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In this study we evaluated the effects of the genetic polymorphism of aldehyde dehy-
drogenase? (ALDH2) on toluene metabolism and determined biological exposure
indices{BEIs) for toluene by the genotypes of ALDHZ

The study subject were 77 men workers who are handling toluene in a video tape manu-
facturing factory and a textile company. Through the face-to-face interview, the informa-
tion about smoking and drinking behavior was obtained. For determination of ALDH2 poly-
morphism, 5 m! of venous blood sample was obtained from each subject after informed con-
sent. DNA was extracted from the buffy coat and ALDH2 genotyping were performed using
a polymerase chain reaction(PCR) method. The genotype of ALDH2 was classified into the
homozygous genotype of normal ALDHZ(NN), and the heterozygous genotype of normal and
inactive ALDH2 (ND), and homozygous genotype of an inactive ALDH2(DD). The concen-
tration of hippuric acid (HA), the main metabolite of toluene, was determined in urine
specimens collected at the end of shift, corrected with creatinine(HA/C), and compared with
BEI for tcluene, which is 2.5 g/g creatinine. The personal exposure level of toluene were

- monitored, using personal air sampler and analyzed by gas chromatography.

The frequencies of the three genotypes in this study subject were, NN : 45 (568.4%),
ND : 26 (33.8%) and DD : 6 (7.8%), and frequencies of the genotypes in the middle or
heavy tcluene exposure workers were not significantly different from those in the mild
toluene exposure workers, The frequencies of the DD type of ALDH2 was lower among
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alcohol drinkers than among non-~drinkers. The urinary HA concentration of DD group
was significantly lower than that of the NN or ND group, which suggests that the HA
_formation from toluene decreased in DD group. Regression lines were used to estimate the

BEIs of the NN, ND, and DD groups.
NN y=0.0085x +0.23 r=0.90
ND: y=0.0074x + 0.21, r =0.85
DDy =0.0041x + (.82, r=10.83

The three regression lines revealed that the estimated urinary HA concentration of NN,
ND, and DD groups at 377 mg/m* toluene(TLV-TWA) exposure were 3.43, 3.00, and 2,37
g/g creatinine, respectively. The HA concentration of the NN, and ND group were higher
than that of the ACGIH BEI (2.5 g/g creatinine); however, the HA level of DD group

was lower than the BEL

These results suggest that the ACGIH BEI is not adequate to estimate the toluene expo-
sure of the NN, ND and DD groups at the same time.
Based upon these results, a new BEI for ALDH2 deficient workers may be necessary.

Key Words : ALDH2, Genetic polymorphism, Urinary hippuric acid
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=5l A elM JPg b sole #7184

o wh

2] shioltt. 742 HFste 22AEMA F
FR7RA AA, g, driF, A, FEHE 79

A, FE, 3™, &5, 34z 59 4 &
H, B AF3EE dod 5 slen, oF T
2 E7ql H2ol Fxe dUxe Y] e H
o8 A AtH{Ukai 5, 1993},

5ol QA & A2e F2 A& 59
o] FolAH, dF HEE EstdMxT o]Fozn
(Sullivan® Krieger, 1992; Kawamoto %,
1994; Zenz F, 1994). <A} Fo8 59
80%+< microsomal mixed function oxidase
systeme] 23] benzyl alcohol2 HFH 3 alco-
hol dehydrogenase/aldehyde dehydrogenase
systemol] 2]3] benzoic acid® A3EUcir} ohA]
o8 oizito 2 AT} o] HFHd FH FEA
- 2 B3l aldehyde dehydrogenase (ALDH) ¢}
i ALDH1, ALDH2, ALDH3, ALDH4¢] 47}
Al isoenzymee] A&l ALDHIY ALDH27}
benzoic acid®] el 8 FAz A85H
E)(Harada, 1989).

o] ¥ ALDH2E #3322 polymorphismo]
e Re Busan UtH(Yoshida 5, 1983;

Crabb &, 1989; Oyama &, 1993). %) uje}
ael7t ste AR dRA ded §¥H 2 vFe
Z7MM 2= RRAFFH, FAFTME ALDH29 Eg
d¥ol vy =8y, olge dxHez FudFd
&3t FUddM e &3] HHEY (Goedde T,
1992).

