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ABSTRACT : This study evaluated the concentrations of urinary metabolites of polycyclic aromatic hydrocar-
bons (PAHs) in industrial waste incineration workers. The effect of genetic polymorphisms of xenobiotic metabo-
lism enzymes on urinary concentration of PAH metabolites was assessed. And, aromatic DNA adduct levels were
also determined in total white blood cells. Fifty employees were recruited from a company handling industrial
wastes located in Ansan, Korea: non-exposed group (n=21), exposed group (n=29). Sixteen ambient PAHs were
determined by GC/MSD (NIOSH method) from personal breathing zone samples of nine subjects near incinera-
tors. Urinary 1-hydroxypyrene glucuronide (1-OHPG), a major pyrene metabolite, was assayed by synchronous
fluorescence spectroscopy after immunoaffinity purification using monoclonal antibody 8E11 (SFS/IAC). Multi-
plex PCR was used for genotyping for GSTM1/T1 and PCR-RFLP for genotyping of CYP1A1 (MsplI and Ile/Val).
PAH-DNA adducts in peripheral blood WBC were measured by the nuclease Pl-enhanced postlabeling assay.
Smoking habit, demographic and occupational information were collected by self-administered questionnaire.
The range of total ambient PAH levels were 0.00-7.00 mg/m® (mean 3.31). Urinary 1-OHPG levels were signifi-
cantly higher in workers handling industrial wastes than in those with presumed lower exposure to PAHs
(p=0.006, by Kruskal-Wallis test). There was a statistically significant dose-response increase in 1-OHPG levels
with the number of cigarettes consumed per day (Pearson correlation coefficient=0.686, p<0.001). Urinary 1-
OHPG levels in occupationally exposed smoking workers were highest compared with non-occupationally
exposed smokers (p=0.053, by Kruskal-Wallis test). Smoking and GSTM1 genotype were significant predictors for
log-transformed 1-OHPG by multiple regression analysis (overall model R2=0.565, p<0.001), whereas smoking
was the only significant predictor for log-transformed aromatic DNA adducts (overall model R?=0.249, p=0.201).
Aromatic DNA adducts was also a significantly correlation between log transferred urinary 1-OHPG levels (pear-
son’s correlation coefficient=0.307, p=0.04). However, the partial correlation coefficient adjusting for Age, Sex, and
cigarette consumption was not significant (r=0.154, p=0.169). The significant association exists only in individuals
with the GSTM1 null genotype (pearsons correlation coefficient=0.516, p=0.010; partial correlation coefficient
adjusting for age, sex, and cigarette consumption, r=0.363, p=0.038). Our results suggest that the significant
increase in urinary 1-OHPG in the exposed workers is due to higher prevalence of smokers among them, and that
the association between urinary PAH metabolites and aromatic DNA adducts in workers of industrial waste han-
dling may be modulated by GSTM!1 genotype. There results remain to be confirmed in future larger studies.
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I A 71 Aol 23t s e el sk #Alo
IEHT glen], R 7] A7 A WA the]SAl
(dioxinsy? 22 324} 37 el B3 A}
Zololl &t T o] Hzat F7tHT Yh(Rappe et al,
1989; Safe, 1990; Fiedler, 1996). AZ}A oAM= tho]2-4]
¥} oh)2} PAHs(polycyclic aromatic hydrocarbons)} 7+
2 Tkt QEs) AFEo] AT glen], oo W3t A
ghHol A7t Bol o]FolFHHMorsell et al., 1988; Till
et al., 1997). PAHsE F2 7134 ), 2487 &2, &
FAb 7] 7kae) gl A7) SellA e Bsbd dAa
o os) WAEE= Aoz o= givkBiorseth ef al.,
1985). PAHs9} Zo] o} A2 =25 Fd JAZ FE+s
A9 gl el AR E] FEer) FHE 9l
oy, tjeksl PAHs FollA] pyrene®] A} AFEQl 4
1-hydroxypyrene(1-OHPY>- £ biomarker=A] 37} Fo]
23l glck(Jongeneelen et al., 1987, 1988). sMA=k, 2
ol pyrene AR HF FARE Fo sl 4F W -
hydroxypyrene glucuronide(1-OHPG)l| 2J8t H7}r} o] o]
A3 glend o] AW W 1-OHPGE 1-OHPY)| wls) 3-5ull2]
HBAAE =3 glo] PAHsY AxFlME A&l 7Fsst
AEIH AE;2 gejx glon, 53] dARle] B ARE
H3, w24 A3 4 8le S /R gd B H
o 2L ) vH(Strickland et al, 1994; Singh et al., 1995).
®3}, |-OHPGE 1-OHP9} 2 A7 Qe o= B
2 e}zl ch(Strickland ef al., 1999). ¥ ATAE PAHs?
JARHERA 24 W 1-OHPGE #4319

