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1. WEICET SEFNER

117t F7ILTE FOYELFHMESE

T FTTE KL, WEECTENREEL2ZONH Y, ONVBETII T V—T 4 —72F D 2 OB
DEEEOWE TH D, iz, @WBIKELORIEZE L, K, Y=FLo—T/)b =X ) —)VED
—fRIREAI E BEIZIEfT 5, 7R T AT B ROERYEILFERINEIZE 1oLBY ThD,

X1 7EF7ILTE FOYMEBILZEMMEE

i © 441

Lt :0.788

[ELY ;. —123.5C

Wh = . 20.2°C

AT : 101.3kPa (20.16°C)

TR DK, VEFAT—T IV X ) —)VEROVREE L B BIZIE,

* o B )= tiRE . log Pow = 0.63

PR : 1ppm =1.80 mg/m3, 1 mg/m3=0.56ppm (25°C, 1,013 hPa)

1.2 REIRGEREIRE

1.21 E D7 F7ILTE FREIZEET 5285

T RT AT RIIMOHEE L DRI S, WIS N7 M7 v7 b Rk, K, P, O
g, FWicoms 5 (HARREEE (WHO) 1995) .

EMIBITLH=Z )=V KT 7 AT e FORBRERKIZIM1OLBY THhd, B hOEERT
R AT RREERILI b2 R TICRET 27| 747 v RBKFEEFE2E (ALDH2) Th
D, MR E LTF 27 msP450 (CYP) 2E1%2 3 HREHREAH D, FERMEITIZLLTO LS e d
DB D,

Baraona® (1987) %, =% / — LA A&E#OE FOMEREZHE LZEZ A, MHFTE T LT
RO, & 0%k ENRMER TR Hiv, RMLEFOT & 7 A7 b REEZMEROK10ETH -
TeEHELTWD, £, O7 ' 7Tk RikFERESRE (ALDH) (21347 < & b 4RO DFE T
L. 2 hay RUTIZHFET HALDH2S KmfE (R A=V AEE) O bERWEERETHLZ L, @
ALDH2IZ I E B T2 RN FE L, 48THFEBDOT X VBN I VA I VBT D BHAERT LV * 1D KT
(ALDH2 *1/*1) TIXBHEERE L, REFNY o ThrERAT LV *2075K%F (ALDH2 *2/*2)
TIEAHHEER 22 & @lE O~T v TIERENEMEILH 223, ZOIEMEIZERWZ & @AAKADHK
A0% 1T T L L 2% %A L, BKiE% O R (flushing) &BE L TWA Z L2 LTV 5,

Takeshita® (1997) X, ALDH2 *1/*1%%, ALDHZ2 *1/*2%O ¥ N O EFEH %4 AN120.4 mL/kgD
UAAF— (=H 7 —)VHR) 2R EE, REEHIC~EZ vy —T7 % T VT v RN E DL,
R LT, EORER, ALDH2 *1/*P3ClE, BUBERICHE TOREEE 27 L2y, 2RI —E
Thole, —FH. ALDH2 *1/*28IClE, 1. 3, 6FRFEIZICIREITEINIIIN L7, 72, 8IADHAA
BT E O 5 ) — ABTE & AN O1ElF 5541 CTldk, ALDHZ2 *1/*28 O 558 O HMHE NHETH



W. ALDH2 *1/*2R D7 7T & FREPNENZ EBRHL LR LT D,

Peng® (1999) 1%, 7 /v = — L ik g # 275 (ADH2) & L CTADH2*20 7% % (ADH3 & L CADH3*1
DREEZNENIFEMKICRS, ALDH2E UCTALDH2 *1/*1, ALDHZ2 *1/*2, ALDH2 *2/*2D % EiL
9 A E RO E ABEOEFEE A6 NI H 7 —/10.2 mg/kgZ R F ., 20~13053 2 12 77RO ER I %
fToThH7E T LT RIBEZHELZE ZA, B— 7 RE (BA7: umol) FLA3KI1:24: 75, AUC
AT X DR (FAL : pmolxh) 23U @ 48 : 228 L 7e o7 L HIE LT 5,

Kunitoh & (1997) 1%, 2 7 1 Y — AIZEIF ANADPHIK T & K 74T b Rk 27 4 (MAOS)
OEHFEF 2 RN BT, BRICEBL S E72e FCYP10REEDO 7 & N7 /vT & RERLIEMEZHIE L
7o ZORER. BERIFICHEBLSE7o 8 FCYPTIXCYP2ELIA IR IC@mWWEME AR L, HICYP2E1IHUAIR
meEBWHEBEEZ R LT, F2, A AVBEINROFELHIECIADFIONDOE MFI 7 1Y —A
CYP2E1#& & MAOSIEM: & (T @V AR 2R L7z (r2=0.88) . LA EDOFERL Y | FHiLt F TIZCYP2EL
PMAOSTDO EEREFE TH D Lk DT TV D,

Vakevainen® (2000) 1&, 20 ADO7 7 NZHIRE (0.5 gkg) O=% /) —LVx=Efi L, ALDH2%
B MR OT7 ' 7T B RREOBEZHR 72, 2045 Z & 1272400 MHIE L72MER 7 & 7L
T RREE, ~7T nZBRAO 7 NTIRIFERADI3N L0 2~3fF@E <, ~T n ZRAL D605 O Mk
hT7E R AT e FREITEETIREDLITH 7, ZORRENS FEFFMERTIZ S5 7T 2 k
TNAT e RBREBAICHRLS G L THWDDOTIERWMNERERL T 5,

Eriksson® (1996) 13, ETT L a— UKIFIED 2V A NP L OEREE (KHEIZIEEIE) 2xf5 &
L. 88 - 77 A& 555 (Study A) LB FEER (Study B) #%EM L, =¥/ —1L kD
TERNTATE FREZHAE L7z, Study BTIZAMEL Y ko7& b7 7 FRERE S, FF
ICET A T VA=A TIIAEICE -T2, Study ATIE, EFAREMOSET A 7 V4 — V&
PR, K= A M T U= AWMLY T2 T LT e RBENE < R OGRS A T, A
ethinylestradiol S EE CIKERE L VL7 R 7T & FIRENRELS . 7T T VT e REELZ X K
7 VA= VIREITIEORR (r=0.406) 23 -o7c, ULEORRLY ., 7 M7 7 v FREHTIEIMED
b ZEBHLNE ST EHELTWD,

Tillonen® (1999) 1%, BRENEIERENC L7 M7 AT € FEAFEIZOWTRAET 2 HRYT,
5B NDMER Z I L, 7 7 AT b NIREE CTHEiR B - ARIREERRIC 08 L7z B C, MERINEERE 2 B
FEL, pH74TxZ¥ /—/VERMLUTEEL, 78 NTAT e REAREFHANT, TOME, BN
miREH CAHRICZ Rt &N (78% vs 47%) . £7=. Candida albicans 7> F72FE (88%) Th V|
R EERED O 0 S V72 C. albicans | JARIRERED O 0B SV C. albicans O 7 N7 VT & REEA
BEDNEI D> > 72 (73.1 nmol ach/10 6 colony -forming units vs. 43.2 nmol ach/10~ 6 colony-forming units.
p=0.035) ., ZOFERNG, —HDC. albicans I\ T T VT e REAREEZA L, SEICL S0
ZENFED A DBREIME FRIER TH A 5 L EH ITFROT TV 5D,

Homann® (2000) (%, 326 ADEREE 24U NEF OB & 78 F 7 VT & ROPEAEIZOWNT
A L7, EORE, B L N R b RO EN DO T & T VT e REAMERTHY . Ak
BARREN BRI NG DT OWTUL, fEmd 72 olz, o, 77 AGHERME EFBRR T2 N T
NT e REEAIZERE LT\, EFEOIL, EETHEE D ATk 2 BUE & 2 BB O RZNRIZ OV
TOEYFRIRINT IR D00 LIV SRR Tn D,



CH3~CH,0H

ethanol
Alcohol dehydrogenase (ADH)
C,H;0H + NAD* — CH3;CHO + NADH + H*
CYP2E1
C,H;0H + NADPH + H* + O, — CH3;CHO + NADP* + 2H,0
NADPH oxidase & Catalase
NADPH + H* + O, — NADP*+ H,0,, C,H;0H + H,0,— CH3;CHO + 2H,0
Xanthine oxidase & Catalase
v Hypoxanthine + O, + H,0— Xanthine + Hy0,, C,HsOH + H,0,— CHyCHO + 2H,0
CH;-CHO
acetaldehyde
Aldehyde dehydrogenase (ALDH)
CH3;CHO + NAD* + H,0 — CH3COOH + NADH + H*
CYP2E1
CH3CHO + NADPH + H* + O, — CH3;COOH + NADP*+ H,0
v
CH3;-COOH

acetic acid

1 I&/—J (CHsOH) &7+t F7ILTE R (CHsCHO) D

1.2.2 IMEOT7E F7ITE FREICET 52HE

O L HEEERIT, X Fa2> FUT7OALDHTH Y . RM(bE CRINE=T® 7 AT
ROKER G N S35 (Matysiak-Budnik & 1996) , ALDHiEM:IE, &, H. A4 (Quintanilla
& Tampier 1995) | & (Morris 1997) . ks (Koivisto & Salaspuro 1996) | K5 75 #

(Jokelainen > 1996a ; 1996b) ZETHIZ I T 5D,

SDZ v NI OW AR Z1T -7 EZBRTIX, 78/ 747 b Rk, S, B, i, L.
D BRI LTS, AREEE O 72 DI TR C ORI K o 72 i ST g

(Hobara® 1985 ; Watanabe® 1986) ,

Kunitoh & (1997) i%, 2 7 1 Y — AT HDNADPHEFMET & R 707 & REg{by 27 A (MAOS)
DEHEREHFREZ RLNZTHNT, 7y Mo 7 — L zih L, MAOSIEMEZRIE LTz, 7=, Bl
DT v FCYPDT & M7 T b FERRLIEEZJE Lz, TORK, =% /) —LOf5T, v b
MAOSIEMEIF2.3(%51272 Y . Vmax/Kmbt (Vmax : e KEOGEHE, Km : I 7= U ZAEH) 2 HIEAFR
7Y — AOREHRIT2405 127 o 72, KT v FCYPTIL, CYP2E1 X &b 7 & b7 v & RERLIENE
nE<, CYP1A2, 4A2B ki iz, BLEoZ & kv FHIZCYP2ELR T v FMAOSTO £ %72
MR THD LmOT T D,

ZOMOFREE LT, COIR~ T RIZTE N7 VT e RERENES LA, IRIICBITL, =
)= NERESLEBETOLRENS T R T AT e Rk &z &9 541798 (Blakley & Scott
1984) R, =¥ ) =LV ERHAEEGE LEERT, 7 T AT E IR Sz L 3 585

(Westcott & 1980) EF3 A STV D,



1.3 FERIE - BAE (BHE) 12O\ T

TERTLVTE ROWABBEICHEHEL, B Ty NOREMESELZRF LI RSE & LT
Teeguarden © (2008) M ZF 5115, Teeguarden® (2008) 1L, B NERO'T v hOSVERNIZEITS
ZER]DWNE T WAL LTeBUEGRIA /1% (CFD) 7 /L& Al BRI T AR EE R (PBPK)
TN EMHEEDE (CFD - PBPKET V) . 7 b7 FT b REWABRE LK RE ERZICBIT5
T NTVT v RROKFEA A (HY) ORELZMG L7, CFD -+ PBPKET /UL, KB ENZGRE CTh
LD XD RBOGMED & % I AMRSCRLFIROWEICEM ATgE & &vd (U.S.EPA 2006) . Z DfEE,
ALDH2*1/1%RE L= BT MZEBNT, BB, R EEOWT T, RERREOHEII - T,
TERTATE NREETE T AT FREEZ, 7y FThe FTH, EMAITHEM LT, 72720,
MEITE NOHFRREDoT-DIZH L, BEZE FOFBPEN-7, HYREIZ2METEML, & o
JiDME Do T2,

IS, FoWBEOREMELZTRTHDOLE LT, TE M ATE RERARESEZT v P RO~
ATEWEER~ORENREINTEY, 7y TR EEZ (Appelman® 1982, 1986 ; Dorman ©
2008) . v U ATCIEM LR (Oyaman 2007) O A3 5R< EBE ST Tz,

FENZE () (2o TiE, A 1.2 ALK OMERNERE] TR TWo &k, & FTIZALDH2
DEAZ T T HALDH2 ([ZHTRINAFE L, BEERCEADIIREHEER 72 ~T vk (*1/%2) TiX
REHEEIIA BICIRY, ALDH2 ZERMORAFRITIIANFEEZNRH Y | £ d1 A FTIE10~60% DEIE
TALDH2 *2/*2 XUZALDH2 *1/*2 73 S, BARANTIIR40% TS5 (Baraona® 1987 ;
Takeshita® 1997 ; Peng® 1999 ; Vakevainen® 2000) ,

b h DO RPEMIKICIH T 2ALDH2IZ DWW CiE, MIEFFIN R Y7267, B FZ2ROFEIIONTH
T3 7 E WA 72N DS, A DTeeguarden® (2008) 73, b ~ DO &PEHAKRIZIIT 5 ALDH2 23 OFE%f
FOTEMED I & [F C & e L. CFDET /L & PBPKET V& MAB DR T-E T /L T ABREE % O & |
FIZBTDREEZRF LIZE A, B TEZEICE2T7 2 T AT RBEOZESCPHO ZITZ DT )T
0% L DHEERIRZ/FTND, R ERZFIZE DL, ALDH2*1/%1 Ot MIH~TALDH22/*2 Dt
N TIE10 ppmBREFEHFIZ T LT & FRE T6%m <. pHT1%RWW EHEE S, 150 ppmlEEERE TIX 7 /L
7B NRETO0.6%m <. pHTLL%EW EHEE STz, PLEDRERN G| RIREIREICIS N TS, &l
BT R T AT RREHC LD 7 VT 7 o Al coHPEL (Bitk) 12x4 2 ALDH2
DEFGIINE <, —HOFERSEM (BERE, &) F Tk, ALDHIRER T 7 L7 b RGO
T HRETHDH LR NTWD (Teeguarden® 2008) ,