ALDH28 43 polymorphism &4&
ALDH2 f4dx+e] 4874 ofnlictt Aol T3
A HeAxelr A DNAFFYAM guanine-
cytosine®] adenine-thymine2 & 2|&g Az
ad A glutamate’} lysinee & ¥
3}35}7] W §olck(Yoshida 5, 1983). ol A%
UZHFH F opNELH I = A Ao UH
&, 99, 3E, J¥8g 55 AgsA H9, B
2q 2 ¥ ALDH29 #38A4ge] o} M2 g
2 die} AEE B kF vkt o] Aol B
d F UE Aer YAz,

A v)Folie A e] S84 EREEE

g 19931 American Conference of Govern-
mental Industrial Hygienists(ACGIH) oA 3
gt Threshold Limit Value-Time Weighted
Average(TLV-TWA) 50 ppm(188 mg/m3)-&
AHEstn e (ACGIH, 1992-1993), A $=]
vt e ACGIHS TLV-TWAZF 19933 713
7] Mol B34 HL&F=7IFE 100 ppm {377
mg/m’)-& 1988 dFE A&l em Ut (=T,
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1988). ©] ACGIHS TLV-TWA 100 ppm= 7}
Fom @ o AY¥Fe IV F E7A HEEE 4
of 2Eatel JQIERe] HEg Hridthe WMo
Z2ate] oA EF49 FE AR riaitE
TE 233e Y48 LR, & BEI(bio-
logical exposure indices)E 2.5 g/g creatinine
o} &5 1 YTHACGIH, 1992-1993).

oy $2) vl =% ohedt B % BEIL 2.5
g/g creatinine® %<l AT T2AA Y&
oz Hed o ALDH2 #3A BE#AY E57d
HF A glojd HA BFd SREo e
Ao % H/HE + Uoh

o] AT B FHF 2EEAE e FHE
29+% (polymerase chain reaction, PCR)E ©]
S8t ALDH29| #4218e) Wix g ZAbSER, #
A FFA wES A /AW ER 5% v
ko] k& HAHEY 5 AT SEAES
ALDH2 #3A3 k% vhzit A3 39
4& BnA; stdch

0
0%

CHab 9 2

ARET Fujgder] EFAE FEAE AN
v 947 vt o)X Axgg 2al 493 T
Al dagdel dRaaTddA Aw, 328 2 F
Bl 5 ERAE FAgste 22A) 339w F
77938 oides sk

AAAE ALDH2¢] #3x8 #dg 43 dAY
o2 19959 8HolA 9 Apojol] E3jEle]lE X
ZEF SRAE ez B4 siger], 19964
3¥olA 5gAjolel ERAE FHdte TEAE d
Aoz AFE B 49y B4 9 H]dEes =4
St Aol Hagh AAARE AUt

Adig ABAE A 544 94 S22
Aol PE AFoldA Exf Sf=Ake dideg &
A3, 78 ERqe] ER4FL 20 ppm UiY
Zzgo] g0MolRen, 20 ppm oIFERTO] 17
Holdm, 1 F EFA E2 H{LFE VEY
TLV-TWAZ} 100 ppme] de T2ak% 69e] X
FE T BAHA] =Fohedt vjddd Ges n)As
e Fdoivt 54, $8E AT SEA: g
oA AL AlFHTHKawamoto F, 1994).

549 A 23 §3& AR )
A-EAIR X7 (GILAIR-3, Gilian, USA) & o] &
3l 227 AYE AlFE] W 22Ae] Ay
o] BZlohvt 7tg T TEV Aol FiErsio
charcoal tubed] Al&& A3F F Aol TG &
TS front %(100 me) =} back Z(50 mg) &
viald] Zzh ®elaid $x £%9 CS, 1.0 w4
1%t & ulE 22 3080 HE EEHA WX s
o @3d ARE 7t Z2vlEIRE] (GC-14A,
Shimadzu, Japan)& ©}83le &AMt £4
Z3L capillary ZHE ]88l injector tem-
perature 225 C, column temperature 150 T,
detector temperature 200 C= 8.2 carri-
er 7} N, ©]88td 30 ml/min®] 52 ¥
Al

AME =% vhaibexe] 3L tidAe] =8
iAol B AX LW EVE olisld A
F 3% 4H) I2etEaEE (Waters 625 LC
system, Millipore, USA}E ©]&38l9 vlizitel
F& BF skt FAZEUL Cy reverse col-
umn® ARESH ZE2EE 25 €, olFNE 20
mM KHyPO,(pH 3.3)/ °HIEWELS st
5L 1.0 ml/min., $EHE 100 kg/ar2 S},
g creatinine Wl g 2 LwF ohritel ¥ E
B