Glutathione S-transferase(GST)S &-E4lo] AR Eof
o} AAF RS AR F A7 AHAA el glutathione
S Al sk TS e o= geiA ey
(Rushmore ef al, 1993), GSTMI(mul)9] homozygotic
deletiono| A H|qF, st dAste] f3e] & Aoz
B3 =HgioHZhong et al, 1991; McWilliams et al., 1995;
Brockmoller et al., 1994; Lin et al., 1995). GSTTI(thetal)
gene deficiency & WA= AT o] ks Ha} gle
u, o}x] malkelA 71AS WAl dF AAe A 9o
(Norppa et al., 1995; Scarpato et al, 1996). ¥ 7oA
AHEH oAl B2 f3AF 24 A FEZA] cytochrome P450
1AI1(CYP1A1) gene codes’} PAHs®] tirlel] 2k Ak
Ae] ¢)= Aoz BT FHo|FI(Jongeneelen er al., 1987,
Crofts et al., 1994). CYP1A12] polymorphismsS Y3}
599 A Hdat diAde] Frhs At B
o] g 2w (Kawajiri et al., 1993; Hayashi er al., 1992;

Drakoulis et al., 1994), #=elov} Caucasianol| A4 7
sist Aol gleke A7 A#E 9lieh(Drakoulis ef al.,
1994; Tefre et al, 1991). UF oJ8 A7 Caucasiansell
A CYPIAL polymorphism#}t |k} dte] glrle B
% ek Xu ef al., 1996).

) g drolMe AH R F2EE PAH| AW
W A} ARRe] %71 GSTMI, GSTPI, GSTTI, CYP1AlL
o] A2 3 Adell o3l Afolr) ek Barw oAl glvt
(Gabbani et al., 1996; Wu et al., 1998; Merlo et al., 1998;
Poirier et al., 1998). Gabbani $(1996)> AL ¢ H
(coke oven) 2FdA}el|AIA GSTMI genotypedt 28 W 1-
OHPS} A#AJe] Qivh B #19l3l, Merlo 5 (1998)
DERATFR/ANAAM 8 W 1-0HPY A=7F FA%
CYPIA1 Mspl polymorphismel] ©38Fo] Sl 7S H1
3133, coke oventZAfel|AlA = =3 Mspl homozygous
variant genotypesS: 713l Algte] 137 ok AlkEG |-
OHPY| 557} o] Veht= 7l o8 B sy,

PAH-DNA adducts:= PAH7} 1Al W] E5% ¥ ox =l
AA FA319 3Je)e] PAHZ} critical bimoleculard] DNAS}
b Al FHATS Sl NEE F71EE 9 Aoz, 9
7] chemical carcinogenesisZ A12}she 7P 27] A9
kB S QLA B ] A3 2H8-02 o]dF AL gt

ARiA oA PAHO| =EFFe] B FE, F2AY ZEA
ol Al42 PAHs®] =%} #21% PAH-DNA adduceel ¥t
77} oln] o]Fo)HH(Perera er al., 1988). L ¥ut oh]
g}, coke-oven Z}dAN(Harris et al., 1985), EHelA F4d
A} (Santella er al., 1992) 22|13, AbdFst A|He] 24]0)
Alg Ao Ao Fulg dAFeRE g A7 lh(Perera
et al., 1992). At $4] ' 59k DNA adduct®] Aol
RatE)el o], #a)E Immunoassay, fluorescence assay,
and *2P-postlabeling®} 22 Aahge] 7dEe], AHH =
L3RR S 2 ARES dAlez & A
Fo|A AHL85e] A1 g)ehdellOmo et al., 1993).