BB, ZOETNVEHNT, 7 v h®ONOAEL (No Observed Adverse Effect Level ; #7:1E&:) 50 ppm
(ZFEYS 95 B PR E (human equivalent concentration, HEC) #:k$ % L 67 ppm & 72V . ALDH2
ZHRINHECIZ G- 2 5 BT CX 2 RRETH -7 &) (Teeguardent 2008)

F72 ALDH2ZT L 72 F T VT & R~OBRGTEOEZME L OISR E et L7=iFgEd#RE & L C.Oyama
5 (2007) BT N5, Oyamab (2007) X, Aldh2/ v 77 7 h~U A (Aldh2/-) EEERID~
U A (Aldh2+/+) Z[AERICRNIREE S &, WH OB Z R LR, SO ERICIRS &8 (&
M) ORAEFRLEBEIIFRRE CTH o/, LOLARB G, M ERZA~ORBIZOWTIE, FFICHEIEE (500
ppm) TAIdh2/ v 77 7 h~UADHFRIFAR T Z L0 D AREMEDORERNEL, HED
RELEN- T,



Z oMz, HEICETAMENRH D FEOEAMICB W TLEITBEEL Y 72 F 7 A7 e RMGH
DIELS, ARBEEEET A2 LRI TS (Eriksson® 1996)

2. HEHEEM
21 EHRAMRVEEFESE (ZREMH)
211 SEMEHE

21.1.1 A
<HEMNAICHT HEFHRE>

TEFTATE FOE bA~DOENAMIE S 2 TEREAIIEE R 2ITF L DI,

WHO (1995) 1%, Bittersohl (1974, 1975) X KA YO 7 & F 7T & R LEZEE ONARBIEE
CgEEE OBIE ARG L 7o R A2 LT a0y, BUEOFHEEDN S Tnien 2 & o kP B ORI
BN DD END, TR FTATE R L OBEIIHRETIIRW LA LT D,

KEBRERET (LU [US.EPA] L5, ) (2000, K7 7 ) I1x, Ottn (1989a, 1989b) A3iEIiNL
Flfk O EMEIEE120 N GEAR V% U N EB2 N, ZRMIEEHIE20N, Y > WERMmPBIA, U
FMPERILE18N) IOV TN L7z = A — b UEBIRBFFE 2/ L TV 523, oW O [RIREIREE 3
HO., TEMTATE FRE L OMEIIAR TRV EREL WS,

1990 RATLUBEDAIZEI K 0 . T v = — L hikFERE#E (ADH) L ALDHOBR 7L L 5 &RH
BO(EVE) OfE, $72bb. ADH3*17 LV (BUEIX, ADH1C*1E %K) 3% /=@ Th
57 % NTAT e READOEM, ALDH2*27 LWIET & b7 AT e RR#OBIEICLY, T TV
TERICEDEBZONDHNAY AT O EAPRHLNERSTND (R 2K 0L, K% 2001 ;
Yokoyama & Omori 2003 ; Salaspuro 2003D#&70) , FNA U A7 O _LEFHNHE STV D EALIE
EESEALE . KM, BEE, HETH Y KRCALDH2*27 LV OERBEEOENT VT AN TIE, B
HILEDEWY R 7 PBIEINTWD, 2B, EEHLE R ORI A D X 5 IR RFTOIFHED AN DN T
X ORENER OB E M - B - BRICL D578 T AT b READEE LTV 2 ATEEMEIC SN
THIEM I TV S (Jokelainen® 1996a, b; Tillonen® 1999;Homann & 2000;Salaspuro 2003)
TNHOHEZ, BB L=y ) — /AGHED & U THNRPEIZEASINDSG T T AT B RICKDE
P72 R Y A7 O ERAOERTHDD, 7T INT AT REREBAY X7 IZET 5 &— 2R,

— BUS BRI BT D IR0,

[EFE S ABFZERE RS (TARC 1999) 1%, B BRI O W TR N A D43 72 3L (sufficient evidence)
1 5705, B FOEFWTRIT OV TEREN AMEOFEHLIZI A 14 (inadequate) THDH E L, 7 /L—72B

(The agent is possibly carcinogenic to humans) (238 L CW\W5, D%, KB 78 T 0T
t FOBEFZRIZ L2 EEHE (BiE, OFEROWASH, MEEH) OB U X7 2T D2 5EHER %
HEl, TAra—LBEBORRICHEI TE R TATE FIZHOWTIEZ/L—7 1 (The agent is
carcinogenic to humans) (Z03E L C\% (TARC 2012) .



K2 ELOEFICEHTIBE

Yokoyama ® (1996a) 1%, ALDH2ZE{r 1 & &IED A DOBEROMHTT 2 BEI T, 2> DJEF|*
TehkFEh LTc, B Ot TV 3 — U KIFERE x5 & LI2AFZE T, ABE T1991~19954:(C
BEN A LW SNTA0 ND BT L 3 — URIFIE R ZEF], 19914 [FRPEIZ ABE L TWEIER
ERADT T — ) URTHERE % T 4 M55 NBIR L TR & LIERIRT e Ch 5, 7ba—
JARTFIE DEE N ABE DALDH2 *1/%1, ALDH2 *1/%20 NEUFZ19AN, 21N, XHREETIZ48 A, 7
ANT®HY ., ALDH2 *1/*20 ALDH2 *1/*1\Z %19 5 4 v X137.6 (95% (5 HEX [ (95%CI) : 2.8~20.7)
LAEETHoT, H O, FET NV a— KFERE 2 k5 & LIAZE T, BBt CRIEN A &
T ST 29 N D FEEGEE 2 IEE], AL S MR B OBGEE 28 N & X & L7 ERIXHRIFZE CTh 5,
JEBIEE DALDH2 *1/%1, ALDH2 *1/*2134 %8 A, 21 A, *IFEEEII23 A, BAT, 4 v XhiF12.1

(95%CI:3.4~42.8) LHETHH-T-, YUk Z & XV, ALDH2 *27 L )VIZEENAFREDOFR N
A7 THY MFP T T LT e REESEEN AR EEREE 2R 2 LRI I,

Yokoyama ® (1996b) 1. 1,000\ HA AT /L a2 — LAK{EEBFICEE B g — N @2 & TW
REEREZFM L. NAORER LM, BE, ALDH2%R & OB %258 LT, 53 A A HH%2H
WZHRALTEEZK S, 36 A RIER N EED A, 16 ADHEIR A, TADNHHIBRMAEA A 9N &
WHEEMESE R - ERES Aoy LA HRIBIRNS A Th o7, BENABRETSNCEENANDH -T2, 2
ABFE EIED AR, Fl, AR, BB EIT o 73, BRUVE (7 ¢ A —XTHERD |
L BEWE (50 pack-yearll ) 28U 27 K SHE T, ALDH2 *1/*2P ORARITAEN AT
19/36 (52.8%) . EMKEAMETHAS A T5/9 (55.6%) . BN A TT7/8 (87.5%) TH Y, Higuchi®n (1995)
2K DIEMA DT IV a3 — VARIFIE BB 655 N D D3 AR HHE80/655 (12.2%) &L L CTHEICEET
Hofo, LEOFREREL D, BE SmREOH, BB I3 >OYV R 7y 7 2 —LE 2 b,

Yokoyama® (1998) 1%, ALDH2%H! & B3O AMET 572, HARNT Va3 — /URIFREDS A
BE23TAN (SIHEAMEEAA 34N, BIERABTA, BRABBAN, KIS A46 N, ITiED V18N, filis
TN, ZDMDODBAIN, BEEDPAVIIN) K OFEIENABEI8TAD Y - "EKDNADALDH2%M %
M LT, FEDABEF DALDH2*27 U OVIRAREEIL9% CThH 1 . SHIAMETA A BHE TH2.9%., A
DABRET52.9%, HNABRE T22.4%, KIGHABRET2LI%EAEFICERTH o=, £/=, SIHH
MESHZS A« B S AN RERET D B IE D A D B TILT8.6% Td - 1=, 4Filin, fIil ., MUE FHHE1% D ALDH2*2
T VIARE O A X, SNHEAMESAA A11.14 (95%CI:5.09~24.36) . BiE2YA12.50 (95%CI:7.23
~21.61) . B3 A3.49 (95%CI:1.64~7.44) . KA A3.35 (95%CI:1.51~7.45) | Jitins A.8.20 (95%CI:
1.27~53.15) | SUHBAMESADS A« BN AICHAEMET 2 BB A A54.20 (95%CI:11.561~255.23) LA E
THoT=M, N A (v XL 0.71) RFOMONATIIAETIE o7, ZORRE, 7k
TIVT b RS B EAE DS OTAL DI ANZHT L TCH&ERZ R L TWDH I EEZ R LTS,

Takeshita® (2000) X, ALDH2%%!, 838 & TR A OB A A3 2 HAY T, 1993~1994
R\ SR LRI E2095 B 0 B A A D AFRII S AU ERE 102 A CBME85 A, ZetE17T N) ZJERI & L, . 4F
i, RIS BE L2126 NA R (BME101 A, ZetE 24 N) & U72SERIRIRIFIE 2 Eh L 72, 8k
EERIZOWTIE, IM%215 mLOfi—Z ) —VHESREE L, 5E30FEDOHIBHIZOWT 1 HeH7eh O
WS a7 v a— )V RFEE L Lo, i - BUEFRRES O 2 RHEMGES 4O/ A4 LLE) o4 v
A132.7 (95%CL:1.3~5.5) T - 7203, ALDH2% R & 1 3B8E L7220 o 7o GREEA » X1, 95%CL:
0.6~2.1) , AFTERERN ST, AN AN OWNTIET B M7 AT 8 ROBEEIFZF ST, 7/ra—
IVEERNEAENTRINEAS AR AEICEE G- LTV D 2 E DV RIB S LT,




Muto® (2000) 1%, 31 ADFESHI A A A ORIERIE S % 2 — FY@ % (multiple lugol vioding
lesion, LVL) ZNHEEHICEIZ L. ADH3, ALDHZE (G L O 2 bt U7-fE 5. 17/311243%
LVLA#Z &, ALDH2 ZERE TIIAEICE -2 (66% vs 29%, p<0.05) , L2rL., EHITZ
DFERIZHOWTITADH3E O E 72 < . ALDH2ARIEMEIC X A IEREO T & 7 07 v ROEE
D3, EERGEHELE R D S AMEZEACIZE R Z R L TWDADTH A H LiEim O T\ b

Matsuo® (2001) X, ABABY X —ORENAEFI102AN (B8N, ZtE16A) %fﬂﬁu Ll
IR A DHFIEE 241N (BHE118 A, ZME123N) ZXFIR & UIIEFI A se 4 9k L7, £ &l
# (50 mL=% /—/V/H. 5AMELL ) OREFIBE TALDH2 *1/%1, ALDH2 *1/%20 AN¥I322 A .
46 N, XTPBEECIZ22A, 4NTHY . ALDH2 *1/*20> ALDH2 *1/*11Z ﬂ“éiﬁ” PR BRI, R
Bt DA v X1316.4 (95%Cl:4.41~61.2) LHE Th-oT-, L. ZEMEELSORER EE T
ALDH?2 *1/*1, ALDH2 *1/*2D NEUE13 A, 20N, xfHEET104 A, 92ATE§>D 4 XLi$1.68
(95%CI:0.78~3.62) L HETlX/e~o7=, F7-. ALDH2 *2/*23% EfHE LISMZ R S, JERIH
FHTIAN, HBETIONTH =, b a2z Th Ay XHi31.37 (95%CL:0.60~3.12) T, f
BTl ot

Yokoyama ® (2001) (X, 7 /b3 — URIFIED BIEN A BFE 1IN EIER], FEN ABE526 N % xR
& LT SEBISRRIFSE ©. ALDHZ2 *1/*204F ., M, B, BRIEFRFEG O A4~ X apE « FEgEss Ao
T20.8 (95%CIL:6.62~65.5) . THHTE « #MHETENS A T28.9 (95%CI:8.66~96.6) L HE T 7= &
ELTWAD,

Nomura® (2000) (%, FERNABEFI9IAN (BHE121A, LMH70N) | FERAEFI121IAN (B1E69
A B2 N) DIEFIXTREMIEZ FhE L, BEE OFISIEREE THEIZE S (60% vs 27%, p<
0.01, F¥=% ) — N {4#54.3 g/Hvs 45.9 g/A) | #EHE TlX, ALDH2 *1/*20D QM A BEH TH >
132,99 (95%CI:1.1~7.8) Thoizt @t Lz, F7=. Katohn (1999) &, HFENAEEI2A
(BEB6 AN, ZotE36N) | FEDNABEL14TAN (BN, LthEb6N) OIEGIXFRAFIE 2 FhE L. HGE
W& oAy X OFEREMTR<, 2O X5 REHTIZALDH2AZ X 54y AHOFE 28N 72
MoTo A Lz, 72720, 2 OSUTMBEFEE D 7o STV 7220,