ME ALDH2e] 8218 ghde gidaER
HE FU¥E HF T Wizard™ genomic DNA
purification kit(Promega) 2 genomic DNAZ &
&3t9}t. UV spectrophotometer (UV 1201,
Shimadzu, Japan)& °©]83l DNAS] »z& &
A% F 5 -ending ALDH2 primer, 3 -ending
ALDH?Z primer, dNTP, Taq polymerase, PCR
buffersl DNA template& 4191 PCR mixture®
o] Thermal cycler(Gene Amp PCR Systern
2400, Perkin Elmer, USA)ol wH-ERAE 94¢
oA 1% 3023t denaturing, 55CNA 18 3023
annealing, 72T°lA 3032} polymerization& 30
cycle ¥HEA|1Z{c}, ¥hgo] Fd A8 U¥-E ethidi-
um bromide®& F#3% polyacrylamide geloll 7]
BEE F F AL gollA] FHARE AT

Are]4d Eloll Al band”t #1€ PCR A4 &) 5 -
end 7P labelling?t ALDH2 primer®t dATP,
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Primer

S tivL typedd

Active type(N) Primer

Y {GAGTACGGGCTGCAGGCATAICACT A

CTCATGCCCGACGTCCGTAT GTGA CTTCACTTY

Primer

N GAGTACGOGGCTGLAGGCATA]

- 28mer
- JSmer

- 20mer-

Fig. 1. Determination of ALDHZ2 polymorphism by polymerase chain reaction method. 1, 3 and 4 indi-
cate NN type and 2 indicates DD type and 5, 6 and 7 indicate ND type.

dTTP, dCTP, ddGTP, Taq polymerase, PCR
buffer® mix3ta] Thermal cyclers]x 94 © 1§
30%, 55 € 1% 30%, 72 T 1¥ 5<% DNAE ¥
48kt

A8k DNAAES 6>< sample loading buffer
o} 5112 EFele vy & 6% sequencing
geloll#] 75 watt® A7jdFEsidc). ArSE £
gel= 5% acetic acid, 15% methanol Lol 15
2 F7o] nFAAS Gel& 9% ¥ x-ray film
o] AT WSt ALDH2 polymorphismE
sk
- ALDH2 polymorphism2 NN (homozygous
genotype of normal ALDH2), ND (het-
erozygous genotype of normal and inactive
ALDH2) 3 DD (homozygous genotype of an
inactive ALDH?) 2.2 F83ich(Fig, 1).

84 =

i dAEe] ALDH2 fraAdde [A 779 5 NN
o] 45 o & 58 4%E AkAlslgl.er] NDko| 269
o2 33.8%, DDT°l 6Ho R 7.8%% AR

20 ppm WIRIe] E54l AZ2 T4 NNT-|
34HoZ 56.7%% AAsidon] NDIo| 2280
36.7%, DD 4o 6.7%% X881, 20

Table 1. Genotypes of ALDH2 in toluene exposed
workers

Genot %
Toluene exposure notype (%)

level(ppm) n NN ND DD
<20 60 34 (56.7 22 (36.7) 4 (6.7

20< 17 1647 4235 2118

Total 7 45 (58.4) 26 (33.8) 6 ( 7.8)

NN : homozygous genotype of normal ALDHZ2.

ND : heterozygous genolype of normal and inac-
tive ALDFHZ.

DD : homozygous genotype of inactive ALDH2.

ppm °jd9 ¥nA FTx ot EF E2
AE NNTol 118e2 64.7%, NDTol 49
23.5%, DDwo] 2%e@ 11 8%dem T &7
EAHCR foat BX o] ol I (Table 1).

oSS JFdsde 31.8+5.0 A 93 NNZ
A 32.4£4.8 A, NDFlME 30.8+5.3 Al
223 DDPoAlE 31,2459 A2 ZF 48z
of #ol3t dga] Aol wiich

AGdLE NNTIA & 64.8+138.9719, NDF
oM 70.5+36.2 71¥ Z8l: DDwelAME 63.5
+31.9709 2 2zt fRAEZ] F9% Aole A
on] B AAAFE 66.6+37. 270 Do)k

=

o]]

L%
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Table 2. Genotypes of ALDH2 by age, duration of exposure and aleohol drinking

