 1985) ., 7235, C57BL/6~ 7 A% HWZ1IE (1,500 ppm) OFAER (6 H X5 H /i X
20[H) TITFIEA~DOEEITFED vz - 72 (Jiangh 1985)

QR g~ D57

B ~DEEIZ oW TIX, C3H, Crj:BDF1~ 7 X & HW\W il (EEMEE6NH/ B, mESIM11A
M. 20, 133MH) TiE1,000 ppmbPl | X1%1,500 ppmbELl ECENROFEE (VIR . PRANE 2
) RO LTz (Morgan® 1982 ; HANA 47 v A M5 % —1993) ., B6C3F1~ 7 A|{ZDW
TiE, LBEORER (6FH/H X5H/AE X2 M]) 235V . 1,500 ppm TIRME DI EMEE(L O
RN A 5317~ (Chellman® 1986b)

C57BL/6~ T A% L7-3iBk D 5 &, Morgan® (1982) (MREEAHE6REM/H X9HM/11HM) T
131,000 ppmPA b (HEfE) | Jiang® (1985) D1 ORER (6FFH/H X 5H /A X 25 ) Ti1%1,500 ppm
(M) TIRANE OB/ ZEMENRD bz, £7-. Landry® (1985) IRtk (5.5H5)/H X 11
A . IR EES: (22 A X 11HR) CRBRAITV, Wil e 4o T Ti2,400 ppm (#f) TR
A OZEME, R ER S R CIX150 ppm (M) CRMEAE G EEDOBMMNED ST,

@/~ D5

B6C3F1~ 7 A2\ T, HREORER (6IFR/H X5H /M X 2 [H) TixdH 523, 1,500 ppm T/
TERLIE OMINE O ZMERN RS H vz (Chellman® 1986b)

C57BL/6~ T A% L7-33 k™D 9 5, Morgan® (1982) (MRERAHE6REM]/H X9HM/11HRK]) T
131,000 ppmPL b () | Jiang® (1985) DO UEEORER (6FFM/H X5 H/E X 21@[]) Ti%1,500 ppm

(JE) T/ FERT AR E OFIIE O ZEMEE RGO Bz, 7=, Landry® (1985) 1IWreigiE st (5.5
BefE/ B X 11A M) | EeRgESert (22W5#/ A X 11 A R) THRERAZITV. WigthR S T 13400 ppm
LLE () | HgiREE SR T TIZ100 ppmPA B () T/ INMERKIHIILE OMIBR O ZE TS, 150 ppmIL

() /IO T VX 2E, STE. BE THENAOZREAFES Hitlz, Landry® (1985)

I~ U AEEBFHHRAMEORER (m—4Fm > FRBR) %ML TB Y, WikehER &4 T CTlE800 ppmbL
(M) | EREIREESAE T TIE150 ppmlA L (M) THUEME T L=,

@EFE, ZOMoFE

B6C3F1~ 7 A& L7=ikBr (6HFf/ B X9RM/11HE) <Tix2,000 ppm THL/BEICIRFEMN 7 511
7= (Morgan® 1982) .

C57BL/6~ T A& L7-3i k™D 9 5, Morgan® (1982) (WMRERAHE6REM]/H X9HM/11HRK]) T
132,000 ppm (MfERE) TIRFEHR2~5H TERIEDIEE UTHESEIRAE, Jiang s (1985) DO LEEDOHER (6
B/ X 5 B A X 258 [#) Tix1,500 ppm (M) TiXpRE# 1 HE T (2PL/1008) L7, £7-. Landry
5 (1985) |IWrivengdE st (5.5WEM/H X 11 HM) | @St (2205RH)/A X 110 ) CTREBRAIT
U, W fERsR R S5 T CIE 2,400 ppm (M) A3BRFE 4 8~9 B CTHASLIRIE 2 780 e 2 514 T C1E150 ppm
DL b () CHEIEIRRE SUTSEE 3588 S, 200 ppmbh b () TIFBRFEH4H ~5H TREILL MR
DiLTc, Zfth, WrithgEfE sS4 T CTi32,400 ppm (M) THUWROIEIE2 GO b7z (Landry & 1985)

B, v U AOHEREFEERR CIL, BERA~OEBIIA LN 5T,
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(2) —2—2—2. vy b

9H M~13HE M DM ABREFERER (Morgan® 1982 ; HANA 47T v A WfFEE % — 1993) DfEE
ERET 5L Ty N ORI, B, B, VM, R R OSBRI DT, MR
DEHE L IRBIRE L OBROMISIILL T B TH 5,

DAAFRA~D R

Fischer3447 » FZ2 i L7-3R (6F¢f/H X 9HRI/11 A M) TliX, MEEE#%5H 123,500 ppmlL - THA
FEIRHENNGE® HiL7z (Morgan® 1982) , F344/DuCrj (6HE[E/H X5 H/AE X 13 M 3L 2 )  (BA
NAFT A5 & — 1993) Tix & OREEREIZHB VT HIEERE IR TITA LR 5T,

O~ D52

Fischer3447 » M2/ U738 (6FFR/H X9HM/11HR]) Tk, 2,000 ppmll b CHFAAEDZEME
DA 57 (Morgan® 1982) , F344/DuCrj (6W#[E)/H X 5H /8 X 13 M X2 )  (AANSA 4
T A MG E 2 — 1993) TiXEDREGEREIZB O THEHIRRE XTI T IEA B IR D > T2,

QR gk, BB~ B
Fischer3447 v k&M H L7-3 Bk (6IFfE/H X 9H /11 H ) TIX, 2,000 ppm L kTR DZEM:,
3,500 ppmlL_E THRIE O _ERHiE TRl OZBREN A Hiv7e (Morgan® 1982) . F344/DuCrj (6RFH/
B X508/ X 13# ) TIX750 ppmlh ECRIB OIRIHEMENTRD Siviz (BARASAL T vk A ik v

X — 1993) .

@M~ D 5L

Fischer3447 v b &l U7k (6FFf/H X9H/11HE) TiX5,000 ppm T, F344/DuCrj (6
/B X5H/E X 13#E) Tix3,000 ppm T/MEOFERL EMAE DM N O H vz (Morgan® 1982 ;
HARANA AT v A58 % — 1993) .

G~ D F
Emmwgﬁyb%ﬁﬁbtﬁ%(%ﬁﬁax9mﬁnaﬁ)&@mwmmmj%%%mx5mﬁx

BRI SUT1SHM) THIROEETX A SN2 -> 7= (Morgan® 1982 ; HANA 47 vv A ifgek &
— 1993) .

OFF R, KR R~ E

Fischer3447 v k& L7-#Bk (68 A X9H /A1 AM) Ti32,000 ppmPl - THEOZEM (#
WK 7B OB D) RO LIV (Morgan® 1982) , F344/DuCrj7 » M & L7 ERD 5 5,
133 DR (6FF[E/H X5 H /A X 13# M) Tix1,500 ppmbPl b THRE DO ZEHE, K EIRK TR0 .
A OEEE (6FFM/H X5 H /A X 23 E) TiX380 ppm % 103,000 ppm THF4 DI, 3,000 ppm T
R EARO R ARAREE, MR R iz (BARNA 7T v AL ¥ — 1993) .
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(3) RIR, v FOBRABRERRERDOE LD

(3) —1.#EMRIBFIZDONT

~ DA, T v hOEHE~ B ARG R R A 2D & E LTI, B, /MK, RERE - RS
RA~DOEBENRD LN TN, 2B, BIEA~DOREI~ T ADHK, BIE~ORELT v FOZRTRD S
Nl ZOZ et FFlE, B, A6, R - K5 B, MR, BB ERERR &5 2 6 b,

(3) —2.%9IR, v FOEBBZEIZOWVT

CHT (1981) D2FEMWAMEZHAER T, v~V A, 7 v NOBFBHREORARN LD L, v T AT
131,000 ppm#E THEFROML T, (KEHMOMB], AFlE. Bl D g, BRASOZENZO b
72h3, 7> R TIE1,000 ppm#E THREHMOMBIOHRBD HiLlz, ZORREHRDLE, v T ADTTNT
v MO LA TF OB DR RV O L BT,

(3) —3.BPHEAODRMKEIZONT

~ A, Ty MOl L RERE L ORMR (R6, 7) »HEZXDHE, Ty FTIERRITEST
RN LN HIREICREN 2, — ., =7 22OV TIEB6C3F1, Crj:BDF1, C3H~ 7 A T,
FFlee, M. D, PR, RSELICEIT D E < DEEEN1,000 ppm A B X DIEE  (MrgilREE OS5 T) T
b=z ekt L, C5TBL/6~ 7 A TlE, Landry® (1985) DOWifehiE D4 (5.55M/H X 11
HRE) Ti3400 ppmlh BT/, HlB~OFENE D Hivlz, 7o, #@fehkiEOSM (22KF[)/H X 11
AfH) TiX100 ppmPh /MK ERIEHIFLOZME, FEiE) « & (7Y 2—57 0 OBz X 2 ik
DRESDORD) ~DWEENEA L, 150 ppmPl ETIINMO F v 2@, yFE, AE THlaNst
DZEfafl., FHERe s E RO LR Sz (Landry S 1985) , Z OfEFIL, C57TBL/6~ 7 A 345 Fl
EER DB O T D RMO~ T ALY b EEZETHL 2R TbDEEZ LN, B,
C5TBL/6~ 7 A DE RS MEIC B LT, BERBLO A B = X LEPMORIEO~ 7 A & B b
EDOERIIGE LN o7,

(3) —4. CGIIT (1981) DIEFEH™IZDILVT

CIIT (1981) O~ ZD#RERIZHOWTIL, U.S.EPA (2001a) 2%, FEBafEEDOIEIR D 224 M4 &)t
LOTEARWE LooY, REBOBIEI X (MHEOER O T ORRY | —fH~ v ZAOEERFHKBIDOFEY |
FEEROI ORFRIRE DOFAY (50 ppmAt & 1,000 ppmAEDERFERENSHMANEZEDLY) ) BNbdHZ L%
R LTWD, L2 LR s, CHT (1981) O~ ZDORBFER L ARSI T v A5t & —
(1993,1997) O~T A, T v hO2EM, 13, 2ER OREBRAER & 2 lE L- & X2, BBOR
LN IR CIBEBREOHERNEE THOIREELS L TWHIEEZLNDLZ Lh, CIHT (1981) @
RBREROSBERE D LB XD,

RO IVAODRABBARTROoNRELFERE

g WA 2 PNV aWiek i3 AR il BN aaiil

Z Ot PEI

AR | JEE AT HESEN | 1,000 ppm (HERE) (4 | 2 4 (6 ¥/ | B6C3F1 | CIIT (1981)

He FERIK T o0, 21 | B, 5 Hild)
~22 5 A CHRBITH
gjv)
2,000 ppm (%) 11 H# (6 B#fE] | C57BL/6 | Morgan & (1982)
/H. 9 HR/11
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H )

2,000 ppm (/) 11 B (6 H#fE | B6C3F1 | Morgan & (1982)
/B, 9 B/
H [H)
800 ppm (MfEME) (“£ | 2 4[# (6 IEfE)/ | Crj:BDF1 | HANA AT kA
FERIEK T, 95 | B, 5 Ai) fget v % — (1997)
HCHREBRITHE0)
150 ppm LAk (i) e 11 HH C57BL/6 | Landry ©» (1985)
(22 BFFRI/H)
2,400 ppm (i) e 11 HH C57BL/6 | Landry & (1985)
(5.5 B§[#/H)
RE | AREEMOME | 1,000 ppm (L) 2 4[5 (6 W[5/ | BEC3F1 | CIIT (1981)
H. 5 Hi#)
750 ppm LA b (#ERE) | 13 [ (6B | B6C3F1 | Mitchell 5 (1979)
ff/H. 5 Hi)
800 ppm  (HfERHE) 2 4 (6 B¥f#)/ | Crj'BDF1 | AANA AT v A
H. 5 Hi#) wrzet v #Z— (1997)
150 ppm LAk (#) e 11 HH C57BL/6 | Landry & (1985)
(22 FERE/H)
2,400 ppm (i) Hie 11 HH C57BL/6 | Landry & (1985)
(5.5 B§[#/H)
i FFAAR D25 1,000 ppm (ML) 2 4E[# (6 H#f#/ | B6C3F1 | CIIT (1981)
R H, 5 Hifl)
1,000 ppm LL_E (i) | 13 M Crj:BDF1 | HANA T vt A
W7t v 2 — (1993)
500 ppm Lk (f) 11 HH (6 H#fE | C57BL/6 | Morgan & (1982)
/B, 9 B/
H [E)
2,000 ppm (/) 11 B (6 H#fE | B6C3F1 | Morgan & (1982)
/B, 9 B/
H [E)
1,500 ppm LA E () | 2 [ (6 B§f#/ | Crj:BDF1 | HANSA F7 vk A
3,000 ppm (iff) H. 5 H#) ot v % — (1993)
JH s 22 1,500 ppm (ML) 13 3R (6H | B6C3F1 | Mitchell 5 (1979)
M/, 5 i)
7 a—4 o | 100 ppm BLE () e 11 HH C57BL/6 | Landry & (1985)
Bz X % (22 FERE/H)
JaDRKE SOW | 400, 2,400 ppm YL I | ik 11 HH C57BL/6 | Landry & (1985)
b () (5.5 B§[#/H)
xRN | 750 ppm LA (HERE) | 13 [ (6 BF | B6C3F1 | Mitchell & (1979)
ff/H. 5 Hi)
Filigiiset B> | 150 ppm (M) e 11 HH C57BL/6 | Landry & (1985)
o (22 FERE/H)
S Mk PR DI 1,000 ppm  (f) 2 4Ef (6 B¢fil/ | B6C3F1 | CIIT (1981)
(- ¥ LN PR H. 5 Hi#)
B, B EET) | 1,500 ppm (M) (B | 28 (6 B#fE)/ | C57BL/6 | Jiang & (1985)
— DRERTE) H. 5 Hi#)
2,400 ppm (M) e 11 HH C57BL/6 | Landry ©» (1985)
(5.5 FERE]/H)
1,500 ppm  (HEHE) 2 14 (6 B§fil/ | Crj:BDF1 | HANA AT vt A
H. 5 H#) ot v % — (1993)
1,500 ppm (i) (B | 2 #f (6 F¢fEl/ | BBC3F1 | Chellman © (1986b)
— DREFTE) H, 5 Hifl)
1,000 ppm  (JHERE) 11 A (6 F¢fE] | C3H, Morgan & (1982)
/H. 9 H#/11 | C57BL/6,
H [H) B6C3F1
2,000 ppm (M) 11 H (6 FefE] | C3H, Morgan & (1982)
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/H. 9 HI#/11 | C57BL/6,
H [E) B6C3F1
3,000 ppm  (Itff) 2 1 (6 B§fil/ | Crj:BDF1 | HANSA AT vt A
H. 5 H#) W5t v 2 — (1993)
BIEAR AT EEO | 150 ppm () HfEE 11 B[ C57BL/6 | Landry ©» (1985)
el (22 WEf#/H )
7N HERrimiaE o028 | 1,000 ppm  (HEHE) 2 4E[# (6 H#f#/ | B6C3F1 | CIIT (1981)
P, EHESE H, 5 Hifl)
1,500 ppm (ff) (B | 2 #f (6 K[/ | C57BL/6 | Jiang © (1985)
— DRERIE) H. 5 Hi#)
1,500 ppm () (B | 2 #R (6 K§f#/ | B6C3F1 | Chellman & (1986b)
— DRERTE) H. 5 Hi#)
1,000 ppm (1) 11 H# (6 B#fE] | C57BL/6 | Morgan & (1982)
/H. 9 HR/11
H i)
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 B§[#/H)
X g, | 150 ppm LLE (M) | i 11 B C57BL/6 | Landry & (1985)
SFE. HET (22 FEfE/H)
HERE PN A 0D 22
b
JIELf UL oRZ Ao | 1,000 ppm (HEHE) 2 4E[# (6 H#f#/ | B6C3F1 | CIIT (1981)
P ML D 2 H. 5 Hifd)
i
[ 2,400 ppm  (ifff) HfEE 11 B[ C57BL/6 | Landry ©» (1985)
(22 W5/ H)
5 5 FEME oM, | 1,000 ppm () 2 4E[# (6 H#f#/ | B6C3F1 | CIIT (1981)
e H, 5 Hifl)
®x 7T Y FORABEABRTROON-FLELEZERE
iz | A WEBEORLNT-RE AR i B D HH
Z DA EX
AR | BHIEIKRE 3,500 ppm LI F (#ff) | | 11 AR (6 W5 | Fischer344 | Morgan © (1982)
5,000 ppm (/) /H. 9 H#/M11
H i)
RE | (REHINOME | 1,000 ppm  (HERE) 2 4ER (6 B¥fE/ | Fischer344 | CIIT (1981)
H. 5 Hi#)
1,000 ppm  (HERE) 2 4ER] (6 B§[E/ | F344/DuCrj | BANRA T vt
H. 5 H#A) A Wt o H—
(1997)
JH i R oo 25 2,000 ppm BA_E (), | 11 B (6 F¥fE | Fischer344 | Morgan & (1982)
3,600 ppm LA E (#E) | /B, 9 HR/11L
H [E)
5 Mk JRAE DM 2,000 ppm BL_E (), | 11 B (6 F¥fE | Fischer344 | Morgan & (1982)
3,600 ppm LA b (#E) | /B, 9 HR/11L
H [E)
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 [E)
ARAAZENE 750 ppm BLE - (#f) | 13 38 (6 B | F344/DuCrj | AANSA A7 vk
1,500 ppm LA L () | /H., 5 Hi#) AW Z—
(1993)
Nk YERL A D25 | 5,000 ppm (M) 11 Bf% (6 HFfE | Fischer344 | Morgan & (1982)
P /B, 9 A/
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H [E)
SEDRL M il & 0 22| 3,000 ppm. (K) 1338 (6 Bl | F344/DuCrj | AANA 47 vk
P /B, 5 HiH) AW+ & —
(1993)
5 5 FEME oZ M, | 1,000 ppm () 2 4ER] (6 BFME)/ | Fischer344 | CIIT (1981)
FEHE H., 5 Hi)
1,500 ppm LA E (B) | 13 8K (6 ¥l | F344/DuCrj | AARNA AT vk
/B, 5 HiH) AW & —
(1993)
B D e 2,000 ppm LA L () | 11 B (6 F§f# | Fischer344 | Morgan © (1982)
/H. 9 HR/11
H i)
R OEM, % | 2,000ppm LA E () | 11 AR (6 FFf | Fischer344 | Morgan © (1982)
iy N /H. 9 HM/M1
H i)
R | B0y 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 #R (6 K/ | F344/DuCrj | HANA 47T &
H. 5 H#) A WEE s H—
(1993)
R AREE . | 3,000 ppm () 2 R (6 BFfEl/ | F344/DuCrj | BANSA FT vk
iliRrE e H. 5 Hi#) AW & —
(1993)