Harty > (1997) 1%, 7=/ b U 2 CTHEg STV D OFER AIZEE T Dpopulation-base studyd—
BRE LT, 13TADOEENAEE & 146 N D% IRIZ SV TADHSZ M B4 2 SE B 5 FRATF 78 & S0 L
7o FEER DADHS3 *1/* 1385+ BUZXT T 25T L EOfKIEE D ADHS *1/*1, ADH3 *1/*2,
ADHS3 *2/*2& RO OFEN A A~ Xt (95%CI) 1%, % %40.1 (5.4~296) . 7.0 (1.4~35.0) .
4.4(0.6~33.0) TH -7z, ADH3 *1/*2X X ADHS3 *2/*2Zxt 9 %5 ADH3 *1/* 138 (xR0 O FER A A
ALi35.3 (1.0~28.8) TH 7=,

van Dijk 5 (2001) 1%, 120 NDEREI A A & 133 NDXRR & %1 5212, ADH3%RZ B9~ 2 SEH%f
HRRIF G2 2 J2hifi U 7=, SRS O A E IR % D ADH3 ylylDM o #Z A FI2kt4 5 4 » XH1%2.10
(96%CI:1.05~4.22) ThH O, PTHEEFHE TITN3HEDO U R T ThoT=,

Tiemersma® (2003) 1%, 1995~200041Z F i S 4L 72 RIGBIFR A CHREARR Y — 7 D& 72433 N
&L IRERER Y — 7 D72 12436 A D ADHS3Z 2 ST OSEFI FRBFZE & it L 72, #0135 &«
EBIZARY =T DY AT HRTH - 7o, AR TIHECHE LG BRSO L2 &GERED
ADHS3*1/* i85 AN TV BGEREO M OB T AUk 5 4 v XIE1.8 (95%CI:1.0~3.1) A&
ThHoT-,

Coutelle > (2004) 1X. BEE ORI DHADHICEH ORI HOW T, FREEAGEIL AR




FILTAN 2~y F LERNATIE R W T L a— L Bdg e (P2, Bk, 7L a— URTEIE)
BF1LACOWTEETFERAHRE LT~ ADHI1C*17 VIABEEIINABRE THEEIZE L (62% vs
41.9%) . ADH 1 C*1/*Ii&fs R3O B+ AICx LA v XE231.8 (95%CI:1.431~2.330) & FH

IJE%%:I%JZ])O 71::0

<HEMNAIZET HEMMER>

TR FTAT e ROBFENAFEBRICET 5 FERMR AR I LT,

Homann® (1997) 235 L7-fR N 5B CTlL, DADOREIT R sT-bO0, HET® T VT

NICHRER S D EERHALE TR B DTTHED A2 AL, Soffritti s (2002) ik M F5-525k TIF K
g CIIRVWb O, AE. M. KR, FE. BHET. Vo SROBERESEM L7 & v ) ®iERN
ENTW5D, 7o, WAREIERCIX, & (Woutersen> 1986) <CHMHZH (Feron® 1982) %D k&
DS A DR LLHRIIIREE D i@ W E CRIKFFIICBIZE SN T D, A == —%— (BaP, NNA) %%
AiG- L, 78 F 7T e FOT rE—2 —{EH 2~ EZRICOW TR, £ORFIT R TIE R0,

fimm e LT, miREOBMBABBEERTIX, EICT v NOEE NARZ—OIHIHTHERBAD
FHAENR G, OO TIX, BNADRAEITIN > TRIBRRILEDFERBAENRBD b, £
7o, W AMREER DO B Tk, BEIE ILICH b 6T, RSB & FREONRAVDRENR AL LT
BY. uﬁéﬁk%ftﬁi@%ﬂ%%‘@fﬁ% LR ADBRM TR TRIR E TN D,

728, TARC (1985,2012) 1%, @ ERIZOWTIIR DB AMEO 43 723E L (sufficient) 235 & L
T35,

x 3 BYERRICEYHIHE
ARE SRS

Homann® (1997) 1%, Wistar7 v FiZ120 mmol®D 7 & R 77 & RAKEIR I3 /KIEKZ8 % HH

5.z, &, OHF, AT EHEY L, MlaEsE~— % — (Ki67 nuclear antigen) . Z3fb~—7—
(cytokeratins 1, 4, 10, 11, 14, 19) ZGEMMRA L, LEOYEHELZHE Lz, FEHRCIEE
BAIFAE Lo, WTROMALICENTH 7' F 7T b REGHORE LR bR E
Tcytokeratins 4, 14734ut X4, M, BREE HICHFERELZRL, TE N T AT Rids
fbafRtE LofER & o Tz,

Soffritti® (2002) 1. SDF v MI104BEOHRL LT AT REOT & F T AT b REKIED A
FEBr ()¥2,500, 1500, 500, 250, 50, 0 mg/L) ZFEfi L, LA FOMEREE-, (DEEESOS
AT, O 1ZBRWCHERICHEM LT, (2)%&?&1%%5%%%&@ TEEOA, ABRANEE
[N L7=, (3)Zymballl, #MEIE, FI&E, OFED DRI EREOMERETEIN LT, (4R RE
TORMNANTHIEENTITEAE Uiz, B)F « /INEN AITEGRE CTHIERIIZIE A Uz, (6) 5 f1E il o f e
I BEERBROTHI L2, (7) 250 mg/LEE =N ANREAE LTz, (812500 mg/LK 850 mg/L Tl
HHPRENEIN U 72, Q)R TR U o SHHE R A D Rk 2 72 FRBE (23N L 7=,




Woutersen®> (1986) (%, WEEWistar” »~ N2, 6FFE)/H, 5H/E, 277 A, 7 s 77 E R

0. 750, 1,500. 3,000ppm (3,000ppmiZ-DOV>Tix, 208 LI ITH & (CHRE 2 KB S, b2 T
1,000ppm & L72) ZWABREE LTz, HETITAEPERY LD A0S, 1/49, 1/52, 10/53, 16/49, &M%
HR23 /030749, 16/52, 31/63, 21/49, M CTIXEMER - LA AM, 0/50, 0148, 5/53, 17/53, &
JBR23 AU 30150, 6/48, 28/53, 23/53 & MRFRIREEITIKAF L CHAAFAERDHIM L7z, Lol BRI
VX EARAEE X 22 o T, Fo, B2 TIREZ T L, 260 DEIEFERAIT o I-RELITO R o T
BEO DB AFERITITZE T 2 D o T2, BPEDAN O/, ZE . WHEEN A OMEPE AL 1L 2o 72,

Woutersen & (1984) 5} UXWoutersen & Feron (1987) 1%, Fit27» HMOERE 4T LT, [
UHg 2 5o CHEREWistar 7 » MZH52IHM OB AIREE 21TV, £ D%, 26, 521 M OEIE I 2581
TEEDRLZBIEE LTz, fERE LT, 2B M DOWARERL TRAIZS O Bz, B ER TEM:,
WA, AU OIERRIGMIR A N BEE (Z R B v, BRERIZREE L 7228 A D 3E4133,000 ppmF 1L
(SPERE LR A) OB T o7z, 260A O EIEHIFFIZIEC UL DToOIZEH LT » b
%, 277 HEIOFEBR CRIHICET LB ERIRETHY . 2607y N TRIZEREDH -7
Pix (#E0/0, 1/3, 5/7, 12/18, M#E0/1, 0/3, 4/5, 8/12) HIXEF U ThH-o7c, 7o, ZNHDT v
N CIEREEERZE ORI X 70 < | K « IR EERE O E R LM OB L DL o 7o h3, 2
FEBICL > TEVWREIN TS Z E LB b7, 52l ORIEHIFKE T%ICITE R L b4
DEE S —HRA BN, BEE TICH 20D L TIEORENRLONIZZ LG WAREE TAHL
To IR TR S OB AE S~ & 1T 2 FIREME 2 /R TRV o 72 & LT 5,

7o e—4 —{EfHFER

Feron (1979) 2k 5 &, SGHLARZ—IZ7 & N7 /7 & F1,500 ppm% TH§fE/H ., 5H/E, 523
M ARTE L= L 2 A, Flix OKBEOREEIZH - 7208, BANTRE L hotz, SGHLAK —
27 TV T e &S0, EilHSUIMRE CRENE G L ERTIE, 7T T LT v REREE
TEE ZAFHOIREREZE (L (adenomatoid lesion) 1XFA4 U772 BN IEBHIFA L e o 7=, BtExTif &
LTOXRY(@E Ly (BaP) HMIEFE, N-=btr Y Y= 7 I (NNA) HMBRGE T3k~ 722
JEE N3 A L=, BaP+ 7 705k K, NNA+7+® R7 L5k RTIET7® M7 L5k Rick
LA T,

0.0625~1 mgMD5EPERE DBaPZ K ENE G Lz L 2 A, BaPHMBEOXER D AR AT
3/30. 4/30. 9/30. 25/29. 26/28, BaP+ 7% 7 /LT b R ARETIZ1/28, 5/29. 8/29. 16/29,
29/30CT & T T & RIZ K D& oT,

Tkawa® (1986) I2 k5L . NNAZMEVENEE LT-F344F v MZBWT, Il 2/391551% o AT
FEFEIC KIET T2 T AT 8 K (2.5, 5% (1.66. 2.75 mg/kg/ BFHY) kOS5 (Bk) ) @
IO SR o T,

Feron® (1982) 1%, SGNALAX—|ZT7® b7 /7 RO, 2,500 ppm (2,500 ppmiZOWCik, 9

T LA I35 2 (I 2 A S8, 5218 C©1,650 ppm & L72) A 7HFM/H. 5H/AE, 5238 M ABRE <
., 20 BRI OEEEBRZ1T o 72, T OFER, KOEMD A DFANRES/29, HES/20 & xtIERE (e E 1
FAOIL) LML, ZROERMEERANBETH ST, ZOWAREEIZIZ, 0.175, 0.35%DBaP
0.2 mL% 1[8]/58 O E TRAE N G-, X1%0.0625%DNNA0.2 mL % 1[51/3 O#EFE TR TG L=
B ClX, BaPEiRERE (0.35%) T7 & 7Tk KA (+) & (=) OKGEDAFEERNIHEL9/30,
22/27, WE7/24, 16/29 & HIN L7,




21.1.2 EEFESHE (ZERY)

£ ATBIFREEERICET 2 EmR a2 R LT,

JFRZAIIRZ 31T % in vitroD EBFE R I OWTE, #ER DR <HER b —EH L TR, b FOH)
Y OERZMIEIZ 31T 5 in vivoX(Zin vitro?® FEERAE R D B I3 RIFVE N OCDNAKSAGME & b I ORE R
DEHME SN THY, B FEEENREIND,

x 4 BERFEEHCETIHME
b Ml D 28 F PR ER

Morimoto & Takeshita (1996) 1%, ALDH2%%! & KR4 U o REROflikYeta /3 (k75 (SCE) D
FRIZOWTHHAE L, I ER B R O KGE E TN A CIXALDH22 52 K 2 SCEME ~D 8T
IR T RE R B OGN H CTIZALDH2 *1/*1RFIC%F L, ALDH2 *1/*2X 3 ALDH2 *2/*2# CSCE
BENERICEN ST EWE LT 5,

Paradis® (1996) 1%, WO DI ATF LIS ADENMET L a— VHEEF O AR Z Hu,
ftAcetaldehyde-protein adduct (APA) HUAGEY I LD APAOFNRTEZ RS L=, SAEE
THFIgA AN ORI/ R, ~OL Ao Y — AR TG S vz, M/ MaikiZcisterna IZRE L.
LAY — Aldcore matrixIZ R LT e, BEIFRHERE D2 N & ITREZ D2 NIiE, GHAEIL & i
SHL, EAUD TR, HIRRREE N O EIZ RS LT e, #fE(L L T 2 3587 TIEmh S 25
DHMRRE DHBEHEIR O3 DN IREFH I et S v T,

b~ U UNERE W2 FEZER T, Wik R sc i (SCE) KOG (CA) A ERAFIIICH
To®H 7= (Badr & Hussain 19771th) .