Genotype
Characteristics Total
NN (n=45) ND (n=26) DD {n=6)
Agelyears) 2.4+ 4.8 30.8% 5.3 3.2 5.9 31.8+ 50
Durations of expostre 64.8+38.9 70,5436, 2 63.5+31.9 66.6+37.2
{months)
"Alcohol
Non-drinker 5 {45.5%) 4 (36.4%) 2 {18.2%) 11 (100.0%)
Drinker 0 (60.6) 22 (33.3) 4 6.1 66 (100.0)
Table 8, Urinary HA concentration by ALDH2 genotype and toluene exposure level
- : HA (g/g creatinine)
Toluene expostire
level (ppm} NN ND DD
n Mean+5D n Mean®SD n Mean+SD
<20 34 0.28=+0.16" 22 0. 25:0. 09" 4 0,094:0.09
20< 11 1.03+0.61 4 0.52:x0.22 2 0.55+0.56

*

: p<<0.05 compared with DD group.
HA : hippuric acid.
2 221 G6%olRLe],

it F SFaiRoME 3
5]

FAAEE R Byl NNTelA 408 ez 60.6%, ND
ol 22 e 8 33.3%, DDTOlA 4822 6.1%
E apAelglen, Bl&Fabe BE lldes 2 3
NNl EHe g 45 5/6, ND#oAM 4o

36.4%, DDA 2WMoR 18 2% % o3 v&
S Alelell HaxtEe] Aoz QA cHTable 2).
EF2d Fx 20 ppm Plre] BE A E2IF
20 ppm ol F5% ol ERTS A
ME =3 obkdte] e E599 20 ppm 1)
woll A= NNwell4 0.28+0.16 g/g creatinine®]
93, NDwelAl 0.25+0.09 g/g creatinine® &
DDA 0.09£0.09 g/g creatinineXt} EA1H
o] atA Eskew (pd0.05), ¥lEH FFX o
ol EEgtel A NNelA 1, 03:+0.61
g/g creatmme‘_ﬁ_i ND=2] 0.52:40.22 g/g cre-
atinine, DDl 0.55+0.56 g/g creatinine®th
A JvEReL), 20 ppm o]4de] 54 Z2id
A B REaRE e Hsrt FHel FAE |

ol e

}~1.
’1 -10

AR & 5 At (Table 3).
EF % 20 ppm WiTe] E%< Z2EI 20

5l A7 0.4576(p<0. 001),
ND#el A= 0.3926{(p<0. 001), DDAl 0. 3543,
HAHoRE 0.4452(p0. 001} 2 vmE Zd3Ade)
okglon], 20 ppm ol HRFME AFAFTL
HAAHAZ (,8222(p<0.001), NN=TolA 0.8426
(p<0.001), NDollA 0. 9662 (p<0. 001)_x: =g 4

TFAAE Boen DDEelA A2 0.78932
2 o Andng Beent DD §dzte] vins)
Aol EAA Fo0438 AR 4= gt Table 4).

Table 4, Correlation coefficients between urinary
HA and toluene exposure level by
ALDH?2 genotype

HA(g/g creatinine)
Toluene exposure

level (ppm) NN ND DD Total
<2 0,4576" 0.3926° 0,3543  0.4452°
20< 0.8426° 0.9662* 0.7893 0.8222°
* 1 p<0.001.
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ALDH2FAAE e =3 nikaite] Fxe)
B2 2 b A@AAE desA sk o
3} e AN AL A

NN : y(&Fuhettsys) = 0.0085x (85 &=

%) +0.23, r=0.90

ND : y = 0.0074x + 0.21, r = 0.85

DD : y = 0.0041x + 0.82, r = 0.83

7} §R20 =% vhxAle) ¥E9 ERd Zz
zte] AaAlsE NN2A 0.90(p<0.001), NDF
oA 0.85(p0.001), DDZeA 0.83(p<0.001) 2
Z NNZ, NDZ, DD 2 2% ¥ 4aaAg
st

i
e

al

t

27N AMSEE FE 71 A2 WA
FEAQ E2dE E 7 et EF4-E do
3 E4deo] Ao MIFES dodlE oot =8 4t
Ao da] AMRE R 3l (Poctor 5, 1988).

