digrakeiolata]z) A 11 # A 4 T {1999 12%)
Korean J Occup Environ Med, 1999;11(4):546-556

Aozt A 53, el CYPIAL, GSTMI, GSTTI
LAz} E}??:W o] 8% l-hydroxypyrened}
2-naphthol EXol| "]X]& <33

FEUstn oFuish delstmd!, Fadista ool ool st sl
2 o st 2B 0|2y YBW - HEN - ojHE

— Abstract —

Effects of occupation, life style and genetic polymorphism of
CYP1A1l, GSTM1, and GSTT1 on urinary 1-hydroxypyrene and
2-naphthol concentration

Heon Kim', Hyun-Sul Lim® Jong-Won Kang', Holik Lee', Yong-Dae Kim',
Hong-Mei Nan', Chul-Ho Lee'

Department of Preventive Medicine, College of Medicine, Chungbuk National University'
Department of Preventive Medicine, College of Medicine, Dongguk University’

Objectives @ This study was performed to describe the distribution patterns of urinary
I-hydroxypyrene (1-OHP) and 2-naphthol concentration in coke oven workers and workers
not occupationally exposed to polycyclic aromatic hydrocarbons (PAH), and to determine
the effects of occupation, life style, and genetic polymorphism of cytochrome P450 1A1
(CYP1AL), glutathione S-transferase mu 1 (GSTM1) and theta 1 (GSTTI1) on urinary 1-
OHP and 2-naphthol concentration.

Methods : The study subjects were 19 coke oven workers and 156 shipyard workers, A
questionnaire was used to obtain data about detailed smoking and food intake history.
Urinary 1-OHP and 2-naphthol concentration and genetic polymorphism of CYPIAI,
GSTM1, and GSTT1 were analyzed.

Results : The urinary 1-OHP and 2-naphthol concentration was higher in the coke
oven workers and in smokers, Urinary 1-OHP concentration was significantly correlated
with time after last intake of roasted meat in non-smoking coke oven workers, whereas
urinary 2-naphthol concentration was with amount of cigarette smoking at the sampling
day in smoking shipyard workers. Urinary 1-OHP, but not 2-naphthol, concentration of
the shipyard workers with Ile/lle type of CYP1Al was significantly lower than that of
the shipyard workers with other CYP1A1 genotype.

Conclusions : Urinary 1-OHP would be a better marker for occupational exposure to
PAH in coke oven workers, and urinary 2-naphthol might be better for non-occupational
inhalation exposure to PAH. CYPIAl would not play an important role in the metabolism
of naphthalene but in the metabolism of pyrene.
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chsby whakE 'h3lara (polycyclic aromatic
hydrocarbons; ©l8F PAH)+ 4dgr &3
ALEWAM FAE S Aoz, tr] Fo g8 #HA
o (Hemminki, 1990), 2oy} &4 Fe] A&
Fald Zia acld oM =FE 4 9ok
PAHYE 23719 437], 281 938 &
Aol FoEwtl, o bt 2 kA=
A d& dodle EBFEZ FAHAUT ARG,
1983), wikA] PAH =% 3=E F &84 &3}
= A& PAHY ogt 147 7t loM E44