Hel Lambert (1990) (%, b RV L 8BkZEZ FWZ3ER T, hprt locusiBln A RN TH-TZ L
LT3,

b MR Y Bk E W2 SZEBR T, SCEDMETH - 7= (Obe & Ristow 19771t)

Singh & Khan (1995) %, #ff7z v Rk Y > /8% 0, 1.56. 6.25. 25. 100 mmol® 7 & K7
LTk RE L BT L, alkaline microgel electrophoresisi: CTDNA®D —AEHIHT (single strand
break ; SS) . —A#UIHr (double strand break ; DS) #TE& L7, 7% F7 /L7 & K100 mmolkf
T, BREER T 1412050 O, DNABE 28I L7z, SSIZ7 & M7 /L7 & F731.56 mmolll EOFE,
DSi3100 mmolDHETHEIZHIIMN Lz, BRI TR OEEPBIE ST, Ml L7ZREHIT DWW
TiE, T M7 AT e ROEER, 0, 7V = PHNER, 7rA ) o7 LEITh0 . M
JADT RN =V AZFE LT THA D EfimS b,

Blasiak &> (2000) %, & bV gk, BRI, REBREEHRIC, =%/ —AXix7 &' N7 0T
t NOHMIETE, LOWGORRREZFEmL, 2 Ay N T vyeA2E L7, 7 N7 LT E RiX
Cofc L TCh s R 7 B LT,

W) - B D28 B

Korte® (1981) 1%, F¥ A =—ANLAZ—OFHiMifaz V2 ERIZBNT, 7 T VT E R
IISCEZ#FH LI LTV D,

Bariliak & Kozachuk (1983) %, #HR13H O T v MIT7 & M7 /V7T b RERERE G L7EBRTIL,
24 DRI W TCAR G Th o7 L L T D,
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C. elegans TITBIA AR, v a vy a UNT CIIMEREAARSIEBIEE R, Aspergillus nidulansT
YRR BESR R &y HAZEN TN E NPT o7 (Greenwald & Horvitz 1980fth)

Vicia faba TIXCAN G, Allium cepaTiXCA, SCE, /MZillr (MN) 235METH-7- (Rieger
& Michaelis 19601t)

Wangenheim & Bolesfoldi (1988) 1%, ~ v AU L EL5178Y Hifiithimidine kinase locus Cl3i&
IR RERBEETH -T2 LTV 5,

Bird® (1982) %, SD7 v b2 R i TRMAe CIXCARER, MNRER DX GETH -7 L L C
Wb,

HRATO~ 7 AR TIESCERBRDG1METH - 72 (Obe & Ristow 19771th)

JERZ IR D 28 B IR e B
JEEEHRE D S. typhimurium CIEEE T ARNENE, [F U < E. coli WP2uvrA TlIiE s 1A BN 2H &
Tt 1 #ETEMETH 7= (Veghelyins 1978fth)

BARFL L ORET

Fang & Vaca (1995) X, +4HIRODNAIZT & 7L T b K&z THET 55K & EC57B1/6
~ U ATGMM T ) =V EAKREZPOK SETHFIRODNAZ i 5 Eh & FEffi L, 2P 7Y
PIEERHWNTON L, SO ER, 3 OOLE LI Z R L, EERAMAINERIX
N2-ethyl-3’-deoxyguanosine T - 7=,

Vaca® (1995) X, 7& 7T & ROERFHEOEHEIZOW TR LI, 7B T AVTE RET
FXRVRI VAV RERIESEDLE, FIVVSOTEFR IR LAY RBIMEZIER LT, X
JISEE LTRT AR T T ) >T AR T T )0 >TAF T VT, ENENIME, 2,
VO IMEZ TR LT,

Migliore &> (1996) 1%, VU ' RER/MEZIZE S Fr AT 77 —7 DOfluorescense in situ hybridization

(FISH) ##Atht T, etk R EFHREWE & BEMEFEME LW T HA 7 ) —=0 TIEEER
L. ExDOT7NVT kb REIZOWTHE L, TOREE. diethylstilbestrol, diethylstilbestrol-
dipropionate, griseofulvinlZFEMFEHRME L L CHERT D2, 78 M7 4T b RIFYEREFF
W L BENEFRWE OW G OERZ "4 Z LR LN E R 5T,

Costa® (1997) 1E, & VU U NEMIfEZ VY, In vitroT2-7 V7 V7T K, 72 KT AT E K,
VIRX T H Y HiltET NV LA et T Te R, e 7k T T e R, T/l
A2, NTHENVLAT VT B R, Mega BlueD5EEDIRE L)L TCDNA-Z L XIEI7 R 7

(DPX) #ME LTz, 7' M7 AT FITARLREEAE £ 517.56 mmolifII Tl TDPXA A EIZH
ML, ZOEBRRTIIFEMIZDPXIZMEIZ /2 B2~ T,

2.1.2 EEFHME

[EIPEHEBASE I K D E &Rl BT 2 A & 5lcE LT,

Wistar7 v FENAER CTHE SN RIEN AL OT — X BRI FIEREZENR ALY 2710 5121
T HHEE L LTH pg/m3 (U.S.EPA 1991) X°11~65 ng/m? (WHO 1995) 23#i% <#1. Environment
Canada and Health Canada (77 #8854 - R4 200001, TCos 86 mg/m3, TCLos 28 mg/m3 & #:
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HLTWD, £F7ZWHO (1995) 1%, EXEDORIEEN BN AICEHFEEGTHZ E2EE L, BEOH 5N
AE L LT A OMARRE & L 7T0.8 mg/m3x#itrr LT 5,

= 5 ERFEH#EAFOEETEOME

U.S.EPA (1991) i%. Woutersen & Appelman (1984) ®OWistar” v b % H\V 7= W ABREE FZ5k C15
DT B WED R EEN A O DR FEIRE L R AR ORRE b L2, MIEZEEET VEHWT
T RTNAVTE ROENRAOZ=y N A7 %22x10°6 (pg/ms) EFHE L7z, ZHEHWTI0 5D
ATERFEPEN AV A7 RIS T DT T AT ROKRKHFRESE LT 5pgmd3E W IHEEZHE LT
Wb,

WHO (1995) (32207 7a—F 2H/RLTW5, 12HIL, 7 7T & ROREMED SR
AEEFHET 2 ik TH D, TENT AT E RIZL D EXGEORBEB R ANCRKRELS FETLHZ &0
O, BIEOHDRENAME L L, £ OMARRE % Tolerable concentration (TC) &EF L=, 7 b
FRGERFEONOEL (No Observed Effect Level ; #E#%&) 150 ppm (Appelman® 1986) (2,
AL, FEFZE, REEMIFICEE T o RHERMAE (35410, Zh b OREOR L L T1,000) 23k,
TC%#0.3 mg/m3& Uiz, 22HIE, BN AA D =X LT LMHEN TS TRV EnD, BIEZE
B5E 71T % Global 824 FIV T, 10 5ORFEN A U X 7 IZHIST DIEZRDIZ, MEET » F D&
Vel 325k (Woutersen > 1986) M HalMHE T 5 &, 11~65 ng/m3Th o7z, LarL, @it TIE,
FEONOELITHE N AFEBRO L~V LD T/ NS WD T, BIROREIBZE CORBAY A7 1TT oL
RnEEXBNDE LTS,

7T FEREEA - A (2000) 1L, Woutersen® (1986) OWistar” v b & 7= W ABg#EFEER C
BHoONTZEVEOR RN A, BRELE O BB A ORGERE & RAEROBEGRE D LI, WriiiREoD
MR B U P A e R R | R (6/24X5/7) L7 ETHIBZBMEET L2 vy, 5% D78 ViR AT
FA24 3 % carciogenic potency (TCos) K& ONE D95%CI FIRE (TCLos) ZHH L7-, TDOFER. BT v
h Tl b mWWEE A2 R TfE & LT, TCos 86 mg/m3, TCLos 28 mg/m3%ZHH LT\ 5,

2.2 #FHLAMUNDOESH
2.21 SEMEFHE

2211 2EH

£ GICAMERIMEICE T2 FERMRE R LT,

bt NEREE IR T, 25 ppm (44 BIREE) UL E TGO B RIERZFFZ D &V o Wi dh -
7o, BAL OEBHERD 550 ppmDBMERTE CILERBIIE LRV EZZONTRY, BEOWEIC
IIER EORERDH -T2 ERERMEN TN D, Fio, EREKBERILEE 2T 2 & OGP, ik
HAMIC X D e FEFEHEMIE CIX. ALDH2 282 X 0 R R, MR R O RMEREIR ORI X R 20 |
ALDH2*2 ZEBRMT LV H T HBECRAMERNEATH -7 T 2WED Ao,

#HOLDsok LTIE, 7 v hT660~1,930 mg/kg, ~ 7 AT1,230 mgkg, W ALCso& LTiX7 v ~4
BEC24 g/m3, 30537 T37 g/m3, /A AKX —4FFf]T31 g/m3& WO ENRHRE STV D,

Y FEBRTIX, 72 N7 AT FOEIREREE - &5 CTHRMR R OKEER - S EE A BIE I
T,
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& 6 SMESEICETIME
t MIBT T4

Silverman® (1946) 1%, 12 AOEFAEIZHT 254 BIRE (GEHfEZ2 L) 50 ppm (90 mg/m3) @
T RTATE ROISGHEBREICLY . TO5ENIBORIREFF 2720, TG0 03 S0 D il % 3
Z 51213200 ppm (360 mg/m3) UL EDEENVITH-7-E LTS, 72, 25 ppm (45 mg/m3)
DIRBERFE L, BADBRNEEFZZE LTS,

Sim & Pattle (1957) O3 L7214 NDOEREE FZHRTIE, 134 ppm (241 mg/m3) O7 k& T LTk
R D305 [HEEE C, REIC FRGE~OBREORIHA R bz E LTnD,

Muttray & (2009) 1%, 20 \OEREH CEEFR2565% OIEBIEE) 12874 ERETO, 50 ppmD T
T N7 AT b RAARFRIRESE S, DEMZICHERE S THREREICOWTRAE Lz, ZOREE,
T NT AT B ROBREIZ X DHIBUERSCARREE TR, o7 % ) —/VORERBEICHREL
Dolz, Flo, O EREREICEEIL R, Bthos o 2—a %18 (IL-18) IL-8
DR, TL-1 8 CIL-6, IL-8, MEEEKN T o (TNFa) ZOmRNARBUZ LB o7, ZD
728, 50 ppmDAMERE TIERETAE UV EE 2 B, Silverman® (1946) O TiEA /LA
TLT e ROPREERCIBENHIE S TWR-722 & Sim & Pattle (1957) O IZFEMIA AR T
DT EITNZ, BET v o N—NTOBENTFI TN Z ERREEE 2 b,

Peng® (1999) i%, ADH2*20D 75 & ADH3*1DRE T EhlakkcfH . ALDH2 *1/%1. ALDH2
*1/%2, ALDHZ2 *2/*2 QXL iiE ) WA FF O E NEFEOEBEHE A6 Z ) —/10.2 mgkgZ X
FH, 20~ 1300 ICEHTIEIORIMZIT> CIIHF 72 F 7T RIBEZRE LI 2 A, B — 7 BE

(HANZ : pmol) FEAMIL ¢ 24 : 75, AUCIEIC X 23R (BT : pmolxh) 231 : 48 : 223L 720 |
BRAT VLV EFTHHTTE N7 AT NIZEETH 72, ALDH2 *2/*2 OEREH TITLHEL
DA R, B E - AREBIR - NSABR MG 2 I U, SR & IR T Lz,

Takao® (1998) (%, M EHEKIZ30gD =¥ /) — /L ZMEECFEViZHIET A0 X ) —)Lik %
B A I L., =& ) — Vs B3 AERNALDH2 *1/*1. ALDH2 *1/*2. ALDH2 *2/%2 O B#F T
% %3116 (19%) . 10/14 (71%) . 2/2 (100%) Th ol &b, =X 7 — Uik B O JFIK A3 i
Y M7 AT e RREOHINTHD EHEEL TV D,

Wilkin & Fortner (1985) %, HIERDE MNEFEEI2AICL DT N T AT B RT5%KIEKD 73>
FT7 A NTIE, 2RICEEBIHENRON-ELTND,

FEBRT — 7

WHO (1995) Tid, HREIREEZIZ X 28 0 LDsol%, 7 v hT660~1,930 mg/kg, ¥ 7 A T1,230 mg/kg,
W ALCsol%, 7 v b D4FFHT24 g/m3, 3047 CT37 g/m3, /NARAX —@O4FEH]T31 g/ms & i T
AV

Phillips (1987) IZ. 7 v MIT7 & FT7/T & RK750~13,230 mg/m3% B L 7= FEBR i, XV »ig
BHICEN R BN, BT I AUONa/K ATPase RSB ML7-E LTW5b, £7-. 7T RT/LFE K5
mg/kg & JEPEN HE B G- U728 Tk, KIMEEICEIb R R oz LT,

Heap® (1995) 1%, 7 F7 /LT b ROMMIRILA b L AHERS F—33 U REHRICE 2 D E 4
et L7z, HMEWistarZ v b (IKE ; 70~100 g) 25 mmol/kg (220 mg/kg) 7% R 7T & K& fEHE
N#H- L, 4, 12, 24, 48, 72, 96. 1208 D7 h 7T b NIBEZHE LT, 7k F 7T
t NIRRT - e - B CRaMKIc BA L. 4R 1250~60 nmol/g tissue & 72> 72, E D%, K,
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JHFlEE CIE BB EE DS L, 12K TILZ 424110 nmol/g tissue, 3 nmol/g tissue & 72 57,

A8IFE]ClLufig, i CO nmol/g tissue & 72 > 7223, M TIE12015[E % £ T 4 nmol/g tissueDIESE %
HEEEL QW 2, Mob X T —8, JVEZF Ao ~vd o4 —BiET ER L=, SOD, ZvXF
Fo U Z T 2 —=BIERRED b ole, MR R—/33 2 M OBHT &L, 48~T20F & ICA B I
DU, 120MFMZICEE Lz, 7R 7 AT B REEICELY R— " OREEEE EH Lo, SR
IZIEF 7 o708, HEHBIERER (visual discrimination test) Tli., 8 7ot A OMEN RS-,

2212 GHREESHERUVEEY - 8BS

F TR R K OB - (B MEREMEIC BT 2 B LA R LTz,

Ty NEDOITF oA AW EMEREZ D & ROEEGIER WRB~1DEM) <X, fiE oA
1t FFIOZEMED 2 B, NOEL X IZNOAELIZ120 mg/kg/ A FRE CTH > 72, W AR IR (28 M~
2MEM]) TIX, EREEIIEHE T B N7 AT b RIOREIND RO R, Mk EREOEMETH -T2,
INHOWAREEEED S B, Dorman® (2008) M3 HARVWVEEEMEE (50 ppm) % & Te13MH D5
BREITH-> TR, BESEE~DEE)3150 ppm (270 mg/m3) LA ETHOLN TV D, PRI D%
L LT, SiRE (1,000 ppm (1,800 mg/m3) LA E) OBREEIZIVT, iR EEN, ETHR
DOIMES A LI,