B 7o AREZE SN Ak Z2ARE |
Aoz 3EF7] 9xelMe] 37] F PAHs] T H7), Y
T Wo] DNAZ o493t aromatic-DNA adducts®] £4 2]
I, 2 U] PAHS] tiAL AHEQl 1-OHPGY] 555 H71815]
o AelY 754 A E2A GSIMI, GSTTI, CYP1AL
Mspl, CYP1AL lle/Vakl) 38 5314} ch8d A& 7181t
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AR 1E a7y SRAA F3A el 23t b
of TFeRe TEAF 508-S AR ATE AAElelen,
1 Fol|A] 2998 2] ZEAR= AR 7)E &27F Al Fef el
21y x&%3E Avhexposure group)eld, ©]59 ¢F=
F2 4722 £AGT, A71ES U 98 5 9
k. wbel 2179¢] TEAE B Alo] 2FE L gl
oh AR 7188 A3 s AR 2EAA 47
™ 27 (control group)>-2 A&}

~lB FH

GdA W 371 F PAHs® A2 o8 ZEA9] 337]
A=A 62412 o] NAAREH HH(personal air
sampling)2 2 o]Fo] Fr}. 7fedAB EA7](Gilian, USA)

o3l 1.7/min®] FHoE A& slgled, Ut

E’%,‘i 37mm HZZ ¥ (37 mm-diameter Teflon filter,
SKC, USAyll F= ZAL spolx, 38 B2 100/
50 mg XAD-2 resin®] ¥3% glass sorbent tubeE ©]-&3}
o 2AE sisieh. ¥ PAHsE UVel 91733k vhs-8 sl=
2 dF0)F foits o83 T4 Al WS Atz

2He] $31E 24de] 83 ¥ 50ml polypropylene
tubeZE o]&3fte] 431901, creatinines} 1-OHPGEA] o]
0] F017)7] A71A] -20°CoAM BasleiZ 1, Y2 Ao
RolAl Al7lel $AHHA 2™, Sml EDTA sterile
vacutainer tubeel] $4 o] HA o] o]Foix|7] H7x] —70°C
= nase] B

2E 2ol Uslo] B ol FTL 4, SAF 4
3, 2T Aged R T 22 WikHQ ANAHRE 27)7)
Y HEAE Fle] 24} Hoigid.

37| & PAHsS| 24

37 ¥ PAHs?] EAE w3y dA R dF4
(National Institute for Occupational Safety and Health,
NIOSH)lA A]33F method 5515¢) ¢)&led PAHSE B
sleich. %% PAHs7} @3 Teflon (PTFE) filters$}
XAD-2 absorbent materialsel] dichloromethane 1 miE %

2 v 30%-5<t sonicationdle] FEE st &4 A
B E gas chromatography(GC)(Hewlett Packard 5890 series
Plis IDel mass selective detector(Hewlett Packard 5972
MSD)E o|438}ed Aekslsd}. intemnal standard A=
fluoranthracene S o] 43193, #A3 -2 HPSMS(30 mX
0.25mmX0.25 mm film thickness)columne A}-&-8}¢] o},
245 PAHs: v|S-37 ¥ 3 A (Environmental Protection
Agency, EPARIIA 7] 9.92] A &2 QAL e 167}
A & naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, *benzo

Z PAHs®) WA} AME3} aromatic-DNA adductsl] #381 & 305

(ghi)perylene, *benzo(a)anthracene, *chrysene, *benzo(b)
fluoranthene, *benzo(k)fluroranthene, *benzo(a)pyrene, *indeno
(1,2,3-cd)pyrene, *dibenzo(ah)anthracene(*carcinogenic PAHs)
2 ol g3i9iet.