9l
AgrolAln, WAl melst Al A olekel A$ B9
A%

4

=
£ &, 1998; Kaupp 5, 1992).
o] PAHC g =&3 =& =4
o+ o7 W 7 AESH w7t L
Ho] AHgE 3 ek,
Pyrened Ao &dAe] ¢y PAHAE,
PAH ol ¥|i3 @o] 23 Eo] glom 1 Ay
£o] Hlmad dAFsle] PAH =EFEE deiFe
AAANERE o] &5 Yt} (Jongeneelen T,
1987). AWZ F5E pyrene WF¥o] 1-
hydroxypyrene glucuronide(1-OHPG)+ 1-
hydroxypyrene (1-OHP) 2] g2 A& F3] )
AE 2 Z (Singh 5, 1995), &% 1-OHPGY 1-
OHP® #=E& &3l Ao §4¥ PAH 4=
FAsnA e A=7F Bel AT v
pyrenes T&7] ¥ ohet 23E BIAE &
FFHRE 9% 1-OHPY 1-OHPG $:& =%
2o wE PAH =& A=E F 3 s
gthe wHe] gluh o)o] ®lEe] naphthalene
& A9 iFE 35718 Fle] F4EE PAHC)
H(Tingle %, 1993). 2822 pyrenelt}
naphthalene®] &% UAMIES w57t 3&571&
B3] FrsEle PAHS & oS 2 W 3l
2 AZtEd), Naphthalene® 4343} (hydroxyla-
tion) ¥l¢] 1-, ®E¥ 2-naphthole] #Ha, I ¥
glucuronideyt sulfate’t A=A FE4E& 2HA
Hol &¥WE& Fall wldEct Jansen &, 1995). #
o HPLCE o|&# vj$ wz1s 2% 2-naphthol

o Y odl

. a2|3 CYP1AL, GSTMIT, GSTT1 RAA ChMo] F 1-hydroxypyrene

ZA ol s (Kim %, 1999), PAHC] thah
ANEE YETH wE2X X2 AT 5 A =Ad

2 PAH =%o] gle 224 JuhdAe &
% PAH tiAbib: sZol tak 2AL o] Fofxof
B, PAHY T3 =R =9 TEAEC] ot
A AGHLE & =
o}, Zevh, PAH =A% 84 85 PAH Akt
B9 ¥=E £33 A1, PAH %% & &
22 Hebhhg ez 8E Ao tiRiEolw
(Jongeneelen %, 1990; Buchet %, 1992;
Grimmer %, 1993; Ferreira %, 1994; ©]$3,
1997), 2FE =& I3} HPA o) gl I
g Al e dtm, o AAE MR v
A FUdE FEEn A9 ¢t w3, 2
1-OHP$} 2-naphthol®] ¥=& EA¢] Z24stw,
ol & A& vwg ATE o] Fo| vt gt

AWNZE F5¥ PAHE CYPIAL 59 14 &
(phase 1 enzyme)°ll 2]3led 4 dAE AR
<, GSTMIelv GSTTL 5] 24 &4 23}
& (conjugation) ol dojul Awoz wdgcl,
IelBE, ofzjgt Fie @Ad <ile] a¥eRn
MdsEl= PAH diARIES] s=r7F ¥3lg oz
FRED, olE a9 fHA ¥ ¥ B4
g Alole] TRl #A I demz,
CYP1A1% GSTMI1, Z18ja GSTTI1 3k o8
A FYoll vt 8.5 1-OHPY 2-naphthol®] 3%
7F ¥ste sheAe] goma, oE FU¥ Havl
AT,

olo) B Azl 58 FYHO R PAHY =&Y

22 2229 FYF PAH wZe] A9

Ne =ML SRAES UGCR o5 8% 1-
OHP ¥%9 2-naphthol ¥5& A& vlwdlz,
o] =s} ot £ T A #, JEln
CYP1Al, GSTMI1, GSTT1 59 #Ax vy3gA
of we} WslelertE Hrbsle AE HHoE E
ATE TPtk
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A x| ol ARE 17] 242
22 156Ho.z gl o8
Table 13} 2t}

Holaglat Fo| 9@ PAH %% ZAlh

slo] ol5& ez A)7IdA HEXAFE Al

sttt o] AEXolE AFe x8l #FH, xu
, &

2 &%

AAe st B Al8E HEZ(Waters 600E) o &
$7127) (Shimadzu RF-10Ax1), 283 245
FF 47 (Hitachi L-7200), A &A 43
(Shimadzu Chromatopac C-R3A)E TA4%
HPLC systemE& AM83te] E4319cy, HPLCE
282 150mm X 4.6mm¢ Tosoh TSK gel
ODS-80TM reverse phaseE AFE3IAT) ol B4}
& 60% acetonitrile® AMHESIHL™, ¥% 1 ml
9] &8 FHFAT. YFHEVe e