REOE RO E LT, 7 a— L OEICBIT 278 7T e ROEEDBH LN/ TET
W5, R - BREIBEGEIC K272 N7 VT e RIREOEINN, % 37 AR, BE— (R8s 27
I, DHRERE. AIE ST D RO DAL, BB A R LA ZAT LTI b3 — /LD HAE DR AT
BEITHEEN, TERNT AT E RBRT A — LIMHEOR b EERFINEEZ SN TS (Zhangb
2004) ,

x 7 BHREESUHERVEEMN - EUHESHICEATLIHE
v MBI LT —X
Chen® (1999) 1%, FEERKED T /L 23— UAKIFIE420 A &t IREE689 N2>\ T, ADH2X ALDH2
LR L TV 3 — VKO B & AT L. ADH2%1/%1 + ALDH2*1/%1\2 %+ %5 ADH2*2/*2 +
ALDH2*2/*207 )V 2 — )UARTFREA > X 130.01 (95%CI1:0.002~0.10) . ADH2*1/*2+ ALDH2*1/*1
\Zk B ADH2%*2/*2 + ALDH2*2/*20 % X130.06 (95%CI1:0.008~0.45) &AL T\ 5,

Amamoto® (2002) 1%, FEBUTEE O ILATIC BT 2 BIEILTA & Zoth1,478 NiDW T, ALDHZ
2L EDOBIEIZOW TR Lo R, M L EIIFREA 20 Effim L T D,

Zhang® (2004) 1%, 73— VILHIEICET2T7 2 7 AT e ROBEEZ L Ea— L, EHH -
EMIWEGEIZ L 572 T LT & RREOHEINN, ¥ VX7 EEk, B8 8 AT A, DTG,
AAE 2R T D ROSHE DB, B LA LA Z N L TT v a— VLAEDRAEICE 525 L
WO, TE NI AT KRBT Va3 — VDEDR b EERFK ThH A 5 Ll L T 5,

B IR T — & (N R SR % OB 1 R 520

Til5 (1988) 1%, MiHEWistarT v MZT7 & R 77t F40, 25, 125, 675 mg/kg/H . 4H[#R O
Beh (k) Uiz, ZOREE, 675 mg/kg/ B #& 5B OMERED AT E (2 AL Z 1 18/10, 8/10DE|
ATHIZ S, NOELIZ125 mg/kg/H &z b= & LTW5,
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Matysiak-Budnik & (1996) (%, MEWistar” v hiZ0, 20, 120 mmol (7 & F 7 /L7 b REEE
50, 120, 500 mg/kg/ HAHY) OT7 & FT AT b FEKE1LEMROERE (k) Lz, AR
BiaFEM L, PR EZHE L E 2 A, 120 mmolBEIZI\V\ T, Zone 1T4.8f%, Zone 3T2.4
fEDOFFAIE I MEIENAZE M (microvesicular fatty degeneration) 23fRH &Av, S PEAENG & & BN
L7 LTS (p=0.06) . F7-. 120 mmolEETik, 7/10/CIZIEMBEDOERNBIE SN, =¥
S =NV FEIC X DRI 2 sl i 2T G5 LT, 156 ghkg/ARHEINTEY, 7k
N7 AT e RIZZEDORK3% (0.5 g/15 g) DIRETEMEZEZ LizZ &2, =& 7 — /L XDV
EEMEEZAETLIEZ2 NI E LTINS,

Kruysse® (1975) I3, ZO[LEO)‘/UTVﬁ‘~JV?‘V/\AX5'~LZO 700, 2,400, 8,200mg/m3 (0,
390. 1,340, 4,560 ppm) D7 & b7 AT RE6REH/ A, 5A/E, 13WEHEIRARE Lz, ZORR,
8,200 mg/m3fF THUR DIRIE, fifi & OO ST H RO, #lE L&@ﬂﬁ/ﬁk&whﬁk BT R
R OEMER DT LTV D, Rio, @RI mit & MR & 5 MR ZFEIE L, WA,
i LR EE Sz, U EORRIBNOELIZT00 mgm3 & B2 b/l LT 5,

Appelman® (1982) (. MEfEWistar> ~ M&EEIOVCIZ, 0, 720, 1,800, 3,950, 9,000 mg/m3 (0.
400, 1,000, 2,200, 5,000 ppm) A7 & b 7/LT b RZ6WH/H, 5H/AH, 4K ARTE L=, <
OFER, WERES,950 mg/m3Ll_EORETIEEZREEM, 41,800 mg/m3LL_EDORE KL OMfE9,000 mg/m3HE TR
I OIHE], 79,000 mg/m3EE THiDHXTE B, 720 mg/m3LL D4 TORE TR |2 D2,
3,950 mg/m3LL EORETENE LRALE A H -T2 LT 5D,

Saldiva® (1985) 2 EWistar” v hiZ0, 437mg/m3 (0, 243 ppm) D7 & 7 /LT b K% 85/
A, 5AG8, SHEMW AT LTz, TORE, 243 ppmf TR _EFEOMBER, SFERIENK X, BEREM
FRAREDHIN LTz, TROBR OB R TR0 o7z,

Appelman% (1986) 1. HEWistarT v MZLL T D3 ODOEETT® R 7T R&6#/H. 50/

. AT ABRFE & 1T -7, 1) 0, 150, 500 ppm®D 7 & h 7 /LT b K& 6WeiEk: L CIgET 5, 2)
1) ERREDT & N T VT v R A& SRR +1.5RFF IR (L +3IRF MR EE DN % — U TIREET 5, 3) 0,
110, 500 ppm®D 7 & N 7T b K% 3HFEIRE+1 5 ER L+ MIRER D /¥ — o TR+ 5, 7277
L. 1HOBRERHERICA4E], F8[EI63 M O IR EREE (ZNENORERED6RE) 2175, €D
g, 1) OFMETO500ppm T, Appelman & (1982) D400 ppm TH. HAL7cH D & [FEED SFfED
M DOEMEN R bNTz, £z, 2) 3) OERUETD500 ppmTHM EROEWRR b7, 3) D54
T D500ppm Tl AREOHMIHIA R Hiiz, 1) OFEEHENHSHNOAELZ 150 ppmE LTV 5,

Aranyi® (1986) (. SEMialZx 3 2 E#ERHERERE LT, CDO~Y Y RIZTE M7 LTk K324
mg/m3% 3WFfH]/H . 5HMIREE Lz, TORER, Mill~ 2 v 77— OMBEBREREN 15%M L7273,
7 RUERREIC X ARG IZITEE 52 ol LTV,

Oyama® (2007) %, HEDOC57BL/6~ 7 A (Aldh2+/+) 20, 125, 500 ppm®D 7 & ~ 7 /LTt R
Z 14 F REARGE U CRle bR ~D B EZ RO -8, FORREITR EEZ XY SRR ERICHELS B
2o 72, RRM~T AR LA THER L7-Aldh2/ v 7 7 b~ % (Aldh2-/-) % [FERICIRE S
T HBAERO~ 7 A (AIdh2+/+) & g LT iR R B A~ DB DWW T W ¥ A 7 & 6500 ppm
TR ZEMENF CFAER (20%) TRO LN, FFR ERA~OEEIZOWTAHD &, BARTIEIDY
5 AN3125 ppmT1/4PC, 500 ppm T1/5PC, 403125 ppm T2/4PL (FFEEEE) | 500 ppm T3/5JC (#%
Pa~rpaEpg) ICRO BNz, —Ji. Aldh2/ v 7 T b~ A (Aldh2/-) Tix, M EREOUS AN
500 ppmT5H/50C (9 5 1/BILHESES) « 223125 ppm T3/4PC (&) | 500 ppm T4/5PC (F1%E
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JE~FEE) 2RO bz, £, Aldh2/ v 7 7D h~U A (Aldh2-/-) TiX125 ppmbPh ET&EPED

B FOHIMMAED Sz, BEMTIIRALNRhoTz, ZOFREND F@L&«@%ﬁ’iﬂiﬁ54’7
D~ ATIRIEEIT A SN Do T2, B B ~DREIZ SO\, Aldh2/) v 7 7 7 h~D A
(Aldh2-/) DJFF 3 5sAERLEFEOFRE N R E < Bliv, 500 ppm CZ O 2358 H - 72,

Dorman® (2008) [, 60@/%%@#%F3445~y ~Z0, 50, 150, 500, 1,500 ppm®» 7 & k7 /LTt
NAZ6REfRI/A., 5H/E, 13HEMEZE L, 4, 9. 14, 30, 65[FIMEFERICHEE120C %2 B L T PR~
DT, %@n’i% %t’?ﬁiiiﬁﬂﬂf\@%ﬁ’iﬂéiﬁﬁ\o710 @%&L&@F’?L&ﬂzé %500 ppm
PLEDORETARIREN DA BEICE WIER THA LIV, WIEAAIT500 ppmit TlX14[nligEE 1,500
ppm Bt TITAEIRFTEN S, KIEIX1,500 ppmAE T14[m], 65[0HRFE TﬁiumW%EﬁfﬁEﬂﬁo
¥, M _ER D2 (olfactory neuronal loss : MRFAHFRMIAL D) 13150 ppmlL_EORE CT4[nIREEE >
DAHBIZEWRERTHA LI, ElbD A2 150 ppmbl TIXIEIEZEN S 500 ppmiETix14[a],
65IEE . 1,500 ppmAETIE9E], 30[E], 65[EIEEFE CHEICE N> T2, 1,500 ppmAETOMR [ fz DZEME
@Ayﬁxﬁ%ﬁ@z}:ﬁz@ﬂgm o THIEEZ M L2 LSME, MO Z b b b D Th o7z, Hilnoig
TP IR, R ClE150, 500 ppmAf D 14[EBEFE . R 2 TiX1,500 ppmAED4[a], 14/, 65[E[I%FE T
HEIZE N T208, DNA-Z > X7 a 2 v 7 (DPX) OB ER R B THR LR
77

¥, A CIEAHEFELREB0Z F 72 U A 7 3HEOFRBE D R S TWIZDY, RHEFARE D NER
IERBATH-7-, LiaL, USNRC (2009) Ti, FrEFMREIIMAIZES, N2 (EAZE) 10005
720 13EMOWAREIZ X 5IZIEE L CHNOAELREE CIHMEEOREIT RN EZEZOBNZZ
EMOIERIMNICE T 2 AR RE L E2 DR RS TV D,

YFEERT — 2 (1B IERIESEER)

Bankowski® (1993) 1Z. 7 v MI7 & b7 /LFE FDO, 0.05% (0. 40 mg/kg/ FAHY) IHik %6/
ARRO#EE (BK) L7eFERTIE, ZOHMEFNRERITATILEN, 0.05%FEE 5 CHIEICRIT %
a7 —FUBREOHMABEINT-E L TND,

T 7 A EREEA - R (2000) 1E, BAAERR L LT, MEEWistar 7 ~ MZ6RERI/B, 5HAE, 277
A, 7 77k F&0, 750, 1,500, 3,000 ppm (3,000 ppmiZDWVNTlE, 2008 LAREIX IR 2 12
JE 2R S, 521 T1,000 ppm & L72) DR TR ARG L72EBRFERO S b, IERDAZEICH
‘é‘én’d‘% IOV T, Woutersen® (1984, 1986) . Woutersen & Feron (1987) . Feron® (1985)

& E D, BIER LR O RTMEEE A, FEER M O ERE & A {kIZ DWW T OLOAEL

(Lowest Observed Adverse Effect Level ; fx/ElEE) 2750 ppm & A LT 5,

2.21.3 £EFEEMN

T N7 AT e RO AEFEICET 5 FERMAELR 8ITE LT,

Hard®» (2001) i%. ARBD (alcohol-related birth defect ; 7 /L = — /L E#E AR RHE) (CE3 25X
k225, 72 7T e RABARBDOJFK & U CEEREE Z J72 LT D &0 IRGERIZRHT 2 %711
REFRDDH LRI TN D,

) EFRIZ OV TR, HB MR IR TONE, FE K O EaH O EEK T 731,340 ppmll FCEIZE
ENTZEVIMERHD (I FEREEE - REEE 2000) . 72, T FTAT B ROEENEGOMR
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(27 FTVT e RERI LI E TR LT in vitro OFEBRTIX, BIKFINIRE~DERE, ¥
RERERBESBASNTEY (WHO 1995) | MIaHEMHOMETHD 2 LAVREEN TS, Lol
IR ORGEREITE N CHARENTH S,

® 8 AERAESEICHT IHME

Hard® (2001) 1%, 7/v=2— VS HAERFK4E (alcohol-related birth defect, ARBD) (225U TC
1980~2000-D Lk # R L, 7 b7 /47 & RBARBDOJFN & L CEEARKEEZ R LTWD &
W) REIETT D PRI 3R N b D LM L T D,

WHO (1995) %, b MOBRBERE CTH LN - WABRZELDSOHEEAN (0~1,000 mgkg) - FHk
W (62~320 mg/kg) - FRKNFEORKICLDT v b, 7y MR~ T ZA~OEETO11ORETE
PEEBER AR L, 2< OERCTRIKGFMICRATNE, PRAFRENBEIN TS EHELT
WD, 7272, REICBT 55Rli3 1 DA TH D,

