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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, ST 5 (HARREREE] ; 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) %, =% / — A& A&E#OE FOMEREZHE LZEZ A, MHTE T LT E
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 NZHIEE (0.5 gkg) O=% /) —Vx=Efi L, ALDH2%
B MR OT7 ' 7T b RREOBEZHR 72, 2045 Z & 1272400 MHIE L72MERF 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 | FARIRERED 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 T2 R T AT e Rk &z &9 54179 (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 FThEe FTH, EMAITHEM LT, 72720,
MEITE NOHTRREDST-DIZH L, BEZE NOHTBPEN-T, HYREIZ2METEML, & o
FimR o 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 (ERE) IZOWTE, fiE 1.2 KEAOENEIE] TR XTnWs ek, B FTIETE B
TNT e REKFEREFR2R (ALDH2) OEAL Td 5 ALDH2 \[CEMMNFAE L AEECG2/4DNTIIGH
DR ~T R (%1/42) TIHAERTEEIZA BTV, ALDH2 ZSRAIORARIITIANEEN H
D, ErArA RTIE10~60%DEIA TALDH2 *2/*2 XIZALDH2 *1/*2 Bt S, AARANTITH
40% TR &5 (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 ~ D &PEHAKRIZISIT 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) ,

B, ZOETNAEHNT, 7 FONOAEL 50 ppm!ZFA43 2% & MEMMEE (human equivalent
concentration, HEC) %3R5 £ 67 ppmE 729 . ALDH2ZMNHECIZ 5 2 % BT B X DR
ThHo72EH (Teeguarden™ 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
<ENAIZET HEFHR>

TEFTATE FOE bA~DOFENAMICE S 2 ETEREAIEE R 2ITF L DI,

WHO (1995) %, Bittersohl (1974 ; 1975) 28 KA YO 7 & 7T v R TEHEHE OB AIIES
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,

KEBREERET (LT TUS.EPA) &5, ) (2000, K77 F) &, Otth (1989a ; 1989b) 73i&
MAsFARR OEMEMERE 120N FEAR X U o EB2 N, ZRMERIIE20 N, FEY A MH3IN, U
YMERMEI8AN) 12OV T I L7 = As— M PIEBIHRBFTE 248 L T2 23, O O [FIFIR R
NHY, T FTAT e FIREEOBEIIHRE CIZARVERE L TWD,

L9904 LU DOBIEIC K 0 . TV =2 — A BikFERESR (ADH) L7 L7 b FEUKER#% (ALDH)
DRI L HRBA (I5M) OfE, 3705, ADH3*17 LV (BU{EIX, ADH 1 C*1& %K)
T ) — AR CcH DT ' N T AT B READEEM, ALDH2*27 L)W 7® 747 & RGO
PBIEIZLY, 7TERNTATE RIZEDEBZONDHEBAY A7 O EABHLNERSTND (R 2K
O, KA 2001 ; Yokoyama & Omori 2003 ; Salaspuro 2003D#85H) . FEN AU A7 O _ERHN#HE
SNTWDHEMNLIE, EEVHLE . KRG, B, LA THY . FIZALDH2*27 LIV OERBE OSSN T
T AT, EHEAEEORWI AT BBIEINTWD, ok, EMEERONRERAD L S 72
FTDOFEN AN OWTIE, AENLOENEEMEE - BER: - BERICE 278 b7 A7 e FEANES L
TWAAREMEIZC O W T H IR STV (Jokelainen » 1996a, b ; Tillonen® 1999 ; Homann o
2000 ; Salaspuro 2003) , ZiL6H O, BEIC L D= 7 — ARGEY & L CHNIRITEICEA SN D
TERTATE RICKDEEHRERAY A7 O EHOERTHLN, TENTATE REERALY A
7B B ERMR, & ROSBRICET 2B TR,

[EIFR AN ABFZEREES (TARC 1999) 1%, B BRI O UW 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
b FOBIETFEZRIC K 2 BEHLE (RiE, NEEROWRIH, W) ORMBAY 27 BT 20 R &
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
BIEDA EBZW SITZ40 N D T T )V 3 — ) URTFRE BT & FER], 1991 I [FIFBEIC ABE L TV 3R
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
ANTHY . ALDH2 *1/*200 ALDH2 *1/* 1%} 3 % 7w AL1%7.6 (95%(EFE X [ (95%CI) ;2.8~20.7)
EHETh T, B _0OWRIE, TV a— URIHERE Zxt4 & LIziFJE T, BT 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) LHETH-T-, UbEDZ L X, ALDH2 *27 L )VIZEIENAFEDRNY
A7 THY MHPTE ST AT e REESEENAREICEE R &E 2R3 2 LR 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 H%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 UVIARE DAy X, SHEAMRIEN A 11.14 (95%CI ; 5.09~24.36) . BIENA12.50 (95%CI ;
7.23~21.61) . B A3.49 (95%CI ; 1.64~7.44) . KIS A3.35 (95%CI ; 1.51~7.45) | fitids A
8.20 (95%CI ; 1.27~53.15) . SLNHEEMETAN A« B2 ACBERET 2 BIEN A54.20 (95%CI ; 11.51
~255.23) EHEBEThoTN, HiENnA (v Xt ; 0.71) RSZOMOBRATITHER TIERh-T,

ZOFERIT, TR T AT E R EEMEEE DA OEMNOREN ITH L THEREZ R LWL L
L TW5D,

Takeshita® (2000) X, ALDH2%%!, 838 & TR A OB A 43 2 HAY T, 1993~1994
R\ SR LRI E2095 B 0 B A A D RTINS AU ERE 102 A CBMESE A, ZetE1T N) ZJER] & L, M, 4F
i, EEHIRA B L2125 A2 5HER (P10, &k 24 0) & U725 filx Bafse 2 550 L 7=, X
BEERIZOWTIE, IMA215 mLOMT % ) —AHEKEE L, 5E30FEDOHIMHIZOWT 1 HdH7eh O
WS a7 v a— )V RFEE L Lo, i - BYEFRRES O 2 RHEMGES (4O A4 LLE) o4 v
32,7 (95%CI; 1.3~5.5) Th->7=75, ALDH2%H L (3BHE L7272 (FAEOR; 1.1, 95%CI ;
0.6~2.1) , RAFZEFERN I, FHENAZ OV TET ' 70T ROBEIIFEIRT, T a—
IVEERDNEAENTRINED AR AEICEE G- LTV D 2 EDVRIB 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 L 72 < . ALDH2ARIEMIC X A IEREO T & 707 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, XIPBEECIZ22A, 4NTHY . ALDH2 *1/*20> ALDH2 *1/*11Z ﬂ“éiﬁ” PR BRI, R
Bt DA v XH1316.4 (95%CI ;5 4.41~61.2) L AR Thole, Lol ZEEEE LS OREFBHE
CTALDH2 *1/%1, ALDHZ2 *1/%20 N3 13 A, 20 A, %fHREEC104 A, 92)\@@@\ F v XH1%1.68
(95%CI ; 0.78~3.62) LA ETIIRho7z, Fi=. ALDH2 *2/*203 % BfRiE LISMZ R b, ER]
BETIA, FBHETIONTH 120, b2 M2 ThA v ZHi31.37 (95%CI ; 0.60~3.12) T,
HETILR)o T,

Yokoyama & (2001) 1. 7 /b3 — /UARAFRED BIEM ABFE 159N EIER], FEH ABEFEH26 A % IR
& LTIERIxHRIFFEC. ALDH2 *1/*204Eh, PE, #KIE, BUEFRHEESL O A4~ Xid npe - Pmgas A
T20.8 (95%CI ; 6.62~65.5) | TFHWHIA - FMMEEAH A CT28.9 (95%CI ; 8.66~96.6) L HETH T
EHELTWD,

Nomura® (2000) (%, FERNABEFI9IAN (BHE121A, LMH70N) | FERAEFI121IAN (B1E69
A B2 N) DIEFIXTREMIEZ FhE L, fEE 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 >
1329 (95%CI ; 1.1~7.8) Thozt s Lz, £/, KatohH (1999) (X, HFEN A ERE 92
N (BYES6AN, 36 N) | FENABEI4TN (BHEILAN, P56 N) DIEFI* e Z I L, #R
WK DAy ZOFEZREINE/AR L 2D XD REMTIZALDH2AZ L 574 v RO FEREING 72
MoTo S Lz, 72720, ZOmSUETMREFEED 70 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) Th O, PHEEHFEE TITNHEDO U R T ThH-oT-,