N

excl-

9
&)
HAe
B P2 7] A3 Eg, #HE 2 2718 A3 tation 242 nm, 2213 emission 388 nmE AME
g )R QARG AR ARE PR Fe e dksith
7] AH%, F4 7z sE Hd FdY, Aw 4) R=E 2-naphthol &3
A FA%, Ak 2Y FA%, PAH #d <l Kim %(1999) ] #& Algste] &3l
o] B Fo gt Fabo] xete o] itk (1 A& dA=
2) 28 ®F LU LE creatinine &H 1-OHP 2% A AL&3 «dxa wan e b
WA g thate] 13=E AFHskL, o] & W& AEsiTh
UEE AME-5tY creatinine® &3 8t9ivh ymz) 2 5%
2%1& 50cc polypropylene tubedl] HF3ke] A4 1-OHP &% A AHE-3 HPLC system& A3}
F3t 20 EAEAT. 8F creatinine vTv o MUY, HABE 250 mm X 4.0 mmd
Jaffel & o]&8lo] Z433c) YMC J sphere ODS-H802 AM&3ldct |54
3 2= 1-0HP &X & 38% acetonitrileg AME3lloM, % 1 ml
Jongeneelen F(1987) 9] ¥y & UF Halste] o =2 ZEFQch ¥BPE7)Y FAL exci-
8% 1-OHP %% =43l tation 227 nm, 283 emission 355 nmE A&
(1) A& "Ae 313
dAZ2EE HFHIF 2HL 2N sodium 5y S8 clalyd 24

acetate bufferZ pHE 5,022 %&F F fglu-
curonidase/sulfatase (3216unit:135unit) & &
sl 37¢CAA 16417F whS-Al Tl whgo] Bt A

BE acetonitrile® FZ3l9)th.

(1) HgFZe] &

FA2} thz2e) Pee EDTA FEo 5 ml %
T st Hasisirt o] A¥E& HystopaqueR
(Sigma Company) 9ol FHAA d4Eeietn

Table 1, Demographic characteristics of the study subjects

Total subjects(n=19)

Nonsmoker (n=7)

Smoker (n=12)

Coke oven mean S.D. mean S.D. mean S.D.
workers (n=19)  Age (year) 47.0 6.0 45.0 7.8 48.2 4.7
Height (cm) 169.4 4.7 169.9 5.6 169.2 4.3
Weight (Kg) 69.0 11.2 67.9 9.7 69.7 12.5
Total subjects{n=156) Nonsmoker (n=64) Smoker (n=92)
Shipyard mean S.D. mean S.D. mean S.D.
workers(n=156)  Age (year) 37.9 8.0 40.9 6.9 35.8 8.1
Height (cm) 170.1 6.2 169.5 5.9 170.5 6.4
Weight (Kg) 64.1 9.4 64.6 12.0 63.7 7.1
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(2) DNA %=

YR At My 3= proteinase KE 71k
dfAg 434713 Qiagen genomic DNA
purification kit& c|gsle EA#F DNAZ F
%3 v RNase® 713t RNAE #3)3t9]u),