Kruysseb (1975) 1. v U 7y —AF o nARAX—(Z, 1,340, 4,560 ppm®D 7 & N7 /LFE K
% 6RF[E/H . 5 H/AE, 133 W AR U 7= 28k Tl I B L OB E O EHE(K T 231,340 ppm
(2,412 mg/m3) DL ETHEIRINZE LTV,

Menegola® (1995) %, 7 /V& FA4 L (GSH) °% OHIBEAD N-acetylcystein (NAC) 287 & b
TNT b ROWEMEICE 2 228 % et Lz, fR9.5H D7 v M &% 1 mmol®GSHE KEHEHRIT
& % 1-buthionine-S,R-solfoximine (BSO) & & $IZ18Fff#E & L, 30 pg/mLOT & 7 L7k R%&
WL T, & BIC30WERIEETE Lz, BSOIZIFEEDOADOGSHAK T S8, 7 T AT & RO
ZELSHERKEE, GSHH D WINAC (8 pmol) DOIRMIE, 7 7T & RiZ KD RFEMEERR
BT 52 ERHALNERYD | FRIINHEOGSHIMEFWE OB PIHICEE TH 5 Litmwm O T
W5,

Menegola® (2001) %, invitroCT7 v F10HMIZ30, 45, 60 pg/mLO 7 & K7 /L7 b R AR S
IR, WS AN & RO T A b= AR SRR HY . T T AT E RICE
KT 2K T DT R N—V A0 ERE LT,

Fort (2003) %. Xenopus laevis (Y A HT)V) FEERRIZZ X ) — VR OMHIEM THH T
TT b R, HifE 2 96RFHEIREE SR, 7 b7 AT B ROLCso X VA TRIZES T 5 ECs0ld, = #
J =)D % 39. 1%, 148.8F /NS o 7c L LT D,

2.2.2 EE5HA

[EIBREERE I K 2 EEFHMIIC BT 2 A2 R 9ITE L iz,

WHOT b M SRA ERRR L0 IARE & L T2 mg/m3zHHL Tno,

JEA G EE . US.EPA, W) XEEEE - R4, VY 74/ =7 MEPA (Cal/EPA) i%. Appelman
£(1982, 1986) DENYEER 2 ARMUC | 24148 ng/m3 (EWNHAEICEIT 5 HieHE) . 9 ng/m3 (B ARLC)
390 pg/m3 (MZ¥HEE) | 140 pg/m3 (BMREL) ZRL T\ 5,

S HIHIT, FA YV#EEREET (UmweltBundesAmt (UBA) ) (2013) 73, Dorman® (2008)
DN IR Z RPN ENIRE BT 2 FHEZ R E L TR Y, T4 R7 4 fEN (health hazard guide
value) #1 mg/m3, H A K71 1 (health precaution guide value) #0.1 mg/m3& LT\ 5,
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® 9 EREHBFOESNMOME

U.S.EPA (1991) 1%, Appelman® (1982, 1986) DIFEERIZ L 5 LR OEMIZxTT HNOAEL150
ppmIZANENREAZZE L7 RO A N v 7 Ji AR5 2 5 U - e gz (s (6FFfil/H . 5H/E
DU G, 1H 24, BTH OMfilEgE (C#i%) L7-NOAEL 8.7 mg/m3iZ, FENZE (fE{k2)
T10, FEMZEL T —F X—2OREEEEEDE 10, @IEE (4HR) 2 5EMEREIMETLOOR
TH 51,0000 R HeSt5 a8 H L, W ARfC (inhalation referent concentration) %9 pg/m3& L C
Wb,

WHO (1995) Tl¥, Silverman® (1946) Ot MNEFEHFFEBROFERNG, 7 T LT RIZLD
RGO 7202 > T2 IR L (45mg/m3) Z REFEMRE (FENZETI0, 7—F DE T20fETH 520) T
BrL. MW (Tolerable concentration) =45/20=2 mg/m3%z&HH L T3,

o, EBREYOMRITESITCHEME LTS, ZDOHIETIE, Appelman® (1986) OF v |k
DA W ABRFEFEBR ) O | iM% 2 NOELA 275 mg/m3 (150 ppm) (275 mg/m3!%270 mg/m3
DR E b s) & L. MEZET10, MNZET10, R (4B 25 EHEIREIME & OS2 D
BHAME (N ERE LR AEDORN) TIODFETH 51,0000 RHEFEMBE TR L., MEEE

(Tolerable concentration) =275/1,000=0.3 mg/m? (300 ng/m3) #HH L TW\5,

JEAGHEE (2002) T, 7B M7 AT E ROENEEICETEHMEEZREL VD, TENT
T B ROSPER EREA~OFZEODONOEL 270mg/m3 (Appelman® 1986) # #:iZ, FE[H7=T10, FEN
72C10, B REEME, e (48R) 2 OIEMEREIE, RO AMETI00DF1,000D R HESEMR K
ThRL., SOIC6REM/B., 5HAAOBEESRMF D, 1H24F5H, 7B OMEHIRE ICHRE LT, SNE
FEIZBES 2 FE8HIE A48 pg/m3 (0.03 ppm) & LTV 5,

JF FEREEAE - RMEE (2000) 13, Appelman® (1982, 1986) DEBRIZISIT HHET » b O Lz
MO —OSERE i b BB CHRFERIFRE L, X F~v—2 F—RA{EIZTBMCL0; 4218
mg/m3 & FHH L, N0, FERZEIODRHEFMRETHRL, & HIZ6FM/A . 5H/HDOIRERIFND,
1 H 245, 7 A OuhgdR (JHHE LT, M2A#RE (tolerable concentration) %390 pg/m3& L TW
Do

#Y 74 N=7MEPA (Cal/EPA) (2008) (X. Appelman® (1982,1986) DOFEBRIZKITHMET v
O ERZEMED B — SRR E R b BB THRERER LML, X F~v—27 F—REICT
BMCL0o5%99 ppm & HH L7z, ZAUCHRNENEAZZE L7 KA N » 7 JRR A e U7 1412
MR\ L (BT F L 5 F A OMREE SR> | 1 2450 87 B oS EE S 1) L fERI3E 10
FNETIONI0 (hrvasxT 47 A0MN%%EV10 . F*oas (7 2A0MNEE T8 b
LB S ORE A LR L T10E LORE) | IBMEREAMETVI0 (5 ho@ru ARERR T
& HWoutersen H (1986) 1235\ T b AR OE T OFLEE S ZE L <ML TWZRW 2 D AR TEFAREL
10T < . V10 247) ORTH 53000 R F4R% % %K LT, 1@REL (chronic reference
exposure level) %140 pg/m3& LT\ %, 728, Dorman® (2008) DZEER) 545351172 NOAEL 50
ppmUZ OV TIE, 99 ppmPBMCLos D414 X457 —% L LT\ 5D,

NA > EREET (UmweltBundesAmt (UBA) ) (2013) 1, 7 & 77t ROENEEIZE
T HIEEHMEZEKE LT 5, Dorman® (2008) DFEERIZ K 2R _ERZ DMKk 5 LOAEL 150 ppm
ZGIEH/ A, 5HMEOREEESM B, 1H 24K/, 70 ORI HR L T48 mg/m3& L, (810
TOME T2, FERZEL, FENZETI0, IO HRORZMEOE S 2 5B L C2O R HERE40% B8 L
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T A K74 i (health hazard guide value) #1 mg/m3, 7 A K7 A i I (health precaution
guide value) #0.1 mg/m3& LT\ 5,
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3. EREEEEMM

34 X&HD7+E F7ILTE FORR

KREFOT 2 M7 AT RIZIESHERERIB 2 ON5, BRERE LTI, 7 7T e R
b hREEEDIC L DT A a— L O RETH Y TARC 1985) | sl L7z OIECEEDIE R K />
(Berni® 1982) X°7 /L7 7 /L7 7 OEFMERP M OR% Sy (Kami 1983) | & HIZIIBELIX Z OIS
HaFENTWD (Furia & Bellanca 1975 ; U.S.NRC 1985) . HEMOMIEEL A HHEY) OFEFE & Bl 554
12X - T3.7X102~6.4X105ng/m2/HDOT7 & F 7T b RBREINTND ERBL LTS (P
5 2007) , AAEIEE LTk, BEeSE, (LS WEOARIREE & L ToBRM RS - RS T
Do 2 <UL, BEL FIRIA R EOBERIEDN DB F L OREE LTHEA S TWD, Zoffl,
WERR, (RFERR, ﬁm%@%%0<éﬁﬂkbfﬁbht . BEEAICH 2O, GEBUEH O3 E L
LThiEbiiTng, £z, TlX, BWROBEFIEIZ, VLT AT E RORERE E L TOFTEN
Wz ThWb (ﬁﬁé:mm)oit RNY 27 VR ORE - INTIWE CRIERME LTT7 ' R TV
?tFﬁ%&#é:kﬁﬁ%ﬂfné(L%E2whm)o

T N7 AT e ROENAFERIT, 20184121388,519tTh ~7= (FRIFFEHEA 2018) , 20074E1T1%
367,081 t T o 7=, ZDHITKIEITIHA L, 2014F 1T 1/4ITE TRHRA LT 5D,

400,000
50,000 —-——-"""'\\

300,000
250,000 A

200,000 \&\\
150,000

100,000 \__.N"L_

———a——a

TEEUFE)

50,000

O 1 1 1 1 1 1 1 1 1 1 1 1
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 20138

R

K2 7Er7ILTEROEREEEDHT

By fE - AN A T, NFEENCER Dk 4 AR OIRBEIZ > TH 7B N T VT b R34
T %, KETORES D TIE, FEETOARM OBREEL 2 — b — DRl TR 2 1E - % EE S
TERTATE RRRKFIZHH SN2 & A 6 Tnsd (Eimutisb 1978) , £70, AV U R
T4 —BAHEORIEICL D T T AT RVER L, BEIEPEHT AFICE ENTRA~EH SR
b, 72X OEIZ$2.1~4.6 mg/L@T‘!Z F7AT e RREEN TS (Buysked 1956 ; Osborne 5
1956 ; Mold & MeRae 1957) . & 512, 7& 7T b RILRALKEZERTH RS DA MBI D5 iR
HAEM L, FARLBEGAT 77 Ok B ST % (U.S.EPA 1975 ; Shackelford & Keith
1976) .
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AL DO BRBE~OYEH B OHIRLE K OVE HEL O (eI B9 % 158 CEAR L 14E RS 86 5, LT M
Bk Lvwo, ) Ick s eEom b E-BEEOEFFERIC LU, DAETIZ2017THEIZ61.3 t
DT FTAT B RRRGHFICHEH ST D (R10, RFEEE - BREEE 2019) . SR EREND
1kgPl EOT7E F 7T FRKRATICHEH SN TV AR, 2D 9 5 FI190% MM T ¥0 b P S,
ZOMITHEHE TS, 7T A F v 7 "G RERE wtiiss BRE3E, 2% ARG REEEN D B R
L[ADOHEHBRITH O TWD, o, RA~DOR P EORFEENE H D & 20024 75> 5 2006
RS E TIL100 tAEFREE Thh o 720y, 20074 BELARRITIRAD L, 2015451213640 t& 72 o7z, LarL7R
Do, EO%, 2017THFEE THIMEICH S (K3) .

—J7. PRTREHSMEHEHEEHRERIC L 2 & M ORAERE G I1X, MEEZIZH0 BRI T &
FT7LT e ROEREFICHEH S E AL DN T D (11, RIFFEEE - BEEE  2019) . 0
2H, BHEBEEH T A CE TN TRAICHEH SN =T F 7 AT 6 232,129t L ic b <, 7212 2 Ol
WCEENDENDHER LIZFEN D OHEH & LT248 tHEHi ST & AL b T 5,

& 10 EEZRICEDICOLPEDOEEINDORSIADTE F7ILTE FOBHHFHE (2017FE)

E i KE~OHEH & (t14F)
okl - 7213 T - fkb G 0.000
e T3 2.900
=S 55.365
7T ATy 7 B LGS 2.600
223 ol RE 0.073
Ha% F A bk s L L 0.370
= &t 61.308

& 11 EEZRICEIK(EENADTEFZILTE FOBFHENREDL Y (2017 )
JE AR R (t4F)

HEHTR
XA X RIETE #x BE BEh i

HEH & 0.000 0.000 248.355 2,128.871
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B 3 LERICEDICTEIPLTE FORR~ADBEHHFHEDEELEL

A ERKIGE OPEH 2 FHERICHIT L TV 2 R EROHRE T, THIH 21995 D263 t2 5
19994 E D85 t~ L 68% I S TR v . 281 BITITH 72 IR S - HEHIR 2 & 8. 19994 D201 t
2252003 EDI8 t~EB51%HIH SN TV D (RRIFFEESE  2005) .

Fo. TR FTAT e FTERRE - NIERE R S & O TR PEHTE D & R EIZHE
SINTVEDN, RRHFTHIEA X VIRAILKFBOBLIZ L > TT B R T AT v RBERT D Z EDNALA
TW% (Grosjean 1982) .

