S B Z RS T REBI10459H 5238530 55290-298H

i 3
575 HR I REHRES TAMH EHEAE
BEEL e’ 2;|EY

| SRS B R T S E I
} EERRAHEERR

] BMERAREEL B ENRA
| BB ASNRERREEER
B EERRRREEEDL

B

SRR S T RINBFEMEESERY) > Kb R ERLEEE LSRG HELEY
(PAHs) » PAHRR 7 & Bl SPGB FRAE < b - JVE T REE BRI RMFEIE + KR HE B
FMIRRTLIA - AWTFEET o RS RIS ESE5s TEI TR 2T 9E - diE
AR R TEBREESS T (i - N=110) ~ JEMIBREESS T ([RREH - N=182) - 2K
EHI 5 167EPA S » Jz DUPRHE Pry 1-FEELFEHERHI(1-OHP)E Ry PAHR R B B3 B rv e - LA
PRIES-FEHE-2- AR H (8-OHAG)fE Ry DNASL B F TR « ERH AT DURR MR & 2
R Ul 2 T2 PRIKH18-OHdGER 1-OHPHIAHRATE - WFSEREREUR - METEMERSS TIE A SRbE
ZER N PAHSIRIE ~ R 8-OHAG ~ 1-OHPJRE B Ry R ME IR AESS T - DIRR MR &30
EER A ATHUR © AEARIE AN 74 - JRIEH1-OHP ~ i TRORAE T/E Ry PR $18-OHdG
W EEE AT > JRIKH1-OHP ~ fi JRBRAE T/E R PAHS R B ISRDNAS AL F 1 RAFTH
HIAY 5 ARFFERERACFR IR FESS THIDNAS AL E B FAPAHS RS AHRA -

FARS : ZEOTELMLY) ~ BRERS T PR IR ~ PRI 8- -2- KA RIS AL H

KB 103 4 11 H 25 H¥%he - RE] 10441 H 22 Higdk - REJ 10445 H 17 HEEA -
TAES © B2l - SENEl ST Bl R IRE L AT o 221438740y (@ RERHER 4074859955
B H{EFS © chpan@mail.ilosh.gov.tw ©

290



LR ERCYIREERES TR LBFF AL

e

AU

O

FEB RSB IR AN ATk A A ROk —
Rl EEE - A2 SR e R E

K B R 8y T2 BRI o B R R R A
fi&(Coke oven plant)if » & S 1E i FE i b TE N
A IOESE R - HEFREIERT . b O PR 1
FIBH » (2 R UAHE R EL & SR I 22 PO R HE S
S H B TET T BEVS DIUBEIRE S Fa b e SR AT
iOpY A LI ep 1R IS S REEE S 7 3y QTR A
TR R TH 25 B SR S X R R Bk
HE T RIPERL(1-3] - R PR & A
R 2R TT B B (Polycyclic Aromatic
Hydrocarbons,PAH) » HARJE 3 R H#&Y)
e SR EL - RS TRIIRET 2
B R B SRR T SR B Ry
FEPAH » PAHIR T ST B0 S0 T e e
LN VA I REEBUL R R MIEAE ~ K
B R R TR0 5 ML PAHGE A A 88
IRF » et m R G T B S 1 B e
SVEYIE4] - FEEE Y B R BB PAHH B
BomMtE - DLE4~-TRIPAH L » H R
Pyrene, Benzo[a]anthracene, Chrysene, Benzo[a]
fluoroanthene, Benzo[e]pyrene, Benzo[a]pyrene,
Benzo[k] fluoroanthene, Indeno[1,2,3-cd]pyrene,
Dibenz[a,h]anthracene, Benzo[ghi]peryleneZY)
T BoE SRS LI Benzo[a]pyrenef HLAFR M
[5] > RIS 5 E LlBenzo[a]pyrenel= FE{F 1y
ER 22 R ITHPAHL B -

B TR BEPAHSI N FE R =R -
A IR R AR P I DARE S - T EE
(pyrene)fEPAHsH & &5 » & # FH 2 AF By ik
SE B BRI rR PAHSHUSEREY) - Pyrene HI ARG/
P BB T AT A - PR AR TR 1 - FE A FE T Tl
(1-hydroxypyrene, 1-OHP) » f#&LUKIR1-OHP
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B REHR IR A » [RIELIRIE A 1-OHPHEEE Ry /2
PAHSIY—IEAEY) R HEAR[6] » Al S FTA
B~ i8G5 1~ WIESS TR AR SE55 T
(B PAHs F2 55