(3) GSTM13 GSTT1 #3448 &4

GSTM1# GSTT1 /A2 934 HAld =
multiplex PCR 7I¥H< A3t} (Chen &,
1996). Primerv GSTMIlel ey & 5 -
GAACTCCCTGAAAAGCTAAAGC-3 ¥ 5 -
GTTGGGCTCAAATATAC GGTGG-3 £,
GSTT19l tlefiA= 5 -TTCCTTACTGGTCCT-
CACATCTC-3 3} 5 -TCACCGGATCATGGC
CAGCA-3 & AHgaitt. o9k HAlol B-globinel
H 3 primer&A 5 -CAACTTCATCCAC-
GTTCA CC-3 # 5 -GAAGAGCCAAG-
GACAGGTAC-3 &= #7tseled Z&ZA#}:. PCR
< genomic DNA 1.0wg, ANTP E3A 800 M,
MgCl, 1.5 mM, KCl 40 mM, Tris-HCI 10
mM, pH 8.0, Tag polymerase(Promega,
USA) 2.0 unit® 4ol % &Fo] 2548 3o
denaturation 94C 1% 53, annealing 60C 1
#, extension 74¢C 1822 Thermocycler
(Perkin Elmer Cetus, UK)el* 353 ZZA|A
t. 5%% PCR ME2 2% agarose gelolA A7)
HEAA ethidium bromide® 2% bands &
Qlstgich, GSTMI1ES 210 bp, Z#lm GSTTIS
410 bp® band &A] ool wa} 2 I} ‘EZA)
2 EReath

(4) CYP1A1S A8 £4

PCR primere Hincll A48 AMsle F
7FA primer, & 5 -GAACTGCCACTT-
CAGCTG TC-3 ¢ 5 -GAAAGACC-
TCCCAGCGGTCA-3 & AM43l9Y. PCR&
DNA 1.0ug, dNTP &% 800 M, MgCl; 1.5
mM, KCl 40 mM, Tris-HCl 10 mM, pI 8.0,
Taq polymerase(Promega, USA) 2.0 unitZ
Ho] F §3o] 25 = 3] denaturation 94°¢C 1
# 30%, annealing 53C 1& 30%, extension
74¢C 30%=2 Thermocycler (Perkin Elmer
Cetus, UK)ollM 353 FEFAAT. $Z¥ PCR

o, O=2[d CYP1A1, GSTMI1, GSTT1 |XXI CHEM0| 25 1-hydroxypyrene

AB-& 2% agarose gelol|A] AZ1YEAA ethidi-
um bromide® ¥4 % 187 bp2 bandE s}
At olEA A" PCR AHE 1049 Hinell 10
unitE Aol F g8l 207l =A dte] 37l
- WAl ohgd WheAHE 15ME 12%
PAGE gelolA A719 %3l ethidium bromide
2 44 3 AT RS sk A 54
7F §lol 139 bpgl band?Hg Hole AL Ile/lle
A2, 120 bp2l band¥t Hole AL Val/Val
A, ZEla 139 bpek 120 bpel band7b 2
ol A& Ile/Val FAAE o2 33t

(5) EAEA

BALE FBAY} F2HAA FEAY 25 1-OHP
¥%9 2-naphthol &, 283 o|E& 8% cre-
atinine2 2 B Fxe| My TEHA,
agx ZlEEaE ZRETHAE AEsY. =2
AxE F2AY} 2L TEA ST YA ¥
o, FAAS} vlFARte] BtA] v wolE Student
t-test® Wilcoxon €HHHF & o)&3tdch A&
A2 2A0E AEF] 29 Fe), 28 A=, 4HF,
2d Ax, PAH #" 29 o8 S
OHP #%x¢ 2-naphthol ¥%=, 228l3 ol&
2 creatinineS. 2 BA% B & Alole] #HHEA
ol Pearson &4 & A&l

[]
-

Q
T

85 1-
< 8
j;l7]-

2 1

FAAAR FEAG} 2L TEANA vFARS
FdAe) 8% 1-OHPY 2-naphthold] &%, =
ArE F2AY 8F 1-OHP =9 244 28
} 5 ¥lEAAe] 85 2-naphthol =& Al9]3}
v BF deAdERE st 23aAR 223
£% 1-OHP ¥E¢ 234 22 5 9§
2% 2-naphthol ¥E% skewness’} 27}
987 2,912 positive-skewed BXE 31 U
ZAAE Z2A PAH tARME §x9 713
, 1-OHP+= 6.15 #mole/mole creatinine,
-naphthol2 6.01 #mole/mole creatinine®]%i
o, 244 Z2AdAM e 1-OHP+ 0.33 #
mole/mole creatinine, 2-naphthol® 2.41
mole/mole creatinine®® WEMGTH(Table 2).
FAXE 2 8% 1-OHP2 2-naphthol &

do fo A

- A A
i
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o
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Table 2, Distribution of Urinary concentrations of 1-hydroxypyrene and 2-naphthol in total subjects

