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Abstract: [ Objective | Using urinary polycyclic aromatic hydrocarbon (PAHs) metabolites including 2-hydroxynathalene
(2-NAP), 2-hydroxyfluorene (2-FLU), 9-hydroxyphenanthrene (9-PHE), and 1-hydroxypyrene (1-OHP) as biomarkers, to evaluate the
internal exposure levels of PAHs and explore related influencing factors of selected PAHs metabolites among coke oven workers.
[ Methods ] Coke oven workers (n=437) and non-coke oven workers (n=163) were recruited from a coking plant to complete a
questionnaire survey. Morning urine samples were collected and four urinary metabolites were measured by high performance lipid
chromatography-fluorescence detection. [ Results ] The median urinary concentrations of urinary metabolites 2-NAP, 2-FLU, 9-PHE,
and 1-OHP in coke oven workers (0.725, 0.300, 0.092, and 0.059 pg/mmoL, respectively, by Cr) were higher than those in non-coke
oven workers (0.615, 0.197, 0.065, and 0.040 pg/mmol., respectively, by Cr) (P <0.01). The results of step-wise logistic regression
analysis showed that each unit of smoking consumption was associated with 3.393 times higher of 2-NAP. The odds ratios of 2-NAP,
2-FLU, 9-PHE, and 1-OHP were 1.665, 3.399, 2.185, and 2.905 for coke oven workers to non-coke oven workers. [ Conclusion |
The major factors influencing PAHs metabolite concentrations are occupation and smoking. Among selected PAHs metabolites, 2-FLU
and 1-OHP were sensitive biomarkers of occupational exposure in coke oven workers, while 2-NAP was a sensitive biomarker of
smoking exposure.
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Table 1 Basic characteristics of exposure and control workers

Hefhd X RRZL
(n=437) (n=163)
AL Exposure group Contolgroup 772 p
Basic characteristic
LETZIPN LEVZIDN
Median/N Median/N
A (Age, years) 39 — 2 — -3.653 0.000
531 ( Gender )
I (Male ) 411 94.1 123 755 34.607 0.000
4 ( Female ) 26 5.9 40 24.5
WK (32 /d )( Smoking, cigarette/d )
0 181 414 75 460 7257 0.064
1~10 129 295 33 203
11~20 117 26.8 47 2838
>20 10 23 8 49
AR ( Drinking, ¢/d )
<50 371 849 146 89.6 2298 0.130
=50 66 15.1 17 104
SCARTRE (Education )
/N2 ( Primary school ) 7 1.6 1 0.6 0.842 0.839
IR (Junior middle school ) 101 23.1 34 20.9
=+ (Senior middle school ) 153 350 55 337
K2 (College ) 176 40.3 73 44.8
1% 773X ( Heating mode )
HEH LI ( Central heating ) 1 9.3 153 939 1718 0.190
[ Z 4% ( Home heating ) 16 37 10 6.1
*3

F2 A SIIRAT AR PAHs EERSTF=HRE( pg/mmol. )
Table 2 Urinary PAHs metabolite concentrations in exposure

and control workers

R4 ( Metabolite ) Pas Ps Pss z P
2-NAP
FEf2H ( Exposure group ) 0413 0.725 1202 -2.758  0.006
X IE2H ( Control group ) 0290 0615  1.062
2-FLU
4L (Exposure group ) 0212 0300 0464  -7.856  0.000
X HEZH ( Control group ) 0.131 0.197  0.289
9-PHE
HEflZH (Exposure group ) 0.064  0.092  0.167  -5484  0.000
X8 2H ( Control group ) 0.046  0.065  0.113
1-OHP
HfiZH ( Exposure group)  0.036  0.059  0.109  -6.807  0.000
Xof B 2H ( Control group ) 0.026  0.040  0.058

2.3 MLAFESF 2-NAP, 2-FLU, 9-PHE #= 1-OHP &
JE Y 5 B AT

F3 AL, BEAZHAENS = 40 2 ABEIR P 2-NAP ¥
B TAERS <40 % FH(P<0.01); TR =50g/d %
2-NAP ¥ J¥ i35 TR 2 <50 /d # (P<0.01); H %4t
% 1) 2-NAP ¥ JE 5 T4 P ke 5 (P < 0.01 ), Fifi W S
BN, P4 T AR 2-NAPHk X 0] B3 =5 (P <
0.001 ); PRSP T AR 2-NAP VR EE S4B 5 T4
PE(P<0.001 ) 43253 HTR B/RAFRE = 40 2 L ASIHA |
R <50 g/d M AR HEDE AR, B 2-NAP MR
BIR s X R (P<0.05 ),

RAEHFE S B A 53 BB 4E T AR 5 2-NAP iR B L% ( pg/mmolL )

Table 3 Urinary 2-NAP concentrations of exposure workers and control workers by different characteristics