E54de A e T2 EFVIE 5o o] F
olx 3, WP GE ZFHE BT Fre g &
spaiey, Aol FE EFe] 20%€ 37)Alel
2ENE E& wdEn UoiRE methylZizt
hydroxylation®| 2 benzoic acid® 4kshs1cirt
thA] glycine®t sl vhizite 2 =o] Ao
jdsln A% o, m-, p-cresol, benzoyl glu-
curcnide 2] ¥FEHZ wjdEcHKawamoto &,
1994).

EFdlo] vhzitoz HgsE e o8 A Z4
7} #EEl=dl eytochrome P-450, alcohol
dehydrogenase, aldehyde dehydrogenase $°)
} (Crabb %, 1989; Oyama %, 1993;
Kawamoto %, 1994; Kawamoto &, 1995). o]
%] aldehyde dehydrogenased] ¥ 7HA ¥
isozymecl= ALDH13 ALDH27} sled, zhy
vjEZ=elole] Zxdle ALDH2: E5F4 Al
gk ohvie} Gz Lo diitilx Fdstke Aer &
214 doH{Kawamoto 5, 1994).

A2 ALDH29 cDNAS® genomic DNA2 )
o] TEHU=H, o Fvjel BFL& ALDH2
gene?] polypeptide subunit® amino acid
position 487¢] structural point mutation® &

R

Az HAEHA Al o3& DNA levelel GO 71
AM=Z Y@=l AZF glutamate?} lysineo 2
dozM A4 i (Yoshida 5, 1983; Hsu
5, 1985).

ALDH29 f3x¥-& 9Fe we} Aejrt Uk
1992 599l Goedde $(1992) 8] Aol ot
e 5d, 2499, d93d=s, grie], 7 54
7P 2Q19l ALDHZ B84 #zAE e ¥cE
ZARE A3 7o 1%9] HEE Bg5le
o, 2 9 0% =P olx7l ZAEFe F
ole] 3R, &) Y4F9 Mz ALDH2 &
19 FHAe e A9 0%t 22y B2
A T3 16%, BN 24%%3 £ 2
HEAY F3Ae BEE Heoln QoM
15%3 =0 UnE Yehle o8 Busisich

dstolel] Ate FRolA ALDH29| F3A8 &
FAME A3 NN3eo] 54%, ND3o| 41%, DD¥
o] 5% A A BEAHYUS] NrE 2B%E B
nErg e (Muramatsu %, 1995), Chen %
(1994) o] F=te] o8] AFE o2 ZAE vlo]
oIt §FolAM FAA BEAGH o] 24%, WIETE
ol 35%, TxEo] 10%, EMlF] 5%¢) WlI=E B
Hoiz Baskch

dE2dA% Crabb F5(1989)% Harada ¥
(1989) el ALDH29] genetic polymorphisme] Sl
the Mg Bad v glen, Kawamoto 5°l
1129 9] gz}l digfg=) 469 &84 HF 224
£ tidezd A7dr dx datzels] NNF
o] 53%, ND3eo] 42.6%, DDZel 4.1%32oH,
FAA E8Ye] N 25 4%AT EE 7
FE TEANME vt NI=E Bctn B}
Fct.

o] AFeMEs AA 778 F NNTo] 45Hes
58.4% 5 AA|slg e NDol 26822 33 8%,
DD#o] 6922 7.8%F AAsgon] 284339
HMEE 24.7%9Ach olv Astele] Ale F3<l
(Muramatsu 3, 1995)3 9] &g gigdo
2 & A9 (Chen 5, 1994), d£< @ Ay
2 ez 3 A7 (Kawamoto 5, 1994) ¢+ A
9] vl MEE Byvy a8y Y9 Goedde
5(1992) ATelAM =29 FFHA @AY
15% Bode & Y=g By
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ALDH29 #3Age)] 238 dirtel] zelrt sl
cog AR} e wethe AL o AF
oA Br¥1 U Chao 5, 1994; Muramatsu
= 1995; Tanaka 5, 1996). 19959 £=¢1 &
BS54 ¥ SFAE ddeR ALDH2¢) H4A)
g ZARE A% 9[§FA 105% 5 NNZo} 54%
ol Wi ABEEATAME 91%E AABULH,
u-&FFoAe] DDA WizE 5%, dEBFEAT
Me 0%9 WEE Bygvh{(Muramatsu %,
1995). Bl£F AdTRE FFM 173E vlEFA
9 GFFTEA, FBY IAETHAE ddeR &
ZAtl NN3e} wlxe 72} 52%, 88%, 81%9
HieE wges, DDAL 12%, 0%, 0%4 ®¥l=
& B3} (Chao F, 1994). 3 19963 HEoA
% 6692l vj2Fake}t 904 e EHEAY 3199
o224 HAES g2 e B2kt ALDH29 #
AP E 2 A% NN¥9 ¥ixze 47 6%,
30%, 23%9 W& Rygow, DDI 58%,
23%, 36%2 R1=& B} (Tanaka %, 1996).