. Arithmetic reometric
Group Metabolite Range
mean ASD mean GSD
Coke oven 1-Hydroxypyrene
workers(n=19)  ng/ml 55.79 73.45 21.16 6.56 0.13~289.65
#mole/mole creatinine 13.23 14.94 6.15 5.14 0.05~ 60.44
2-Naphthol
ng/ml 19.85 16.69 13.67 2.58 1.58~56.23
tmole/mole creatinine 7.25 4,15 6.01 1.99 1.03~17.50
Shipyard 1-Hydroxypyrene
workers(n=156) ng/ml 1.87 6,28 0.65 3.85 0.02~75.42
#mole/mole creatinine 0.74 2.73 0.33 2.94 0.02~33.60
2-Naphthol
ng/ml 5,86 6.63 3.18 3.24 0.21~34. 37
#mole/mole creatinine 4,15 4. 86 2.41 3.03 0.20~36.23

Table 3, Distribution of urinary concentrations of 1-hydroxypyrene and 2-naphthol in nonsmokers

and smokers

Nonsmokers (n=7)

Smokers(n=12)

Group Metabolite p-value
AMEASD  GM (GSD) Range AM+ASD  GM (GSD) Range
1-Hydroxypyrene
ng/ml 42,99+57.85 14.76 (9.63) 0.13~169.35 63.26+82.69 26.10 (5.43) 0.56~289.65 NS
Coke oven pmole/mole creatinine 9.35+10.00  4.08 (7.56) 0.05~30.57 12.50£17.19 7.81 4.10) 0.44~60.44 NS
workers o Naphthol
ng/ml 13.12+11.07 9.06 (2.76) 1.59~32.11 23.78+18.53 17.37 (2.36) 4.15~56.23 NS
#mole/mole creatinine  4.77£3.07 3,79 (2.20) 1.03~8.78  8.69+4.12  7.87 (1.59) 4.06~17.50 <0.05
Nonsmokers (n=64) Smokers (n=92)
p value
AMzASD GM (GSD) Range AM=EASD GM (GSD) Range
1-Hydroxypyrene
ng/ml 0.65:0.95  0.35 (2.96) 0.03~554  2.72:x805 100 (3.88) 0.02~75.42 <0.05
Shipyard pmole/mole creatinine  0.27+0.29 0,19 (2.39)  0.02~1.53  1.07+£3.52  0.48 (2.82) 0.04~33.60 <0.05
workers o Naphthol
ng/ml 2.72+£4.68  1.39 (2.81) 0.21~28.19 8.04+6,94 566 (2.44) 0.42~34.37 <0.01
#mole/mole creatinine  2,41+3.99 1.11 (38.10) 0.20~20.37 5.37+5.05 4.14 (2,000 0.54~36.23 <0.01

AM: arithmetic mean, ASD: arithmetic standard deviation, GM' geometric mean, GSD: geometric standard deviation

Teo] Aewde 77t 13,23 #mole/mole creati-
nine®} 7.25 #mole/mole creatinine® &, Ig1
2M4 2] 8% 1-OHP$ 2-naphthol 5%
o] A& e Z47F 0,74 #mole/mole creatinine
2} 4.15 pmole/mole creatinine®. @ ulENYT}
(Table 2). £% PAH tAlede] 5%+ 1-OHP
¢} 2-naphthol 2% RAAR &4 §2]5HA)
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A2 Z2AL] 8% 1-OHP® 2-naphthol
TR /8t E, HEARCA 1-OHP: 4,08 ¢
mole/mole creatinine, 2-naphthol? 3.79 «
mole/mole creatininec]lem, FdRoxE= (-
OHP+= 17.81 pmole/mole creatinine, 2-naph-
thol& 7.87 pmole/mole creatinine 2 VFelyth
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Table 4, Correlation coefficients between variables and creatinine-adjusted urinary 2-naphthol and 1-

hydroxypyrene concentrations

Coke oven workers

Shipyard workers

Variables 2-naphthol

1-OHP 2-naphthol 1-OHP

Total subjects
Non-smokers

Total subjects
Non-smokers

Total subjects Total subjects
Non-smokers Non-smokers

Smokers Smokers Smokers Smokers

Intake amount of roasted 0. 000 0.137 -0.163 0.000
meat at one time 0.582 0.305 0.081 0.042