= 8 HiEH - EHEHICET IHE
v MIBET T —#
<JEBIAIFFE >

MacDonald (1964) (%, KRV ~—T3 THIL A FIVITIREE SN 7-8 DOJER| T, BEZICH O
T, KEMRSELL. HEE. IR XM, HFVRAL LN, BICEEOHS. WA, EEAR L,
T & A EDIERITHAE DAL, 5D, MFRGREN A DIz G Sz, BERL AR JERERLE
L7,

Daw Chemical Company®#i &2 LivE, b A F iz X o EEE6 NI, JERFEHATIZ200~
400 ppmiZA 72 < & b2~ MIREE L TU e, FERIZEBE THEEIL TR Y. 8L, 1FAY L
. FHIROERERE ., N7 AOARLEN, FIRER, MR, ARG LS, £ oA
DI, 1FE A DA, (EEDBEENT1~3% A TIERNEIE L7z (Dow Chemical Company
1992 ; Scharnweber©1974) .

Wood (1951) %, 10 FRIGEEDOIEEIEER O BIESEBICH L A TOVICREERE S, Mk
FZOFERDIEDNT, AT, Blg~OWBELZ2 b, B, BR, X7 ROGERN L LN &
s L,

Klimkova-Deutschova (1957) (%, 18MERREEAIHIZ, H o7, 98, MRIRRE S, £ Sk, /MK
~OREERE BN, RN OEEREDHENEE -7 @b LT,

<t biSREEER >

Putz-Anderson®> (1981ab) 1THELKINDRELRERE (a—h VA K, HEMRKO T @#E) 2
0. 20. 100, 150 ppm®ft A F L% 7 N —FNIZ7.50 /B . 7 A —7INCIZ3HR/ B, Zv—F
[N IE1RER/H C, 0 ppm CRFFR) 121 H I ~E%e2 H M 4 2F], 20 ppm(ZiE#EfkE4HE, 100 ppm(ZiE
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f%c5 AR, 150 ppmiZi#Fi2 H MRS S, REL O, MK, JROSHT. KON, AFER,
PRATEN AR, BRIR 0, EFREEIT o7, 2B, ZMIX100 ppmDIEE DA Th -7z, £ Of
Reo WBEE AT ERE T MRRERORA. . HEMESRENM (VER) | BN T A b HHEX
(WERE RS O B DOFHM) . D AfHERE ICIREE & B L 7o BT A b Lo 7o, (b X F L~ DiggE
(20 ppmPl EORE) (TEBARIERIET o R —3 233 B, Bkl opHOE FEEH ., CO 5 ED
BIMEM A A BTz, 72k, xtHEH LIREE H CEHEBNZREIE (I, SRS OER, RREZKE 57
E) ICHBEITA N 2T,

<JEMIE >

Rafnsson & Gudmundsson (1997) 1%, 74 A Z > F® b a— iz B 2/ A TV (G ESE
O O (1963123 4) ICXVIRE LB D S 24N (7 ¢ ¥ —6 A, FHREI18AN)
IZDWT, FECEZ19656~1995F D HIfH], BEFHE L7z, MRENMEIND ETO4AM, AT
WAL A T ACIEZE L CR Y, WBREL ICEEROH-721TA (FRERE) 095, 15 ANFEHED
FER R O\ 2R LTz, BRI DEEN R DLIIAN (95 7 ARF 7 4 ¥—) 1%, HEEOEH
e 8 L= B 20 b 5 & XL A FVICIEE L=, (b 2 L ORI 1T 8iE S h
T, FIRE 1 AT EIIER 24 I LINICAETS L, FARBLIANEE D H DR & RIEKIC18 %
AVUNICBR, 7 4 P —1ADBREZ1Ly HUNIZAZ (A0 OIE% L TITHA) L, 2o
REDEFHED D BH24N (7 4 —6 A, BFHREI8A) LOHRE120 N (BEFEREOA M E ORRFEIZ IS
UC, ME - Mg Laek, MEERE MEESEEAENOER (£2%) 2~y F U7 SEH5A
ZIR) ZxtgE LT, IR 2 1965~ 19954 D[ Bk, SR EE, NABECTBW L=, 72
B, FHEOIF, RRROMRBEOBIURREICIW T, HEmIBk, Filn, MEHEER L L ComE o
IREEICOWTHRIEE L LTV 5,

FEOFER, A7 4 =TTV A7 OEIMNIH L2120, BB TIIEETO U 27 i (RR)
225 (95%CI:1.0~5.7) . DILERERIZL D EDY A7 (RR) #33.9 (95%CI:1.0~14.4) T
bV BREREMIZED b,

Rafnsson & Kristbjornsdottir (2014) X, FE—/LEROMMB D 5 5, mEEL  IZEERKO H >
7= AR E MR B 2> B RER A2 R L W2 Z &b, BEREOBMGZHIEIH (196341 18
H) 1210, 2010F £ CHUEZMAE L-, MBEFIME2TAN F7 4 —TA, FRE20A, K
FHiZ 24K RILINDIE T, 180 HUNO ARE Z&Ele, ) & Lz, XfHEELI35 AN (7 4 —12%
JE35 AN, HKEIZ/EI00N) ORI GIE, FAEMREFE O T, BB A OE#IIZRafnsson &
Gudmundsson (1997) ¢ [EIEETH 5,

Kaplan-Meier £/ T2 K 0 (PR 2 WRFERE & SPRRBE CLbfg U755, RHRBE O AR NE -
7eo E7z. Coxttffl Nt — RET T K o THHln, TFEZ 8 L7 SERBIBEC O — REA R L
7RSSR, BT O N — REI32.10 (95% CI: 1.28~3.46) . DI E R EIET TlE2.06 (95% CI:
1.02~4.15) | 2P EhARIE DR A TIE3.12 (95% CL: 1.11~8.78) |, MIE A A T1E5.35 (95% CI:
1.18~24.35) . H#&TIE13.76 (95% CI:1.18~160.07) Th -7,

BB, TNHORIZBWT, FH DITATEEEICIR D AR 7 ORI BE L, REE OIS
BICBWTHESMEHK., Fin, IRECHEEL L TCOBEFDIRZEIZOWVWTIHHE L7 (Rafnsson &
Gudmundsson, 1997) . ® A VNIEEEE 7L a— B EL B EORE OATEEEK T 2 T
L CWAA[REMEIEH D (Rafnsson & Kristbjornsdottir, 2014) SR _XTWAHN, £DO—HTIhbHD
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AETEEBERFIZOWTIRER EFBBEOEHLUE IR0 E bl _XTWW5 (Rafnsson &
Kristbjornsdottir, 2014) ., 28FCIZI5\ N CTHEEERE & X RRED ATH B EICLR 2 KT O FEE X 6 0Tl
7200,

Holmes & (1986) 1%, KED 7 F /L = LH5ETH T 1943~1978 FEDMIC 1 » HUL FEMA S,
AL A FACHERE L= alREMED & D BYEG @3 852 A (BN 661 A, FEFIA 191 N) &Gl Lizj&
FRMEEAT Tz, TORER, RIET, BEELS, BRSEE, SMREICE 2 TOVTRICENTY
SMR DA BN ZRBDRN>T, £lo. AATEEICOWT, BRI, BEHR GEHHIF) X
OBRFEORE (G788 OFEEIC L - TEL . (REIC) Laste, B, fAERaEE, SR
PEFELE & OBIENE 2 MG L7223, SMR DA 2 BN R OFL | TIRIE L2 BNE A b e o 72,
¥, FIE IR A FALSME B ER O E IR L TR BERIEEOATERAONE# b
BHI TR,

omm%(w%)i KE QLA T FM) DAL A F VR O OO E & AT DAL T

% T1956~19804 £ TIZIFEMLL HEH Sz B A D B3 ## 2,610 N CEEIF#26.2m%, #uPH17
NQﬂ)%ﬁ%kbf%t¢%ﬁﬁbto%@%®£%t @m@mrur% b i & AR, SR
PEIZ XA Fdn, MR, ANESEEZEE LT (EmBEOBIERE) | KE. VA V7 T OHiE
BODOHIX) DAL &l Lz R, SMROA BRI Sahotz, ok, AWFZECIdth
LA F IV OIFEDORRE ST S TR BT, F7#E 13 L A F VLSO EE DT E OUEEE S = T
T,

Ottt (1985) X, KE (R nx=7M, BV Z7xL=TM) O CZtEDOILFTHT1940~
1969 ARV —F ¢ > M CUELL FJEH SN B @8 1,919 N2 x5 L L 1979 % ©
BER LT ERE AT o 72, FEEISEREREN S 5720, — NS0 1L.50EE (E¥) 2L T
WA, 226 A3 L A & U FE (EALA T v, /7DDX&/)®§L(7HDTwA PUMEALER 35 |
ThI77unxFLroflELEEND) ITHEELERRN S -7, HbA ¥ HEOBGEICEFE L
RO D D IBEIHONTHDL E, KEANAPLRD I HOMFE & T, 2R, 1BERER
DB, FFRERROEE, HMLEROBEBORCHICHEREINI 20 o7, WM, 5 K O
RIBDIFETHE DA, HFHEL D A RITHEM LT, Z2ds, Bk A ¥ % ORESEREITHRE ST
20N, ETz, FEFEIIIE A FOLLSMNC S ORI EICIRTE L TV D,

Repko® (1976) 1%, 1Y ORI EGETR IZ 61T D07 R O TENC BT 2 BT DWW CalldE L7z,
WAL A TF V2D G7E 122 N (9B, &ZME8AN) & Film, Ml AT~ v F o 7 Lokt REE49
N&ERGE Uiz, EESGOHELA FLORFEREIZI9T5ED LM R E OTENC T 2 &S
FEFREHD) (CHIE S A, BRUSE RSN CIEEE33.6 ppm, T ¥ 2 — T 2 — 7 & HW - HIE TS
45.11 ppmfﬁ)oto WREEAE, XL L D ICRMER OB R EIERIT /2 <, MRRFIIMA (KRR

BEEEL) ITBWTHWEECHEAITRO behoTo, T3REOITEIORIEMD 5 &, 5855
FHRREIC Fa'é?“éﬂz% Eikxﬂgﬁi@ﬁi’]%ttixﬁ‘ék MR FIA BN —F =T A ThoT2h,
SRR LT E I & PR & OBRITIEDOHBZ /R Lc, L LR G, BREF @RI mRE

DAL A FIVIZIRZE STV 7o), RERFICHIE SR L ~OVIRER 26T 5 5 @@%M%ﬁﬁé
w7 & OFEfi (Farber & Torkelson 1989) & 5, 728, EDKFREOZRIME, HEEMEITEHE X
NTELT (FEEOBREFEIIRET26FM) . 202 & %2U.S.EPA (2001a) IZAWFIEO KL
LTWa,
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W FEBRT — 7
<HEA G FER>

Dow Chemical Company (1982) (X, UH¥ X124V —7HIZHED L7240 mgkgDifk A F /L %83
A2 7= 0 60[al5&HIFE 1O £ 5 L7258k, 13100 mg/kgDiE{b 2 V%85 H RlIZ 4> 7= v 60[a] 5 il
AH&E L7 RAWE LTV 5, 40 me/kgfE CIRE, BAMMERIC K 2BI2365 R (IFIE. s, R, M
figt, WElg) ~DOEEBIIA LN/ oTz, L LA L, 100 mg/kght TR 0CE K L, Bk
DB, BEMBIBIE CIIPEED S o, B EEMA~NETT UV IRERA LT, BEOIL,
JEL DR 22 IR FR D BB I DWW T ATED & LTV D,

< W B R IR >
R K N MR RABR

Burak® (1981) %, Sprague-DawleyZ » MMERER-40VL/HEIZ0, 200, 500, 1,000, 2,000 ppm%
2~3A[H (24FFE/A) WA SET=, 2,000 ppmiF (2 F W IE3 A MW ARE) Tid, 2E A RE
XIFIgEBEER S e <L L, ERFERITEREEZOZROBEARO LS ICBbivie, \EEREIXLY
BN ODONFEFESE S SN TH o772, 1,000 ppmif (2H M XIEX3 H W AEER) TiL, {PEh 030
R AT Lic, MREEHIFITZ121,000 ppmffaHifk L7ofE R, REOK T, BiEEEsEO b, ®H
FEEEIL L VIRV S O DTl EME S A bivic, BIEBIFEZ CIX, Z2< ORI A=FNEF LR | Rl
BEOBREOEIENTFEENG DR e A2 LNTRE LT,

500 ppmbPL EOFEDOKE (2 A M SUE3 A MW ARG, EHEHNZALFE L TWo b D) OFRFE LR TN,
RIE, K TREEER R, MR, PAEMEOZ(ER ALz, 200 ppmit (20 XIX3H R AMRTE) T
&, BT RIIVE DA~ D BN BT,

McKenna® (1981a) 1%, Mo v — 27 VK BPL/E) . x= (BPWEE) (2, 0, 200, 500 ppm (0,
412, 1,030 mg/m3) A 3H M (23.5K¢fH]/H) WA ZET-, B — 7 /LR TIIWY A OIREE TIIEER R
oo hy, 2112500 ppmbf THHXARRER D2 (IR, WalEIEE) N oiic, WIREW
I AR A 22 BLE2 O . 200 ppmfE TIXBREE & BE L 72 1T A LR - 72235, 500 ppm#ET
VX5 CHN & FRECIEF 128 (very slight) ~#%4# (slight) 72 AIMEDIRENA LTz, 2 Tk
500 ppm it THCFFBEDIRE OHINNR A HivT=ns, BEEH OB O L (BIR, HiEEfEE 72 L)
e olo, FEOIL, FITA XORBFEE RS | MXUTEHEOIRE & FARFRER ~ DRI D X |
NOAEL%200 ppm (412 mg/m3) & LTW5,

Landry® (1985) (. Mt C57BL/6~ 7 A12L/EE(Z, 0, 15, 50, 100, 150, 200, 400 ppm%
11HR (22W:fE/H) WA, XiX0, 150, 400, 800, 1,600, 2,400 ppm#% 11HM (5.585#/H) WA
S, —IRRE, MRERE (m—& oy NRBR) | (AE., BEBRE~OEEE T,