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/* L& fs 783D EAGERE O OBAS T AU K35 4~ XH131.8 (95%CI; 1.0~3.1) ¢ B E
ThHoT-,

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




FITAN 2~y F LERNATII W T L a— L BdsE e (P2, L. 7L a— UKRTEIE)
BF1LACOWTEETFERAHRE LT~ ADHI1C*17 VIABEEIINABRE THEEIZE L (62% vs
41.9%) . ADH 1 C*1/*18 =+ OB E I3t LA XHE231.8 (95%CI ; 1.431~2.330) &
HEIZENP- T,

<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~ EZRIZCOW TR, £ORFIT AR 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,

= 3 BMERICEATLIHE

& M2 5- 38R

Homann® (1997) 1. Wistar7 v hiZ120 mmol® 7 & h 7 /L7 b RAKEHE I3 /KEK %8+ H [
5.z, &, OHF, AT EHEY L, MlaEsE~— % — (Ki67 nuclear antigen) . Z3fb~—7—
(cytokeratins 1, 4, 10, 11, 14, 19) ZGEMMRA L, LEOYEHELZHE Lz, FEHRCIEE
BIRA Loy, WTFROHEMIZBWTH T 7T v RESHOIRE LR ERIEEE
Tcytokeratins 4, 14734ut X4, M, BREE HICHFERELZRL, TE N T AT Rids
fbafRtE LofER & o Tz,

Soffritti® (2002) L. SD7 v MZ104BEM DAL LT VT B REORT | b7V B REOKIENR L
B (BRAE2,500, 1500, 500, 250, 50, 0 mg/L) &L, MU TFOREREZGZ, (DEMEELE O
AL, O 1EZROWTHEICHEM L, (Z)ﬁtﬁf“ T 1BEZ PR & BRI ADBADEE
(N U7, (B)Zymballi, #hHiE. FlElE, OED AR IIREREOMERE TN LT, (DERER
TOMD NI AE LT, B)F - MG A i%ﬁﬁifﬁﬁ%\éﬁ’ﬂ ZF8AE Uz, (6)4 B FAYEL A i e
I BEERBROTHI L2, (7) 250 mg/LEE =N ANREAE LTz, (812500 mg/LK 850 mg/L Tl
ZEPIESHEIN LTz, (2R T Y > SHINE R BT AED DR 2 72 RS I LT,




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

0. 750, 1,500, 3,000ppm (3,000ppmiZ-DOV Tk, 208 LR ITH & (CHRE 2 KB S, 52 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 T 22 o T, Fo, B2 TIREZ M L, 260 DEIEFERAIT IR LT 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 OIERRIGHIR A N BEE (Z W D v, BRERIZREE L 7228 A D3E4133,000 ppmiFEDHfE1PE
(SPERE LR A) OB T o7z, 2608 OEIEHIFFIZIE T T 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 TICL 20O TIGEORENRLONIZZ L WAREE THL
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 ZAFHONREREZE (L (adenomatoid lesion) 1XFA U772 BN IEBHIFA Lo o 7=, BlExrif &
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 CIIMEREAARSEBIEE 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 L7z, 7' M7 AT FITARLREEAE £ 517.56 mmolimII Tl TDPXA A EIH
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 2000)1%, 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) (%, Woutersen & Appelman (1984) ®WistarZ » k& U7 W ABEFE SE5R C5
DT B WED R EEN A O DR FEIRE L R AR ORRE b L2, MIEZEEET VEHWT
TEYRTLTE RORNBADZ=y hJ A7 %#22x10 6 (ng/ms) EFHHE L, ZnzEHNTI0O 50D
ATERFEPEN AV A7 RIS T DT T AT ROKRKHFRESE LT 5pgmd3E W IHEEZHE LT
W5,

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
5. BEOHDIRENAWEE L, %@WT@?}%E%Tolerable concentration (TC) EEFELT, Ty b
FRGEFMONOEL 150 ppm (Appelman® 1986) (2. fE{kzE, FEfHZE, MEEEBWIMICET 5 A
%i%ﬁ(%am\:na@%ﬁ®%kame)%%L\ﬂﬁmamym&LKOZOEi\%ﬁ
WA T =X DNTBET DR T TN Lnh, #IELEIEE T /1T % Global 824 HV T, 10~
SOWMFIFEDN A U A7 Tk T DI Z KTz, MEHET » b D SPEEE DO ES (Woutersen® 1986) 7>
HEMET S L, 11~65pg/m3Th-o7, LaL, #HETIE, FIONOELIZRENAFERO L~ LD
FH/NENOT, BEOBRFEREETORBAI A7 1T o ElNEEZI 6N LTINS,

7T e - A (2000) 1L, Woutersen® (1986) OWistar” v b & 7= W ABg#E IR C
BN REORERN A, IO RN DOIRBERRE L RAROEGZREZ S LI, WRED
MR R S A AR R ISR (6/24X5/7) L7z ECRIEZEBRET L& HW, %@@Au%%i$m
FA24 9 % carciogenic potency (TCos) K& ONE D95%CI FIRE (TCLos) ZHEH L7-, TDOFER. BT
F Tl b m WS Z R T E LT, TCos 86 mg/m3, TCLos 28 mg/m3% FH L T\ %,

2.2 ERABLUSNDOESHE
2.21 SEEHE

2211 2EH

# 6l aMEEMEICB T 2 EE R A AR LT,

tlﬁﬁ%ﬁﬁfi 25 ppm (4 HiRE) VL ETARPCHIIEO B IERZ T2 5 &LV O iERH -
7oy, el O EBFE 550 ppmDEVERE CIXERETA LRV EEZ LN TEY  BEOHEIC
m%ﬁL®K%ﬂ%ok_kﬂ%m3ﬂfwé Fio. EEREKERITEE 2T 5 & o®RiEe, K
AR L5 b FMEREEMZE Cld, ALDH2 %72 L 0 JEEBR SR . FFIRE R D AR OFLE 1T 22 1 |
ALDH2*2 28T V)V H T 5 CRMERNERAThHo- T 2@ Ao,

®MLDsok LTI, T v b T660~1,930 mg/kg. ~ ™ % T1,230 mgkg., WALCsob LCIET » L4
REfE C24 g/m3 3047 C37 g/lm3, /NAAH *—451?F"1“C31 g/m3k VN9 fiE 75>$I§<iéﬂ“€b\




TV,

® 6 AEFMEICETIME
MIBT 5T —X

Silverman® (1946) I, 12)&0) BREE IR 24 BIRE (GEHIfE7Z2 L) 50 ppm (90 mg/m3) @
T NTVT e RO155HRERIZ LD . D5 ENIRORNRZ T 2 7203, KE DS S0ME DRI % 5F
Z 51213200 ppm (360 mg/m3) PLEDRENVETH-T2E LTWDH, £/2. 25 ppm (45 mg/m3)
DIREIRETH, MADBRREZFZ-E LTS,

Sim & Pattle (1957) O %S L7214 ADOEREHE LB TIL, 134 ppm (241 mg/m3) O7 & 7 LT E
R D305 g C, REIC ERUE~OREORIMA R bzl LTnd,

Muttray & (2009) (X, 20 ADEREE CHFEFER25 OIEBEE) (122 7%EABRETO, 50 ppm®D T
T N7 AT b RE4RFRIRTR X W, LABSICTTERE & CTHRIEREC OV TRE Lz, O/,
T T AT B ROBREIZ X DRIBUERSCARREE TR, o7 % ) —/VORFTRBEICHREL
Mofo, o, SORKHREREERICEET R, Bithor 2 —nsx 18 (IL-18) IL-8
OWFEE, 1IL-1 8 CIL-6, IL-8, JEEHEMNK T o (TNFa) SEOmRNARBUZ L EE T 2hoT2, 20O
728, 50 ppm D EPENREE TIXERETA U/ B 2 B, Silverman® (1946) O TIEA /LA
TT e ROEECIHENAE SN TR -722 &, Sim& Pattle (1957) OMEIXZEMIN AT
bHHZEITMZ, BET ¥ A= NTOBERFIN TN ERMEEE 2 bl