o} dFede ddat 778 F SFAs 66W0)
Ao, SFAalM NNT9 ¥ine 60.6%, ¥
SFATANME 45.5%% AAEAT. DDTe
= SFATAAN 6.1%F AR sE 2, vgFat
M e 18.2% 2 wlSFATx DDR e ¥lxrt
3MAE w3tovt DDY e W) 2o FAIAoR
F}gk Alele giTh

ACGIHY BF499 #& 72 A7tE 3
FH L5 (TLV-TWA) 50 ppmoE Asrsts 3l
¥ (ACGIH, 1992) ¥ uvelolide AHE 3
#FELFEE 100 ppme 71Fo2 Hgstn ot
(=55, 1988).

olgidt AAPF FrIFY A EFxel & A
olgle] 222} JIR1H ZEAEE Sk W
o8 AERH L&A A F BELE Agstd 7]
E2E FAETIE el ERdiMde 399
F AFEARQ =3 olAte] ¥EE Sgskd o
ARZ Ageta gl

E5d9 AEEE E2 AERM 2F vl
E5d 29 o Az gle Aoz e
W dFEnEken] 5, 1987, o4 %, 1989;
Z1, 199180 U B8 E34 FEI =2
IE7E S olfoiREm, EE ARE AT

)

AES ZAE AE e A a7l F B8
FTEE §F%he Rol +4gdm sk

Harada(1989) 9} Crabb £{(1989)2 ALDH<]
B ko] wel GRE WAl Fxrt dEdy Ba
s}, ALDHS® activityo] =&t 25 dial A=
Az xol7k & Aoz HzHH EFA 2 2
2AE9 ALDH2 #34%& PCRE o83y
genotype ¥ME ¥R/3a =7 vldly $xg &
Feteg o 549 A4BE =9 genotyped]
0E =3 ekttt Froe] Aol AATAZL A&
Aoz Hyztar

o] AFeliA 7R ERI E2¥X7F 20 ppm
whol ol NN#He wF vhizatel HisEs
0.28 g/g creatinined! ¥HA DD¥E 9] FF kF v}
=3 FEE 0.09 g/g creatininee® FAA R
RFeR vhedl vide] folf Aolrt Ak A
A ER4d F2%E7} 20 ppmeolded TelAME
NNY =% vlzile] #d5EE 1.03 g/g creati-
nine2 2 DD¥9 HT kF vixd F=+= 0.55
g/g creatinine®t} £-& wjd#E B o, BF
d nEZ2Fn DDA HEt Hol FARCR &
olskx & gkt

Oyama $(1993)2 &54d EZ=2%% 37 ppm
ojsl M ERFF BERTES FHtis AL
oju)7} glen, 43 ALDH29} S5 thalztel
ARAAE AH] e AL ERAD T
7} 40 ppm gojok gcim FAsh

o] dFoMe EFd ZE2%% 20 ppmE 71E
o7 3td 20 ppmeolste}] E7<4l AMEk Z273
20 ppm °le] FEx ol FETe {FAAH
TE =F opuite] e B F2 e} A9
#HAE FMsded 859 A¥x 2T NN
TIANE =% vhkaite] Fxe B4 2 319
FFAAF7E 0.4576, NDZolA+ 0.3926 DDl
A 0.3543, AAHoRE (0.44522 v mA AH
ol elen, FER ol RRFdMe s
7F AA Ao = (.8222, NNTA 0.8426, ND#*
ol 0.9662, DD&TIA 0,.789322 2 4T
AE Bo AsE B FrdMe =% vhxitzt
o] AAR/AZN A9 QR GS-E BAFAUr

Kawamoto 5(1994)8] a3 Aol gt
9 AYBZE dNF EFA w2t 2& 29 #

Bl
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7} o] FAAE WE =X vidt Wl Al
o FA%HoR fo FUAYL AU7t dECD
Hasle], diyPe S2a7t A[#A7E olEk
L E2doA ZEe Ao veld B oxaAle] AR
E Ho} o] o] dAdiMel AgH oz AziEY,
glo®g APY AFoNE dF FF Fishe o
A7 Ao} F4E Folof & Hejrh