225/ H OBEEE T A SH 73 Bk ClE, 400 ppmitf CHEFE4 HIZ2EE T, 200 ppmiE CIRFE4LS
HIZ2E BB, 150 ppm i TIXMEEE 410 B IZHSEIRIE & 70 0 BR: & 7=, 150 ppmbPL EOFETIEAL
fiff - IFORAENBIZ I, 150, 200 ppmff CEAFEDOHD & PR EOFERE T, 150 ppmif
TRt K OH s B B b gt B S P | BN xHEE F O N 23589 H 472, 100 ppm
VL EOBEOIFE T U 2 —7 > ORYBIZ X 2O R E SO BA LIV, X0 EREOIRERET
ISR D BUREESE N B DALz, 7235, 400 ppmBEIC DWW T ERLOREOT — X Oft#in 72 < | 7F
i SATW7RYY, 100 ppmPh EOFE /MM OBERGMAL DZEME RO, 7z &) BHr bz, 150
ppm At CIEEE%4H BIZ/NHO 7 o g0y 1, BB CHSEE QML &K ORI/ O 22 fufl )3
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FHiv, 400 ppmBETIZ LV EFRAREETH -7, BEHRI4ABOr—2 1y R T200 ppmif T
EFEREDHES, 150 ppmff THED A BERIKTARD b/, 7238, 400 ppmfFiE, #IEIO A ENE
FOm—%u -y RRERENCETE, b L ITBISEIRRE & 72 o 72,

5.5WF M/ B OBEE T A 7R TIiX, 1,600 ppmAf CTIRER 11 B IS OB 72 il [BLAS 7 B
Nz, 2,400 ppm#iE CIEFEHZA~THICHRAR (7272 L, FRlEkiImE S | AUk - B0 50,
MR8 H H SUI9H H £ TIZHWISERIB L 2 v | B Sz, 2,400 ppmiE TIIHEOMAIL, #iko
FEOEMER A DI, BEREOWRD & FHREOFERK TRRD b,

Tk, MR Tr3400, 800, 1,600 ppmAtd— K 182,400 ppmf D 2B /N Bk il fE o
EVER I B ATz (2,400 ppmff TIXEEZRFREE) o 400, 2,400 ppmEFORFIE T Y 2 —7 L OfiE &
B U7 s N T2 28, fk O ME, BESEIE 720 > 72, 1,600 ppmif (BBELSH HOHR) <H
WNEB O, RO K E SO RSN, 2,400 ppmkE CHIROMEE (B m o rTEer:) |
Fia B DAt o OFRX BB OWD . RS CIER TR /2 2 B O 28 M & TR, PRAAE PN O il 1
FERRD DLz, BEZAA BOr—% 1 v KRBT, 800 ppmll EOBECHAEOAE 2K T 278D
7ehy, BREE%8H H OFER TI32,400 ppm#E TOAEFE DA ERR T 2580 BTz,

INHORERNDL, FH DL, 2205/ B O Tl X H 7238k TIE50 ppm, 5.5FE[M/H OBEEE T
WA S 7253 BR TIlE150 ppm THREN A LN NE LTS,

Morgan® (1982) %, Fischer3447 v kK UBHZ MO~ A (C3H, C57BL/6, B6C3F1) (ZHifk
AF IV E W S, BN, e, B ~D 2% 5~ 7=, Fischer344 7 v b HERER-10PL/EEIZ130, 2,000,
3,500, 5,000 ppm# 6ifH]/H CEIOHM (5HMOIEERZ, 2HMIKIE L, ZD1% 4 HRBE) WAX
72, C3H., C57BL/6, B6C3F1~ v AMEMEABIL/AEIZIZ0, 500, 1,000, 2,000 ppmZ12H [ (6HF
FEﬁ/ H ) I&Aéﬁf:o

7 v N CIIBRFE%S5HIZ130E (5,000 ppmAEDHEGIC K OMHESIL, 3,500 ppmAEDMEAVT) HSHHIEIRAE
L7 BRI, AIPLNCEAE . BRI ORE, Bk O B EEIEE A 5 o 72, 5,000 ppmif DO HESIL,
HE2 DT C /NI D PN Jeg A D B~ FR & JE D ZEPE S 2 ATz, 2,000 ppm L O HED 1 & 183,500
ppm Pl EOBEDOLE T OIS /M (= 7 A THE SN L 9 RIFIREELIX 20 o 72) DAL
iz, 2,000 ppmbA EDOHER 3,500 ppmll EOHEDENE T, IREIKAT L 7oL il JRAE D28 MED
DIV, IRV IRE 1 XA Hiv7e o 72, 3,500 ppmbPh b D MERE CTRIE O FRE O _E R ilila <

RE DO & i 2 3B 220 ORI KT LB RN A B, 2,000 ppmll EOREOED 4
B CUREEITARAE LT RO ZENE (R HIRS oW R RERIRL & RARS - & D53 & B i B R
R ER DOAKLRNTH & 2372l G rEz2 i, ERSEMBERDTER) DA b, i, FHEOMMR
B INERB, WEER ST,

~ 7 2 T1£2,000 ppm#E T, HEDBEC3F1~ 7 A THNIEFE2H A £ TITIELE JUTHASEIRAE L 72 0 |
C57BL/6~ 7 ADREIE/N2H BIZH L LTz, £ &5~ 722,000 ppmAEOMEREIXS B B IZHEIEIREE & 72 -
7o FETHNTAMPE NI H ) b B OEB) A2~ L7, 2,000 ppmAEOMEO 25 T4 H B £ TlZif
JRAIFA B AL, 1,000 ppmAEDETOMETCIH BIZMIRA A Hiviz, HEOC3H~ v A D2,000 ppmit Tl
4~5H BICILR DA S iz, FICCHTBL/6~ 7 A DME 1,000, 2,000 ppmiE T/INiM PR E D[R &
BMEDR I DA, VR R 2 & DHRE O/ N S WREN DRk > 72, C5TBL/6~ 7 A DI
TIX500 ppmIh_EDOBETHIROZENEN 2 5 4, C5TBL/6 K B6C3FI~ 7 2 DI 2,000 ppmi € F
DIFREIRZE 8 I S dv, AFHRER ORI Z 14 5 FFHIRUEESE  aF Bt O FERE D EFE ., Mo Z2 fadt.,
) a—A L ORBENI BT, ARFED1,000 ppmBEOMERE THftE MR . 2,000 ppmEED
HERECB RO ZENE, BN BT,
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Jiang® (1985) (%, MO C57BL/6~ 7 A (10PL/EE) (20, 1,500 ppmZ 2 (6IFf#/H, 5H /)
WA SH, /MK THI & Z S-S OBBHIRESE 2 8~ 7-, 1,500 ppm#E T, WEZE1LE HIZ2PL033E
T L7, IRE2 B IZ—HD~ U 2 CHRFEB) D G013 H LT3, oo~ 7 2 TIE AR R I E O
BER XA B e o 72, 1,500 ppm#ED /MM & Y6 AR B CHIES L fE R, IR =M
Hel TRk B PRI A D IR e A MEREAR 2 £ 5 BRI AR DA% & MR E DG . FRIFMEDRAL (i
ORI OMERR, BIRME, A, 58, AREER O BE, MRRMEOMUNRERENEZ GTe) A
S, BEMEBERBETREN S -T2, B IMSE T, BRCAR O & aE OFRAME 2 Ml L7k R,
AREVAIEIL 2R Dy o T2 3, IR/ NERE D ZARZRARE Z o To DI DTz, 2D Ok D%
PEIZ DWW T, BAERITWE STV, 1,500 ppm#E TIXEIRO R FITH T TH v | 2L TUNLIR
AE ORISR AN (EIRNEECTH U B IZ LD D) MALNDIRRETHoT-, YT ATHD
NTMOTRZEILE P TIIBEERELEELZLD TH LN, ~ U A TIEBEMEO R 72 58 T
RN & EH DR T

Chellman® (1986b) (L. HEDB6C3F1~ 7 A2, GSHA K EHA] (L-buthionine-S,R-sulfoximine
(L-BSO) . /MO DOHEE & BEEMEZ T3 2208 H V) 2 mmol/kgD G- (Hafk A F /L DY A
BREE O 1SR OFMOSEMETF T, 0. 1,500 ppm®ififl 2 F/L % 23 (6Ff/A . 5H/H) %A
S, M. B~ DB, HAEA T OITIRER L721,500 ppm#f TIE, NHOPEERLE T
SHMEOEVESUTIEE N A S tz, — )7, HE A F~OIRERNCL-BSOD 5% 3% 1) - BE T/ Mk
DL/ hr o e, WAL A F VO I TIETE L 721,500 ppmBEOEBIRE & & BHEED/ T XA =2 D5 b
JVTF= I VT TR, TAa—RAE R EORPPEESE ] FRIBREREIZ DU Tk faHE & [F)
BETHY, MHFIRFEFR (BUN) LYUEBEEL D IEN 72 b DD, 5T —F OHEFHN DR
BCTH-o7=, 1,500 ppmkf ClIIafHhFENER G IRAE OO T RN 5 il

EhglZ 3T 5 [BHIT X ¥ ODNA~DORUAZ & (MIRAESEE O FAEDIERE) 1%, b A F LD HR
A L721,500 ppm#f Tl DO E#E Th > 7275, L-BSOZ % 5- L 721,500 ppm Tl lEE & [FIFR
ETHoTz,

Mitchell &> (1979) X, B6C3F1~ v A MEMER100L/iE, F3447 » MERER100L/EE120, 375, 750,
1,500 ppm (0. 774, 1,549, 3,098 mg/m3) DIk A F /L2131 (6FEM/H. 5HAHE) WA XH7,
7 v N CIE, 1500 ppmAfEOMERE CIIBRFE%3~131, 750 ppmAf DOMERE T IXIRTE %6~ 12 (2 AR H
INOIHIDBFTED BTz,

~ U ZTlE, 750 ppmlh EORETIREHIN OS], FFIEROFE R E & DN FE O Hiv7z, 1,500 ppm
BECHMERELVC T DI ZE N A S, BETIXSGPTOA E RGO iz,

McKenna > (1981b) %, CD1~ 7 RAMEMER 10U/, Sprague-Dawley 7 » NMERER 10DL/#E, &
— 7V RMERERS-4VC/FEZ0, 50, 150, 400 ppm®DiEfk A F /L% 93~95H [ (6FFf/H. 5H/AHE) WA
éﬁ‘fco 400 ppm#EEDOHfE~ T AR OBET » FC, FFlFE B E OB T & D MHHFRIC A R HEN

NFRO Bz, AFIEAE 6 B R OBNIE150 ppmAEOMERED ~ 7 A K TM00 ppmEEDOIE~ 7 A TH &5
ﬂ/bf_o L L7 dy b, RO B/ 70 i RO RE L2 B o 2 B IR AL P i A IR Rt & 7~ 3G 2R

TG o272, 150 ppmiEDOHEZ ~ b & TR400 ppmBEDHET »~ N CTIRRICE O/ D35 507203,
400 ppmBEDOMEIZ TN 72 <. BIRORERFE 2T R, WIRCBIEEIIC L D BlIEfE & @E’eﬁ@%ﬂiﬁ
Molz, ZOA, To@iﬁé&:ci@%ﬁ EEERERBR M T O, AL A F A~ DiRER & o B
Ko ole, ZORRTIE, v~V A, v b, BE—T N RITFEDIERZE DM i@?ﬁ?’éiﬁﬂ
(e N ECZN SV (A

Kolkmann & Volk (1975) 1%, MEEOE/LE » FEF19UEIZ2% (20,000 ppm) DXL A F /L% T~
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70H (1043/H. 6H/MHE CIgEZERIEIC L T6~61E]) WA XH7=, STHROBEE (BFE32EH) T,
BULIZ LA D E | B OEEN KRG, HIE UG DIERE, 12 B D IEE) G & NP7 DA, o EE)
JeF & AR ERRBUT RN S O TIXBRFRLTRIB A Urs, WEMESRA CIE. AN (GEICHTE/DKER)
OYERIEAILE T, 10 B #%2 SR OFRME. MR KIEN A S v, 21 B RICIXIRRMEOESE, F#E)
HOI, BYEO I 5D HEE G AE MM N TR - 72, B TIMEIC X 288, Ehiiuo 7
n~F U OBEEOYEM, MRE KR, 2=l MR AL A o 5 Ml R E ORREE, v il
fa, 70 THIROZEM DN BT,

HANAFT v A9 % — (1993) 1Z. Crj : BDF1~ v AMEREA-1OPC/BEC, T v b & [RIER
(ZHEAL A T L % 20 R AR TR S 723 BROFE R, 1,500 ppmAEDHED1/10PC, 3,000 ppm#t DD
10/10VEASFELE L 7=, &%m_owfi D190 ppm#E & V750 ppm L EDORETILE, 1,500 ppm
YL EORETABIEB & O, B IER K OB | #E003,000 ppm#f T, FE, HFEDE O
A BEEWE  AREEREN MR AR R, PR A DT, JED 3,000 ppmiE & UM 1,500 ppm
UL EORECTHREIEMOIEH 23580 BTz, JWEH A ClL, #01,500 ppmbPLl EO#ETH D
7% (HLfMAasEsE, /NEROMEESE) | MERIROEIR, Mo ZEH & ERRENZR O 5, 1,500 ppmif

Tl BEMROGPEREMEZE L REZEMEOEEG) | CIROBEE & B o i s A 67z, 1T, 1,500
ppm it TEMROAF AL FRAMEZEMEDERER) . 3,000 ppmAf TENED IRAMEHEIE, IFOTEE,
Fafi & IO ZEME ., MERIROIERR, ATE OOS A, SO /NERLIEEEIE, K ORI o XIgkohi i 7 12
MR BT,

F 72, F344/DuCrj (Fischer) 7 v MHEREST1OPT/EEIZ, 0, 190, 380, 750, 1,500, 3,000 ppm®

WAL AT VA28 (6HRFf/ A, 5AMME) WAIET-, ZORKE. 3,000 ppm#EOHEMECTREIE MO
il 258 7o, —MARBBIZ DWW TIIRFRE T N E FTRLIEA B AL 0o 7o, R B AR A I, JE T 380,
3,000 ppmAf TR FROMINEERIE ., K 23580 S, ZHUTINZ T3,000 ppm#E CTlafEHE Eik
D b B AMARAREE 3588 BT, M TiE3,000 ppmiE CEIE DASIAZEMEN TR D BT,

AARNA AT v A5t #— (1993) %, Crj: BDF1~ 7 A MEMES 10C/#£120, 300, 440,
670, 1,000, 1,500 ppm®DIF(t A F /L2138 (6FEfE/ A, 5HME) WMASHT, TORE, HETIX
1,000 ppm#£T2/10PE, 1,500 ppm#£T10/10PL, H#fTi%1,000 ppm#ET1/100L, 1,500 ppm#A£ET10/10
VEABELT LTz, —MRBBIZ DWW TR, MERED 1,500 ppmff THEEIENR , ANEEMER RO Hiv, HETIX

A7 SR B RO b T, M 300 ppm Il _EORETIRER N OINHI TR ST, HETIiX. 670 ppm
PLEOEETHFI. 1,000 ppm#fE TR D%t E & OMKAE, #ETI1X300 ppmlL EOHE T, 440 ppmPL
L OBETHN, 670 ppm#E THENK, 1,000 ppmiE THEAR DM E EOKIE RS Hive, HEFHRR A
TiX, HETIL1,000 ppmbll EORETHFlEOIRZ CNEHOMEOZZ 0 ZE M, B3E%) | 1,500 ppm#ET
MR JRAMGE HEIEDGR D BT, METIE, B G BRI 70 BT 705 FREE & Hele U CBRE ISRV 4R
R LT RIS v o 7o, MRFIIRMRE Tix, #0670, 1,000 ppmfE CaRkifnEkE Db
MCV & OMCH®#/1, 1,000 ppm#f Tl M DOHEN, #0300 ppmEL EOHETMCVOHAN, 1,000
ppmAE T/ MERDE N Z 7R D 7,

MEA LR Tk, #ETIE300 ppmll EOBETT/ va—A v 7 UEvT 4 RO, 670,
1,000 ppmBETIXT V7 2 > A/IGEEDEIN, ALPIEMO LR L8O 5=, Tk, 300 ppmbll
@ﬁf%:VXTD—w@ﬁm 1,000 ppm#E TIZA/GLEOIN GBS BT, IRRAE TIXHERE -
2. 2T oz,