Peng® (1999) 1X. ADH2*20 7K€ & ADH3*1D R % Z N EnREkICF B, ALDH2 *1/%1, ALDH2
*1/%2, ALDHZ2 *2/*2 Q%N EiiE ) BAFFOFE NEFEOEEHE A6 Z ) —/10.2 mgkgZ X
T, 20~ 130 RRICFHTEIORINZ{T> CIH 7 v 70T e RIBEZAE LI 2 A, B — 7 R
(HAZ : pmol) FEAI1 2 24 0 75, AUCIEIZ X 2B (BT : pmolxh) FE23491 : 48 : 223L 721 |
BRI LV EFTHHTTE N7 AT NIZEETH 72, ALDH2 *2/*2 OEREH TITLHEL
DR R, B - AREEENRK - WESHBIR MR 23 Z BTN U, SRR i =135 IR T L7z,

Takao® (1998) 1%, WMEMEIC30gD=H ) — L2 EETCFEViZHET ARAT X ) — /L%
B A I L., =& ) — Vst B3 AERNALDH2 *1/*1. ALDH2 *1/*2. ALDH2 *2/*2 O B#ZH T
% %3116 (19%) . 10/14 (71%) . 2/2 (100%) Th-ol=Z &b, =X 7 — Uik B O JFIK A3 i
HY e M7 AT e RREOHINTHD EHEEL TV D,

Wilkin & Fortner (1985) %, HIERDE MEFEEI12AICL DT N T AT B RT5%KIEKD 73>
FT7ANTIE, 2RICEEBIHENRON-ELTND,

FEBRT — 7

WHO (1995) Tid, HREIREEZIZ X 58 0 LDsol%, 7 v h T660~1,930 mg/kg, ¥ 7 A T1,230 mg/kg,
W ALCsolx. 7 v b O4BE[]T24 g/m3, 304y T37 g/m3, /A AKX —D4FFH]T31 g/m3 L Wt I T
AV

Phillips (1987) IX. 7 v MIT7 & R 7T & RK750~13,230 mg/m3% B L 7= FEBR i, XV »ig
Bl bR o, /7 U RONa/K ATPaseN L= LTCnWab, £/, 7 N7 /V5E K5
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mg/kgZ MEWEPR HLRIF G- U7 BB TlE, RIMEICE DA R b & LTWnD,

Heap® (1995) 13, 7& F 77 & FOMEELA b L AHERS F— I U RERICE 2 D8 E
Bt L7z, MEWistar” v b (fAE ; 70~100 g) (25 mmol/kg (220 mg/kg) 7% 7 /T b R fElE
WG L. 4. 12, 24, 48, 72, 96, 12005107 h 7 ATk RIBEZHIE L=, 7 s T T
b RIS IXMER - e - BN CAKIC EH L, 4R 1250~60 nmol/g tissue & 72> 7, D%, K,
JHFlEE CIE BB EE DS L, 12K TILZ 424110 nmol/g tissue, 3 nmol/g tissue & 72 57,
A8 I, Pl TO nmol/g tissue & 72 > 72723, A CIX12005[# 1% £ T 4 nmol/g tissue DL %
HEEEL QW2 Mob X T —8, IV EZF Ao ~vd o4 —BiEMT ER L=, SOD, ZvXF
Fo D ZT 2 —=BIERERED b ole, MR R—/33 2 M OBHT &L, 48~T720F & ICA B I
DL, 120BFRRRICEIE LT, 7 R AT e REGEIZKY R—_I U OREIEEES EH L2, S A
IXIEF 7 o708, HEHBIEER (visual discrimination test) Tli., 8 7ot A OMEN RS-,

221.2 BigH (BE%) SHERUVENHSHE

F TICHEEME (HRM) FELOEM RIS S EE AR A R L,

7y NEOF o ARV EMERE 2D LA ROEE IR (WEM~11UER) TiE, 4~11
oGl oAb, O ZEMER A B, BHFSNOELXIINOAELIZ120 mg/kg/H 2
EThole, WAMRETEER (QWE~2FM) T, ERPEIEHETE F7 LT b RICER I D S
DI ER, B ERROEETH o7z, T O ORAREEERO S H, Dormand (2008) 23 b (KL Vi
JEEt[E (50 ppm) A Eiel13MAMIOFERZIT-> THY | SPESHEE~D /3150 ppm (270 mg/m?) JL
ETHROENTVWD, SPSAMEDSN OB L Uik, @iE& (1,000 ppm (1,800 mg/m3) PLE) OEEE
IZBWT, Mo E &N, SECROHEMED A DI,

A4 EIEA O A PR &R L7 31+ ZNORKL! O _
N < Q

0 % , NN Z = e .

BITOE hOMEE LT, e b7 L a— LIDAHEICBIT 2T 7T b ROKRE DN 57
2725 TETWVD, EHN - BEHIMEGEICE 278 b7 0T b RBEOBNN, ¥ 7 BEk, BE
— R AT A LEERE. FIER BT D RIS EDZELRC, BB LA N L RAES L TT L a—ll
FEDREICEGET 5 LS, TR T AT e KRBT Va3 —VIHEDi R b EERFE &5 2 5T
% (Zhang® 2004) ,

£ 7 HEME (EEH) SHERVEHSHEICETIHE
v MZET T —#

Chen® (1999) 1%, HEERED T /L 23— UAKIFIE420 A &t IREE689 N2>\ T, ADH2X ALDH2
LR L T L 3 — VR AE O B & g M L. ADH2*1/*%1+ ALDH2*1/*1\Z % ¢ 5 ADH2*2/*2 +
ALDHZ2*2/*20 7 v 2 — ARLFIE A~ X 130.01 (95%CT; 0.002~0.10) . ADH2*1/*2+ ALDH2*1/*1
\ZXF9 %5 ADH2%2/*2 + ALDH2*2/*20 %4 ~ A 130.06 (95%CI ; 0.008~0.45) L #+5 L TW\5,
Amamoto® (2002) 1%, FEVTEEOREILAIZEET 5 BTN & £oit1,478 Ao oW T, ALDH2
ZH L EDOBIEIZ DWW TRl Lo iR, 28 & i EIIEBER 2 n Effia L T D,

Zhang® (2004) 1%, 73— /VOHEICBIT L7 87 AT e ROEHEZ L e =2— L, & -
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EHOBIEIC L7 b7 AT e REEOHEMNN, ¥ o7 EERK, FE (8 AT L LkRE
R HE )\ Z )b T B ROSED B e, B LA R LA BN L CT L a— LLHIEDRAICBE 5T 5 L4t
WO, TERTATE RRT A a— LDIEDOR D EERFRIKNTHA H EHEL TV 5D,

3T — 2 (e GRS HEE)

Til5 (1988) 1%, MiHEWistarT v MZT7 & R 77t F&0, 25, 125, 675 mg/kg/H . 4HR# O
Beh (BOK) L7c, Z0fE%. 675 mg/kg/ A G- OMEEDORTHE 1T AL 2 Z£18/10, 8/10D%F|
ATHIE SN, NOELIZ125 mg/kg/ A & E 2 b/ LT3,

Matysiak-Budnik & (1996) (%, MEWistar” v hiZ0, 20, 120 mmol (7 & F 7 /L7 & REEE

550, 120, 500 mg/kg/ HAHY) O7 & M7 AT b FERAZ1LERRO#RE (0K) Uiz, kG
Bia g L, PR A RE L7 & 2 A, 120 mmol B2V T, Zone 1T4.8f%, Zone 3T2.4
fEOFFAIEIZ U MEIENAZEME  (microvesicular fatty degeneration) 23fRH &, HPEAENG & & BN
L72&LTn5 (p=0.06) ., F7=. 120 mmolff TiL, 7/10MLICKIEMIOERMRBIE STz, =4
J = NBHIC L ARG A E 2 Sl & Z 3R 58 L LTIE, 156 ghkg/ BRMESNTEY, 7k
F7 VTR RIZZEDOKIZ% (0.5 g/15 g) OIRETEMAR I LzZ &2y, =& ) — /L LD HRWT
EEMEZATDHEB XN E LTINS,

Kruysse s (1975) 1%, 20D U 7 o T—/LF L AZ—(20, 700, 2,400, 8,200mg/m3 (0,
390, 1,340, 4,560 ppm) O 7 & N7 /AT b R&Z6RH/B., 5H/E, 13N AERTE L=, T O,
8,200 mg/m3#f THUZ DIEIE, i L OVUMEOAH ST E RO, SE B OB R OMbak, TR
ERBERNOEENRH T LTS, o, @El e Syt & MR WA R D SR A RRIE L, MEEE, AU
i B EE SN, PLEOREENSNOELIZ700 mg/m3 s &z biizd LT 5,