28 LY 1-hydroxypyrene glucuronide2| £4

2 Y 1-hydroxypyrene glucuronide ¥-*-& Strickland
T(1994)0] kgl & SfEsle] o] 83t A’ A&
¥ 4miE 4N HCl 0.1 miE &7k ¥ 90°ColA 1A17F
¢t dry-bath incubatore] A} hot acidx)g] 3t} |1
methanol 4 ml3} = 4ml® Sep-Pak Cyq cartridge(Waters
USAYE 2|2 #4318 & hot acid 2% 4A¥E o5
A713, 4mie] B2 13 AAE & §F 30% methanol®
221 MAE el eEX|9r e E 80% methanol 4 mlE
cartridgesE EH3le] A A|EE £33l culture tube
(12X75 mm, Corning, USA)l| W=t} Sep-Pak Cg& ©]
B3] A2 AFEE oF 05ml AXE HEE SpeedVacE At
43t 55& 3§ o5, 0.5Xphosphate buffered saline
(PBS, pH 74)2 A713le) oAl 4 mie] HEZ glc}. o]
A 22]¥l A8+ monoclonal antibody 8EI11(MAb 8E11)
o] ZAgs cyanogen bromide(CNBr)-activated Sepharose
4BE poly-prep chromatograghy column(0.8 X4 cm, BIO
RAD))| Z3218le] 2hE0]Z immunoaffinity columns(IAC)
S A AAE ok WA 05XPBS 4mlE IACE
AHE F ABE columne FFA)F|I, o}A] 0.5XPBS
4mlZ columng ANH3te} )3 0.5XPBSE IAMH
25% Methanol 4 mtg- columns £ A7 ¥ vjx|eto g
0.5XPBSE EA¥ 70% Methanol 4 mi% columnel] 2%
A 1-OHPGE ¥¥jai}. A2je ARE Qs Az AR
F & 2mlE =<3A) synchronous fluorescence spectroscopy
(SFS, Perkin-Elmer LS50B Luminescene spectrometer) &
excitation-emission wavelength differenceS- 34 nm =5} o]
A Zzbe] 4w Alae creatinine kit(Sigma-
Aldrich, USA)YS ©]-&8}e] creatinine %3 A3l |-
OHPGE =2 BA sl

UK CHYY BM

535 PolollA} DNAS FE31%13, GSTMI/TIS 4
A+ AL multiplex PCRE o]-838)d 313191 ch(Chen
et al., 1996). PCR ¥h3-9] ZAJ-S d-nucleoside triphosphate
(dNTP) 02 mM, Tris-HCI(pH8.3) 10 mM, KCl 50 mM,
MgCl, 1.5mM, Taq polymerase 1.25 unit(TaKaRa RO04A),
7} primer 50 pmole, template S ul(50-100 ng/u)=. HF-A
o] & 50w} =7 318tk Thermal cycler= BioRadAHe)
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Gene cyclerTME AM-8}e] 94°C 4% 39} pre-incubation
A7) F, denaturation 7 S2 04°C 20%, annealing-
primer 523422 57°C 20%, extension-DNA EA} 3}
AOR 72°C 4525 308 wHEsldR, 2 F oA 72°C 5
#7b thermal cyclerel] incubationA]Zie}. ¢}7]A] deiz]
PCR product 10ulE 3% Metaphor agarose gel(FMC
BioProducts Cat. 50180)°)l loadingdle] 50Voltell A 1417k
&<t running 8 § UV transilluminatordtol| 4] band=S &
Qalal ARS GG GSTMIL- 210bp, GSTTIS- 480bp
AReM Eel== AL 7102 F21A 3l S BkIsiA
I, B-globing WF HzFoz A3l CYPIAL
genotyping< PCR-RFLP ¥P{ 22 24 l9ich(Crofts et
al., 1994).