F 72, F344/DuCrj (Fischer) 7 v NHEREA1OPC/EEIZ, 0, 190, 380, 750, 1,500, 3,000 ppm®

WA A T V2 138 (6FF/H ., 5H/E) WA SH 7=, ZOREF, —BRIBIZ DWW CiE, #?3,000 ppm
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HECHZETEOMRD . BEEA, EHI, LB, BRI, AEERE . AR, #E0 1,500 ppmll ED
BETIRIC X DM AR PHOIBEN TR Hiviz, 3,000 ppmAtOMEL/10VEA 133 BB LT, WD
750 ppmll EORETREHMOIMEINFED Hiv7=, 1,500 ppmll EOFEOIE TR E DMkt & OFH %}
BOKAE, M CINE DM & O B O 2580 72, MR FMA CTiX. 1,500 ppmbl EORE
ORETRIB ORRIIZNE, K ERORE 7 WHEEOZEN &m0 5L, 3,000 ppm#E Tl
DOFERGEZEME B R iz, METIL750 ppm Pl EDORETEIB OIENEM N RS bz, MR
T, HEHED1,500 ppmPl EORET, ~E7 v RE, ~~ 87 Uy MEORDSE, mRAE s
FIRRE ClE, D750 ppmll EORETY LT F =2 DA, 1,500 ppmEh EOBETT LT 2 AIG
. oL AT o — L KON UIRE o, Zva— 20 . CPKIEEDK TAERD Hiv, Zhlc
Mz T3000 ppmHETIE MY 7 UET A FOWA, TR T A HYTA KO a—/LOHMIGE

vz, METIX, 1,500 ppmPh EORETRRa L AT a—v U URELEOA Y 7 A0S B i,
2SN % T3,000 ppmffE TIFA/GHE O MU w7 A0l LDH | ALP&X Oy -GTPIEED E5-
I VT F = ORI RED DT, RRAE TIE, #03,000 ppmBETH LT O ORI & OV
R S ARD BE B DN AS T B 1T,

18 7R

CIIT (1981) iX. B6C3F1~ 7 AMERER-117~1200L/FEIZ, 0, 50, 225, 1,000 ppm % fc K24l (6
RefEl/ B, 5ANE) WA SH, @E%6, 12, 184 AIZ—#A I L7z, 1,000 ppm#f DM THEiEET%10
B AMDAFROGERIKT 20D, METIIRER21H H, M CTIIRER225 H TREBRZFTHH0 |
R STz, 50, 225 ppm#t CIIAEFEDOIK FIEA LR > T, 1,000 ppmBEOIETIIMEFEHZ 125
A LA, MECIIgEE%6 0 A IR EMOIMEINFED B/, 1,000 ppmif Tl HHRHRE R O w3
Ofe (PRER, FRESE) N N0, MOBREEE CIIA LN -T2, BEEE18~22 1 H ., Fhfehk
REFEMREE (77 v FRIGICHES<) 231,000 ppmBEDIZIEETOEY TRENTZ, T OB/
NI (BRI DZVE, Fffd) ([T > TEMIT bz, BFE%18» Hvn224 H (B £To
WREEAE (EICHE) ©. FRierRe (SRS, WS, M) ORS~ i % B Ol IENR & 28PN L 72723,
REIKGE LIt O TR <, BB BT b2~ 72, 1,000 ppmPfDEiE TIZAFIEDNH
2 (%R, B, BEflalk, 21) A6, b 0E8X, 1,000 ppmit ok CIEZE%6

Aol TEMA A S, 124 A, 185 A O RHADIETICE - 72, BIRBHOMETALTL L DOA
ﬁ&ﬁM% WO 72723, 1,000 ppmFfTOAIFFMILDOZEVEN I BT, MOMEFERE CIIARRR M 72 7
FoDZEM: LIRS Lpds o 72, 1,000 ppmBEDOHET, B ORME LR oK. B RER12H H
THID THE S, EBRE T FORAERE FIEENINL 72, 1,000 ppm#fo ek <3024,
U L oRARR O (HECITR#E%18~211 A, M CIIRE®Z6» HLUE) 2580 b/, U.S.EPA

(2001a) 1. FEBRAEROMBROZ UL ENT O TIERWE Loob, AFFEOREE LT, i
HEOEROET O (AHIHRIERESH V) | —5~ U 2OfEHENOFRY (BXFRY) | ERYH
DOIEFEREDFRY (50 ppmAE & 1,000 ppmAEDOIREIRENIHANEDY) ZHEHLTND

Fo. MREY~OWEEICEE L 7@ R EE IOV TO L E o — T, %*@@%kﬁriw
RAEPRFEWREE ., [TEVF RN EIIBEE O 2 VW IER RN R Bl LG ST b (LoPachin &
2000) , Usmm(mmw*%owmuﬁwﬁfmbantﬁﬁﬁ@%f@%kﬁ X, RERAE
NEHHLINIRNT & BEEO B FE N LN & LR P RAGBEN 2 E LT D,

CIIT (1981) I%. Fischer3447 v MM 120VL/8£1Z, 0, 50, 225, 1,000 ppm% 24 (6HFH/
H, 5H/H) WA S, BgFE%6, 12, 181 A4 5 L7, 225 ppmPL EOFEOHE K U1,000 ppm
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BEDETII0)D D248 TIRERIINOIFIAZRD L=, 4L S — B U CRIBREL » b IRE ) R
Mo 7=D1E1,000 ppmEETH 7=, E£72. 1,000 ppmBEDOMELE T O T EEOBM, HEThIEL O
WA B O, R B O e OFEF R ORI | M TN E & ORI 23R b Tohs, il
FROMX EEDPIMEREREOZ(LEMHE L 2WGAE A DNIZ2®, arERE (MxIEE, HExERE)
DEAGIX, BREOWANRERFEKRTH D L 972572, 1,000 ppmBEDOREDOIFE TIx, BFE#%61 H LK
ERORINE, JRPPEOZENE, S OFEMEN A DL, W% 18 H LRI EL & BH4 5 E
PERRETE RS 2 AL, WREEL24 A Cldoe MU 2 25 T 8 CRVEL MR AR O 2 Rk & R 0D 38 A2 3 7
iz, L, MRERSDORBIIR LN o712,

HANA AT v AWt 2 — (1997) 23, Crj: BDF1~ v AMERESS-50PC/#£20, 50, 200, 800
ppm DI L A F L2245 [ (6WFfE]/H . 5HAE) WA S 723803 ARRBRIC IS W TRILES ST 3808 AELL
HDEEIIRDLEBY TH D,

800 ppm i DMEREAIRFE AT L 0 BT L (HECIXgEEZ 13 LIS, CIIMEEBEZ2LELIRE) |
TR E LD Lotz (EfEE0NEC12/5008, ifCT13/500C) | 95 [ Cafn3EHkHm Xz,
Z ORETIEE LVMAESEMOME], REHIFS I, RE ORI SN2, HREMEAR A
SEIR & 72 DEARITER D B o T2, 728, 800 ppmAEICOWTIE, RS E R, MiRFARE, Mk
AR, RREENERm SN OO, [T 2 fBEEOT — 2 R0 =0, SHfH
HERA ST,

—BARBEIZ DUV T, 50, 200 ppmBEDOMERETHE G112 K 5 & b AR e Al e oo 72, (KE
IZOWTIE, 50, 200 ppmHEDHEME TIRE~DEEIL /0 o2, 200 ppmiE D i T iR Ok K& UFE
RO NGRSO B AT, JHELERRR A O B9 A T B K OBERIC . OB b E R3S AT
RNH NI T2 Linh, BBRWE & OBRIT R & Sz, WEMEMRE CiX, 50, 200 ppm
BEDOMERE TR E (T 2 8B I S R o 1o, MUIRSFERIRA Tld, 50, 200 ppm#EORfEHET
AT LT, MIRAL IR TITHED200 ppmEETH U w7 2O, #D50, 200 ppm#it TA/G
oMM ERO T, RRAETIE, BED200 ppmAf TIRpHD EFA RO bz, L LR s, HAN
AFT AR X — (1997) 1%, MEAELFEORAE, RREOERIZONT, W DN RT
A =B TERHR LT, WTH b DT HRE(THY | FHEMEMRA T HBET DEFIcE DL
{BZERBT LB A LN Te T Enh, #RWE & OBYRIIAATH -T2 & LT D,

F 72, F344/DuCrj (Fischer) 7 v hMEHERB0UC/FEEIZ0, 50, 224, 1,000 ppm DL A T /L% 24
i (6HFM/H, 5HAE) WA SHETBNARBRICEB O TEBEINTZ BB AN OEE T RO LB
Th b,

1,000 ppmBEDERETE G M 48 U TREEMOMEINED bivlz, —fREBlzO W Tix, &5
(CBAMR LT BT A DN Te o Tz, RERFRAR A Tk, MERE & 105 BITIRIT L T2 R AMELISA O
EITA BN T2, BED1,000 ppmit CHGRO MR E EO FENFEO D=, BANRAL FT v
A WEE 2 — (1997) W EEAR IR A Tl 2 A H | Il E O b A2 " d 5 P A
HONI2NoT2Z D, HEBRWE & OBRIZI R E LTW5, 2 OMIZHERE TR~ Olif#s Dt E
BOBRME T EREOEMEN AR SN, 2D OB (LITEREEIMOMENE > 72 D & AA A
T AR Z— (1997) TIEBEZHNTWD, MIEFARAETIE, 1,000 ppmEEDOMERET U
VOSERHEOSENN, SrEEZAF R ER O HETIIARMEREL, ~F 7 m B RE, MCHC, ifi/MRE D
B BB b, MIRALFERIRRAE TIE. 1,000 ppmBEOHETT L7 2 v AIGHOEIN, GPTIE
Mo bR RFEEFZ, 7 LT F=r 0D, MECTCPKIEMEDIL TR bz, RBRE T, #n224
ppmPl EORETRpHOAK T, #ED 1,000 ppmiE TR ¥ > /37 OREHEE O 235788 Hivlz, LiL7
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Do, BRNSNA AT w2 — (1997) 1%, MRFHIRAE, MRAEFRIMRAE, RREORS
RIZONT, WL ODNDIINT A—=F TERA LN, WIS LT RZTHY ., Bk
HCH R T DA F OB L RBT LT AN R LN hoT=Z Linh, #ERWE & OBIRIZAH
TholzbLTW5D,

B, BRASNA T v AWt 2 — (1997) O~ TR, T v FO2UFERMLAMEE IR CTIX, 1§
2 T 0 T8 IR RR X S S TR,

2213 £ERESME

AL A F L OAFERAREICBET 2 EERMAEZER IICE LDz,

v MZBIT DB EREOM TGN o T,

T FEBRICHOWTIL, 7~ b TliE 380~3,500 ppm THiE: B KB ORRE D2 K2 DD .
HERG DRI, AEFHREDIR T DOFEN A B (Burak © 19815 Chapin & 1984; CIIT 1981;Morgan
5 1982 ; HANAL A7 v A% % — 1993 ; Working © 1985a,b) . 2 HAGEERIZIB W TH
475 ppm L ET Fo, Fi R OBETATEREDIK TR A L 72 (Hamm o 1985) , #AEwMER T,
1,500 ppm THEEME (PR AR~OEE) LEREE (KAE, EEEOKT) BNAabhl

(Wolkowski-Tyl & 1983a) .

~ 7 A TIE, 1,000 ppm THi#IAE DZEME (CIIT 1981) . 750~1,500 ppm THREFEME (FFAXARRE R
~OFE AREOIKTE) (Wolkowski-Tyl & 1983a,b) . 500 ppm LA L THaVE DLk A7 O &N
N BTz (Wolkowski-Tyl & 1983a,b)

® 9 AERESMEICET IHME
WY FERT —F

Burak® (1981) i, HEdSprague-Dawley”Z v hZ500, 1,000, 2,000 ppm % 485 1% 72MR5[H]
WA SETRER, R ERCTEM, RIE. BTHROBD ., BTRIEE, fE, FAEEOZEENRA LN
P TR OB RTEN TH Y . 12 B OEEBIE A E L CHEE L ChA bR, —EDT v b
TIIREHEOZLMNE, B A LT,

Chapin® (1984) (%, HDFischerd447 v & (GAERBALARF OB ECAH]) 120, 3,500 ppm Dt
AFNES5AM (6RFE/H) WMASE, ZO%3SABURIE L%, BOMER (6FFF/H) WA SHT-,
3 A OIREEE DOIRIEIE, 3,500 ppm#E T—HARENE( LB ZEEIEL72O Th o7,

WREEBALATLTH BT CL8PL CTRAIMEDKRE B RN ZFEN B S, Z D% 19 £ TRAFRNH
MU, 19HIZIX6/6ICTAH BT, WEEEBAME%I B B IR CRA PR OFRIE, 8 PR IR DR A0
KO, TIVD OREITRERGHZ198 £ CEIEENEIMN L7z, 130 BIZI3ME L%k, Miao
HIBEN A DTz, BEEBRLAZTOH B ofl (BRI OEIEHIFE) 1280 Th, 4/5/EDKI80% D KiH
B THTROPT DR LN ol BERMGHZS A BICHERLTOT A AT 0 U REZHE L
FEL. XPHEAECIX120+£31 ng/mLTh - 7=DIZxF L, BBEEEClI<6 ng/mLTh o7z, /2. T4 T+«
v EMAOREREZ D70z MEEMET T KR hae vy (hCG) 12 Xk 2aER, £ TEAKOHK
BEZ AL 7= DICLH AV E Y (LHRH) 12X 2GR A 1T - 72, ZORR., FE sz mig T
A RAT B Y LoULE, hCGIZ X DA OG A IIRIREED H SR ERE L 0 2SR RE NS <,
HWALATFNVOBFEIZL Y T4 T 4 v e iR 2 —4 > N TH D AHEMNRE Sh7-, LHRHOARMIZ
KDL ANIIRREE S IRBEEOREIIFRRETHY . 747 1+ v efila s TERRIITIZTEA EREL
ol T DRI T, REHRGRFF ORI, KR HK IFBOIEZ o2 Lv7 e R VE

_31_



(NPSH) OEAHIE LS R=Tlx, BERT & X TENEN66%. T9~87%. 92% DI Tdh - 7=
M. MR CITEEN 2o T, EFH D IT T OFRERIZHOWT, NPSHOR/ T EHER 72 7 L% UL,
LD DT, LA TFANEZ LN L TCGSHERA LI ETHDL L EZ TS,

CIIT (1981) TiZ. Fischer344F v ., B6C3F1~ 7 2 & x4 & L= 24 D@ MEFENEER (615
[H. 5AMA T ABRTE) 21T 7=fE%, 1,000 ppmBED T » b, <~ A THMEOEME, FEHENIAD
iz, 728, 7 v D CIHIRER18» HURRIZE(L & BEid 2 M E MBIk 3 2 i, IREE%24 5
H ClIok BREE 2 3 Lo e CRVE MM O & BRIE DR AR I BT,

AARNA AT v A W5t 2 — (1993) X, F344/DuCrj (Fischer) 7 » b MEMER 10VC/BEIZ
190, 380. 750, 1,500, 3,000 ppm® it A F /L2 20 (6HFFE/A . 5HAH) WA S 872555, @@
380, 3,000 ppm#f THIE HARDHIIIRIE, FFRD 27O Hiv, AU A T3,000 ppm#f TlIfs R
ERD BRI AR EE NGRS B LTz,

F 72, F344/DuCrj (Fischer) 7 - MHERER-10VT/HEIZ, 0, 190, 380, 750, 1,500, 3,000 ppm®
BLAF V2130 (6REE/H, 5HME) WA SRR T, 1,500 ppmEL EOREOIE T DN
X K OVFE B B OARAE., M CHNEE OfEsh K OH % B & OIRE 58D bz,

Morgan® (1982) (. Fischer3447 v MEMER10VL/EE(21X0, 2,000, 3,500, 5,000 ppm % 6HE[H]
/B CE9HM (BHMOIEERZ, 2B MIKRIL L, ZD1% 4 AMIEE) RASIE, ZOREE, 2,000 ppm
PLEDOREOHED 2] TR LTGRO (IR 75 oi) . FEER & B 7 & OBk
EE PRI, R B DOAKLRN T & 07 lfE Sk Ze i, BERZEAIIER e TERK) D3 BTz,