A B R Y & f 3 | B e Ay — (5%
HASEAE - 8-hydroxy-2-deoxyguanosine(8-OHdG)
EAYHEN RS B A (CDNASIRE » wlg il
BRI FR S eV R A MG 2 B 7] -
SEPRIR Y 8-OHAG ] [ JiE H 26 1 U YRy 52
BEE - HIEPAHRYEZERUE ; 8-OHAGHE
L2 IR DN A BLS N AL BR R B 1R B - 1
AR EE DB EFREL T - RHEKE
HeH b o PRI 1 8-OHAGHY 43 52 E H Fij 48,
{LFIDNAZ HBFELEH - LL8-OHdG Al HfEYET
it ~ BOEIHIPEATAE R » A FETHI
5t[8] - HMIx BE SRR S EAEGEY) - fIan -
PAH » &EE R H18-OHAGIY IR FHR[9] -

HIR = BE PAHs & 5 A BRI ROE L fE T -
PRI PAH ) 2 55 B (R FRE e A L 1
AHFSEIE IR AR D7 LA 38 22 R - PAHSIR
B DURIE 1 1-OHPH# Ry 2 BEPAHSHY AL {E R 2
AR - MLURIEH8-OHAG By DNASA L EFTE
T FEDIRHAG R ER PAHS IR EE (2R 57 LHOMEER
N

WRAE
1. WFFes 5
SRV O MBS (ORI E 2

o SEEM e ORI AL B BB 2 s )~ M
MVEPR ~ Rl ~ BERRIA ~ B B AR
2924 B R FESE TAUR e 5 - WK
1 25 R R I ST il E Y 22 5 P PAH s i
FE[10] - o B TEBRERSS T (EFE IRt R
A T~ B R EETERES ) JyPAHs
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RIEE - BEHRER « W AHERE S B
ERIGEYE) FofRgEail o AR 7eiSElp a2
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FrA 2 IS - HERMRZAERE
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2. RGN

DUt 6 5 20 - AR FE I R (U E
e Fe R B R B AD R AR E R (R4
fe ~ Bm o BREF) - TIERD (B TE
FE) AR (EERAEE - BEE
18~ RAxAFEEHEfRaEE) - BRI -

3 ERIRI T R R 2 IR HF ALY 2k
ARV A EREEHIE [10]

DUB B At IR Ry PR AR T E - R Eh =gk
BRI IR E R BIR 2 R ALY« 2805 161
Yy o PREETHE Fy2.0L/min » $REEIF[I8/ NG -
LR SR BB B AE DAL A 2m] n-Hexane
DU S I # BV 20min » FFIA4ml 5%NaOH
R > D13,000rpm#f.Lr10min » BY1.5ml E
W DL FEE R ER i (dimethy] sulfate) #1T
ISFIE R - 2R R SRIRE - B8 R S AH g A
HHHE(GC/MS) AT 16T 2 877 18MEY) -
ffinaphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene, pyrene,
fluoranthene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, BaP,
indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene,
benzo(ghi)perylene » 53Af J5 125 1 Il PR
[ F56.1 ng(dibenzo(a,h)anthracene)- 9.0 ng

(phenanthrene) o
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4. JRIFH1-REL L (1-OHP) HIE 531t
[11, 12]

AR 18 W 10mLE A = F ik -
A 1OmL i BRI RS pHE 5.0 » 7
HMAZ20 11/ -glucuronidase/sulfatasefi T 77K
figd > R37°C KB IRBAE RSB 24/ N - R
eI LA B DS mL iz HH P30 i [ R 2R U i
FFLEYR - DAIOmL KB /Ko T LIS
b o K B2 50 By PR DA [ AH ZE U T 25
0 » FI B 22 5& B il Bh P2 @ I8 iR AE 3mL/
min LA - B PRI S 2@ e % LA 10mL &
B 7K et [l AH 2R U I R IRV 22 = DLomL
AR TP IR RIS GEVE - K ER
EENRZREEE » 150 CHIB T UARK
VSRR, » A 2mL 52 PN P B B s
JRCE & S Bk Za s b T DUk Za4 57 88 - ik
DAEBIB ST (B 7 (B i SE R R A i T I
7 IR VR I B Y 1. SmL B EE /N R » Dl Waters
2695 HPLCEL Waterd 7485 ¢ 1 25 H i 35 %
£ (Excitation wavelength) : 281nm ~ G I
(Emission wavelength) : 388nm¥E{ T34 » 43
Hr TR RIS R 1.0 12 o/LHY 1-OHPARH#EYS
W KR E B b AT BV R E R AR EE A
ELR AR SRR L3465 - IS
BTG HIGER o 1-OHPRY AT 7 15 IR R
By 0.1 p g/L » EAE AT PTGy 8 AR BT
10% -