& ohisAte 79 oAt gidse
Ao ohrizt BFqlel £2HA Fv AHgeAR
Ad £ sded &4 ¥ S85 EFE benzoic
acidolME 98 g 5 gl o] AT o}
g AP S AAY] sl a7 dFA AF
HY-E Fotd nFobast wldel FEg vid #
e et &4, SBE 4HF 222 A
oA A1) AlZch

o] Aol 4&% ALDH29 37F4] A3 9]
A4S NNTo] y(&Frkeitss) = 0.0085x
(EF4d E2%%) +0.23, r = 0.90, NDT°} y =
0.0074x + 0.21, r = 0.85, DD¥e] y = 0.0041x
+ 0,82, r = 0.832% DD 3AAF= NNol}
NDZe] s|FAFR FojehA ’ken], ofg
ZAME ¥ o DDTAA &5 eixituldgos B
Fd 222 E Yrisheds FAEE ez 4
Zrgth

%3 NN, ND, DDF¢ A 334 &7l
TLV-TWA 377 mg/mg digdAA 29 ofiie]
TTE A2Z; 3.43 g/g creatinine, 3.00 g/g cre-
atinine, 2.37 g/g creatinine2® NN#} NDT
9] vixAte] X ACGIHS BEI 2.5 g/g crea-
tinine®r} 3 DD oM BEIRCTE W),

otebs ACGIHS] BEI¥ NN, ND, DD¥Y €
Fd Z2F A ©EAT7Cs AAER] 28
RAe2 AziEnl ALDH2 B3 fAAY 2248
M= A2E BEL 71E0] 83€ch 439 A
TP dA el R4 nExxE £

= 27 BA] ol dibdg el ofeigol I
on, diAztel ALDH2 #3A8 3 DDy ¥lx
7} Hoj Bledg & Xolix Hydln FAHoR
folg Azl vdex g A4 ddch siay
gdoBEe EFY AFEFEFE LU dATAS
Z 5¥ T glen, o d7e AAE A8l
A 273 S g8l 8544 HF &

el AEY o BAYBRR A9 ojzigoly
NS RAE £33 12E ASAY AT} A9
oo} & ez wo

2 o

|

STAE FEshs vt Z Az S22
4 4T 224 TT9e dde=
PCR (Polymerase chain reaction)¥-< ©]&3]
Teivzt 49 dAte] ALDH29 &3A3e] ¥e
& 2APetn, AP BF4 sxe ALDH2 &
AAFE R =5 vhadte] 42 36 E5< 3
¥ 22459 ALDH2 #3433 ¥ vkt 6
AEale] BUAGE AR

A 77499 ERdA HF @A Z2B2A F
ALDH2®| FAAEE NNTo] s 22 58,4%
& A3l en NDel 2682o=2 33.8%, DD
o] 6422 7.8%F A syt A F 5T
Z B EFT Aloldle FHAH 4 F% ¥X
9 ztole gtk

B Ark 299 FEX o) E2F9 #
AAY e & wF ok e 79 AE=E
wollAle NNTelA] 0.28+0. 16 g/g creatinine®
2 DDA 0.09:+0.09 g/g creatinine®t} ¥
ARz FAASA wHkon ¥vmd FFEL olite
B34 F2FeMe NNTolA 1,03+0.61 g/g
creatinine® DDT2] 0.55+0.56 g/g creatinine
B g3k

ALDH2 #3234 A9 HAATE= NNY
o} (.0085, ND3Ze] 0.0074, DD%e] 0.0041%
DDx¢} 3l9A4 e NNelvt NDZEY FHAASTE
o wgten, o2 A3E & W DDIFM kF
it M gor 29 ZERRE dWktade
FEsicn & 4 gl

EF4d #HF T2AEANA ALDH29 f3A8 ol
ozl ME OGE =9 T4 2 AHE B 9
v #A feiveil A Al e EF4 A
Z2eo HEERIEA =F kit ¥E BEI
2.5 g/g creatinines 59 HFZ2A A 4 &
oz ALt ALDH2 #4471 DD &=
Ao lolMe dA EFdEzaEct A Sy
F %len 2 A2 BEI A% a9t
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