Working &> (1985a,b) 1%, HEDFischer3447 » F8OVL/BEIZ0, 1,000, 3,000 ppm#%5HI[H (6HFfH
[B) WMASHE, ZOfh, Bt iEEh $®%%H’Fui%vyx§°y(ﬂmﬁozmyg%ﬁ
RIREREN G U Te, B REDA0VC/ERIZ DWW C IR M 7%, SHEMICE Y . B I &2 EALE O &
A &, AJRAE SN FE IR FAZ W T (Working B 1985a) ¥V D40PC/FEZD
WIS F OB RN B O BAHMR F RO AR ROl o7z (Working & 1985Db)

R RAESNZHOWTIL, 1m0mmﬁ&0%$ﬁ%ﬁCHmﬁﬁ)fi B (1~8#) D\
NOBIZBNTHRRE LIz ORI GII R & R Ch o 7223, % 1~2i 03,000 ppmff Tl
B Lz (p<0.05) . ZAEFEREIZ SV CTIE, 1,000 ppmBEOETIXA ERIE FIXA LN T208 B
PP RERREE (TEM#R ) TIE28 B OAZEL. 3,000 ppm#E TiE2, 3 HOLE THERIK T 2807,
TEMEBBEIEIRAS BT DO\ TE, 1,000 ppmff TIHEMEBIERRE R D RT A —ZIZONWTHERZE
X722 D> 72, 8,000 ppmAf Tl MEFEH 1HH OB CERBIEREO DTN TH L1 H BN %E
D (p<0.05) . ERAIFHEEFIZOWTIREEZ1~8E H OB CHMNZ RO (RROHEMNIE2
HE, 2, 3, 4, 6, SEADKZEOKRTHEZLZDY) . BIESHEE (TEMixE) Tk, BiE%2, 3

T B OB CTHERRIIE LR O, @EZ1~5H B O THIREZIELROEMZ RO,

EMEBFEO BRI B (JERER) (TREER ORI 4 8 L CHEIREBIRIE R OGN & & RAIIR
HROWWI DA LND Z LN TH D08, LA TFIVORERBRRETIIZ O/ 3% — 0372 BtExt
MEE (TEM#S) CTOHRBZ LI,

1,000 ppm#f & BGPExHREE (TEM#G) TiX, & 1O, HBROFEME /ST A — X (T3 REE
LD—B LRI o7, 3,000 ppmE TIXMRFEHL3I~SEICHEEREDO A EREME (< 0.05) %
FROTM, 160 F TITIIRERE & T LUV BE LTz,

3,000 ppm# Tl MEEEZ210H H OI8O 1250 % O A DR B EAR S C AR U X mHITE O ks 1A
FEMEIR U BAMEE TRIZL S, 2 OIEREFIC R X S EEIEE NN L7, SRR ORI, ME
AT 2 v~ F Okt A, ERZER b, Ffla o PRI, ZZEMN S BT,
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2~8HIZ, MR THROTEMOBNEEIIKR T L, —FH, HE O 740328 £ Clamd Lk
@\&@ufﬁ%;ﬁTL\M@T%Mn®ﬁTﬁA%ntokﬁﬁfm\%WﬁF%t’ﬁﬁ@%
+ L IEENE T OBEE 1T BEED3.5~69% LK o 7228, 168 £ TIZHE L7, BRE%HAE T, BE
DO B SN D TERE PRSI E e T OBMA bz, 1~3BIZOWTCIAEREN (<0.05) T,
3 B IZITHKIT0% T — 7 ([ LT,

ZIHDORERNG, 3,000 ppm~DUEFE TR FARK ORE ITFE LT HIo T 2 @R H 0 |
RS BB TR BEC X D BRBIMEL & U THNDEEESEO DT R I IRE L, BRI
FERORE MR, —UORE R, FRE I ~ORmIEREE, 7o D NS R EIROB MR 72 e 4 i 2
LTz, LA TF I K o THIEEZ SNIZRIE, MR E LTELLRETREFE, KUOEKA, ER%E
IR DRI 70 R % — o (Gl OBMERIE 2 — o L OFIE) 726, BH LITEMEDKT (i

DFERD) | BERAMBEEORIMNL, HOBREITZHEOLK BFEOKT, BrogokT, +
RO LB TR V) X0 bllREERTIC L D) O THD LHERIL TS,

Hamm® (1985) 1%, Fischer3447 v  ®MESOPL/EEIZ0, 150, 475, 1,500 ppm (0, 310, 981,
3,098 mg/m?3) A ABLAT100E M (6IFfE/ A, 5HME) K OAELHIRH D2 [ & OMTIR18 H £ T & /0 ifit4
AN H28A £ T (6IFE/B., THAR) W AI®7=, HE40UL/EEZIEX, 0. 150, 475, 1,500 ppm (0,
310, 981, 3,098 mg/m3) A AECATI0MR] (6FFf/H., 5HMMHE) MOKEHMO2HM (6FEf/A, 7
HAE) We NS, 10VC/EESAECIMIZIHRR L, 7% 0 30UL/REA ARALE O & AZfd & w7, Fitltfix
0. 150, 475 ppmZ A & [FERICBA ST,

Bl (Fo) HACTIX, 1,500 ppmBED ik CHRFEBIAA2IE K NS . (REEMOME CHREEEL Y $10
~20%8E\N) NI B AL, 475 ppmbfE TIXIREE%57 H LI, (REHI O] (5~7%) RAH 547, 1,500
ppmAEDOLE (10/10VL) THIME OZME, KR (3/1008) 2788, ZiL D OB O RSB R
150 ppmAE & bR TYENFREDEE TH 7=, MICOWTIL, BE ﬁ@?ﬁf@%iﬁ JIFRECTH-
7275, 1,500 ppmBEDOIE & AR L 7= T iﬁ%ﬂi&@ﬂ%@%@ﬁﬁﬁfﬂﬁﬁ IXH BN o T2, 475 ppm
BETIE, HEOATERE DI T RA Bz, 150, 475 ppmBET, HAEWE., M, HAEROARE, K
3 Rt L FRE CTh o 7o, FollfRorE<ix, 108MOEEHM%,. 475 ppmiEo AFHAE L6 FREE
ERRRE T o723, 1,600 ppmAE CIIxfBEEIZXT L T256% CTh o7z,

FittA8TlE, 475 ppm#E CAEFERE /O TR, FEWEOHED RO T A L7225, 150 ppm
BECII BT 2o T2,

Wolkowski-Tyl 5 (1983a) X, C57BL/6~ 7 2 D#E33PL/EEIZ, 0, 100, 500, 1,500 ppm (0. 206,
1,032, 3,098 mg/m3) ZAEAR6H 2 H17TH (6FffH/H) FTWMASIHT, 728, 1,500 ppmitiTitiz
10H7H14H £ TICHSEIRREE 72 0 | BRI TZ, 1,500 ppmﬁi@%ﬁ%“@i RO H  (MEEE1%4 R
H) MOIaE o 72 RMERR O ML, AR R ORRERE (MEMRE, Tk, ?}Ea% AT L)
DHBIL, HIR10~14 0 (REXRS~9A) ([ZEADN IR iki{“ﬂboto "L, Zhbo
TEEN) D /N 0D PN FERT J CAFREAIIE D BESE N 7 D372, @ﬁ/ﬁf~&«@%ﬁfiﬂifm>o7‘:o A7)
JRE T, MEFHRBICH B TIIRW DS, BRI OB ROV E & SRR OBEIME M 23 2 5 iz, 100
ppmBEDIEDIR I TO A, HFHFMNCH B RBEERE OEMMAFRD b7z (p<0.05) , 100, 500 ppm
FEOIBIR T, BREEICHIE L 72455, E’%ﬁODHﬂB X725 72, 500 ppmBE TILLMERD A DFAFR
@ﬁi‘fxﬁﬂbu%ﬁ; W7, ZORBNT, REEIL THEADEPRO =T, B, LI, RIS T
FEBALED RS, MR, FLEEM., R 1C T O LELEFFE TR LI,

F7-. Wolkowski-Tyl® (1983 a) 1%, Fischer344F » b+ ®OME25IL/EEZ, 0, 100, 500, 1,500 ppm
(0, 206, 1,032, 3,098 mg/m3) ZIEAETH/NH19H (6HFHE/H) F TWMASE-, BE CREW
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DATEV ML e o 7228, 1,600 ppm#f TREFEME ((KEEMOME]) &R EE (MEEOR I OKGE
H, MEHR20 H OED IR OB R DIXT) BAbiviz, AR, WINIR, FRIEDOAFE, PRI OW T,
BREEICBEE L7 B e o T, EH DT A F L OREIIIERG I, A5 < BEEICERN
L7=EE2 U7, 1,500 ppmiEDJRIE TEAGEE DT RN HAVTZA, BERICEE LB IR 0N E R,
WIER, BHEROAILR o7z,

Wolkowski-Tyl® (1983b) (%, C57BL/6~ 7 A DMET4~TTVL/HE % C3H~ 7 A Dk & AZH &+, 0,
250, 500, 750 ppm (0. 516, 1,032, 1,548 mg/m?3) ZIFIR6H 75170 (6F)/H) £ THMASHE
72. 750 ppmBE T, BBEEEHKTH (UEIR12H) 2> DESNVRHH, RER, FEE, Bl & 5o xbd 2 mmeEn
FHAV, BHEET ORMNCEIENFELT L, 1EAPEIEIRAE TR Sz, 750 ppmBEDEFEIY) Tlx, 4F
PRMARI R ORER I, EHR18H OIRE, MokHAEMIN (FEEEZRVEE) S L Y bAE
WD 7p o i,

PR AR R, EWONTIRE &, ERE. WU, RIROXTHE, HFAEFRRE (GE
T ROWRIR) | AEfERR IR, M, —IEH 720 ORBIRO AT ICIESE & OBI#IIL SR> T,

—[EM 70 OFEXITHE GEELOEE) OALNBEOK, ElE (%) 12250\ T, HitZEm
WA BRBEIKF LTEHRm R A B, =T DSMIDIBOFTE Th -T2, AUDELED = RFH
& B U 7= FLEER B L OVSUTIER B OB BRI O LB, ZRFBREE, NS0 ALE, ADL0EDORE
DEVIEEY (N D LEET) BArLIE, FEEITE (14K Lo b (28f#{K) T%<. 500
ppmAED 1 & 750 ppmAEDVCITIZL MDD DIRATTER A BT, DIRETEORAZRIZL, 0. 250,
500, 750 ppmHETENE4L, 3/433I612 (3/68/8) . 7/458R1E (6/62118) . 11/444/R1E (7/62)18) .
17/400f618 (14/56/1) TH V. T50ppmiE T, FIHOIAE LT RIRE, BEROFELREMEZRO T,

FH OIX. 250 ppmAE TIIRERICEE U/ Rt M IR IREME, HRIEA LN T2
& L., 750 ppm THREFEEME, 500 ppmPh EORETHATENE (DIROFTE) 325 & Lz, 7o, Mk
PRI AT DAL TR0,

2.2.2 EEFA
EsH RS L D E RO E A% 10 I2F LT,

x 10 EREEAFOEETMEOHE

WHO (2001) %, CIIT (1981) ®B6C3F1~ 7 A D 24E M AR RER TR DAL= BRI
B 2B B S5 < LOAELA50 ppm (103 mg/m3) & L. FMENSEREZ I L CIEE
22T D —REM O - DOFEEE (guidance value) ZHE L T\ 5, BRERKZI LIZEBEUIHE
FEREIED100% 2 F 0 1T (X1.0) | WifthRiEE) DR ~iE L (6RFHE/24FF# X5H/7TH) |
AHEFAREE LT, HEMZEDOTHD10, FRZEDTZHD10, T —F X—ADREEME K RLOAEL®D
EAIZ L 2100F T 51,0007 3 H L T, FEEHEZ0.018 mg/m3 (0.009 ppm) EHEEL TV D,

U.S.EPA (2001a,b) I, Landry & (1983c. 1985) ®D#fo> C57BL/6 ~ 7 A% 7= 11 HE DO
A (1 ZTERE) TRO LA/ NMEOEFEIZH-5< NOAEL 50 ppm (103.2 mg/m3) 75
RfC 3% E L T 5, g2 7> B e R F ~ 4 1E L (22 FFE)/24 B[ X7 H/7 H) . regional gas dose
ratio (RGDR, t k& EBREMW)OIERERRICK T 2R WA EL) % 1.0 & LT, NOAEL ®t hZfi
IREEZ 94.6 mg/m3 & L, REFEMREE LT, EfZEDZHD 3 (1012) | EERZED=HO 10, 11 H
[ DT ANRE AR 2 A JER G AR I CAMET 5 720D 10, T —F _XR—ZADREEME (FENTOMDIE
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AR DIBREE O BOMABGE LN TV RN &) OfzHo 3 (1012) OFFTH 5 1,000 Zi#EH L.
RfC % 0.09 mg/m3 & E L TV 5,

708, U.S.EPA (2001b) X, RfC oL E LT, 2 FMOW ARERBRFER TH S CIIT (1981)
TiE72< . Landry & (1983c. 1985) (2L 5ifio> C57BL/6 <~ 7 A D 11 H EMRERARR (22 BRI/ H X
7 HMHE) ZEAZEBE L TUTEZET WD,

1. Landry & (1983c. 1985) NI EFHEIN-HBTHDL Z L,
(CIIT (1981) (Z2WTlE, —#b~ v 2 DEEKTRR] DFRFE, — &~ © A DEENR, WFFEFTH OIR R R

EORhEVE, RBRFIEOR Y NMEfHShTW5, )

2. JEFIFFEIZ 31T 2 PR RBEFE O R Che b BE R L E 2 N 5/MEOEEN, Landry b
(1983c., 1985) Tix. Mt CHTBL/6 ~ 7 A IZEBW T, (T EHIETE T 100 ppm. WrehEZE T 400
ppm TiRH 572725, CHT (1981) @ B6C3F1 ~ 7 ATl FEEOEED 1,000 ppm & V9 Hi

ETRO LN &,

3. /IMMOEEN, B6C3FL ~ 7 A % H T 1,500 ppm D LR £ CHgiE X172 90 H MO iR
(Mitchell & 1979) T LILRD -T2 &,
4. C57BL/6 ~ 7 A1 EITHE KRR S 727 Bk (Landry © 1983c,1985) Tl 200 ppm TN H 5

A=, B6C3F1 ~ 7 AD 2 4 O Wiz Ok (CIIT 1981) Tl 1,000 ppm Ajifi THEL 1A

DAL= L,

ATSDR (1998) I%. CIIT (1981) ®B6C3F1~ 7 2 (D 24| ANREEZ sBRIZ 3\ CHRFE% 184 A
(ZHEREC 2 DIV AR P 70 528 GRBE OISR IERR & 28 1) o/ hEtt&E (LOAEL) 51 ppmiZ#—>
&, AEFER%1,000 (LOAELOEH D720 D10, FEEZED - D10, ERZED =D 010) ZwEH L
TEMEOW ABEZEDOMRL 0.05 ppm% i€ LT 5,

723, CIIT (1981) OW ARRERFRBRIX6KFH/ A, 5 H/EDKRiIRE Ch 7223, ATSDR (1998)
VKA A TV BB (1RERTLAPN) (SR S AU I iR & AR R B A Sl 3 5 72, I
TehR R > O HRIRE ~OM EIXAZE L L5, F72, ATSDR (1998) (HHE(b A T /LT L B4k
HIREBIZHONWT, U ADENRT v I 221774 < (Morgan® 1982;CIIT 1981) | &
REICWHRET 2 L0 b, RREICERBEET 2N L 0 EEINS (Landrys 1985) & L, i
PRI L TRV EZMEORW~ T AR E MBI 2 RFENEEDO LWET L ERDE LT
Do

HABE A FE (1984) T, A= 2RETIHICRB T, 500 ppm#% LRI TH IV, Ml
71, FRART, EEILHH, RBIRZR EOREIERSEA LT EBESND Z L (Hansen® 1953) | 8
RE[E)faf B -39200 ppmbPh ETEMEFEHNET D & XD Z & (Scharnweber > 1974) . HEEDIEH]
D72 7HMZ100 ppm %z EEIS 72V RRETREA L7613 5 5 Z & (MacDonald 1964) . Dow Cemical Co

(1981) MEHO TIHORAEFE RN D REFEATEFHIES0 ppm TIXFEENFE S Hvd, 100 ppmbA
TTIETAMRZHILED, ZoeMEEBE 2 THFAREAS0 ppmE T 5L OMELTND Z L %2 E
Z. FAIEE %50 ppm (100 mg/m3) EFREL TV 5D,