FiH (ltem ) Ffih41 ( Exposure group ) X2 ( Control group ) 4 »
Pss Psy Pis Pss Psy Pis
AR (% )( Age, years )
<40 0.393 0.642 1.020 0.318 0.602 0.928 -1.180 0.238
=40 0.452 0.796" 1.308 0.279 0.657 1.128 -2.751 0.006
15 ( Gender )
T (Male ) 0.442 0.770 1.238 0.348 0.767 1.169 -0.954 0.340
4 (Female ) 0.279 0.382" 0.688 0.227 0.363" 0.501 -0.971 0.331
W4 ( 32 /d )( Smoking, cigarette/d )
0 0.276 0.437 0.644 0.224 0311 0.456 -3.232 0.001
1~10 0.568 0.872 1.346 0.472 0.752 1.128 -1.258 0.208
11~20 0.771 1.044 1.534 0.719 1.023 1.356 0.864 0.388
>20 0.809 1.344* 1.543 0.894 1.475* 1.475 0.089 0.929
37 ( Drinking, g/d )
<50 0.395 0.658 1.157 0.284 0.586 1.054 -2.201 0.028
=50 0.666 0.898* 1.750 0.301 0.810 1.295 -1.535 0.125
f4£1% 757X ( Heating mode )
£E LR ( Central heating ) 0.407 0.704 1.166 0.286 0.587 1.033 -2.628 0.009
A AL ( Home heating ) 0.703 1.236" 2.403 0.241 0.794 1.665 -1.777 0.076

[ ]+ RERN4ELE, P<00L,
[ Note ] *: Sub-group comparison, P<0.01.
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FRAEAS [R] W AR F 3 2 A AT PR 2L PR R 2-FLU | 9-PHE
FI1-OHP R B, F= 4 0T UL, BRI & >20 32 /d, HiAh 4
J2 W A H A BE PR FP 2-FLU | 9-PHE A1 1-OHP ¥ & 42 firh

ZHI KT IR (34 P<0.01 ), PHZH A FER 0 1 4 I
FEora )5, 9-PHE /KRR ( P<0.01 ), T 2-FLU
F11-OHP He A UWLBH 2 A8k ( P>0.05 ),

R4 ERRESEEMASXRAT ARKF 2-FLU, 9-PHE #1 1-OHP iR & Eb % ( ug/mmol. )
Table 4 Urinary 2-FLU, 9-PHE, and 1-OHP concentrations in exposure and control workers by smoking

HfilH ( Exposure group )

Xt BB 2 ( Control group )

i H (Item ) A P
P»s Psy Pis P»s Psy Pis

%40 ( 37 /d )( Smoking, cigarette/d ) 2-FLU
0 0.191 0.290 0.447 0.117 0.172 0.260 -5.370 0.000
1~10 0.214 0.302 0.520 0.152 0.225 0.320 -2.826 0.005
11~20 0.230 0.332 0.469 0.140 0.213 0.294 -5.148 0.000
>20 0.221 0.254 0.300 0.183 0.237 0.323 -0.444 0.657

4K ( 32 /d )( Smoking, cigarette/d ) 9-PHE
0 0.080 0.119 0.228 0.054 0.088 0.150 -3.572 0.000
1~10 0.057 0.080 0.155 0.044 0.062 0.093 -2.772 0.006
11~20 0.058 0.075 0.122 0.042 0.061 0.080 -3.540 0.000
>20 0.053 0.068" 0.123 0.047 0.060" 0.078 -0.533 0.594

40 ( 57 /d )( Smoking, cigarette/d ) 1-OHP
0 0.035 0.057 0.114 0.021 0.038 0.055 -4.958 0.000
1~10 0.035 0.060 0.127 0.027 0.039 0.058 -3.250 0.001
11~20 0.040 0.061 0.107 0.030 0.043 0.062 -3.217 0.001
>20 0.029 0.060 0.107 0.027 0.044 0.057 -0.977 0.328

[ )= FREBMEEZ LA, P<0.01,

[ Note |*: Sub-group comparison, P<0.01.

2.4 & logistic B A 54 R

PIBR F 2-NAP ., 2-FLU . 9-PHE F1 1-OHP ¥¢ & i
PEECR I, W30 i e B A SRR BE A, 450 R
Ap gk, TR CEED T =1, £ T.=0), (5 =2,
=), WA AR =0, 1~10 37 /d=1, 11~20 37 /d=2
F1>20 37 /d=3 ), PRI (<50 g/d=1, = 50g/d=2 ) FIHUIE
MOEHCRE R EmE =1, AR =2) A Z R, Y55
# logistic M)A 75 B2, 43 BT R o 2-NAP . 2-FLU | 9-PHE
F11-OHP ¥ B2 (19 52 ) PR 2% ( WL 5), 45 R WoR 78 fir