5. [RIZH8-OHAG [11]

RE R i DA e 7 R M R L5 1% - L
HPLC/MS/MSHEZS 73 PR I& H 8-OHAGHI5E 73
B o REERRIZZE Rk RIE R AT H R
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i EERIE R EEIE BR - FHREFTS AR
2R 1365 RS /T EHHRIR - 8-OHdG
W HIRRPR Ry S. Tng/L > EEEISIAT AITHITS A8 SR
PREEIRS%

6. IRIEH HLELHT (creatinine)

FRIG LR ET DU affe s FEE[ 11 1HIE - FR
¥ H11-OHPELR-OHAGE 73 Al LU LERET EAIE

7. PRERIRRIG]

LR EEREALE Y RHIRPIE A TR
BRHIE FSEAEITIREHNE - PR 1-OHPE]
8-OHAGHEA F TREITIREHIE -

8. fET ST

fERFISE R MFRBIRIERE R - £
R RS HIE AS AR RE T R ERG - ARASELER
WSS AARE - BT TR P ERE T T ~ RTT00
i~ 24 HRE ~ MERFEMT (Mann-Whitney
U test i€ ) ~ #p1EIR G RUEEE B (Linear
mixed-effects regression analysis) » [Spearman
FHER 73 A ¥ AL 1 -OHPEL 1 6/ PAHs Z AHRR T
DUk #F At 8-OHdGEL 1 6FE PAH s < AHRH 1
HETE Sk g A F S-PLUS 2000(MathSoft
Inc., Cambridge, MA, USA) » ifi 35 € #H & /K HE
a=0.05 -

SR

WSS T2 BRI ZR 1 Tz » 465280
20244 EBEIRFESS T2 RGBT - IR ESS
T IR F44.6 £ 8.95% » BLIERIBREE4S T
& EEERRA4.9 4 9. SER BT 2§ IR TAR R
55 T HISEHIBMIE24.4+3.7kg/m” » BAGE{AIR£E
%5 T(BMI(24.9 +9.8kg/m®) MG 725 5 B TH
RIS TR TR & R R 13.1 27147 » 88
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FAR R IR FESS TRY17.6 = 12.44F 5 bR H
RS THERAEEEN I ]60.0% » 8%
R ST A E T Y HER (44.5%)
(p=0.007) ; AL THEWHEEF(517.3% -
B Bk AR 27 T AER 2 52 IRIEmRAESS TR
A F#E AR 2B H B LR 1527 .2% » BRI bR
655 T G IR A A SR E B HE R MR
5@\ °

RIRH8-OHAGIRE » FIRFHEDNAZAL
BEFEAR - MR T 1-OHP %55 T3 B PAHs
Y BRI AFERTEFRAR( 1] BRAESS RIS
8-OHdGEL 1-OHPIRFEEANER 7R - BRIEMRAESS
THIPRUE - 8-OHAGHY [ SR » #HE =
R SR FE 55 T 5 i o TEUBR £ 55 Y R i R
1-OHPHYZEAT S-SR » IR ey W ok £
5T -

BREERS T2 2 PAHSIE A BREE IS LR
FHTANFR2 PR - BRIEBRFE2S TSR BRI 22
& Hracenaphthene, phenanthrene, anthracene,
pyrene, fluoranthene, benzo(a)anthracene,
chrysene, benzo(b)fluoranthene, benzo(k)
fluoranthene, BaP, indeno(1,2,3-cd)pyrene,
dibenzo(a,h)anthracene, benzo(ghi)peryleneZ
8 A TR AR Y Hp i B e B = e R i o
BT MR TEBR FR 27 TR BRI R
naphthalene, acenaphthylene, fluorene Zfif A £
A 4 o o7 B e A B ) Ao 25 T S R
5@\ °

JoR 55 TR ¥& H 1-OHP J: 8-OHdGE [ A
PAHs:Z tHERME 3 MTANSR3 foR » 1-OHPyRE
Hdacenaphthylene, acenaphthene , phenanthrene,
pyrene, benzo(a)anthracene, benzo(b)fluoranthene,
BaP, dibenzo(a,h)anthracene, benzo(ghi)perylene
KA AHPAHs = i 2 B3 IEAHR - 8-OHdAG