ACGIH (2001) T, EBREMWOBRAREE RS (KEERE) 725, 500 ppmbll ETHlE, Bhgo
WA RGETEE, AR AL D 2 (U.S. NIOSH 1984; Hamm & 1985) | /i~ v 121,000
ppm % 24E I AR R S 7B CRIEE OIS A b7 Z & (Pavkovh 1982) | & kTIX100
~200 ppm® KIEWETE Tl 2~ DB E IR AW 70 58T A DLW, BHEZRBEEIC KT 5
THABNE D RFE D T IR ZEAIZ OV T, margin of safety 0 T7RWZ ERRIB XD Z & (Repko
5 1976) ZE5FE 2. TLV-TWA 50 ppm (103 mg/m3) . TLV-STEL 100 ppm (207 mg/m3) % %€

_35_




LTW5,

_36_




3. EREEEMM

31 EIEAFILORAE - FRAERE

AL A F I ETIZV Y a—BEOGREE S LTHEAISh, 2oz 2 Frere—x RianiEtk
FIRCREORE, RURAF LY« 7 —LEOREA], 7F NI LRISEEE LTERIND (rmx
IV — - FESEHINR G BAISHEAE, (LW BRI JE s, S ETm I B A 2005)

2018F-DENAFERIT209,186 t Th o 7= (RRIFFEHEA 2018) , /o, kA F LBl TLE2E
O 722018F- O #1323 t. WIARICOWTIIMEHIFLH N 20 o7 (MEE 2018) . ENAFER
AR E LTINS B > 7225, 201 THELIBIZEINCEZ T 5 (1K 12)

50000

200000
dh—_____‘_ _.______‘_ e F

:
y

100000

FTEE/F)

20000

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

=
12 BIEAFILOERNEEE (1 A~12 A) QR

3.2 REPOEIEAFIDRRLEBERTOES

T RTOFEPRD D O A F AV OEREHEITH 50007 (3.2~8.2X108) t&H#EE STV D03,
ZDELITAKERTHS EEZ LN TS (WHO2001) , W7 T 7 b s X 5 ARSeHEKH ¢
DA TAEA TN EEFEA A DRZIGIT K o THERRL LT E A FVDMER] 1~8X 106 tifEh b ik &
NoHEINTND, b —DDOKERFLHIRN A A~ ZREET, FERH I 0.4~1.8X108t& X
TWD, BEH & FH DA F~ A KK X DR EITFERM 0.012X 108t EHE SN TR Y, NA A~ R
JRBEIZ & o THUH S DAL A TV O KER T BT OBMAKRIZE D b D L SN TW5, EARY
REE LB ATFLEZART S L SN TEBY (WHO 2001) . BWdHEWH» SERICHKRE S sk A F
VD EE RERNAERZ AW ST o AfFENT0Y 5 150~30007t, EEARIZ I 1T 2 RSB0 2 H )
183005t IZ7eb T r@ELH L FEE. BIN 2010) .

—Ji WAL A TF A S ) — N EHACKRFEDORIG, D WIEAZ o DOEEHRIT L - TITEMICHES
AT &AL E OB RRICHN TR Y | 8% - S ORFE) b RAHPFITHRE S5,
Fio, BRAREE - IO T, IR0, ¥ —E PR A, THREER, BEDK O REERSC
FREHER DS AL A FBRFAET L & ShTnd (WHO 2001)

R LT E OBRBEA~OPEH R OHR 5 K OVE BLOMEHEIZ B9~ 5 V5 CRARITARIEAR86 5, LL T b
Bk Lo, ) ICHES S PRTRAIEIC X 52 EO i Pk & - B Eh @& O E R &K OVR AN R o HE
FHERIC ZAUE (RIFPEES - ]BEEE 2019) . DABETIT201THELIZ 880 tiR DML A F /L OHEH N
JRITHESNTEY, KB RKUTHE S TWD, EHAAOHEEHHEH BI3E 212131 kgf2 B & HEE S
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NWIAEE S o728, 201THEIT0 tTH D, Ji P EIT20065 5 £ TIIRE <A L. £ D% 1T
IR0 LI CTHERS L TN edd, AR OB E A T201THEITITN B L7z (K13) .
EMR OB REE 2D L 1tZ2 B2 DA T LVOHN - BEZ G T 720 TLE, 77 2AF > 7
RIVEL T OISR IEE TH Y . K64%I1T7 T 2 F v 7 fERIEENALHEH S TWVWS (F£11) ,

4500
4000
3500

¥ 3000

2500

=(t/

2000
1K 1500

2 u

X

1000

500

2002 2004 2006 2008 2010 2012 2014 2016
FE

13 EERICEDCEEAFILORRADELHFLEEDEELL

& 11 AEERITE DK OHAEOHHFERDIEIL A FILOKRSHHE (2017 FE)

PeH IR O R PehE: (1) PeEIS (%)
7T AT o i G 560.0 63.6
o b2 318.4 36.1
MR Sk B TS 3 2.4 0.3
/NG 880.8 100.0
eSS 0.0 0.0
eSS 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. HREMEAEELAY (VOC) HEHA X MU DOHFTH, VOC ORE~DHEHEDHER N 2
INTEY, FEATFTLORLA~OHEHEIX 2000 FFEED 4,994t & T 2017 F5E1E 1,173 t &R
LW LTS (FEREEHIEEY (VOC) HEH A x> F U KEts  2019) .

B, HEMEABLAY (VOC) HEHA Xy b Tk, (AR08 FATEEE S RN A e b
T (BT IRDPEHEDOHRZHEE L TV 5,

K HHE 7 ERK U OB P S b A F v b BRI L W KA~BITT 5 L Bbhd
(WHO 2001) , £7=., KEFOHEIAF /T EICIIAEEICBIT o Faxs 7P hL e DORIGT
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SfESND LERLN, RAF TOFMOHEMIL 1~3 £ T, —HITAEEICITT S L Sh T
Do

3.3 KRE=AHUVY
AL A F IV ORKIGGDOIRPNZ DV TIE, 2010910 A 1AL A T A DMESE B EICRE SN = 2 &
BT, AERKIGIWET =4V > VA & LT A RIC & 2 5 R AR 2320 T14RBE 7> B AR 1Y
ICEMSALTI Y | 201 T4R B X334 S CIA N FM S /LT 5 (12, BEA K - KA/ 2019)
W E H S OFERPEYIIR FE O 2FENEYIEIL, 20094 5 ~201 74E FE 2 0 TRAEMIC R & A B EhE A
B (F£12) . 7B, ZOREL-VVIIREIZBIT 23y 7 75 72 REE (1.0~1.4 pg/ms3)
(WHO 2001) o#iTH 5,

® 12 BEARERYEE=2 Y VIRBICETHBEAFILETHREOREEL

" " NS GYTE] e/ IMIE e A
e i s S S SO
(ng/m3) (ng/m3) (ng/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
o*
4 i
= —
£ 15 e
9
@
o1
il
2008 2008 2010 2011 2012 2013 2014 2015 2016 2017
FE

4 BERREERMEET=S ) VU REOREAERR (10 #HR) (2H1THIEL A FILOFFEYR
E D
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BERKGIMEE =4 ) RO G B, [—RE) | TEEHERED) | KO HhE)
OFEFHIC STV D  (—EBHUIIT NE»SEEFRAEREL ] [ZaEIhTn5) o 201THFEED
THAAER (£13) 2R L. —RERBECTIX T TL4 pg/m3 (2404147 : 0.36~4.9 ng/m3) | [FEERKE
TR0 CIEE4)T1.6 pg/m3 (3515 1.1~4.8 pg/m3) | {NE CTIEFEY T1.3 pg/m3 (57HIA - 1.2~1.4
ng/ms) ThHO ., TEEFAFED] OFREES, T—HKEER) ° hE] L0 00 Lo Tnd (&
13) . REMOBEE i Z R CH,  TEERAEFEL ) ISV CTERE O R WA HLE O LR R
HENHLNTND (K5)

R 13 01T FEHEARFEYEE=2 ) IREICETHMARERDIRILL A FILOFEFHYRE

- - LA /M e KA
(ng/m3) (ng/m3) (ng/m3)
— KBRS 240 1.4 0.36 4.9
[ 7 %8 A R A 35 1.6 1.1 4.8
(AR 57 1.3 0.47 3.0
B 70> [ E 38 AR A 2 1.3 1.2 1.4
IR 334 1.4 0.36 4.9
60

B o o—4RIBE
@ w
g BEER L EET

—0.8 0.8—12 12~186

FEELEE (W/m?)

5 2017 FERERGBERNAE=S UV TREICE T BEILAFILOR AR OFTIRE
5%

3.4 BEIEREIRRED

2017 EEDOHAERKIBEIWET=4 ) 7t TlE, [EERAEE ] ORI E # S D4
DI KA 4.8 pg/ms3 TH 7= (8 13, BREAK - KARER 2019)
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F72. 2013 4FE L 2018 AEE T, BREEAE DY, AL AT A ZHEH LT 5 2 FHEFTO BRI IZE
THEZFER L T\ 5D, 2 HEROEDOF 8 HiAIZHB W T, O~ 16 [ WV HIEE{T-72E 2 A,
A Z & OFEIT 2.5 png/m3~110 pg/m3 ThH Y | AERKIGEMET =4V » JHEMERIV L&

R LI DA HER STV D
(E1D 1EHH 24 KefEEe m%rﬁom\éo

3.5 I A FILDOBRETEME

REFOHELAF LD b~DRFEIL, 1FEALERBARKOBRANCL-TRZDEEZLND, 72
B, BAZLAHOREOFHEFHNIRL L6007,

01THEEOHAERKGEIMET=4 1 » &R BREEK - KRR RKERER 2019) |
SWTKRADRE % 15 m3/day, KEZ50kgs L, 24 R RKUCIRER SN2 & LT, ﬁm@@l
WO BT EABET D & —REREOFEIEICK LT 0.42 pglkg/day, A D F RIS L T1.47 ng/
kg/day LEtHE SN D (F14)

= 14 KRSHOSHADEIEAFILOBREENDETE (ug/kg/day)

S fE B KME
— R ERBE 0.42 1.47
AR 0.42 1.47

KEUS DAL A F NV OIFEREIZOWTIIE E A ET =2 B30, B FOHL A FIVRE T, BEE
U 27 FIRHI O 72 D 1ZAT DAL Iz R R A TIX45MIR DO~ THY 0.05 ng/kg Kiili T 0 | £ idn» b D
T 2 nglkg/day i & HE SN TS BREEABRERESS 2004)

B R OHAL A FOVREICB T D EHRIISE N2 o7, Fi2, 19994 K& 20004 @%ﬁﬁbffﬁ
TH H A CIEAL KR O 130 A 1T A Tl L A F it 4 (B FRRME 0.01 ng/L)
fEI% 0.15 pg/LCToh o7z (BRELT 2000) , BREDKOEREZLZ 2 Lidays L, i KED R éﬂfgk%f
ZOFEFEHET D EMRET D &, 0.006 ng/kg/dayDFL A FIAIRTEEIND Z L1/ d, /-, RATE
BEALIE B A T, P KO8R D W b B b A Fuidit &3 (B FIRME 0.01 pg/L) |
HF KO S BEERIE 0.0004 pg/kg/day Al & HE SN TW5D,
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4. AT

R, RRBREF OAEHIEEWORNE K OB EICBE T 20 EAITE L <, £ < OFANE
BINTWLD, REARHAMREZA LD, SHROMIHELFFOREHEN DR RV, RBEEOH
ERKIGYWEIZEET 208 ) 2 7 Ml S Lt (B ICB T 2 FiliRE 26T, o2 s+
Srasam LoD, BLERE COME L A F VORI T 2 AN G, BRI T 2k A F LD
R ~OREFER BB D HIESRMIC DN T, LA ORHMli 24T - 7=,

4.1 RERUAERHNEIREICONT

bt MZRWT LA F L0 FRRER IS IR ALRTE TH 5, M b A F/U3H & BuE IR S 4,
M CRBIEHEICET 5, 7y POMETIX, T, B, BRA~OSMmNREhoTc, FEEREY &
e FOFAND LA F L ORBOERERE BT NVETF A S- 8T A7 =7 —F (GST)
BNETDINETF A AGED RN H D SSATF VT NVET AU BEREIND Z EPRIBINT
W5, ZORBRETEL DA X U TFA— VTR EMNEEZ AT 5720, b A F L O AR INHIE
A/ MR It T 2 B DOIRKME L B2 bhvT\Wd, 72, F k7 A P-450 (CYP2EL) (2
L RO REISN TN D,

4.2 BREZE - BEZICONT

b FCX, IV ETAABICEHET A7 VETF A S 70 RA7 27 —8E 60 (GSTT1) #EisT
RN X BBERIEEOZEIC L - T, R, MK O A FOVRRECIR PG OB A ZENH D &5
26N TW5, GSTT1 #Efs7-KIEA (BEREMEN2) OHBEIGIIARIZ L > TR, BAA
DA TR 40~50% DHIH Th o7z, FEA, EEANTIIK 60%. 77V IRKEAN, BATIE
#20% L HE STV D,

WAL A FZxd D GSTT1 IEEICITEMZESRD G TE Y, b MRMER (EHEAREV - HC, i
PEDMEV  LC JEMEA R < :NC) & FEBRENM) OITFHi., B oo M & CHe L 72 k5 3 i~ — 2 (B6C3F1)
> i~ A (B6C3F1) >HC> 7 v b (Fischer 344) >LC> "AAZ— (VT v« I—)LT V)
>NC DJETE W EHREII TV,

F 7 v A P-450 (CYP2E1) OIGFHEIZSWTH, B M TEAEDOSH D Z ENHEfH SN TN D,

4.3 ENRAEIZDONT

WAL A TFAZHOWNTIE, LTFOEBEIZL Y, v N R OERIY DI ANMEDIR S 725 LS 5
FLTUVRUN,

OIARC (1999) TiE 3 (b MIHTHENAMEICHONWTHETE 22 | US.EPA (2001ab) T/
N—T7D (& hOREBAMEIZONWTHETERVWE) LI TWD,

OFEZMZEIC OV T, I OBEE HIRH L7z A v (PEIERSHN DI ICHEBIIC
WREE LB % 30 UL EICE VIBEF U798 T A K OV ED A D/~ — REEOHMAFE D 6
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Nz, LU s, BYERE, 7 v a— 480, BFEOAIEEIER 12T 2 T8 O R )
OMNTIEARNWZ &, BB ADY 27 R & SLd B (Body Mass Index %5 THIE) NEE I
TWRNWZ b, KERTFOFERR+3&E 2 bivlc, HLATFNVEMHUTAEET 2 TG0
FEE ERIR L L ak— MO TR, BADH S MR350 Sk o 72, Al
RO Y AT OEINZHE LZ TAFE TR RN 3 A& D7 (BB ORI > TR,
WEEMRNCHIXODE R ool EnD, FEELIFEBLEHELRNLDEE -, ZHDRER
Mo, HEATFILA~DOREFRIZ LD FORNAMEITONTIX, FEHLA AN+ &l S iz,
OEWMFEBRIZ DOV TIE, 20®@%ﬁ@ﬁ%f ~ A Ty MOBE, MR SR B FRIR R
(IR DO FRADBZBD SR, DIF->HE 1 OO, oM —DORME TORIEA LI, i)
%ﬂh%ﬁ*xb&bfth&i%%bﬁwT ﬁ@%é(VWX@WM@ﬁ)lmﬁé@F@ﬁ
AR TR B2 WRFETALORRIE « JE 2 0725512 ) 27 OB bhd, FORET
B0 EBRE ORI AN ONT ﬁ%ﬁﬁ+ﬁk%ménko
OBBETHEEMEICOWTIE, in vitro B CILEE THEEEOFE N LN TN DH Y, i @R
(5,000 ppm LA _F) DBRFETH 5, in vivo SBRIC OV T/ MERBRSE D @E%ﬁﬁ%@ﬂﬁﬁ&<\
in vivo DEMESBSERBR TIXBIEORRNE LN TV D OO, b A FIVIC K D IR B TE
MEBFEN R E TV D AREENRZEEIN TS, ThHDZ Lk, kA ?/Wﬁ)l_&ﬁfﬁﬁ P UE"N
N Tl TEEEEZF R T D0ICON T, HERERITHE RN EE XD,

4.4 EHEAEUNDHEEEICONT

b R T BIEA FAA~ORERIC L > THESR O (FESEEL. O EV ., rhBlmss) | Mk
~OFE TR, BlE~oR8 GH, BIR, 2 7K) | SERMNROEEENRESNLTND, b
MR FEER (2 0 RBREE) CTIRRFRIET & R —3 2R3 B b4, BT EER 2 B D IR EIC
WREE L7oin B 2 304 LU EIBIF LA T, (DR, I IR BSEIC K D35BT U 27 OHINDYEE