S (2007) TiE, REHFOTE 7T FREE, AL bEICELS ., MEFOSIT K D K
AR EDRRTZ L SNTWD, X EDRILKELOHT VANRA Y L ELEDRINIZE>T
WAERISND LRI TEY, BEicX27 8 M7 AT RERERSZWEBSZONIMELE LT
Oy trans2-7 TV, s 2T TV 2 A FN-2-T T v trans-2-X T V. cis 2R T D 6 FED
AV FE 2250 TN D, 20024ER(1#% DT —Z Z W TEH L7-HEIEH DO 2 6 6 FED AL AEDHE
HELTENSO 7 XU HENS, TR N7 AT B ROKRKAHF TO IRAEKREZHEE L TR,
ZAUFPRTRIC X 28k & (BHEENEAT. BU0 LT oFE¥EE | PRTREHAAOIENGEREEEE B
ALE) LHEL TR REWI ERENTWD, F-, HARRAER L L THEMA L O &b HE
FFLTHY ., AR L RIS, PRTRICEDHHHE L L TR Y REVWZ LRI TND,

32 XKE=4UY

T F T AT E RORKIHGHEORIUZHOWTIE, AERKIGEWEE=2 1 7k L LT adt
FRIZ L 2 E R 23 19984F 7 B i S TR Y | 201 T4R L3 1AM CRIAE N Ef S LT D (R
12, BREEAK - KREREER  2019) .

AN E S O RS O 2 EPEAMEIL,. 4 #]03.2 ng/m3H> 5201054 £132.0 pg/m3E TIIK T L
oDy, ZOBRIFBUTNTHERE L TV D (K13) , fiffisi At oE=% 1 U 7HR SR U X 512, 2000
2.9 pg/m3TH 7= b DAY, 20104 E1X1.8 ng/m3E T T L. TORITIFITHIEVTHERE L T
% (K4)

BERKGIMEE=4 ) RO A EMET, TS | TEEHAERED) . NhE o
SHHUCK Gy SN TWD (sl REDSEERAEREL ] ICKENTND) o 201THEEDSK

22



HITE Hh AL O AR IR B o J@ MR 2 E M (F12) 2 /5 & —%ERBE CTI132.1 png/m3 (193415 : 0.37
~7.5 png/m3) | BEERAEPEL TIX, 2.0 pg/m3 (23H141 : 1.8~4.5 ng/m?) | £z, HEICBWTIE
2.4 pg/m3 (95H1 : 0.33~7.0 pg/m3) THY ., NHE] OFERICR0m < RKA~OHEHIRDO 122 H
BB T ACH D Z & LA LTEEREZ TR LTS, BENOHEESfiZ R TH, [AE] TREED
BEWHLERRCRZWMHA R A LT D (K5)

= 12 2011 EEEERR]ELEYMEE=2 UV JREIZEITS
MmEREADTE ETILTE FKOEFEHREE
YA B/ IME B KAE

R R R

(pg/ms3) (pg/ms3) (pg/m3)
— M EBR 193 2.1 0.37 7.5
[ 7 3 AR JE 23 2.0 1.3 4.5
AR 95 2.4 0.33 7.0
B 70> [ 7 38 AR A 3 4.3 2.2 7.4
I 314 2.2 0.33 7.5

XUE LTl TSI EEZ R L . E OO SEE, K/IME, &RREZRL TV,

® 13 BEAREEYEE=S2 Y IRBICEFTS7EMTILTE FOETHREORELL

B W mpom O RUME RO
(pg/ms3) (pg/ms3) (pg/ms3)
1998 164 1,968 3.2 0.53 16
1999 219 2,628 2.8 0.29 9.2
2000 241 2,892 2.7 0.21 11
2001 253 3,037 2.6 0.16 6.1
2002 271 3,252 2.6 0.83 7.9
2003 282 3,384 2.7 0.21 7.7
2004 299 3,588 3.0 0.14 9.3
2005 351 4,212 2.8 0.76 6.7
2006 339 4,068 2.7 0.72 8.8
2007 337 4,044 2.1 0.15 7.5
2008 327 3,924 2.5 0.37 8.1
2009 309 3,708 2.3 0.71 8.4
2010 305 3,661 2.0 0.53 5.2
2011 283 3,396 2.2 0.45 7.9
2012 298 3,577 2.1 0.53 10
2013 304 3,648 2.2 0.48 10
2014 296 3,552 2.1 0.63 8.9
2015 305 3,660 2.2 0.52 12
2016 305 3,660 2.1 0.41 9.1
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P e/ IME e KA
(pg/ms3) (pg/ms3) (pg/ms3)
2017 314 3,768 2.2 0.33 7.5
KMPE LIS T SR EHEE R L, 26O E, BoME, RKEEZRL TS,

CO § bR fRiAEKL

35
25
il
E 1.5
H_ 1.0
N 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
EE
—_—F —e——FE 0L EFEREER —— A SEEED)
4 FERKFLEYEE=42) VJRABEOHEGAES (1321h8) I2BFE7E F
TILTE FOFEFHEEDHT
50 O—HrEEH
_ 50 B E R FEFED
i a0 @il
i
= .
E-g 30
0
= 20
10 o
0 ) EA e B
=10 3 5.0

BE (ug/m?)

5 01T EEHEXRRERYEE=2 ) VIREIZE TS
TEr7ILTE FOMAREINDETLYRES R

3.3 EEREIRED

201THEEDEERKGIWE T =2 Y » FPdER T, TEIEFE AL ] ORE HUS O
JE DR KIEIT4.5 pg/m3Th -7 (13, BREEEK « KRB 2019) . —J7, [hiE] OfA#SIC
B LRAEIZT.0pg/m3THY . 43 LS TEERAEREL] TRObEWVIRENRH S TH2RN,
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728, 2003~20084EE 2, BREEEN., T M7 AT E REHEH L T2 FEFTORIEREICB T
A E I L T\ D, 7 HEFOEDOF25-SIZBW T, O36E] FD JEEITo7mE A, HLT
L OFHEIX0.5 pg/m3~18 pg/m3TH Y | AERKIGEMEET=4 ) 7IERBR LD bERE &
R HME AR I ILT N D,

(FED  1[EHEZY 24 BEREGHE 217> T\ 5,

34 7 F7ITE FOREFTE

BAKZD D OIBEREIZOWTIL, 201THFEOHERKJIGIMEE=4 I > VtfER GREAK K
K[ERBER 2019) IZESWTRKAOMR EE15m3/H, KEZ50kgs L, 24K5H B KRURE S iz
ELTCREADOWANCHE ) BB RARE TS &, —RBREEO FHIEIC% L T0.63 pg/ke/ H, —fXERE Tl
H S AUz i RIS L C2.3 pelkg/ B RO FEEMEIC R L T0.66 ngrkg/H ., Mt Sz REICK L
T2.3ngkg/H LFREND (F£14) .

= 14 BHAKREINLDT7EMZILTE FKOBREEDET

A B KAE
W 52 I NR 5 W 52 I R B
(ng/ms3) (ng/kg/H) (ng/ms3) (ng/kg/H)
— BB 2.1 0.63 7.5 2.3
EENN 2.2 0.66 75 2.3

KREUNNEDOT & FTT & ROBRBEICONWT, IREMREREZENTILLEUTOLEEY THD,

BWNZELN O DBREZIZHONWTIE, 7B FT7LTE RIZENICHEH « FEEICHEHA STV DA,
AR, TSR, AERIEE R . B . CRAERE OPEHIEAFEE (PP 52007) L, &
ARZUTHAR ERNERO TG EWVIRE CRIH SN D603 H 5, BARMIZIE, B TIEFEE11 ng/ms
(B K290 pg/m3) | EETIX T8 ng/md (e k420 pg/md) & LfiEHERH 5 (W s ik
25 HFIC93F B A KRG LA SR (B4 2016) .

BENDOREFEIZ OV TIE, BREEE THEM L TWAEREEY 27 #IHEHMEIZ RSV T, BEEO =012
ToN=BEFEFOTE b7 AT & ROGHHRER T, 45BIEDOWT 5 $0.15~18 pg/gd i TH
H &, EHPEE1.7 nglg, %AFEEI20.59 nglg ThH - 7= (MEEN B AR M OHT & >~ & — 2000) .
ZORERNORERBOTE T LT b ROWRE RV T24 pg/keg/H ., &K T720 pg/kg/H & BiEd
bND, AT A TORERLOSWTIX, 7T M7 LT ROEEEIT %IZIF1 mgkgll FTH D
DRI Y 20— 20T )V a2 — VBN CIE S melkglliET 5 Z & 6 5 (Maarse & Visscher 1992) ,

T FT AT RICIBKERERERNRESNTE LT, DBREOKEKFOTE R 7T RRE
DOPEFERIIATTE RV, HTFKFOTE N 75 b R, BREEE 2320004E 1247 > 7= Bl A TE B
EIZBWT, 15T URIEN 50.3 pg/LiH ST\ % BRETA BRETEHLR/KERESE 2001) , 72,
FEAT O T K OFIE TIZIIVRIE P LTRRAE D SR S, s R I30 ng/LTh 5 GRAHTERSE
BHERFFERT 1998) o IRIZ, ZOmRERIBEOH T KEZOEERAN2LKTETHE, T TV
Tt ROREEEEIT60 pg/H L 725,
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T, BRESN=¥ ) —VFENTT® T AT e RIcfEisind, 10gD=% /) — L& EieiElE
72T v a— VB A EEL, =%/ —/LDOf90% BTt R T T e RiZkbdEd5E, 7Tra—Li
BIOBERAT & F 77 b FOEERICKE RIBHREK L EZELA b5 (WHO 1995) , £72, SKiEOR
R —ARTENTATE RIS, BERNEROTE M7 AT RRBEZREDIZ &V Fk
2% (Uchiyama® 2015) .

BUEZRE T 28R E LT, 72X OBICNl mg/RDOT VT RPEENTEY ., (KHE64 kgD KA
N1 BIZ20RD-XZ2W 5 &, 300 pgkg/ HOT B R 7T RICIBEIND Z L1275 (WHO
1995) , £72, ZIEZDEICEEND T FTAT B ROEE X THE L Y BIFRED 3@ & OfE R
N5 (A 2007) .
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4. AT

AR, KRR OHHALAE Y ORIE & OMEFEIZ BT 28O MEARITE L <. £ < OFANER
SNTVDED, RBAHEERE ZALHY | SROMBHALZHFOREIHEN DR R0, BREADAEEKR
RIGYEI BT DHEEE Y R 7 SR ARGt B IR 2 iR BRE 2 A Tk, 20 2 &2+
LoD, BIEMBETOT® N7 LT v RORBBEEZEICET2mENG, BRRICB T 578 7T e R
Dt hA~OREFEICEET 2 HESRMIZOWT, BLFORHMEiZ1T > 7=,

4.1 RERUAERHEIREICONT

T R TT B RIEHCHEILE BRI S A, ik, AP, B, Off. HRZEC ORI 5, B RO
FTELRTE T AT e FREIEZEILI a2 R TICREET HALDH2TH Y . IFEI# & L CCYP2EL
BT HRERE RS 5,

4.2 [EEE - BRE (E&ZE) 2DV T

FEMIZZIZ OV T, B FEUYT v hORERNIZEBIT 2RO E T N7 /VT v RRENEERIZK
# LT O##EZ CFD - PBPKET V& FHW TG L7ZfER (7' R 707 b RBUKE#SR O8R5
WALDH2*1/*1D%6) « 7 M7 AT v ROBRRIRENF URETe FoREERICE T 27 ' F
TATE RRPHOREEILT v LD HEWENWIERIELN TN D,

(5B OFERTIERWER KO H 0 JFIZO0T) GBEHRER)  (CFK264F 4 A HRIRREEZRS)
X WSESNT [5B%OAFRKIGRWEORREY) 275D H 0 iz T) (BUF THA FI4
YEWS, ) ITED D [FREEMERRE O T2 OFHlER O BRI FIE  (BUT [REMmES HFIE &
W, ) TR BEBRORERE v MIAMET 25510, ARIZFEREMW L 0 B MER @ & OAE D
b LM AZAORHEIAREE LT, 7740 FI0ZEAH L TW5H, WHO (1999) TidfEfiZAZD10 (7
TANR) &, MRV aFxxRT 47 2 (TK; (KNEIRE) (2SS <RE1035=4L FR a1 F IR
(TD ; 44k & DORUSHE) IS <REK1025 = 25100 5 E 2 a2 R LTHY ., FMEELTFIES, b
I~ & SEERENY) DR DE IS U TEBNCHRFTT 2 2 &R TEHH DL LTV D,

L7735 T, CFD * PBPKET /MZ X DM RIS =, FEZELZTKETDIZ ST, & o &k
FIZBT57 2 M7 AT E ROHOREIZT v F LD BIENEWIFERBMFONATWE Z &b, B b
DOTKIZET 2 sz T EEREY & [ CMEWG SIS T2 & LT, TK=1, TD=2.5% F&[H 7= D A fil
TR T ERRY EEBEZILND,

FENZE (AAZ) 122V Tk, & b TIXALDH2D@EAE T Td 5 ALDH2AZ L MBAFLE L TR (¥2/%2)
WIEAREHE D 72 < ~T B IRCGL/*2) TIIAREHE XA B IZEV, ALDH2Z BRI ORARITIT NFEE
NHY, TrIFuA FTIE10~60%DEIEG TALDH2 *2/%2 XIZALDH2 *1/*2) i &, HARANTIE
F140% TR LD & DHIRD S 5,

7. ALDH2%F L 7% T LTF b R~DIRBEORZEDE NS, Aldh2) v 7 T 7 h~ 7 A
(AIdh2-/) EBARO~ T A (Aldh2+/+) % [FRRICR AR S, WHEORBEZ IR LIz A, &
PEDNL ERZIZIRD &8 (51) O3 L BEEIXFRRE Ch o7, MR ERZ~DOEEIZ OV T,
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FrC@mEE (500 ppm) TAIdh2/ v 77U M~ AQOHRHER <7 210 6, b AREMDFA
KRFEL, BEOBRELEN -7 (Oyamab 2007) . —7F., b hOSPEMRFRIZIIT 5 ALDH2ZR O
FHRTHTEPEDS AP & [/ U & fE L. _ExROCFEFD « PBPKET L& HW TR L7ZFE R TIE, B b o
WZBTLTE R T AT RFRENCE D27 V75 0 298RSk COHPEE (FeM L) (233 5 ALDH2
DFHIT/NS L, —HEOERSM (RFRE, &) FTld, ALDHIRREXS T 74T RGO
TR THDLEINT VD,