Aromatic DNA adduct 84

£ 979 DNA adducts®4-< *P-postlabeling method
(Reddy and Randerath, 1986)2] nuclease Pl digested
version®2 FAE oo} o] A vhi-E wx] 5pug DNA
< micrococcal nuclease®} spleen phosphodiesterases- ©]
3l 7Rl E g o] Zhetal ® RS Al 3l
nuclease P1I22 23 ¢ ¥ 7% A7l o9& [y-7P)ATP
9} T4 polynucleotide kinaseZ- E&3sled 2 uE 2HEo1A

labelings- ¥}, Label® A]83= 45H42] solvent system®-
= polyethyleneimine-cellulose thin layer chromatography
plates(Macherry-Nagel, Germany)Z ©]-£3}] spotting=}
developings- 3193vt. D14vl, 1M sodium phosphate, pH
6.0; D349, 36M lithium formate, 8.5M urea, pH
3.5; D448, 0.8M lithium chloride, 0.5M Tris, 8.5M
urea, pH 8.0; D589, 1.6M sodium phosphate, pH 6.0
g ol88jo} ZerkEe)) Sct

DNA adducts-> Fuji imaging plateol| thin layer plates
o] 22 A7l ¥ using Bio-Image Analyzer(BAS2000;
Fuji Photo Film Co., Tokyo, Japan)Z A= 3}gir}.

SAH 24

ALE A2 SPSS(statistical package for social science;
Window Version 9.0) 74 #H7)X| S o]-&sl] F At }
olo] fejA-S Fekshr] sl Kruskal-Wallis testZ- 31511,
7t 5o A3 #Al = Pearson#} Spearman correlation
coefficient® o831t o] W BAA folA HAAPEL
p<0.052 A&}, 1-OHPGol| #3t oje] wat W
A38}7] $#lA multiple general linear regression models-

o|-g-33ict.

Table 1. Urinary 1-OHPG level (umol/mol creatinine) in relation to smoking status and metabolic genotypes®

G Incinerator workers Controls All subjects
roups
i N Mean+S.D. N Mean+S.D. N Mean+ S.D. p-value
I-OHPG 29 0.24 +0.11 21 0.16£0.07 50 0.21+0.10 p=0.006
Smoking
Smokers 20 0.28+0.09 10 0.21+0.07 30 0.26x0.09 p=0.053
Non-smokers 5 0.09+0.04 8 0.12+0.03 13 0.11+£0.03 p=0.143
p=0.001 p=0.004 p < 0.001
GSTMI
Present 16 026+0.12 8 0.16£0.09 24 0.22+0.11 p=0.050
Null 12 0.22+0.98 13 0.16+0.07 25 0.19+£0.09 p=0.142
p=0430 p=0.772 p =0.317
GSTT1
Present 10 0.25+0.11 12 0.16+0.08 22 0.20+0.10 p=0.041
Null 18 0.2310.11 9 0.17£0.07 27 0.21£0.10 p=0.100
p=0.774 p=0.670 p=0.673
CYPIAL Mspl
*JA/*1A 12 025+0.12 11 0.14+0.05 23 0.20+0.11 p=0.016
*1A/*2C or *2C/*2C 16 0.23+0.10 9 0.19£0.09 25 0.22+0.10 p=0.396
p=0.546 p=0.210 p =0.403
CYP1ALl lle/Val
*1A/*1A 19 0.24+0.11 1] 0.14+0.05 30 0.20+0.10 p=0.009
*JA/*2A or *2A/*2A 9 0.28+0.11 9 0.19+0.09 18 0.24+£0.11 p=0.102
p=0313 p=0.102 p=0.173