Appelman® (1982) (. MEfEWistar > ~ M SEEIOVEIZ, 0, 720, 1,800, 3,950, 9,000 mg/m3 (0,
400, 1,000, 2,200, 5,000 ppm) OT7 & M 7T b RZ6WKM/H, 5H/AR, 4B ABRETE L=, <
DOFEF, MEMES,950 mg/m3LL_EORETHE SN, 71,800 mg/m3LL L DR K OMfE9,000 mg/m3iE TR
I OIH], 79,000 mg/m3EE THiDHXTEEIEI, 720 mg/m3LL D4 TORE TR |2 D2,
3,950 mg/m3LL EDORETENE ER AL S -T2 & LT 5,

Saldiva® (1985) 2NEWistar~ » hiZ0, 437mg/m3 (0. 243 ppm) DT & h7/LF b K% 8HFE]/
H. 548, 5HEMWEABRTE L7-, TO/E, 243 ppmif TR _EF OB, SBPERIENK X, FEAER
FRAREDPEM LTz, TRELOIFEEICRE X0 o T2,

Appelman% (1986) 1. HEWistar7 v ML F D3 ODOLHETT & 7T R&Z6H#/A. 50/

. 4B AR 21T o 72, 1) 0. 150, 500 ppm® 7 & b 7T b K& 6WE R L CIRET D, 2)
1) ERREDT & N T VT B R % SRR +1.5RFF IR (L +3IRF MR EE DN % — o TIREET 5, 3) 0,
110, 500 ppm® 7 & F 7 /LT b K% SEFREIRFE+1.5RFEIRIE+3FHIBRER D /& — TR+ 5, 7277
L. 10 OBRERFEFIZA4E], 8RS DO EREE (ZNENORTERED6RT) #1759, TD
g, 1) OFMETO500ppm T, Appelman & (1982) D400 ppm TH. HiL7cH D & [FEED S fED
MR OEMER R SN, £72, 2) 3) OFRMET D500 ppm THMR LR OEMEN R LTz, 3) DM
T ?O500ppm Tl AEOHEMIHI AR Hiiz, 1) OFEHENHBNOAELZ 150 ppmE LTV 5,

Aranyi® (1986) (%, fEMialcx3 2 EERERBRE LT, CDOY Y R|IZTE M7 LTk K324
mg/m3% 3R]/ H . 5HMIEER L7z, ZOREE, Mild~ 27 v 77— OMBEREREN 16%H L7753,
7 RUERREIC X ARG IZITEEE G2 ol LTS,
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Oyama® (2007) 1%, HDC5TBLI6~ 7 A (Aldh2+/+) 120, 125, 500 ppm®D 7 & k7 /L5t K
Z 14 B MR U CalE B ~DRB RO TN, TOREITR EE XY IR ERICHELS Sn
7o 72, AR~ AR LR TR L7-Aldh2/ v 7 77 b~ % (Aldh2-/-) % [FERICIRE S
T BAERO~ 7 A (AIdh2+/+) & g LT iR R B~ DB DWW T W ¥ A 77 & $ 500 ppm
TR MR CHAR (20%) TRO DI, R EEA~OEZBEIZONTHDL &, BARTIID
B AD3125 ppmT1/4PL, 500 ppm T1/50C, ZEME23125 ppm T2/4PL (HFEE) | 500 ppm T3/50L (8%
e~ ) 1RO BT, — . Aldh2/ v 7 77 b~ A (Aldh2/) TiE, F EREODS AR
500 ppm TH/5PL (9 6 1/BUEATEE)  AME23125 ppm T3/4P0E (FFZEE) | 500 ppm T4/5)C (F%%
E~EE) [ b, £z, Aldh2/ v 7 T U h~U R (Aldh2/-) TiX125 ppmPh ETHEPED |
RTOHMMARD Hivizn, BERCTIEA LN oTo, ZORENS, B EREA~DOREILE & A 7
DT ATIRIEZIZA DN o T2, MR EFEA~OEBIZONWTIX, Aldh2) v 77U h~ T A
(AIdh2-/-) DFFNFERRLEFEDOREN K E <BliL, 500 ppm TZ DA TEA > 7,

Dorman® (2008) %, 6O[LE/E$0)f/§F3447‘/ MZ0, 50, 150, 500, 1,500 ppm® 7 & R T /LT E
RZ6lif/H, 5HAE, 13WFEMRE L. 4. 9. 14, 30, 65[RFEHICHAE1200 % EAk L C Sk~

DR E TN, %@f*% ﬁﬁt%{xitmﬁumm%yi“m&#of:o %&&@F?L&{té $500 ppm
PLEDORETARIREN DB EICE WIER THA LI, WIEAIT500 ppmit TliX14[nligEE 1,500
ppmﬁif I ZAEIREE D RIEIX1,500 ppmAtTl4[n], 65[0IBEFE THEIZ I/\%E_&._#—“Cﬁ%hto

Ji. M EROZEM (olfactory neuronal loss : BEFAHEEMIFL OIK) 13150 ppmPh EOREC4A[RIREER H>
ODAHBIZEWRERTHA LI, ElbDF A 150 ppmif TIXIEIEZEN S 500 ppmitTlx14[a],
65[EEFE . 1,500 ppmAETIEIFE], 30[], 65[EMEFE CHREIZE N -7, 1,500 ppmffTOML ERZ DM
DI DR B DI A - TEIEE ZH L2 LIAME, o2 b b O Th o7, Mlao
FEME LI, B2 TiE150, 500 ppmAfEd 14[RINEEE | B A2 TIiE1,500 ppmBED 4[], 14[8], 65[A1#FE T
HEIZE NS T208, DNA-Z %787 a2 7 (DPX) OEEINEER B/, R B TR0 -
776

¥, A CIEAHEFELREB0Z H 72 U A 7 FHE DR BE D R S TWIZDY, REFARB DGR
IIRHTH -7, L, USNRC (2009) TiL, AreFFAEIIMEIZES, N (EEE) 1005
720 13EM O AREZELM %2 & HICIER L THNOAELEE CIHEEDRAEIT VW EEZ BN 2
ENDIREFEIFICET A R EIEMEIIARE L E L o LI TV,

I

IR T — 2 (1B1ETEER)

Bankowski® (1993) iX, 7 v M7 M7 /LT E F‘@o 0.05% (0. 40 mg/kg/ AHHY) Wik %6
AfEO#es (oK) L7-FEEBRTIE, £ ERITIAHAZN, 0.05% K% 5 THIEIZ BT 5
O —F UAREOHEMMBIERSIZE LTWD,

71 R - AR (2000) 1%, FEAAFEBRE LT, MiEWistarT v MC6RER/E . 5H/E, 274
AWM. 7 b 75k FZ0, 750, 1,500, 3,000 ppm (3,000 ppm(Z-2OU TlE, 2038 LA % 1272
JE A AR S, 521 C1,000 ppm & L72) DOIREETW AR L7 EBRRERO S B, IERDAFEIZE
T HHEEIC OV T, Woutersen B (1984 1986) . Woutersen & Feron (1987) . Feron® (1985)
DA E &6, BER FRZo Rk, FEERHIRLOERE & 2>V TOLOAELA 750
ppm & HE L TWD,
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2.21.3 £EREENE

T RTT e ROATEIRAEFEMEICEAT 2 FELMA LR 8ICE LT,

Hard® (2001) 1%, 7 /b= — L EHEHZAERERHE (alcohol-related birth defect, ARBD) (ZRH9 %
k225, 7' T AT RPARBDORK & U CTEEREEZ R L TWD & WD REITKTT 2 %5/
IRXFEDD D L EEm LT D,

) EEIZ OW TR, dRIS MR FEER CUNE, AU BAE O EEK T731,340 ppmll ECTHI%E
ENTZEVIMERHD (I HEREEE - REE 2000) . £72. 7T NTAT b ROEENEGOMR
W7 N7 VT B RERI U85 CTHE#8 U Tzin vitro OEBR Tl SIRGERICIREE~DEZE TP
RREFHRBINSBZEINTEY (WHO 1995) | MlEEORRTHL ZENRBINTND, LarL,
IS OIRFERKEIIE N CTIXIEBENTH D,