-0.159 0.142 -0.314 -0. 004
Weekly intake frequency -0. 150 -0.148 -0.030 -0. 058
of roasted meat 0.571 0.107 0.075 0.069

-0.614 -0, 287 -0.118 -0. 095
Time after last intake 0. 391 0.455 0.077 0.043
of roasted meat 0.371 0. 858" 0.094 0.030

0.288 0.163 0.168 0.119
Last intake amount 0.020 0.321 -0.026 0.031
of roasted meat 0.636 0.593 0.098 -0. 045

-0.149 0.285 -0. 041 0.065
Duration of cigarette 0.545 0. 368 0.096 -0. 096
smoking - - - -

0. 545 0. 368 0.096 -0.096
Amount of daily -0, 555 -0,603 0.126 0.013
cigarette smoking - - - -

-0. 555 -0.603 0.126 0.013
Amount of cigarette -0.127 0.016 0.144 -0.015
smoking at the day before - - - -
the sampling day -0.127 0.016 0.144 -0.015
Amount of cigarette 0.080 0.088 0. 262" -0. 066
smoking at the - - - -
sampling day 0.080 0.088 0. 262" -0. 066

* P-value ¢ 0.05

(Table 3). A4 Z2AME 2% 1-OHPS
2-naphthol ¥x9] 7lspg o], HIFAA A 1-
OHPE 0.19 #mole/mole creatinine, 2-naph-
thol® 1.11 smole/mole creatininec|%low, &
ARt M= 1-OHP=
nine, 2-naphthol& 4,14 pmole/mole creati-
nine®.Z YERHCHTable 3). &9k} HlE A
£% 1-OHP®} 2-naphthol 558 244 224
AN F /MR BT FAA M #A vERto,
ZAAE TEANME 25 2-naphthol FERe]

0.48 mmole/mole creati-

F2)g 2ol & Bt (p-valued0. 05).

FAAE TERAZ YR 3, Ao 2] I
o 28 F=, I3 1 4%, 2% 1-OHP ¥
=9} 2-naphthol B% Atele] #H#A A A, 3
< 7 WNE AR F AN AR 2F 1-
OHP FX Afolwto] fojgt JaAAE RHAT}
(<0.05), &M A 2R} Folile FARIAM 2AL
T =& el iR 7 SUrESE 2% 2-naph-
thol ¥&7F $718he Ao Jepgrh(Table 4).

240 ZRAA CYPLAL FAAg ol Ile/lle

Y oAr o
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Table 5. Geometric mean (geometric standard deviation) of urinary 1-hydroxypyrene and 2-naphthol in

coke oven workers and shipyard workers by the genotype of CYP1A1 {unit: mole/mole creatinine)
Coke oven workers Shipyard workers
Metabolite
Ne/Tle lle/Val+Val/Val value® Tle/Ile Tle/Val+Val/Val value
(n=14) (n=5) P (n=88) (n=68) Py
1-Hydroxypyrene 4.37 (5.39)  15.99 (3.11) NS 0.27 (2.85) 0.41 {2.96) <0.05
2-Naphthol 5.24 (2.04) 8.85 (1.59) NS 2.40 (3.10) 2.42 (2.95) NS

* P-value was calculated by Wilcoxon rank-sum test.