*All statistical tests were performed by Kruskal-Wallis test
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AGANE AR B EHE 3715 PAHY EE
<2219 357 HAAM GH9wH) S8 23 0.00-
7.00 ug/m*E et 9igith. S4A%E benzolalpyrenes E
ghat kA EALS WA EA dghek(data not shown).
PAHs% pyrene®] WA} AHE<Ql 48 W I-hydroxypyrene
glucuronide(1-OHPG)®] 5= A7kl M A7) 55 A
A o= T2A) 279 AFE T2 vlsiM FA
Hog FostA A et AT p=0.006 by
Kraskal-Wallis Test)(Table 1). 1-OHPGS] Al HAis et
, 22ZFo A 0.2410.11 umol/mol creatinineo]™, ™) Z7l]
A 0.16+0.07 pmol/mol creatinine & viepRgde}l. 3k A
# W] 1-O0HPGE] Fxt FAzpt vlFaEe $AHL
2 fospd #A e J$eH(p<0.001, by Kruskal-
Wallis Test)(Table 1). 182, Fdx} A SolMz 47
NN Frafd Al A 2E2EE SEA) 2T ZEARR
o} 1-OHPG®] ¥/} ¥4 vehbes AS o4 5 sl
(p=0.053 by Kruskal-Wallis test)(Table 1). 35 Szt
log Z13E 1-OHPGY| F=oke] At ¥Ale BAHCE
¢ F-2o8H4 el gl Th(Pearson’s correlation,
1=).686, p<0.001)(Fig. 1). &}, SHEA S| ARM 02 &
W W} 1-OHPGY] %o d3s & F e 295 ¥4
g A3} §Q99} GSTMI genotypeZ} EA1H .02 {2314
Hodste 22 velgchoverall model R?=0.565, p<
0.001)(Table 2).

Aromatic DNA-adduct/10%nucleotides2 F-<dAtefe] wlelh

Log[1-OHPG umol/mol creatinine]

-10 0 10 20 30 40 50
Number of cigarettes smoked per day
Fig. 1. Relationship between log [1-OHPG] and number of

cigarettes smoked per day (Pearsons correlation, r=0.686,
p<9.001).

Table 2. Relationship of log-transformed 1-OHPG concentrations
by multiple linear regressions among 50 workers (overall model R
= 0.565, p<0.001)

Variables B Std. error P-value
Age -0.227 0.004 0.158
Cigarettes per day 0.726 0.003 0.000
Occupational exposure® 0.099 0.058 0.470
GSTMI® 0.262 0.053 0.047
GSTTI® 0.007 0.054 0.956
CYPIAI*]A/*2A° —0.168 0.061 0.223

“exposure versus control group.
bpresent versus null.
‘wild type versus mutant variant.

A B2 s glsieh AA qlsdelM A2k aromatic
DNA-adduct®] §230] vl FAAle] $FHet ¥4 Yepix
glev, BAARE F3AE @THp=0.077, Kruskal
Wallis Test)(Table 3). 7Z8]3, aromatic DNA-adduct®] %
=7} fr8l Ede] AR x=FH azby ZEAE AR 2
2o} wlws] Hgks o 2 AbelE & 4 dTH(Table
3). &kA]4l, log *18H= aromatic-DNA-adduct® ©FE3| &
Ag A3 FAAE 228 229 2SO 4+ s
(Table 4).

4 W 1-0HPGS] =%} aromatic DNA-adduct®] 4+
AW 1 5 Aol BAHoZ vl I3 Dol
olx Aoz uha F ch(Pearson’s correlation coefficient
1=0.307, p=0.040)(Fig. 2). =38}, GSTMI null genotypesl]
A log 1-OHPGS] FXx9} log aromatic DNA-adduct®]
Fg ulasiols W 4ol Aol gl A0 Yehish
(Pearson correlation coefficient, r=0.516, p=0.010)(Fig. 3).

o

X
=

kd

E AT AR E a7 B EHE g3
eF3A(PAHs)ell st F31AF wAdel] o8t A 1-
OHPGY] %9} |9} 4#% aromatic DNA-adduct®] 4
T oL, tialell Fedhe Al HEAS 3l
MY 73pAd Rbelol] w2 AW 1-OHPGE &3} 7p-
postlabelingE- ©]8-5}o] aromatic DNA adduct® H7}519
oh A5k 7] 9 PAHsS] R FA o] o]Fe] ot
wil Z3}o] &l (benzofalpyrene)} 22 Wb 2L F7) £
PAHso] WZEA] olgkor, Alge] ¢ FFslA] Z3lo
A5E A gkt

PAHsZ pyrene®] W53-45F E324) 1-OHP7} Beo] ¥4
o] gkor} ® 7oA [-OHPGES B438153T}. oA
wWol BAEo{z™ 1-OHP: ¥4 A 7he] Am, FAA] W
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Table 3. Aromatic DNA adducts/10%nucleotides in relation to smoking status and genetic polymorphisms®