® 8 AERAESEICHT OIHME

Hard® (2001) 1%, 7/ a— VESEHARE/KIE (alcohol-related birth defect. ARBD) 22\ T
1980~2000F-D LEkZMZE L, 7 b7 /7 b RBNARBDDJFIA & L CEHEEARKEZR-L VD L
W RIS T D EFEM R RN H 5 Efbim L TV b,

WHO (1995) 1. b FORERE TH HE0 « WABRZE LA OGN (0~1,000 mg/kg) - ##lk
W (62~320 mg/kg) - FARKNEORKICLDT v b, 7y MRV T A~OHE L5 TO110O3A T
PEEBRER AR L, < OFER CTRIKTOICRAERNE, WREFSREANMIZEI N TWD EHE LT
W5, 72720, REMICBET 250RIT 1 HOATH D,

Kruysseb (1975) 1. YU 7y —AF o nARAX—(Z, 1,340, 4,560 ppm®D 7 & N7 /LFE K
% 6/ H . 5 H/AE, 133 W AR U728 Tl, JPE . L OB E O EHEK T 231,340 ppm
(2,412 mg/m3) DL ETEIZINZE LTV,

Menegola® (1995) %, 7 /W& FA4 2 (GSH) °% OHIBEAD N-acetyleystein (NAC) 287 & b
TNT b ROWEMEICG 2 528 % et Lz, 4R9.5H D7 v M &% 1 mmol®GSHE KEHEHRIT
& % 1-buthionine-S,R-solfoximine (BSO) & & $IZ18FKff#E & L, 30 pg/mLOT & R 7 L7k R%&
WL T, & BIC30WERIEETE L7z, BSOIZIPEEDADOGSHAK T &S®, 7 T AT & RO
ELSHRKEE, GSHH D WINAC (8 pmol) DOIRMIE, 7 T /VT & RiZ K5 RFMEERR
BT 52 ERHALNERYD | FHIINHEOGSHIMEFWE OMBEED PIHICEE TH 5 L itmm O T
W5,

Menegola® (2001) &, invitroCT7 v F10HMIZ30, 45, 60 pg/mLO 7 & 7 /L7 b FABRER S
W, FRRANG L MO T R b — 3 ZFAEBITH S REERHY . TR 7T Rk
KT 2HHIRHT DT AR = ADFEETRB LT,

Fort (2003) %. Xenopus laevis (Y A HT)V) FEERRIZZ X ) — )V R OMHIEM THH T b
TT b R, HifE 2 96REHEIREE S /-, 7 b7 AT B ROLCso X A RIZES T 5 ECs0ld, = #
J =)D % 39,15, 148.8F /NS o 7o L LT D,

2.2.2 EE5HA

[EIEHE R A5 1 L 2 R BT 2 E A R 9T E L i,
WHO!Z b MEFEHEERER I VMARLELS L T2 mgm3zHEHH LT 5D,
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JEA G EE . US.EPA, W) XEEEE - R4, VY 74/ =7 MEPA (Cal/EPA) i%. Appelman
5 (1982, 1986) DENY) F2Hh A ML, Z 24148 ng/m3 (BNIEEEIZEI T 5 FREHME) . 9 ng/m? (W ARLC)
390 ng/m? (M%) . 140 pg/m?® (I8MREL) /R LT\ 5,

S DT, RA YV H B TUBA (UmweltBundesAmt_(UBA) R4 dlHEREEE)  (2013)
73, Dorman® (2008) OEMWFERZARILICENIREIZET 2EMELRE L TRV, A NI A4 VfE
II (health hazard guide value) %1 mg/m3, 714 K71 {1 (health precaution guide value) %
0.1 mg/m3& LTW 5%,

£ 9 ER#EFOEETMOBE

Usmm(wm)iJMWMWQ>u%zw%)@%&_;5&L&@%ﬁmﬁﬁémmmﬂm
ppmZASENENELZZE L 72 KA MY v 7 FHEARE A T U 7o 14 St foehi 72 | 2 6 P nae e A R A5 - 3
& (6ME[E]/H . 5 H/AROETE %#ﬁ%>1H2%%ﬁ W7 H OERERICHE) L2 NOAEL-HEC)- 8.7
mg/m3|Z, FENZE (A7) T10, FMZEL T — X X — 2D LB A 5110, gk

(44 W)#%@iﬁ ZIMETL0DTE T d 51,0000 R LR E A B H L. W ARLC (inhalation
referent concentration) %9 png/m3& L TW\5,

WHO (1995) Ti&, Silverman® (1946) Ot MEEHEEBROFEENG, T T AT E FIZLD
RO 2> TR (45mg/m3) 2 AHEFRMEE FNAT10, 77— X OE T20H -+ TH £20)
ThrL. MHRESE (Tolerable concentration) =45/20=2mg/m3%z=HHL T\ 5,
72, EREYOMBICESLTCHLEH L TS, ZOHETIE, Appelman®d (1986) @~ b
W ARREEE ZER ) O . L9 ANOELA 275 mg/m3 (150 ppm) (275 mg/m31%270 mg/m3
ch‘: Bbihsd) &L, A TI0. FBNATI0. BN (4B 26 18HERENE R OED
Ek@(ﬁﬁk%@bt%@ PEORN) TILODFETH 21,000 N EARBCTER L, it 45 B
(Tolerable concentration) = 275/1,000 =0.3 mg/m? (300 ng/m3) #HH 1L T35,

JEAGMEE (2002) Tk, 7E 7T ROENEEICHETHEMEEZKEL WD, 7T T
T B ROSPER EREA~OFZONOEL 270mg/m3 (Appelman® 1986) # iz, FE[H7ET10, FEN
7210, B REEME, #EME (48 2> HRMEBREIMT, 52 AMET100511,000 D AHE LR EL
ThrL. SHIC6Ref/ A, BHAADIREEESMFN G, 1H 24K, E7H OEfREICHE LT, BENE
FEIZBES 2 F58HIE A48 pg/m3 (0.03 ppm) & LTV 5,

T FEREEE - R (2000) (X, Appelman® (1982, 1986) D FEBRIZEIT HHET » h DI EJZ
EMEO R —ROGBERZ I B CREERIER E MBI L, X F~—2 F—ZEIZTBMCL0s % 218
mg/m3 & HH L, FNEL0, FEMZI0DORHEIARBCRL, S HIC6Rf/H . 5 HADBRESMEN D
1H 24K, 7 H OEfingEE [CHAH LT, MR (tolerable concentration) %390 ng/m3& L Tu»
Do

BV 7 =T MEPA (Cal/EPA) (2008) i%. Appelman® (1982, 1986) D 3Ex|Z TZ)?"E7/
O RO B — RSBERE RPN CHREERER B L, X Fv—27 F—REIC
BMCLos%99 ppm & FiLfH L7z, ZAUZARNE)EE %%ﬁbtb/fh)/ﬁﬁ%%ﬁ%%btﬁ_im
BREEICHRES (6IFRD/ 0 5 HAB OMREES A B 1 0 245 7 H O REIc i) L FiRETAI0
BNAETIONI0 (F¥vaxt7 ¢/ AOMNAZNI0, bXvaf(F I/ 2A0BNEET LG
L BB OREE R B L T108 LCHED) | BIEREANTTVI0 (T b OIBPERARZERER T
» HWoutersen © (1986) 2BV T & &FE AR D EE@*IT)Z%‘% L <HEINL TRV D ARHEFELRE
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10CIE72 <, V10 Z5H) ORET b 2 1B sHF e 105104 RS T+ T045300
DRMEFEAE E Z 8 LT, 1BHREL (chronic reference exposure level) %140 png/m3e LT\ 5, 72
F. Dorman® (2008) D HEER) 5455172 NOAEL 50 ppmiZ 2OV TiE, 99 ppm®BMCLos D %24
MWEXFTHT—ZE LTS,

N A Y EHEREE T (UmweltBundesAmt (UBA) ) UBA (UmweltBundesAmbt—R 4 LaH R

(2013) 1%, 7E N T AT b ROERNREIZET 2HE#EZRE L T\ 5, Dormand (2008) DI
B L AW R O MEIZ kT D LOAEL 150 ppmZ 615/ H . 5 H/HOIEEESRME2 G, 1 H 248,
7H OERREE (TS L T48 mg/m3 & U, RVEIREESME T2, FEFAZEL, MANZETI0. & 5Ttk
ZHEORE I ZEE L 2O EEBRE40EEE L T, A K714 BN (health hazard guide value)
Z1mg/m3, A K71 fE1 (health precaution guide value) %#0.1 mg/m3& LT\ 5%,
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3. EREEEEMM