P HIEL fluoranthene, anthracene, pyrene,
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benzo(b)fluoranthene, BaP, indeno(1,2,3-cd)
pyrene Sz iffé [E FHPA Hs iR & 52 BH & IEAHRY -
1-OHP % 8-OHdGHI[#5 Edpyrene, benzo(b)
fluoranthene, BaP i ## [E fHPAHs & & 2 5A
# 1EfHREE » @ r~benzo(b)fluoranthene, BaP,
indeno(1,2,3-cd)pyrenefg BEE NS L G E R
33_3\ o

FRIEH8-OHAGEL 1 -OHPIRE L HR IR &
S A I BT A SR AT > A T By B

K1 BEES THARR

FRIGH 1-OHPYR R s ZE AHRR A1 g THR AR
TAEELR YK+ 1-OHPIRE 2 81 IEAHRE 5 T
PR IR EL R ¥% 1 8-OHA G B 2 53 TE AR 5
i TEUOR AR T B R 8-OHA GRS 2 8% 1F
MHRE + BREESS TR H8-OHAGIR & B PR VR
1-OHPJR ¥ 2 BHZE IEAHR - fERIE T IR
1-OHPRE 2 1% » TE@IS ) Ry R H18-OHdG
IR R ARRAR £ -

HALHR > P e MRS T0=182)  HETAMES T0=110) p value
e () 449495 44.6+83 0.788
BMI(kg/mz) 249+9.8 24.4+3.7 0.500
TIFEE (4F) 17.6+12.4 13.1+7.1 0.001"
A IERIAE > n(%)"
IR HE 81 (44.5%) 66 (60.0%) 0.007"
QL] 39 (21.4%) 19 (17.3%) 0.368
AR P Ay 69 (37.9%) 30 (27.2%) 0.058
PRA-FRELEENS - S ets CGR{TIEHE ) » g/g creatinine 9.4 (3.5) 66.7 (3.5) <0.001"
SIRH-FEEL-2- LA B AL H » 24 1y (#(TiE%ER ) » g/g creatinine 5.6(3.1) 16.5(2.4) <0.001"
SEEIIE + R o DIEA SRR E AT S T TS T R -
DM CEAER)  DIRITAMIg M s T S T s T 2
" p<0.05
2 JETABREE T B bR AL T 2 (FSE B 22 S PAH B BR IR LL
; TEIIBSE T A (n=28) TR TEBRAE T A (n=28) )
PAH (ng/m”) - N . y . 5 p value
i My CGRITERER) Hfi A GRITEHEE )
Naphthalene 594.8 401.9 (2.5) 725.7 505.3 (3.0) 0.479
Acenaphthylene 158.0 144.0 (1.7) 2277 209.0 (2.0) 0.065
Acenaphthene 52.9 53.9(1.3) 71.0 64.5(1.3) 0.038
Fluorene 2253 232.9(1.9) 222.9 300.5(1.9) 0.212
Phenanthrene 15.7 23.9 (4.8) 112.7 148.1 (8.2) 0.003"
Anthracene 211.6 139.5 (4.8) 410.6 406.1 (1.9) 0.001"
Fluoranthene 94.2 97.8(2.8) 323.7 308.5 (2.0) <0.001"
Pyrene 227.0 178.9 (2.7) 1,220.0 5434 (2.1) <0.001"
Benzo(a)anthracene 2,103.2 1,568.6 (2.0) 3,019.6 2,707.6 (1.5) 0.005
Chrysene 241.8 159.5 (2.6) 446.0 419.6 (1.4) <0.001"
Benzo(b)fluoranthene 56.9 56.8 (5.0) 313.0 260.4 (1.2) 0.002"
Benzo(k)fluoranthene 139.1 130.7 (1.7) 260.6 213.0 (2.1) 0.021"
Benzo(a)pyrene 2472 2222(2.2) 5713 487.4 (1.7) 0.001"
Indeno(1,2,3-cd)pyrene 42.8 275(72) 3113 194.2 (3.4) 0.001"
Dibenzo(a,h)anthracene 72.7 24.9 (6.7) 216.2 196.0 (1.3) <0.001"
Benzo(ghi)perylene 33 8.6 (4.6) 119.5 479 (5.4) 0.002"
Total PAHs 49428 4210.4 (1.6) 9,210.9 8,621.5 (1.5) <0.001"
#Mann-Whitney U tests.
" p<0.05
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*K3