G Incinerator workers Controls All subjects
roups
P N Mean +S.D. N Mean+S.D. N Mean+S.D. P-value
DNA-adduct 26 0.52+0.19 20 0.55+0.23 46 0.53+0.21 p=0.731
Smoking
Smokers 17 0.56+0.20 i1 0.60+£0.23 28 058021 p=0.638
Non-smokers 5 0.39+0.14 7 0.50+0.25 12 0.46+0.21 p=0.465
p = 0.055 p = 0467 p = 0077
GSTM1
Present 14 0.49+0.16 7 0.62+0.22 21 0.53+0.19 p=0.156
Null 11 0.54+0.23 13 0.51+£0.23 24 0.52+£0.23 p=0.706
p = 0.661 p=0285 p = 0.707
GSTT1
Present 8 0.58+0.23 12 0.51+£0.21 20 0544022 p=0.512
Null 17 0.48+0.17 8 0.60+0.26 25 0.52+0.20 p=0.200
p=0431 p=0512 p=0873
CYP1A1 Mspl
*1A/F1A 1 056+0.22 10 0.50+0.24 21 0.53+0.23 p=0.324
*JA/*2C or *2C/*2C 14 0.47%0.17 9 0.63+£0.21 23 0.53£0.20 p=0.078
p=0324 p=0.288 p =0.851
CYPI1A1 Ile/Val
*1AFIA 17 0.53£0.20 10 0.53+0.26 27 0.53+£0.22 p=0.763
*[A/*2A or ¥24/%24 8 051+0.18 9 057022 17 0.54+0.20 p=0.531
p=0977 p = 0.870 p=0.736
2All statistical tests were performed by Kruskal-Wallis test
Table 4. Relationship of log [aromatic DNA adduts/10°
nucleotides] by multiple linear regressions among 50 workers
(overall model R?= 0.249, p=0.201)
Variables B Std. error P-value %
Age —0.552 0.004 0.014 =
Cigarettes per day 0.465 0.004 0.031 =
Occupational exposure® —0.110 0.068 0.563 8
GSTMI" 0.176 0.063 0315 <
GSTTI® —0.005 0.069 0.979 a
CYPIAI*IA/%2A° —0.125 0.075 0.526 @
exposure versus control group. -
bpresent versus null.
‘wild type versus mutant variant.
olg}-g-o] 9lgivh(Jongeneelen et al., 1987). =3 Singh & e .
(1995)°] HPLCE o]-£3} 1-OHP ¥4 upiS /sl e -3.0 2.5 2.0 1.5 -1.0 0.5

v g2 AlRE Bl ojeiel] Wik £ ATl
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OHPGE X3 & Uslvh(Lee er al, 1999). °[@] SFS/
IACE o438 ¥4 uiiold 2 W] 1-OHPGE A9 |
1-OHPS} EAIH R folgh dTAdo] gl 7o Bl
oA} (Strickland et al., 1999; Lee ef al., 1999).
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Fig. 2. Pearsons correlation coefficient between log [aro-
matic DNA adducts/10* nucleotides] and log [1-OHPG pmol/
mol creatining] r=0.32, p=0.04 (Partial correlation coefficient
adjusting for age, sex, and cigarette consumption=0.154,
p=0.169).

o} 2% v} 1-OHPGY] F=r} 71&el A7eiM E<l=l
carbon-electrode A& FA(van Delft et al, 1998)c]-}
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Fig. 3. Correlation between log [aromatic DNA adduct] and
log [urinary log 1-OHPG] categorized by GSTMI genotype;
GSTM] (-), Pearson correlation coefficient=0.516 (p=0.010),
partial correlation coefficient adjusting for age, sex and ciga-
rete consumption=0.363 (p=0.038);, GSTM! (+), Pearson cor-
relation  coefficient r=0.045 (p=0.839), partial correlation
cocfficient adjusting for age, sex and cigarette consumption=
—0 199 (p=0.256).

co<e oven —E2AFE(Kuljukka et al., 1997)8c} &2 %
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