34 X&HD7+E F7ILTE FORR

RRZFOT7E N T AT RIZIEISHEREERE 2 6D, BRERE LT, 72 M7 AT R
b MRS ié?»:—»@ﬁﬁ¢%%?%@(MRCM%)\&%Ltﬁwﬁﬁ%wﬁﬁmﬂ
(Berni® 1982) °7T V7 7 )L 7 7 ORI Oy (Kami 1983) | IR 2 DI
bHaFENTWD (Furiad Bellanca 1975 ; U.S.NRC 1985) ., HE¥) DO MIEERA> %ﬁ%@@*ﬁ&iﬂfﬁ%#
12k - T3.7X102~6.4 X 105pg/m2/|3 DT RTNATE RBBEEIN TS EREL LN TS (1

A AN b=\ AT T

b:&l?—r 7 N, #’3

ANARIRE UL, Biiess. (LEYE @Aﬁﬁﬂkbf@alﬁﬁik FHAS TS, %<1
Bk EIRIA o R OWEANE b A HEF L OFE e LTHEM STV, 2o, Bk, wEe,
ﬁmM%“%o<éﬁﬂkaﬁbnk . BIEHIBI O, BRBBHOERFEL LThMlbiLT
W5h, £z, T, AWROBEREFIZ, AVLT AT E RO E L TOREREZ TWD (B
B 2012) if: TJC‘:XT/V@E%@%L MR CREIERME LTT 2 T LT b RBRAET
HZ b TWS (LS 2007a,b) o

T NTAT e ROENAFERIL, 2018421388,519tTH 7= (RIFFEEE 2018) . 200741
367,081 t Th o723, ZDHITKIRITIA L, 20144F2131/412F THA LTV 5,

~ %n7ﬁ~nmmm% ﬁ__mmw

400,000
320,000 —A

2 -
00,000 \

300
ti 250,000 N
= 200,000
i 150,000
H 100000 ‘__‘\% —& —D |
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 2018

FE

B2 7€ r7ILTE ROERNEEZEDHETRE

BRE 85 - RIS Z T, AMISENIAR DA e G ORBEIZ L > TH 77 T VT © RAVAE
T %, KETORED D Tld, FETOARM OS2 — b — ORIl CRERIMZ21E - fH% EE S
TERTATE FARKHFICHER SN2 & AL 6T s (Eimutisb 1978) , £72, AV U R
T4 —BMEORIEIC LD 7 b T LT B RBER L, BEBIEPEHN T AFICE TN TRA~HEH S
bo T2IXZ Oz H2.1~4.6 mg/L@'/?“lZ ET7 AT RBREENTVD (Buysken 1956 ; Osborne o
1956 ; Mold & MeRae 1957) . X512, 7 7T b RIZRALKERTG RS O G HEM:BEIEY D4R
HAER L, T7J<@fj¥f)§7’?°ﬂﬁ%7 v bk E TS (U.S.EPA 1975 ; Shackelford & Keith
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1976) .

Fe EAL I DBR B~ DHEH B O HUR S F OV L2 B9 % 158 CERR L 14E R S5 865, LAF M
Bk Lo, ) Ik s 2EOEHPEH E- BRI EOEFHR RIS L E, DAETIZ2017THEI1261.3 t
DT RT AT E RRRAHICHEH SN TV D (K10 ; RIFFEEE - BREEE 2019)  ZER2EMEND
kgl EOT7 & F 7 AT B RBKRGFICHEH SN T B, 2D 5 B §190% M T2 HHEH S,
ZOMITHRKETSE, 7T AF > 7 MRRIESE fsiitkes BREE, 2% TR REEENS LR
K[ANOHHBRITHONTWD, B, KA~Dm P EOREEE D & 20024FE ) 5 2006
R E TIE100 tHERRE CTh o 7oAy, 200TFFEPARRITIRA L, 20165134940 t& 2p o7z, LinL 7
WD, Ok, 2017THE F THEIMERICH S (X3) .

—% . PRTRE M EHEEHR RIC L 2 &0 WA ORAR ) GIX, BHELZ I ERLT &
FT7 VT e ROBREHRICHEH SN L AL DTV D (F 11 BIFFEES - BRIEE 2019 , =0
Ih, HEHPEH Y ACE EFN TRACHEHE SN =T 7 AT B 232,129t ik b %<, 72122 OfE
IZEENDEDDHERI LEFEN S OPEH & LT248 tHEH SN T AL ST b,

& 10 LEZRICEICOLAEDERINORRADT £ F7ILTE FORBEBEHE Q017FE)

¥ i REA~OPEHIE (t/4)
Bk - 71 T - kbR 0.000
lHE T3E 2.900
{bF T3 55.365
7T AT v 7 R RESE 2.600
2B RS 0.073
g% ik A FL AU 3 0.370
& &t 61.308

® 11 EEZRICEIEHENADTEF7ILTE FOHHEOREL Y (2017 £E)
Ja AR (t/4F)

PEHR
R ERE FExt G Rl 5 JiE BEA
BEH & 0.000 0.000 248.355 2,128.871

21



140

]
o

100
80
60
40
20

Hlll'i‘l:‘l ;I:]

Kk

2002 2004 2006 2008 2010 2012 2014 2016

o JiF

3 LEHICEDIKTFEITZILTE FOARR~ADEHBFHEDEELEL

HERKIGGE OBEH & FHERICHI L T 2 ERFROHRE T, 1B 2199544 10263 t72 5
19995 E D85 t~ L 68%HIK S AL T v | 28 BIZITH 72 ITHER SV HEHIE 2 5 8, 199944 D201 t
52003 D98 t~ & B51%HIH SN TV D (RIFFEHEE  2005) .

Fo. TR FTAT e FTERRE - NIERE R S & O TR PEHTE D & R EIZHE
ENTVER, RRFTHIEA X VRALKFZOBILIZ L > TT® M T AT 8 RBERT S Z EB8bi
TW5 (Grosjean 1982) , KAFDOT7E M7 /T REEIZ, £ b EICEL ., MEFERIGICED
TN EDRRT L SN TWD (7 b AR — g R D BRI RS S HE AR S BRI
B ) 2 7 e Ry so e 9007) , HH P D g A e il
MBI ] 2 7 Bty v o e —  (2007) Tid, 7 XV EDRIWKE EOHT ¥ VoA
VU E L DRISIZE > TORAERSND LIRS TBY . BKIC k27 7 AT e RAERENAZN
EEZOLNDME L L TT e trans2- 7T v, cis2 T TV 22 AT )N-2-T T trans2-X T
Vo eIs 2T U HRZFT TN D, 20026ER#E DT — X & W HERHCidd 528, PRTRIC X D HEH &
OHEFHE (B HHEZEFT, BY1Y LT oE¥ES . PRTRIEHSNOIER S EMEES . BEIRS) &L
T, BB OFRLCKET TO ZWEENSDT ¥ T AT ROFAERENNRY RENWT LIRS
nTnb,

32 XKE=4UY

T F T AT E RORKIHGHEORIUTHOWTL, AERKIGEWEE=2 ) 7k L LT ndt
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) .

B E H AL O PR EE O 2 FEEEIE, M9 3.2 ng/m3)> 5 20104F £ 132.0 pg/m3E T T L
oDy, ZOBRIFBITNTHERE L TV D (K13) , fiffiii iR oE=% 1 U 7FR R L X 512, 2005
FEEI22.9pgm3ThH 7= H DM, 2010 132.1 ng/m3E TET L, TDORITHIT O THERE L T\ 5 (X
43) .

BERKGIMEE=4 ) RO A BT, T—BEREE | TEERAERED) . NhE o
SHEICIX /Y SH T\ 5, 201THEEORERSE (F13) ZR5 L, —BEREECIZFEHT2.1 ng/m? (193
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A 2 0.37~7.5 pg/m3) | [EEFRAPREL TIX, FHT2.0 pg/md (28345 1.3~4.5 pg/m3) | £7¢,
BB W TIT S T2.4 ng/m3 (9514 1 0.33~7.0 ng/m3) THY . [HE] OFEENDLEL . K
BADOHEHIROI N BB EHEH T 2 10H D 2 L LA LM EEZ R LTV,

JE MR A3 L ey TEDDEER AL 23N T UL, ERECRRMED Lt TG
. TEERAFEL] RO TR TIRERLTHY . BAEFENSHETHLZ EICHKT S
DEHESND, WERNOBESMEZ R TH, hE] TREOEVHEROOZ WA ARS & Hillk
B KX DT HEY ATy (X54) .