JoR 55 T PR 1-FRELRRERHI(1-OHP) B 8-F8HL-2- LA SIS H (8-OHAG) EZPAHs  FHEH

71 HT(n=56)
1-OHP 8-OHdG

PAHs r p value’ r p value”
Naphthalene 0.098 0.546 0.004 0.981
Acenaphthylene 0.541 <0.001" 0.276 0.085
Acenaphthene 0.312 0.048 0.292 0.067
Fluorene 0.012 0.942 0.253 0.073
Phenanthrene 0.592 <0.001" 0.025 0.880
Anthracene 0.189 0.244 0.787 <0.001"
Fluoranthene 0.306 0.055 0.394 0.012"
Pyrene 0.330 0.038" 0.290 0.042"
Benzo(a)anthracene 0.354 0.025" 0.252 0.117
Chrysene 0.126 0.438 0.295 0.065
Benzo(b)fluoranthene 0314 0.048" 0.340 0.032"
Benzo(k)fluoranthene 0.063 0.701 0.150 0.355
Benzo(a)pyrene 0.414 0.008" 0.357 0.024"
Indeno(1,2,3-cd)pyrene 0.160 0.323 0.330 0.038"
Dibenzo(a,h)anthracene 0.320 0.044" 0.252 0.116
Benzo(ghi)perylene 0.343 0.030" 0.040 0.805
Total PAHs 0452 0.003" 0.374 0.017"

" p<0.05

# p value calculated using Spearman correlation analysis.

FA PRUGHPS-FAL-2- KA RIS H (8-OHdG) B 1 - AU AR

BE((=292)

i

N

{

HI(1-OHP)= AL & #p1R & U

Bl

B

TR

Logio 1-OHP (ug/g creatinine)

Logio 8-OHdG (pg/g creatinine)

Hulist (R (95% fEAEER)

Rl R (95% fEdElEf)

AR (ff TEvs JE )
s (2 vs. 75)
B (52 vs. 15)

Mty (G2 vs. 75)
TAEEHE (4F)

Fit (R
BMi(kg/m’)
Logo 1-OHP(ug/g reatinine)

0.736 (0.603 to 0.869)"
0.058 (-0.066 to 0.182)
0.020 (-0.138 t0 0.178)
-0.056 (-0.183 0 0.072)
0.003 (-0.002 to 0.009)
-0.003 (-0.010 to 0.004)
-0.001 (-0.009 to 0.006)

0.238 (0.109 t0 0.367)"
0.066 (-0.035 t0 0.167)
0.052 (-0.077 to 0.180)
-0.014 (-0.118 t0 0.089)
0.001 (-0.004 to 0.005)
0.001 (-0.005 to 0.006)
-0.003 (-0.009 to 0.003)
0.264 (0.168 to 0.360)

" p<0.001
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T oS SRRk FE A S R B 22 SR BaP
MAPAHSIRES ~ K JRIEH 1-OHPElpyrenej= i
ERAZE IEAHRER - WiHE Student’s t g E BAR MR
B R e i U AR 5% AR AN IR PAHSIR &
ZBRIEUT » HIREH1-OHPIREH =
5 AR BRURIRIR 1-OHP 2 — (i F55 T
PAHs @& 138 & IAER &V - (ERTEE
Moo WRES - BGH - ARy ~ TIFFEE -
i ~ BMIEF A& PRI T 1-OHPHY SR FE R A 7
(p>0.05) ; PLASRELZ BT —RSUM » $HE 5
MEBENEESS T IRIE 1 -OHPRY SR A — S
R[12]

— X BRI EH50-200 ng pyrene[13] »
SR T S 118 355 e 5% B PR iR v 1 - O HIP Y R B8 17 ot
gt BURPIA—BIRE R § ARIFZEELL [RER
IR R IR Y2 B g RV 1-OHPIY
IREE[14] » MAKFCIRFE/F 36 L PAHS 258 B IR
W 1-OHPHYBAZ s B K 1 » BURBRIEIRESESS
Tk PAHS 2 B8 sg B = N R A U PA Hs 5
7% o {HAHECH - KangSE ARIRRSEFEH - FE—1{1
e TR - AR RY55 TH R H11-OHPHYR
R m N AR E[13] - Kt FHAEE SN
T FeARRE TG S ~ BB E M PAHs 2 55 ¥ PR IE
1-OHPI S R 2 -