HHITND,

EREY (U A Ty ) OWABRERRERTIX, AP, mﬁ\mm R, W B~ 8 (11
M DEMSE) NRBO BT, £lo, vV ATIHMIE, 7 v b TIHRABICbEMOEERRO 6N, Z
B DAL A F~OBREEC X HEEE & B2 bhie,

4.5 E—RICEBROFMEIZCDONT

YAt A F AR D FED A @:owf@4ﬁ*£w1 b R ADIEN DB B DR FHLAE STV

N EHITENTZZ D — SRR ORIt 2 TNz b L Lz,

FED %u%®ﬁ£ _wai\uT®ﬁm TRV EEMFEEO RIS
1T

) < E—RUSEARR O R
w179 ZEIIWNEETH D03, BWEERT — 2 IO < B RUSBR ORI 21T 5 Z &1

9) IXARETH B,
OFRMANELANOFEMICEIT 2 & h OEFZMETIE, £ < O THEIL A F L OK P IRESEOIREE L
SOLDOEEPE LN TE LT, FE—PUnEREZ RTHENZ LW &,
OFEBENMW) & AW T- W ABREEABR CTld, BB AMUSNOFEMIZBE 5 BE— 0BG 2 R 38 N TEE
T5Z L,
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Ot b & EBREWOEAL A F VAT AR A T = XD R ORN AN OFEMIRDREA =
AL HONWT, FEEZENRD N RISV &,

Y EERT — 2 2 O TT O B — ROSBIROFHMNIL, FZEREM 2 W2 AR EBR O G |
B SUGBREZFHE T 2 ETO+57 7 — 2 BEE L, IRREREE FHR CTd HLandry 5 (1985)
DCHTBLI6~ 7 2 D/NM DM ~D 58 (BRI M D28, ZEf) OFAEICET 2 AE WD
NP DY it

Landry® (1985) OC57BL/6~ ¥ A Z MV oidfel1 A MEREESEER Tl Z Ot ARRZERER & bt
Nl BRI (2217 )/ B O iR EE 51 T100 ppmbh b, 5.5/ H O Wrisehi#E 51 T400 ppmlL )
/NN (FERIEMMOZEE, 2 . TR (77U 2 —27 0 ORBIC L 2 FO K & S 0F) o
DRD BTN D, EfglgEE S T CiX150 ppmlh EC/MEO T X 2@, o1 fE. B8 CHifarst
DZERUL DD HILTND, IMETHBDZEER A LN TWND Z b, ZORBIIBOREL Y &
BEREEZD,

L7273 - T, Landry® (1985) MOC5TBLI6~ 7 AD/NMOME~D 2 (ki a0 28t ZE5E)
AW TER—UGBROFM AT 5 Z L3 Y & B2 D,

Landry & (1985) %, WMAMEEEFERE LT, 1H 4720 OBREERFN 2 220¢ 0]/ B XIX5.50F[/H & L7z
25 CTHEMLTHY . IMHOFRRA~DFE (BEhIEMIOEYE, FHE) 2= FARA U e Lol
DONOAELIE, Z1Z1150 ppm, 150 ppm TH 5, @EULEYERTH Y | —MERE T ORESM:
felEER) ICK VIDWVIRBERFOLONRH H55121E, TOMEEFHHEORHICHND Z ENEE LW
EEZLND, Lo T, 104720 OBREREF 2200/ B O 6 O3 —REREE T OREIRILIC, XV
TWHDLEEZ DD, ZOBREESMETEON7ZNOAEL (No Observed Adverse Effect Level ; 3
PER) 50 ppmZ FHE OB HICH WD Z &Y LB X 5,

72¥, CHTBL/6~ U A MO RO~ 7 A LV bk A F VORI L CRESMETH D23, /MK
DFBEDRERA N =X LPMUOEWE (B FE2ETe, ) | vV ADRMERRD LOMRAIIHEENT
AYAJ7AN

4.6 IREFEETMICDOULNT

KELG DAL A F NV OFEREIZOVTUIEEAET = RRVR AT TE T — XIS L
b, ALK, HTFKICEBT 2REIERVNVE DO TH-o 7,

KEFDOEALATF LD h~DIREEIT, FEAENRKKORAICL-TRZSEEZEZOND, — i
B RSUC IS DRSOV T 2017 REDOFHERKGRWEET =4 U VT RER-RO— KB
BONEHEICES &L 24 FFRIBRE KRR 2 WA LT 72 R0 b A F L OREERIT KA T 0.42
pg/kg/day & RS 5,
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5. BIEEBIEDREICDOLT

51 EHAAMLUNDESEICRSTFMEDOEHIZCDOLNT

HAb A FAATDN T, B h~ORBAMELS OB EE 2 7T AREMES S b OO FEEHI5E T
RS BIR 2 R T R AR BTV, T 07, RIS OFE VAR 5 T
E 2 BEFRIEC SV TR 2 Z LIIREETH D,

—J . BFER T, EBAMELSOEERICET 2 - EOMAPELATEY ., 2o, E)A
PELIAN DA EIEITAR D A 1 = X MOV THMEAREIE 2R T MANRHZLNARNZ EnD, 5%
DAERGFUDEREO &) FIZo0T GEHRER) | (PREF4A REERRS) 10k
DYE ST (5 BOBEERTIGELWEOMEY) 227 FlioH 0 HiconwT) BT THA4 FIA
VWD) ICEDD HEFHERED =0 OFHREH O BT (LI TREM 5 H TFIE)
L9, ) ICHED, BEROMEE b MOMET S Z LIk Y AEEICHR B AHITEZ F TS
R R

MMEOR Y 72 > TIE, EBREMW) O RO 720 The b IRIREE T/ NX O~ DO (ke
MR OZEME, ZEiE) 25RO b 7zLandry 5 (1985) OCHTBLI6~ 7 A ZAH f L7211 H i Wk AR
BEBRERZHAWD Z L &35, C57TBL6~ 7 AT L A FIL~DIRTEIC L D HEIZHWT, ftho
D~ T AL b EREEZETH LN, BEA D= LMMBOEWE (B FE2Eie, ) R TAD
R ERRD EOMAITELN TV ARV, sHMBEOF HICEA ATEEE B 2 D,

Landry® (1985) D530 L= W ABRFEERO 55, 1H K720 OEER 23220/ H O O
—IRERE T OBRBERIITENE DL F 25720, Z OREESMH THOL7ZNOAEL 50 ppm % 7
EORBIZHWS Z L LT 5,

/NI DA~ DR (FERLE AR DZENE, FEiE) =2 R4 b & L72-NOAEL% 50 ppm (103
mg/m3) & L, —MXEREEH CORVERTE 2 40T U Tz i O @i g 1T (X 22/E[H/24HF
W, HHE11HHOBRED- S, IKHOHIEIL/V, ) L7245 ppm (94 mg/m3) &, REFARHE
LIk, fEZEE LC10, fNZE (Ek2E) & LT10, BEHMAEWZ & 258 L TR0 (&
F11,000) ZHWD Z LY LE X D, AEERE (FEMZE, FENZE (R | RENIRN) &
EZDOWTHE, FHMERHFIEICESE, UTFTOBXHFICLVFEELR,

P EREHFIE T, BEROF R Z e MIOMNFT 25510, ARIEEREY L 0 SRS
WEDIRED S LM AD R HEFEAEE LT, 7740 MO0 LTS, WHO (1999) T
R ZD10 (T 740 8) &, hXxvaxxs o7 2 (TK; (fNEE) (233 < fR5k10%5=4
EhFvag A F IR (TD ; AR EORKIGHE) ICHEDSREL10#=2512031F5F 2 &2~ LT
BO, FHMOERE L FIES, & & FEREYOBZMEOENIL U TEINCHREFT 528 TEL L
DL LTWD, b AT TIE, FEMZOTK, TDIZET 2\ LN RMANSELNRN-T-Z &%
BE Z. MAMICE 2 T10E M ZO R MEMREE 32 2 L@ &5 27,

FENZE (B2 2OV TE, FHMAEREHFIR T, 22 En7e AFEF ONOAELA =
HEOFMWEMIZIMET H7-DICRET 2L L, 7740 F10E LTWN5, I 512, BFHEEIICH
IR ATRE R IR B 255 G511, 10K W /hSWVRHEH WS Z e n3dhHE LTWnD, B FTIE

_45_



GSTTLR AT ZRUT K D BERTEVED T K- T AL MR O L A F AR O ANENH S
EEZDNTVDIZD, ThEBREAD LTENZE (ERE) (2102 W5 2 &Y & & 27,

BREEWIFIC SV, M ESR IR TR, FEEHMEIT AR IERE 2 B L BB AR e T 5
7o, BVERRER SRR, &5 WITHEMERE RO AICESTFHMEAZITO . L LTI, Rk
IR OREE RO M A2 W THERMI 217 5 Balcid, mR10DO R HERREE BB T 5
VERHDHE LTS, Landryd (1985) OWABREABRIZIIAR & HHF TH 5720, A3
L LTL0E WD 2 &3t & & 2 Tz,

52 BRIEBEEDREICOINT

FEIN PANELSN DO EVEI SR DAL, Landry & (1985) OZ1Z K, —fKEBREF CTOE
PERREE 2 AHE L CITioeiRiEE ©© NOAEL % SR iR 1A L. i FHRE 1,000 (FFEANE SR
DOFF) TEL T 94 ng/m3 & HH iz,

TR DFHIE X B ST, BB AL OE EFEMEITIR D FNEIX 94 pg/m3 & HH
SN s, AL AT NVORE BIEEAZFTE 94 ng/m3 LN &35 2 L 2RET D,

ZOREHIEEEZ RRBEEOMER R LT 2 & AERKGEMEE=4F 1 » 7H#HAETIL,
2017 FFE FE TIZ Z OB BAE A 8 2 TR S 7z pilidzz v,

2B, ZOREHEEIZOW T, BURE R CUUE FTREZR FN AL 2 M B A I L 7 /2R 18T
HHDTHY ., S%OWIROEST L 28 LWL OERICEWD, FERE, RELTW Z ey
HTh D,

_46_



Xk

ACGIH (2001) Documentation of the Threshold Limit Values for Chemical Substances, 7th ed.,
American Conference of Governmental Industrial Hygienists, Cincinnati.

Amet, Y., Berthou, F., Fournier, G., Dreano, Y., Bardou, L., Cledes, J., Menez, J. F. (1997)
Cytochrome P450 4A and 2E1 expression in human kidney microsomes, Biochem. Pharmacol.,
53, 765-771.

Andrews, A. W., Zawistowski, E. S., Valentine, C. R. (1976) A comparison of the mutagenic
properties of vinyl chloride and methyl chloride, Mutat. Res., 40, 273-276.

Asakura, M., Sasaki, T., Sugiyama, T., Arito, H., Fukushima, S., Matsushima, T. (2008) An
improved system for exposure of cultured mammalian cells to gaseous compounds in the
chromosomal aberration assay, Mutat. Res., 652, 122-130.

ATSDR (1998) Toxicological Profile for Chloromethane (ed., U.S. Department of Health and Human
Services, Public Health Service, Agency for Toxic Substances and Disease Registry).

Battigelli, M. C., Perini, A. (1955) [Two cases of acute poisoning with methyl chloride], Med. Lav.,
46, 646-652, [in Italian].

Bolt, H. M., Gansewendt, B. (1993) Mechanisms of carcinogenicity of methyl halides, Crit. Rev.
Toxicol., 23, 237-253.

Burek, J.D., Potts, W.J., Gushow, T.S. et al. (1981) Methyl chloride: 48 and 72 hour continuous
inhalation exposure in rats followed by up to 12 days of recovery, EPA/OTS Doc #878210221,
NTIS/OTS0206129, Cited in: U.S. EPA (2001a) Toxicological Review of Methyl Chloride, CAS
No. 74-87-3, In Support of Summary Information on the Integrated Risk Information System
(IRIS).

Bus, J.S. (1980) Disposition of 14C-methyl chloride in Fischer 344 rats after inhalation exposure,
Pharmacologist, 20, 214.

Bus, J.S. (1981) Methyl Chloride metabolism, CIIT (unpublished), Cited in: = x /L X — « B3I
WGBTS, M ENE N E RN U, RS TEOE N B RN B A% (2005) b
WEOYI Y A7 M E Ver. 1.0 No. 40 7 1 u x X (B4 : #i{k £ F/1). Chloromethane.

Chapin, R. E., White, R. D., Morgan, K. T., Bus, J. S. (1984) Studies of lesions induced in the testis
and epididymis of F-344 rats by inhaled methyl chloride, Toxicol. Appl. Pharmacol., 76,
328-343.

Chellman, G. J., Bus, J. S., Working, P. K. (1986a) Role of epididymal inflammation in the induction
of dominant lethal mutations in Fischer 344 rat sperm by methyl chloride, Proc. Natl. Acad. Sci.
USA, 83, 8087-8091.

Chellman, G. J., White, R. D., Norton, R. M., Bus, J. S. (1986b) Inhibition of the acute toxicity of
methyl chloride in male B6C3F1 mice by glutathione depletion, Toxicol. Appl. Pharmacol., 86,
93-104.

CIIT (1981) Final report on a chronic inhalation toxicology study in rats and mice exposed to methyl
chloride. Report prepared by the Battelle Columbus Laboratories for the Chemical Industry
Institute of Toxicology, EPA/OTS Doc #878212061, NTIS/OTS0205952.

Coles, B., Ketterer, B. (1990) The role of glutathione and glutathione transferases in chemical
carcinogenesis, Crit. Rev. Biochem. Mol. Biol., 25, 47-70.

Cummings, B. S., Lasker, J. M., Lash, L. H. (2000) Expression of glutathione-dependent enzymes
and cytochrome P450s in freshly isolated and primary cultures of proximal tubular cells from
human kidney, J. Pharmacol. Exp. Ther., 293, 677-685.

De Waziers, 1., Cugnenc, P.H., Yand, C.S. et al. (1990) Cytochrome P450 isozyme, epoxide hydrolase
and glutathione transferases in rat and human hepatic and extrahepatic tissues, J. Pharmacol.
Exp. Ther., 253, 387-394.

Dekant, W., Frischmann, C., Speerschneider, P. (1995) Sex, organ and species specific bioactivation
of chloromethane by cytochrome P4502E1, Xenobiotica, 25, 1259-1265.

_47_



Dow Chemical Company (1981) Unpublished data, Cited in: Clayton, G. D., Clayton, F. E. (1981)
Patty's Industrial Hygiene and Toxicology, 3rd Rev. Ed., Vol.2B, 343, John Wiley & Sons, New
York.

Dow Chemical Company (1982) Oral toxicity of methyl chloride with cover letter, EPA/OTS Doc
#878210218, NTIS/OTS0206129.

Dow Chemical Company (1992) Initial submission: report of chronic methyl chloride intoxication in
six industrial workers with cover letter dated 050792, EPA/OTS Doc #88-920002461.

Dow Corning Corporation (1992) A case control study of respiratory cancers at the Dow Corning
Midland silicones production plant (final report) with attachments and cover letter dated
022092 (sanitized), EPA/OTS Doc #86-920000833S, NTIS/OTS0535623.

Farber, H.A., Torkelson, T.R. (1989) Toxicology review of methyl chloride (prepared for the Methyl
Chloride Industry Association).

Fostel, J., Allen, P. F., Bermudez, E., Kligerman, A. D., Wilmer, J. L., Skopek, T. R. (1985)
Assessment of the genotoxic effects of methyl chloride in human lymphoblasts, Mutat. Res., 155,
75-81.

Gonzalez, F. J., Gelboin, H. V. (1994) Role of human cytochromes P450 in the metabolic activation
of chemical carcinogens and toxins, Drug Metab. Rev., 26, 165-183.

Guengerich, F. P., Kim, D. H., Iwasaki, M. (1991) Role of human cytochrome P-450 IIE1 in the
oxidation of many low molecular weight cancer suspects, Chem. Res. Toxicol., 4, 168-179.

Hamm, T. E., Jr., Raynor, T. H., Phelps, M. C., Auman, C. D., Adams, W. T., Proctor, J. E.,
Wolkowski-Tyl, R. (1985) Reproduction in Fischer-344 rats exposed to methyl chloride by
inhalation for two generations, Fundam. Appl. Toxicol., 5, 568-577.

Hansen, H., Weaver, N. K., Venable, F. S. (1953) Methyl chloride intoxication; report of fifteen cases,
AMA Arch. Ind. Hyg. Occup. Med., 8, 328-334.