=12 2011 EEEEARELEYMEE=2 YV JREIZEITS
MmEEREADTE ETILTE FOEFEHREE

, X fE e/ IMIE e KAE

R K (pg/m3) (pg/ms3) (ng/ms3)
— M EBR 193 2.1 0.37 7.5
[ 7 F& AR JE 23 2.0 1.3 4.5
AR 95 2.4 0.33 7.0
538 7> [ E 56 AR 3 4.3 2.2 7.4
AN 314 2.2 0.33 7.5

® 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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EEE B/ IME B KAE
(pg/ms3) (pg/ms3) (pg/ms3)
2017 314 3,768 2.2 0.33 7.5

CO § bR fRiAEKL

3
= 25
E : k‘_*.\_yﬁ —y _.______.______.______.____._.—-—-—'.
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gy
e
B 5

2008 2010 2012 2014 2016

FE

43 FERKJUERYEE=-2Y) VI REORATE R (147THR) 2HITEHT7E
TLTE FOFEFEREDHTRE

50 O—irEH
— 50 BE = FE4EFEEL
T BiLiE
ﬁ 40
=
oo 30
1
=i 20
10
; e 77
4050 5.0<

B (/mY)
X 54 2017 EEAERKFEFLEMEE=2 ) VITREIZETS
FEr7ILTE FOMEARHENDEFEEEDH

3.3 BEEHFLERED
201 TR EDOHEFERKIGRWE T =4 1V > 7 AR TIE, THEERAEWEIZL ] ORE HS O 4
JEDRKIEIF45 ng/md3ThH o7 (13, BREEAK - KKEREER 2019) ., —J7. i) OFfAHLSIC
BT OHRKMEIXTOpg/m3THY | T L TEERAEREL] ThbEWIREDRE ST,
728, 2003~20084EE (2, BREEEN, T M TATE REPH L TV AHEEFROEDEREICB VT
FAEZEM L TV D, 7 HEEROBELDOF2BHEICIBNT, O~36E E HIEEITo7- & 2 A, HA
L OWHIEIX0.5 png/m3~18 ng/md3TH Y, AHERLZIGRWEET=4 Y VTHREHBREIY bEREL

e HHSSHER STV D,
(FED 1EBHZY 24 BEEERNEE21T> T 5,
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3.4 7t F7ITE FOBREE

JBA (—REBRED) K& D OIRFTEIZ OV T, 201 THEE O BERKIGRWET =4V v VRER-BE G
FAK - RREREER 2019) ([ZESW T4 BARKUICIEE SN &35 & (RADMREE 15 m3/
H. KEAZ50 kg L 10E) . FERIZAE S WREE Sl L—ARBREE O XA K LT RA0.63 nglkg/H . —ixER
B ot Sz REICE LT kA28 pg/kg/B LR END (FE14BH) |

= 14 BHAKREIALDT7EMZILTE FKOBREEDET
SEHIfE e KAE

0.63 2.3

W57 &
(ng/kg/ H)

RRLSDEDT 2 R 7T & ROBEREIZOWT, [REN BBl a2 BT LU TO LR
nCThHb,

FENZEEN D DRFEIZONTIE, TR b7 ATE FIFENICHEM - FEECHH S T 5 A,
PEAEF, HEE AR REERIE AR P, R, RAERRE O BRI S (P PE 52007) L5
=, BAKRKITH AR, BNZEROTNORWVBE CRINESN 26103 5, BERMICIE, BRI TS
11 pg/m3 (Fx K290 pg/m3) |, \WETITFHT7.8 ng/m3 (;x K420 pg/md) & L7cfERERH D (T
B P25 E RIZ93F B A X RIC LI-HEM ) (EE5E%4 2016)

BED ORFEIZOWTIL, BREEA THEMi L TV DR 27 PIHEHEICR W T, BEFlO 791
ITONEZBERTOT 7T B ROSHHER T, 45BIEDWF 5 $0.15~18 pg/gD i TH
HE &, BTEYA 1.7 nglg, ST FEH30.59 png/lg ThH - 7= (WHIEAN B AR S0 & % — 2000) ,
ZORRNORERBAOT E T LT b RORTEEIT T T24 pg/keg/H ., K T720 pg/kg/H & BiED
bND, T A TOLFEEROSHTIE, 7 T AT E ROEGHEREITMHICIZL mgkgll FTHD

DURFICR Y Y 2 — AT v a3 — VB CIIEE mgl/kglliET 5 2 & & 5 (Maarse & Visscher 1992)

T FT AT e RICIBKEKREERERNREINTEB LT, DREOKEKTOT R 7T b NRE
OREFRERIZIATTE 20, #IFKFOTE 7T b Rk, BEEE 20004 21T - 7 B 1H [
BITHBV T, IR TR 50.3 pg/LAR H ST 5 BREEE BREEE BLUR/KBREEES 2001) . F7z,
FEE O H F K OFIE TIZ1I AP LT SR S 4, mRHR T30 ng/LTh 5 (BRUATHTEREE
BLEBFZEAT 1998) , RIZ, ZOREMRHBEOM T KE2ZOE T RAN2LKTETHE, T RNT L
F b RO 81360 pg/H kiﬁ%’)

T, BRENZ2¥ ) —MIERNTT | 7 AT e RicfitEns, 10gDx % ) — )L & & iefEiE
727 v a— BB L, =% /=L DKI90% N T NT AT RiZkdb b L, Ta—uik
BIOEWRT & b7 V7 & FOEERICKE RIBGEREK B2 b5 (WHO 1995) , £7o, fUHORS
B )R TEITATE R Sh, BNEROT 2 T AT e RBEZEDZEWV S A
MN&H 5 (Uchivaman 2015) .

E oA ME TS AR L L UdEe T, B T b P A ROURER - X L R4
LEZERL T ;;ﬁlmg$®7w7tbﬂaihfkw IR0 DI Z % 5 L (RE

SRFN pefkel e » RIS SR FE64 kgD KA 1 BIZ20R D721 %
W9 L. 300 ug/kg/EIODYJZ F7 VT e RIZEESNDZ L2725 (WHO 1995) , £/, 7ZiFZ o
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] S il LA WA D 2007),
BCEENL TR b7 AT e ROREF TR LY BIFIED 72358 & OFERDH D A5
‘j: \—El
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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
D SO EIZET 2P ESMICONT, LD Z1T > 72,

4.1 RERUAERHEIREICONT

T R TT B RIEHCHEILE BRI S A, ik, AP, B, Off. HRZEC ORI 5, B RO
FTEARLTE T AT FREEZIZI P R TICRETATE N T AT b Rl kFERFE 2T
(ALDH2) THh V. HFEIKE LTF 7 12 LP450 2E1 52 N1 HRERE R H 5,

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

FEMIZZIZ OV T, B FEUYT v hORERNIZEBIT 2RO E T N7 /VT v RRENEERIZK
# LT %OBEZ CFD - PBPKET V& FHWW TG L7ZfER_ (& R 7T b RBUKERSE O s 1
WNALDH2*1/*1D%4E) . 72 b7 AT & R~OIRFBIRENFE UL T FO&KEERICRITS 7' b
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 &
WO, ) TR, BERORREEL L MOMET 25612, ARITEREM L0 M &G & OERTED
b LI ZO AR HEESRHE LT, 7740 MOEEHA LTS, WHO (1999) TixfEZD10 (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
~ & FEEBREM) DR MEDOEWITIE U TEBNCRET T2 2N TELH D E LTINS,

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
DOTKIZEA S 2 M EBREY & [F] COMEWIGE Y95 & LT, TK=1, TD=2.5%ff[H =D i
FREBET D ENRY BN,

FERNZE (A7) IOV T, B hTIET7 & 747 b Fik#EEE#E2R (ALDH2) O#iaT-Th b
ALDHZ2IZEZRINAFAE L, AREH (F2/42) (TIFRBNEEN 72 <0 ~T7 m R E1/#2) TIEARENEEIEE RIS
K\, ALDHZZEBARORARIIIANEERH Y | T TuA R TIE10~60%DEIG TALDH2 *2/*2 X
IZALDH2 *1/*23 i &, BARANTIIN40% TR SN D E O ERH 5,