&5 IR PAHs RENRE B E R A logistic B 45 B3 5347
Table 5 Step-wise logistic regression analysis of risk factors for

urinary PAHs metabolites

15 H ( Ttems ) b Sh Wald P OR
2-NAP
405 ( Constant ) -3.167 0.326 94.326 0.000 —
TFl'( Occupation ) 0510 0235 4718 0.030 1.665
% 4 ( Smoking ) 1.480 0.131 127.576 0.000 4393
2-FLU
H B0 ( Constant ) -0.907 0.179 25.796 0.000 —
TFf'( Occupation ) 1.223 0.206 35.263 0.000  3.399
9-PHE
H B ( Constant ) 0.096 0.359 0.072 0.789 —
“LFf1 ( Occupation ) 0.782 0.206 14.345 0.000 2.185
% ( Smoking ) -0.697 0.109 40.531 0.000 0498
AR ( Drinking ) 0.537 0.273 3.890 0.049 1.712
1-OHP
405 ( Constant ) -0.813 0.175 21.538 0.000 —
TA ( Occupation ) 1.067 0.203 27.638 0.000  2.905

AR, R R AR — K, B 2-NAP &
A T TR AT REVERG N T 3.393 48 A TAYACIEH
2-NAP. 2-FLU . 9-PHE FI 1-OHP & A= 25 ¢ B f ] RE 1k
Ay IEARFES T T 1.665 . 3.399 ., 2.185 F12.905 1%,

3 e

PR HC A P BRI R EEP T4
K LA F B PAHs, PRI a JEE W AR, 4 R L)
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B2 AT, FELNFIE FI 28 B RO, |
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1-OHP ¥ Bt i FAR R b T, WF 78 R N 25t 55
Wi PAHs fiY N 22 88 7K F, Wilhelm 2511030y, *Bﬁﬂ:
AR AT WIJ\HMSWOHP/& — Ry

2%, T 2-NAP W 24 & 3 5 7% Zlﬂﬁﬁﬁﬂ‘%ﬁili

i-‘im—/\%f?)i ﬁzz NAP kimﬂ&f AT REPERS N T
3.393 1%, HZEEF NS o PAHs W e =11
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Hh 2 BRI 3 B0 PAHS 1T (5 B 86% 12,

AR IR BRI 22 5 TR I A1, TR 4
R Kb 5 Z R R R A O, b ZMHEER
W2 AE T 2-NAP, $Efil 4l He 4R AR a4, 4F
1% = 40 % AR T 2-NAP K A 4E I <40 % 0] i
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Hhn, XA RE 5 BEAE IR G, 2-NAP TEIA N ) R AR
A TR & =50 ¢/d A IR H 2-NAP 7K PR 0
I <50 g/d F A I, PTAE A TR AT e
P s, sz BIWCRTR 22 R B2 s H R A5
FEAY 2-NAP KV i i T I, TR S B At
B A R A PR 55 o 2 DT R K

FRWE I e pR AR B 1 A3 2 AT R B, B2k 2 K Xt B
20T R A 2-NAP KSF- 235 i 1 75 ( P<0.01), 254
logistic [A1 U5 4 W AR et B33 i — 552, 3 2-NAP &
A T R T (R AT RE S N T 3.393 4%, U 2-NAP FI fig
SR % B U A PR A s T 2-FLU 1 1-OHP ¥R E
R LA 2284k ( P> 0.05 ), ARAE WA 432 40 B P AL
PR H 2-FLU F1 1-OHP ¥ B, BR W2 M 2 >20 32 /d 4b,
4% )2 A3 fil 20 R 2-FLU 1 1-OHP 2 5 TXF BR4H ( P<
0.01), 454 logistic [F1IH A E2 4 9 AC 5 2-FLU A1
1-OHP & A5 /5 e B 1) AT R 43 )2 X BEZH 119 3.399 Fil
2.905 1%, Ui 2-FLU il 1-OHP 7] BE & Bl 5% 52 AU )
AEPIAR . W >20 3 /d 4, FE i 5% RN
HEPR AP 1-OHP |, 2-FLU | 9-PHE ¥ Ji 22 34K WL 45 i1
H(P>0.05), ATRE SREAEAL G 6, HLnT R A
NG, ZAEAR N R HERRIE S T L 4 i
FEP IR R FP A R

AT EEF P AT R I % B MR X 9-PHE (4 FH
EjXF2-NAP S A0, Z R T 9-PHE Y52 i K] 2 B
LR, e AT EIR A G R AR W AN X 9-PHE ()
fEH. Bz, X FHUL AR, 1-0HP 5 2-FLU &
R AEYIPRED, (BRSSO, IR AR
Yk 5y Z B Z R 2R (I L DB AE ) semi, 25 R
1-OHP ., 2-NAP 5 2-FLU 3L [r] /s B £ T PAHs P 2 5%
K, BEZE— R o AFSE R R 2 Ab R R
JEEARAEEC(BMI) I3, X HRAIREA R D, DAKR:
REVCRCAE Y T AL SR T2 B A R 1]

AEE B T ERRE B TERIFIF R
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