FEAGAE S TFIE I, FENZE (ERZ) 12 7F072 AR O NOAEL % @& Mo i\ O ER 2 S
THEDICRET DB THY, T 7405 10 £ LTHD0, BEAICHA ATREZ2 BRI S 545
HIZE, 10 L0 /hSVWMRBIEHAWDS Z R H D E LTS, CFD « PBPK E7 /UIC XD MFHHERT
X, B FOBKICEIT AT FTATE RRENC K B2 U 7 T o ARealE iRk T o HpEA (kML)
1295 ALDH2 OF 513/ SN EHEE SN TS, BAAD 40% 237 & F 7T b ROMREHENE
DMEV ALDH2 BB ARG T H &, Aldh2 ) v 7 7 7 b~ ATIEEAER <7 X L T alEi
M (PR BRE) ~ORE (b A, 2 ORER, FEORENRKENEDORENRDH D Z L A2HEE
25 &, MmN (@A) 27 74010 X0 /ST 52 LidREY EEZbNRD,

4.3 ENAEIZDONT

4.3.1 ERAEOEFEIZCDOLT

TERTATE RIZOWTIE, BEREFICIDE b~OREPAMECET 2 RIS L+ Tl
BRNbLOD, UTOHBED, B h~DEBAMEINRRSNS,

O1990FAR 1T LARE D ERIEF OIE Gt RBFFEDORE R & | ALDH2 ZE BT L VIRAG & Tl L L
BEORRNIVI AT PREEDLZENALNERY | ZO8H & LT, ALDH2 EREAT VLRGHET
X7t TV T e ROMAPRESCHERPIREEN RSN LEICLY, 7R M7 ATE FR
EEECE OB AN T A ENRB SN TND Z &,

OFEBREMW % AW ABREER T, 7 v BRI T RTBWTEPEDOF D A& T 43 72l
HoHZE,

O7t b7V T e FOERLLMHEERIL, & M 8L HICALDHTH D, O A =X L%
WA AT =R LOENZ AT HIRERARIT RN &,

Ot MEMOERZMINIC K Din vivolk Nin vitroDZE BFVERER CTld, B FEEMENRBINT
WwWanZ &,

4.3.2 BEQHEIZDOULN\T

T NT AT R, FEEMIEIC X2 in vitroD FEERTIE, WEBR D HER LB L THR0,
b R CEM) O BERIEIC X 5 in vivo)e WNin vitroD 78 FJFMERER Cld, Bia FREES R I N TN S,
L L, BER CEERINTZREBAITONTIE, BADORAEITISL > GRIERSCILEDOFE 2B AEN
ROBI, BIEOHDLHEBAAD=ALEHEINTND, £72, & NOALDH2 ZERIT VARG E
TR EINT EEEIEEICBT 2 RBBAY 27 O EFIZONWTIE, TORBA AT =X NIET EH
IR+ Th 5,
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4.4 EHLAEUNDEZTEIZOINT

t N OEFREND, T a— WEFEES T L a — WY ELEE, 7V — LB AR R, R
BTV a— EBEREORNWED—>2>E LTT ' N T ATE RREXZ LN TS,

FBREN) 2 AN TORREE SRR Tl ERREITERET & M7 LT b NICIREE S5 A IRE S
THD ., FZEBETRERCEFEDE L WEENRBD LTS, EREW) 2 W ERENER G
RS DR TIE, AR, Eafrk, WRE~OERENR L, HREEORKETHD Z N
REINTNWD, LinL, 2D DERENEGRSMET R IC L 2RERKIIE FCTIHIHRENTH LT
b, TURKRA ME LTI LMo T2,

4.5 B—RIGFHEIZ DL T

T MT AT E RIRDFENAMEICONTIE, LTFTOEEICEY, &S E1TH 2 L IZRE#T
HbH, LHrL, BERFEERR CEETFEEENREINDSE, ZNETIHELNTWDHANLIEE R
SNOFENBIMEPRIBE SN D720, 5% OFFTROERRIT L > T, BRAIHRD & EHEZ1TH Z &0
TE 28 LW ERNER S NHA TR, BRAMEICRD Y A7 GO FEhiZ SV Ted THRET 2 24
BRH D,

Ot FOEFETIE, BE—OSEAREZTRTMANZ LW &,

OZFZBREMW 2 VTR AR ER T, & USBREZ R TMADFET 200D, 551 TWVDAH

ATV O TEIREDIRE 21T o125 E8I1l, BEOH LR AA D= ALBHESNLD S
DTHDHILHEEBETDHE, U REFED AR DM AN D Z &3S TR N2 &,

FTo. BRSO FEFEMEIZOWTIL, ATOEBIZLY, B NOEFEIET —F 2 AL L&
—FOGEHlZAT 5 Z L IZREETH L, BERT —F A AR L LB FUSHEZ1T 5 2 &1L AT6E
Th D,

OFDAMUSNDOFEMEICET 5 8 FOEFETIL, &—RISBERERTHERZ LT &,

OFEBREY 2 T2 AR FZER Tl AL OF EMICEET 5 & — ROSERZ R~ T 5 LA

ET5HZ &,
Ot FEEWOTE b7 AT RIZBET DR A T =X LK OFHB AL OF EMEITSR D HELA
T = A KIZHONWT, FEFRZENFRD b DRI IE e &,

W FERT — & & O TT O B RIGBEROFENIL, FEREWMZ W AREEBRO NS, &—
FOGBISR AR 2 ECTO+53727 —Z B FEE L, DD IRIR R R CTh 2Dorman® (2008) DX
F3447 v NOENE LR OEEOREICHEHT IHMAEHNDL Z L& LT,

Dorman® (2008) DOIEF3447 v b % AW 13HF W ABREESEER (6HF[HE/H, 5HME) TIX, Zoffs
DO ANVRFE TR & I~ TR BRI FEERE (50 ppm) #E0EBRAZIT-> T\ 5, ZORERE, 150 ppm
Pl ECREWEEROEM., 500 ppmbPL b TR ERZOEMHENTRD 7208, 50 ppm TIX 45 D8
W72 hole, TOZEND, GFELERORENZLNRD 7250 ppm (90 mg/m3) ZNOAELE L,
[FfEZ I EO R I HWD Z &Y & &% 5,

29



723, Appelman® (1986) DWW ABREEFER (4EM) [TBWTH, 7 v bO&REE EROZEENTE
5N TWAHH, Dorman® (2008) @57 Appelman® (1986) X ¥ &R\ \BRFZEEE M (50 ppm) %
oA, RIS 18 & & <. BEN OB O HEEM Ch o7z, Z D72, Dorman® (2008)
DI 3 — SRR 2 54 5 E T, Appelman® (1986) X v LWl Ths L EZ BT,

4.6 BZEFMEICDOT
T T T B ROBFTRIZOWTIEL, BERGKUINSLOBRERE LT, BUEIC L 2NREORE. &

A U CORMOREE R NERNZELGOME 28 U COWARENDH S, 20 ORERIT. BEREH
O OMgEGE R L IR TRE <, FrC, FOBIC K 2NRMEORE EITEFICRKREI W EVHB L TV 5,
L2vL. SHEEBRHEICHOW TR, BERKNOOEREZE LiEW, AAZEoERREiTE#ic k> TR

KBBZENENT 2O TH LN, BEKKUCBIT 57 T LT & ROFEMEREZT 5 BHTIE, &
RAFEDOB S BBRERZN D OBRBEIC OV TR Z1T 5 Z LY TH D,

BRBEREN S ORFEE OISO\ T, 201THEE DA ERLRIGLEYE T = &)/7ﬁ§#%®—%
BREE OISR, BRERKOLDOIAYS7ZY 0T & N7 /LT b ROFHRRgHER (KA) |
0.63 ngkg/ B & AES HiL s,

5. IEEHEDREIZDOILNT

51 ENAEIZES ) R EEBEIZDONT

T RTILTE ROBENAMEICERS U 27 FHBICHOWTIE, Bk LB BEGLA TV D)
Hid, B NREHEEITO 2 ENREETH D720, FHIEITH 2 LT TE RV KT S,

L, ZIRNETIHELNTODHENDIE, B b~ORPAMENTRBIND T2, A%@HW
HBIZ K> T, BRAIRD & POSFHTZ1T 5 Z & O TE 28 LWHRSEE S 2551, %ﬁ
PEIZAR D U 2 7 T D ERC SN TS D THET 20N H 5,

5.2 ERARLUNDAEEEICRSIFHIMEDHHICOWNT

TERTATE RIZOWTIE, B b~DOREPAMLUNOEFENZ R T AREELR S NS DD, & DO
AT Tl — SR BR 2 R0 2 AR DI TV RN SRR BIR B AL O
FEMIAR D FHMEE A RS 5 2 LITR#ETH D,

—J7. B FEERTIL, BRCRPAMUSNAOHEFECET 5 —EOMANELNTEYD, 22D, Bh A
PELISN D FENEITLR D A T = X LIITHRE R ZZ 03580 DN Z L h | 5 H FNRICRE
B FEROFMREZ L MOMET L2 LIk AFEHRICRLIFMELZHENT 22835, £, AR
NOKPEEIT, REEROTEEOEWC LY 72 T AT b RERHT 2HENELS . ANOTE T
NT R RBENSEWVIREECHRE SN ZEPEESNTWDZ LoD, AEEFIEZIT 5 BITIE, 4%
RANEHEDEZLED U A7 OEINZ SN T HBEIZ AN TRETEIT - 72,
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WHEOFE Y 7~ > T, Dorman® (2008) O 7 v F~D13HM DO ABREFEREROFE LA HW D
Z L LT 5, BARIIZIE, BB EROERICBN T, Ty MO BEE EROEEOIAENR BN
7250 ppm (90 mg/m3) ZNOAEL& L. —fREREE T COEMENREE 2 48 7E L CTHiiclREE ) O iRz 2
R (6HFM/24F#I X 5H/7TH) L7-8.9ppm (16 mg/m3) &, RHEEMIHE LT, FFvagfF3I7
A (= (EREORISNE) ) OXEZEE 2 -fE4£2.5, BNE (FEE2E) & LT10, BEBOEK
PEICBAT 25 L LT, BRADORBRNZBRE L TREG (ZhbDOREBORE LT125) 2V 2 Ln
WY EEZ D,

RHeFAR (FEMIZE, FENZE (ERZ) %) ROSEBOBERMEICET 2RBOBREIT OV TIE, FFHf
EHEETFIEICESE, LTOBEXFHICLVRE L,

ROV TE, hFvafxT 472 (TK: KNEEE) & hdvax 1372 (TD: AfkL
D) [T TRET D ENARETH D, b RROT v FOBIENIZEIT 2285 0%h e 7k -
TILT b RSEE ERIC S L7 1% OERE%Z CFD « PBPKE T /L% FIW TG L 72/ 8 (Teeguarden
5 2008) . TENTATE RAOBERRENFRUCEMET, B hOSEERICBTL2T7E N7 AT R
LHOWREEILT v P LY IRV &6, b FOTKIZET 5 RS MEITEREY & [ C2MERWE A ICH
M4 5L LT, TK=1, TD=2.5% I ED N MEERK LT L LN RHLEZ T,

Fo, AR (EEE) 2oV TiE, ROLIICEZT,

CFD : PBPKE T /LIZ L D atHE R (Teeguarden® 2008) Tix, b hOBIEICKBIT LT N T AT
b RRE#NC L 27 V7 70 AR CORPEA (BRME L) 1239 2ALDH2D % 513/ &0 L HEE
SNTWD, LLZeRnb, BRADL0% N T 7T b RORBHEEIMRWALDH2S 52 2
T5H5Z &, Aldh2) v 77 7 b~ U ATIEBAER~ D X & A_TEPEERE (R B I2BIT200 A
REMEORER, BEORENPRENEORENDHD Z L E2EX D5 L, FMAZE (@A) 102 Hn
HZ ENmY) LBz T,

723, U.S.NRC (2009) TiX, Dorman® (2008) @7 v k% H =13 @ HE OW AR Z S &
IZ3ER L CHNOAEL (50 ppm) DOIRETIHEEDORAITRNEZZ HND Z & OIRENMICET 5
FRHEFVEFIABEL BEZ 2 EHHEINTVWD, 22 THIOEZFITHD, BB OZEIC X 5 R HEESR
BarREl L,

F7o. BEOERMICET ROV T, T2 T ATE RIZEDAMENRREIND DD, JE
MAMEISRD U A7 TR AR FEETH V. 232, HBRAMIIR LB TR DL T, &lE LR OZEMER
WAL AEZ R TR~ EHEITT D EDRRINTNDZ END, BRADENEZBE L TRET D
ZENEE LB XTI,

78, AP SCEZR TiE, Appelman® (1982,1986) %5 L 0 &KV BRERIR LB (50 ppm) % 5 F,
R I & 13 M & & <. SIENORERLRE AT & FEMIC A U TV 2 Dorman (2008) A & — X
JNEAR DFEIZ V2 2 & . K O'Teeguarden®™ (2008) (2L 5k FEONT v hOEENDOT & 7L
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