F 72, ALDH2%5I L 7% F 7 VT & R~OREGE ORZVEDIZ L5580\ &, Aldh2/ v 7 77 b
~ A (Aldh2+/7) EBARID~T A (Aldh2+/+) Z [AERIC O ANRTE S, Wi O R HEER T % g
Lizb 2 A, BEOMR ERIZIRS L8 (M) ORARL BEIZFRE CThH o720, R EE~DF
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BIZOWTIE, FRCREIE (500 ppm) TAIdh2/ v 7T 0 h~DADFREAR T 2L 0, O
PREMVEDRAERNFE L, BEORE L E) -2 (Oyamab 2007) . —J5, & hOSPEHEGRICH TS
ALDH2ZFI O FIRIETED g & 7 C & e L, B CFD « PBPKE T /L& FV CHid L 723 T
X, B hORIEIZBTL7 2 R T AT E FRENCE D7 V7 7 v 20alsiik coHEA (@RMEl) 12
*THALDH20O T 513/ & <, —HEOFEBRSM (RFERE, &) FTid, ALDHIRRA T & F 7L
TE MEOELLIRETHDL LN TND,

REAGAE S FIE I, FENZE (BRI 72 AR O NOAEL % @& Mo 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 hOBKECBITLT7E b T AT E FRENCE D27 V7 7 o Aaleiikco HEA (BatE(b)
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
ik (R B ~DEE (b, M) ORER GEOBRENRENEOWMENDH D Z & 2EE
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 FEEMENSRBIN T
WwWanZ &,

4.3.2 BEQHEIZDOULN\T

T NTATE RiL, BEEAIRIC X Din vitroDEBR Tl MEEN DR HERL B L TW W0,
b R CEM) O BERIEIC X 5 in vivo)e WNin vitroD 78 FJFMERER Cld, Bia FREES R I N TN S,
Lyl BWER CBE SRR AITOWN TR, BADRAEITIENL > TRIER-CLE DA B3 AN
ROHN, BEOH LB A T =R LM EESH TS, £/, & NOALDH2 £ BRI T VARG
TEIEINT EHEEICB T 2B BAY A7 O LEFIZONTIE, ZORNAA T =X LT D 1FHH
IR+ Th b,

28



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 &,

BT — & & O TT 9 B SOGBR ORI, FEEBREW & W72 ARG EBRO NG, &
FOGEAMR Z7- 2 ECo+5372 7 — 2 BFIE L, DRI ERTE K Cdh 2 Dormant (2008) DI
F3447 v NORWE LR OEMOIRAEIZET 2MAEZHNL & & LT,

Dorman® (2008) DIEF3447 v b %z AW 13HF W ABREESEER (6HF[HE/H, 5HME) TiX, Zoffs
DO NBETE IR & LR CTRWIRERIR BB (50 ppm) Z#H e ERZIT-> T 5, ZOFEE, 150 ppm
Pl ECREWEEROEM., 500 ppmbPL b TR ERZOEMHENTRD 7208, 50 ppm TIX 45 D8
X2 nole, TOZENDL, BIEEROEENZ LD >7250 ppm (90 mg/m3) ZNOAEL (No
Observed Adverse Effect Level ; M@ &) & L, FfEZFHIEOEHICHND Z NS LB X 5,
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7235, Appelman® (1986) DWW AR LR (4EM) ICBWTH, T v FDBEE | DOZEMERTR
5N TWAHH, Dorman® (2008) @57 Appelman® (1986) X ¥ &R\ \BRFZEEE M (50 ppm) %
G, IREEABHIM O ISHEM & E< . BENORBEE T LM Th o772, T D7z, Dorman b
(2008) D J 23— OLSBR A 3% ¢, Appelman® (1986) £V bl TH 5 LB % HiLl,

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

SBBEENZTLHHEOTHL0, BERKUIBIT 27 7T e ROFEERFLZT 5 BEIZIE, &
REVEOBLED DERBERZ D D OREIZOWTRHMEZIT ) Z LN Y TH D,

Fio. BARANOKPEEUL, REBEROIEHOBNC LD 7T b T AT & RERHT 23 EREL, (K
WNOTE N7 AT e RBENEVIREETHRF SN ZEPBESNTWD Z b, AEMEFHMIZ1T 5
BRICIE, SREREHEMEDEWICE S U A7 OEINC OV T H BEBICAN THRH 2179 ZEBXNETH D,

— BRI KR D OISB L IR T B OFHHIC >\ L, 201 THEEOFERKIGRMEET =41 7
EAERO—ERE O FHEIZESITHE, BERKZNODOIAS TV OT7E VT VT v ROV IRE
B (KA) 130.63 pg/kg/H & AL b5,

5. MEAEZEDREIZDOILT

51 EHFAEIZED ) A IFHEICDOLNT

T RTATE ROFENANEIED ) A7 FMIZOWTIE, Bk &80, HESLNL TV DN
HiE, BSOS ETTO 2 ENREETH D720, FHMBEIT) Z LT TERW ST S,

LML, ZRETIZH/ELILTWDEANGIL, B DR NAMEDRIBIN D29, A?&@ﬁ%‘ﬁ@i_
HBIZE - T, BBRAIRD B—SFHEZ1T 9 2 & DO TEX 28 LOWEERBER I NHAITIE. BBA
PEIAR D U R 7 GO ERZ SN T D THETT 2 HENH 5,

52 EAAMLUNDESEICRSTMEDOEHIZCDOLNT

TERTATE RIZOWTIE, B b~OREPANMDNOFEFEZ R T AREMER SN DD, B O
PR CIEE — OGBERZ R T 02 M AN S O TWRN D SEE D HIR N AL O
FEVEARDFHIEZ T 5 Z L IIRETH D,

—J5. B FERTIE, BRCRPAMUSNAOEFNECET 2 —EOMANELNTEY, 22D, I A
PELISN D ENEITLR D A T = X LTI R ZE 03780 bV Z Lo h | MR FNEISHE
Y FEBROFEREZ L MOOMET L2 LIk, AEEICRIFMELR T2 L &7 5,

WE OB IS 7~ > TliE, Dorman® (2008) O F v h~D 130 E O ANMEEEROFE R 2 HW5
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Z L LT 5, BARIIZIE, BB EROERICB N T, Ty MO BEE EROEEDIAENR BN
7250 ppm (90 mg/m3) ZNOAEL& L. —REREE COEMENREE 2 48 7E L CTHiicREE ) O @ik iz 12
R (6HFM/24F#I X 5H/7TH) L7-8.9ppm (16 mg/m3) &, RHEEMIHE LT, FFvag (/-3
A (=M (EREORISNE) ) OXEZEE 2 -fE42.5, BNE (EE2E) & LT10, BEBOEK
PEIZBAT 265 LT, BRADORBRNZBRE L TREG (ZhbDOREORE LT125) 2V 2 Ln
WY EEZ D,

AHEFELRE (FEMIZE, fENZE (ERZ2) %) ROSEOBERMEICET 2R OB EIT OV TIE, FHl
EHEHTFIECESE, LTFTOBEXFIZLVEE LT,

FRIZIZOWTIE, hFvafxT 472 (TK: KNEEE) & hdvaX I 72 (TD: AfkL
D) [ TRET D ENARETH D, b RROT v FOBIENIZEIT 2 2850%h e 7k -
TIVT b RBENE RIS LT-% OEhRE%2 CFD - PBPKE T /L& W THiE L7-fE 3R (Teeguarden
5 2008) \ TERTATE RAOIRERENEUCEET, v FoBEERICBTA2TE N AT E R
LHOWBEEILT v P LY IRV &6, b FOTKIZET 5 MEITEREY & [ UMKV E S ITH
B35 L LT, TK=1, TD=2.5%FEMED IR LT L LN HY LB X T,

Fo. FERE (@EE) 1I2oVnTiE, RO L IITE RS,

CFD : PBPKE T /UIC L DR (Teeguardent 2008) Tik, & hOEIEICBIT L7 F T AT
E FMRENCE D7 V7 7 o A0 B E ik COHPEL (BRME L) (23T 2ALDH2O % 5 13/h S v L HEE
SNTWD, LLZeRnb, BRANDL0% N T & N7 AT b RORBFHEEIMERWALDH22S 58 % 7
T L, Aldh2) v 7T 7 h~ U ATIEBAR~ 7 2 L TR (FF% ER) 1285200 A
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