Hatch, G. G., Mamay, P. D., Ayer, M. L., Casto, B. C., Nesnow, S. (1983) Chemical enhancement of
viral transformation in Syrian hamster embryo cells by gaseous and volatile chlorinated
methanes and ethanes, Cancer Res., 43, 1945-1950.

Heck, H. D., White, E. L., Casanova-Schmitz, M. (1982) Determination of formaldehyde in biological
tissues by gas chromatography/mass spectrometry, Biomed. Mass Spectrom., 9, 347-353.

Holmes, T. M., Buffler, P. A., Holguin, A. H., Hsi, M. P. (1986) A mortality study of employees at a
synthetic rubber manufacturing plant, Am. J. ind. Med., 9, 355-362.

TIARC (1999) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol.71,
Re-evaluation of Some Organic Chemicals, Hydrazine and Hydrogen Peroxide, Part Two: Other
compounds reviewed in plenary sessions, 737-747.

Jager, R., Peter, H., Sterzel, W., Bolt, H. M. (1988) Biochemical effects of methyl chloride in relation
to its tumorigenicity, J. Cancer Res. Clin. Oncol., 114, 64-70.

Jiang, X. Z., White, R., Morgan, K. T. (1985) An ultrastructural study of lesions induced in the
cerebellum of mice by inhalation exposure to methyl chloride, Neurotoxicology, 6, 93-104.

Jones, M. A. (1942) Methyl chloride poisoning, Quart. J. Med., 41, 29-43.

B (2004) {LFWEOBREE Y 2 7 PIHEHESE E3WEV ELw) 1017 mm A X2 H 3%, H1
.

BREEAK « RRBRBERARKEREER (2019) P29 KRG YLRIBUZ DN T (BFERRIGRWEE =X
U v TR ) .

BRI T KRR/ E S BERR (2000) PRkl 145 EEFR AT B IE RS 5.

PRI PESEE (2018) RSO A A PEBNRERG TR (b L3RR R,

PP PEREE, BREEE (2019) FFE(L P E DBREE~DOHEL B O % N O Bl O BB ORI BT 51k
A (L E iR E B R ETE) (128D < iR B &K OB B &0 NS AR B OS5 R
WZDOWT <PEHAEEE © SER294F B >,

_48_



FRMATHAL AW (VOC) HEHIA »o | U RS (2019) FRMEAIILAY (VOC) HEHA o |
UIiZoW\WT.

Klimkova-Deutschova, E. (1957) Research on the neurological picture in methyl chloride poisoning,
Rev. Czech Med., 3, 1-11.

Kolkmann, F. W., Volk, B. (1975) [Necroses in the granular cell layer of the cerebellum due to
methylchloride intoxication in guinea pigs (author's transl)], Exp. Pathol. (Jena), 10, 208-308,
[in Germanl].

Kornbrust, D. J., Bus, J. S. (1982) Metabolism of methyl chloride to formate in rats, Toxicol. Appl.
Pharmacol., 65, 135-143.

Kornbrust, D. J., Bus, J. S. (1983) The role of glutathione and cytochrome P-450 in the metabolism
of methyl chloride, Toxicol. Appl. Pharmacol., 67, 246-256.

Kornbrust, D. J., Bus, J. S. (1984) Glutathione depletion by methyl chloride and association with
lipid peroxidation in mice and rats, Toxicol. Appl. Pharmacol., 72, 388-399.

Kornbrust, D. J., Bus, J. S., Doerjer, G., Swenberg, J. A. (1982) Association of inhaled [14C]methyl
chloride with macromolecules from various rat tissues, Toxicol. Appl. Pharmacol., 65, 122-134.

JEAE (1997) AL A F /L ORI X B0 AJFHERERE R OME, B0 ALY A K, LA T L,
http://anzeninfo.mhlw.go.jp/user/anzen/kag/bio/gan/ankgd09.htm (2019.10.257 7 & R)

Landry, T. D., Gushow, T. S., Langvardt, P. W., Wall, J. M., McKenna, M. J. (1983a)
Pharmacokinetics and metabolism of inhaled methyl chloride in the rat and dog, Toxicol. Appl.
Pharmacol., 68, 473-486.

Landry, T. D., Quast, J. F., Gushow, T. S. et al. (1983¢c) Methyl chloride: inhalation toxicity in
female C57BL/6 mice continuously or intermittently exposed for 11 days, EPA/OTS Doc
#878213687, NTIS/OTS0206357.

Landry, T. D., Quast, J. F., Gushow, T. S., Mattsson, J. L. (1985) Neurotoxicity of methyl chloride in
continuously versus intermittently exposed female C57BL/6 mice, Fundam. Appl. Toxicol., 5,
87-98.

Landry, T. D., Ramsey, J. C., McKenna, M. J. (1983b) Pulmonary physiology and inhalation
dosimetry in rats: development of a method and two examples, Toxicol. Appl. Pharmacol., 71,
72-83.

Lasker, J. M., Chen, W. B., Wolf, 1., Bloswick, B. P., Wilson, P. D., Powell, P. K. (2000) Formation of
20-hydroxyeicosatetraenoic acid, a vasoactive and natriuretic eicosanoid, in human kidney.
Role of CYP4F2 and CYP4A11, J. Biol. Chem., 275, 4118-4126.

Lof, A., Johanson, G., Rannug, A., Warholm, M. (2000) Glutathione transferase T1 phenotype
affects the toxicokinetics of inhaled methyl chloride in human volunteers, Pharmacogenetics,
10, 645-653.

Longstaff, E., Robinson, M., Bradbrook, C., Styles, J. A., Purchase, I. F. (1984) Genotoxicity and
carcinogenicity of fluorocarbons: assessment by short-term in vitro tests and chronic exposure
in rats, Toxicol. Appl. Pharmacol., 72, 15-31.

LoPachin, R. M., Lehning, E. J., Opanashuk, L. A., Jortner, B. S. (2000) Rate of neurotoxicant
exposure determines morphologic manifestations of distal axonopathy, Toxicol. Appl.
Pharmacol., 167, 75-86.

MacDonald, J. D. C. (1964) Methyl Chloride Intoxication. Report of 8 Cases, J. Occup. Med., 6,
81-84.

McKenna, M. J., Burek, J. D., Henck, J. W., Whacker, D. L., Childs, R. C. (1981a) Toxicology
Research Laboratory, The Dow Chemical Company, Midland, MI, 48640.

McKenna, M. J., Burek, J. D., Henck, J. W. et al. (1981b) Methyl chloride: a 90-day inhalation
toxicity study in rats, mice and beagle dogs, In: Five reports dealing with studies of methyl
chloride pharmacokinetics and inhalation toxicity studies - with cover letter dated 071181,
EPA/OTS Doc #40-8120723, NTIS/OTS0511317, Cited in: U.S. EPA(2001a) Toxicological

_49_



Review of Methyl Chloride(CAS No. 74-87-3), In Support of Summary Information on the
Integrated Risk Information System (IRIS).

Mitchell, R. I., Pavkov, K. L., Everett, R. M. et al. (1979) Final report on a 90-day inhalation
toxicology study in rats and mice exposed to methyl chloride, to Chemical Industry Institute of
Toxicology, In: A ninety-day inhalation toxicology study in F-344 albino rats and B6C3F1 mice
exposed to atmospheric methyl chloride gas with cover letter prepared by Battelle Columbus
Labs, EPA/OTS Doc #878212058, NTIS/OTS0205952.

Morgan, K. T., Swenberg, J. A., Hamm, T. E., Jr., Wolkowski-Tyl, R., Phelps, M. (1982)
Histopathology of acute toxic response in rats and mice exposed to methyl chloride by
inhalation, Fundam. Appl. Toxicol., 2, 293-299.

Nelson, H. H., Wiencke, J. K., Christiani, D. C., Cheng, T. J., Zuo, Z. F., Schwartz, B. S., Lee, B. K.,
Spitz, M. R., Wang, M., Xu, X. et al. (1995) Ethnic differences in the prevalence of the
homozygous deleted genotype of glutathione S-transferase theta, Carcinogenesis, 16,
1243-1245.

ARANA AT oA Z— (1993) HIL AT LD T v bR~ T 2% FHWTZRAIZ K 528 AR
T AR R T

ARANA AT v AT Z— (1997) HILA T LD T v b RO~ T 2% FHWTZRAIZ & 528 AR
PR T

HAPERER A2y (1984) FFAREE EME(1984) DIRZEHLH, PEXEY, 26, 354.

Nolan, R. J., Rick, D. L., Landry, T. D., McCarty, L. P., Agin, G. L., Saunders, J. H. (1985)
Pharmacokinetics of inhaled methyl chloride (CH3Cl) in male volunteers, Fundam. Appl.
Toxicol., 5, 361-369.

OECD (2002) Chloromethane, CAS. 74-87-3, SIDS Initial Assessment Report for SIAM, 15.

Olsen, G. W., Hearn, S., Cook, R. R., Currier, M. F., Allen, S. (1989) Mortality experience of a cohort
of Louisiana chemical workers, J. Occup. Med., 31, 32-34.

Ott, M. G., Carlo, G. L., Steinberg, S., Bond, G. G. (1985) Mortality among employees engaged in
chemical manufacturing and related activities, Am. J. Epidemiol., 122, 311-322.

Pavkov, K. L., Kerns, W. D., Chrisp, C. E., Thake, D. C., Persing, R. L., Harroff, H. H. (1982) Major
findings in a twenty-four month inhalation toxicity study of methyl chloride in mice and rats
(Abstract No. 566), Toxicologist, 2, 161.

Putz-Anderson, V., Setzer, J. V., Croxton, J. S., Phipps, F. C. (1981a) Methyl chloride and diazepam
effects on performance, Scand. J. Work Environ. Health, 7, 8-13.

Putz-Anderson, V., Setzer, J. V., Croxton, J. S. (1981b) Effects of alcohol, caffeine and methyl
chloride on man, Psychol. Rep., 48, 715-725.

Rafnsson, V., Gudmundsson, G. (1997) Long-term follow-up after methyl chloride intoxication, Arch.
Environ. Health, 52, 355-359.

Rafnsson, V., Kristbjornsdottir, A. (2014) Increased cardiovascular mortality and suicide after
methyl chloride exposure, Am. J. ind. Med., 57, 108-113.

Repko, J. D., Jones, P. D., Garcia, S. et al. (1976) Behavioral and neurological effects of methyl
chloride. Behavioral and neurological evaluation of workers exposed to industrial solvents:
Methyl chloride, NIOSH Publ. No. 77-125, DHHS, CDC, National Institute for Occupational
Safety and Health, Cincinnati, OH, Cited in: ATSDR (1998) Toxicological Profile for
Chloromethane (ed., U.S. Department of Health and Human Services, Public Health Service,
Agency for Toxic Substances and Disease Registry).

Ristau, C., Bolt, H. M., Vangala, R. R. (1990) Formation and repair of DNA lesions in kidneys of
male mice after acute exposure to methyl chloride, Arch. Toxicol., 64, 254-256.

Saitou, M., Ishida, T. (2015) Distributions of the GSTM1 and GSTT1 null genotypes worldwide are
characterized by latitudinal clines, Asian Pac. J. Cancer Prev., 16, 355-361.

_50_



FHER, NI T (2010) BV AR D DI A TV B OHETE « ZERNAR A SRBINC L 57
7'n—F, KRR, 68, 45-48.

Scharnweber, H. C., Spears, G. N., Cowles, S. R. (1974) Case reports. Chronic methyl chloride
intoxication in six industrial workers, J. Occup. Med., 16, 112-113.

B RV X — - FE SRR A DRSS, W ENE P E AR 0, ST AT Bk N RSN H i 55
HEFEAE (2005) L OYII Y A 7 FEMiE Ver. 1.0, No. 40, 7 v r 2 % (B4 : H{b 2 F),
Chloromethane.

Simmon, V. F., Kauhanen, K., Tardiff, R. G. (1977) Mutagenic activity of chemicals identified in
drinking water, In: Scott, D., Bridges, B.A., Sobels, F.H. eds., Progress in Genetic Toxicology,
Vol. 2, 249-258.

Spevak, L., Nadj, V., Felle, D. (1976) Methyl chloride poisoning in four members of a family, Br. J.
Ind. Med., 33, 272-274.

Stewart, R. D., Hake, C. L., Wu, A. et al. (1980) Methyl chloride: development of a biologic standard
for the industrial worker by breath analysis, NTIS/PB81-167686.

Thier, R., Wiebel, F. A., Hinkel, A., Burger, A., Bruning, T., Morgenroth, K., Senge, T., Wilhelm, M.,
Schulz, T. G. (1998) Species differences in the glutathione transferase GSTT1-1 activity
towards the model substrates methyl chloride and dichloromethane in liver and kidney, Arch.
Toxicol., 72, 622-629.

U.S.EPA. (2001a) Toxicological Review of Methyl Chloride, CAS No. 74-87-3, In Support of
Summary Information on the Integrated Risk Information System (IRIS).

U.S.EPA. (2001b) Integrated Risk Information System (IRIS) Chemical Assessment Summary,
Methyl chloride; CASRN 74-87-3(07/17/2001).

U.S.National Insutitute for Occupational Safety and Health (1984) Monohalomethanes: Methyl
Chloride, CH3Cl; Methyl Bromide, CHsBr; Methyl Iodide, CHsl, Current Intelligence Bulletin
43, DHHS(NIOSH)Pub. No0.84-117, In: NIOSH Criteria Documents Plus CD-ROM,
DHHS(NIOSH) Pub. No0.97-106; NTIS Pub No.PB-502-082.

van Doorn, R., Borm, P. J. A., Leijdekkers, Ch-M. et al. (1980) Detection and identification of
S-methylcysteine in urine of workers exposed to methyl chloride, Int. Arch. Occup. Environ.
Health, 46, 99-109.

von Oettingen, W. F., Powell, C. C., Sharpless, N. E. et al. (1950) Comparative studies of the toxicity
and pharmacodynamic action of chlorinated methanes with special reference to their physical
and chemical characteristics, Arch. Int. Pharmacodyn. Ther., 81, 17-34.

von Oettingen, W. F., Powell, C. C., Sharpless, N. E., Alford, W. C., Pecora, L. J. (1949) Relation
between the toxic action of chlorinated methanes and their chemical and physicochemical
properties, National Institutes of Health Bulletin, 191, Federal Security Agency: Public Health
Service, Washington D.C..

Warholm, M., Alexandrie, A. K., Hogberg, J., Sigvardsson, K., Rannug, A. (1994) Polymorphic
distribution of glutathione transferase activity with methyl chloride in human blood,
Pharmacogenetics, 4, 307-311.

White, R. D., Norton, R., Bus, J. S. (1982) Evidence for S-methyl glutathione metabolism in
mediating the acute toxicity of methyl chloride (MeCl), Pharmacologist, 24, 172.

WHO (2001) IPCS Concise International Chemical Assessment Document, No.28, Methyl chloride.

Wolkowski-Tyl, R., Phelps, M., Davis, J. K. (1983a) Structural teratogenicity evaluation of methyl
chloride in rats and mice after inhalation exposure, Teratology, 27, 181-195.

Wolkowski-Tyl, R., Lawton, A. D., Phelps, M., Hamm, T. E., Jr. (1983b) Evaluation of heart
malformations in B6C3F1 mouse fetuses induced by in utero exposure to methyl chloride,
Teratology, 27, 197-206.

Wood, M. W. (1951) Cirrhosis of the liver in a refrigeration engineer attributed to methyl chloride,
Lancet, 1, 508-509.

_51_



Working, P. K., Bus, J. S., Hamm, T. E., Jr. (1985a) Reproductive effects of inhaled methyl chloride
in the male Fischer 344 rat. I. Mating performance and dominant lethal assay, Toxicol. Appl.
Pharmacol., 77, 133-143.

Working, P. K., Bus, J. S., Hamm, T. E., Jr. (1985b) Reproductive effects of inhaled methyl chloride
in the male Fischer 344 rat. II. Spermatogonial toxicity and sperm quality, Toxicol. Appl.
Pharmacol., 77, 144-157.

Working, P. K., Doolittle, D. J., Smith-Oliver, T., White, R. D., Butterworth, B. E. (1986)
Unscheduled DNA synthesis in rat tracheal epithelial cells, hepatocytes and spermatocytes
following exposure to methyl chloride in vitro and in vivo, Mutat. Res., 162, 219-224.

A (2018) &5 #iqt. httpi//www.customs.go.jp/toukei/info/ (2019.10.25 7 7 & )

_52_