Table 6, Ceometric mean (geometric standard deviation) of urinary 1-hydroxypyrene and 2-naphthol in

coke oven workers and shipyard workers by the genotype of GSTM1 (unit: mole/mole creatinine)
Coke oven workers Shipyard workers
Metabolite Undeleted Deleted p-value® Undeleted Deleted p-value
(n=12) (n=7) (n=45) (n=111)
1-Hydroxypyrene 7.81 {2.79) 4,08 (11.12) NS 0.26 (2.66) 0.36 (3.02) NS
2-Naphthol 6.52 (1.59) 5.23 (2.69) NS 2.27 (3.59) 2.47 (2.82) NS

* P-value was calculated by Wilcoxon rank-sum test.

Table 7. Geometric mean (geometric standard deviation) of urinary 1-hydroxypyrene and 2-naphthol in

coke oven workers and shipyard workers by the genotype of GSTT1 (unit: mole/mole creatinine)
Coke oven workers Shipyard workers
Metabolite Undeleted Deleted p-value® Undeleted Deleted p-value
(n=12) {n=7) (n=90) {(n=66)
1-Hydroxypyrene  7.45 (6.15) 4,42 (3.82) NS 0.35 (3.02) 0.29 (2.83) NS
2-Naphthol 6.40 (2.11) 5.41 (1.84) NS 2.52 (3.09) 2.26 (2.96) NS

* P-value was calculated by Wilcoxon rank-sum test.

9 AS e FAAF HlE] 8% 1-OHP v%7F  uelged, ole AYd & 28 pyrene®
F8HA EATF (p<0.05). ZAAE F2AIA naphthalened X33 PAHO 571 S718M9&
CYP1Al #"AFo] Tle/lled] A$ HF 2% 1- £ 9vdleE AHolth, 2% 2-naphthol?l mole &
OHP %7} 4.37 mole/mole creatininefldl] ¥] E¥ maxsn 2R 7)g9 o] 24 24}
gle] Tle/Val H& Val/Val®l Afols L gol o 71stE el 2,500l sigatAs, 2% 1-OHP9]
15.99 mole/mole creatininec]$ier}t, EAZS  mole 5w RIAAR 2R JEH ] AL
2 f98AE &%t (Table 5). GSTMI1, 22k 71eH el 18 6ulo) Gtz ct ol
GSTT1 $A4AE 22 PAH AR ¥ 5 Alo]  Ade ZAARM =EEE coke oven gasell,
e ZAAZ TEAY AL FEAT BEA pyreneolut 19F w523 Balgke] PAHI @Weol
EAHoz F3 Aolrt BEFA ZUrh(Table EHO A& AlAEI, 2% 1-OHP &7t 23
63} Table 7). 22 Z2AY) YA PAH =F 7ol 23 4
23 FAANE Vel Aol

M o2 PAHO m2HA &2 S23e] 8%
1-OHP #%w 95<lel nlate] fejvie} 2l

R2AXR F2A2] 8% 1-OHP 59 2-naph- A &2 A%E& B} Ovrebo 5(1994) & PAH
thol ¥E& 244 224 Hlgte] fostd ¥4l ¥lxE: 229 8% 1-OHP wx¢ &g itol

mt

o
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4 @ %.Klo—in} AH = SH’

0.08 - 0.14 pmmole/mole creatinine® X.113}3]
3, Boogaard 5(1994)& #HZ g4 w=Fo| ¢
A Mfast Ay 2EAe 8% 1-OHP $%
=95 0.21 #g/g creatinine (0. 11 #mole/mole
creatinine), 95% 4#HE& 0.99 ug/g creati-
nine(0.51 #mole/mole creatinine) 2.2 X.113}3]
th o] #ES B AT 2L SEAY] el
7 (0.74 pmole/mole creatinine)©]\t 7|31
(0.33 pmole/mole creatinine)o] ®l3le] A3
B Aelth, Ovrebo 5(1995) & ti7]2930] 43
A7 A8t ¢ A9 Uik TGS e
2 JAFE FYsidied, 23R 37 AF
ARG F9e B 8% 1-0HP v%¥ 2.4
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