FRIEH 8-OHAG2K H ji* =HH2K {5 = 1. DNA
AALMBEEY ; 2. KHEBBRA(LdG ;
3. HHNERYENE (cell turnover) » AMELRE ARG T
8-OHdG Uz 2 B DNASE LG FEH V- IIRRE -
AR R SS TIRIEH 8-OHAGHYIR &
B HL A SEER BT 22 R Ml A Rk 2 BaP Jebenzo(b)
fluorantheney& F 5 (FLL » fiBaP fzbenzo(b)
fluoranthene s PAHsH) T EEY) - HBaP ¢
benzo(b)fluoranthene @& £ 5 DNASE LGS » It

[=]]][
ol
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2 I BLSE I /R BN Y) B BRI S0 45 HiPAHS(BaP J%
benzo(b)fluoranthene) & DNAE(LIEERE
& HEIIRER15]

PRIGH1-OHP ~ 8 THR £E TAF By JR IR
8-OHAGHY _fEEEZAHEARF » FR¥EH1-OHP
i TEOR £ T Ry PAHs R B i ik DNA SR LG =
f B A TEMIR £ - i PR H 1-OHPEE8-OHAG
A IEAHRY - BEAS SR EL S — il #E5 PAHs ¥
TR FE25 1.2 DNA S {15 5 B 7] i e I Y
W9 » H—EERIRTRI16] o ERREIR & 3UE
R - DU TEIR AR T AE Ry M 27 B T Sl TR
PRI 8-OHAGIRE#IT » B T/EA B H At
fEFR T » S EDNASLEFEE (FREH
8-OHAGIRFE ) - filan : ZR[17] 8l 18]/ = 7%
fas o At EURIE THBR LSS T LRI bk AR
LT ARENALEGEER LA LGEEP
B KA PRIEH 1-OHPRZ 22 SR A] -

IR BN R h 8-OHAG I EE [y B2 25 » BRI
NS —EISEAS R - LoftS ARIIf9ETE
H o IS PRI TR 8-OHAG I B &y b AR IR A
1 H30% -50%[19] o SR AN TS SRR Bk 7t
HIRIGH8-OHAGIR R A #5722 » Bt
Feti R B AT B RS L TRATIR AT
H—EIRER14] -

fretarrh S EPELH - FIAmE thay
Cr{R#EDNA AL E » CookeF A ¥ 3
WFE G RALFES00 meifffhanC » I IMAEF
8-OHd G J55 |78 25 #ff At iy C 1Y 18 o i 588038 PRI
[20] « SR A FERG SRR - AREIRAGES
Meftidn % » HIRWH8-OHAGIEE W% A 8
REARRIHIZS - FLAFSTAG R B RTE R 1164435
B FAIREESS T2 IRITIRERTSE » A —E0W
fide[14]

Cherng Y 5C 5 Hi - i B8 BMIFI R K
i 8-OHdG JREEHMHE » KW EEudsEm
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A LE AR BT IR A e B B AR R
[21] - {HARWFFEHG R AR e ELBMIRIR i
8-OHdG 1A BHEAHRA » REAG AR B — B B
Bk BRI - A —BEIRER22] -
AWFEIE — bt 5e ERIBRE] - AL
PETEIYIE R G HIE - BN « EAHPAHS ~ 2
[17]EE 18R AHIE - B Y/E AfReE A
EGFRERIAER o S— B FERIRRE Rt
K EIEBSEE R B HIE BER - P14 : 25875
JLHPAHS - EIREESS TR RALAEAGE YRR
JA LI /INERF T R AR A TR R T 1 e e e 5
81/ Ny - AL IRRRSE TR PAHS BT A B F Y
HEM AR - FERfF7eHeiR IR H8-OHdGE
— i RAFHU RN SE( LB F TR - R E T
PAHsAIEZFERI R (JRIKH11-OHP) Ky -

KSR TAE IS -
fiosm

PR 1-OHP ~ JETEBRAR T/ Ry PAHs B
PRIt UDNA S LIS FHHT RAFTHFIAT 5 AHf5E
it SRl HE HERFE S TR DN A %A 1L 15 35 Bl 2 88
PAHSHHEEAHR -

Jom

s

AR SATER S LR A5 LR
AERFFERTITSEET SRS IOSHO8-M302, 2 #8257
R FEILACEREITE -

2353k

[1] Burgess WA. Recognition of health hazards
in industry-A review of materials and
processes. John Wiley & Sons, Inc., New
York: 1981.

Schulte KA, Larsen DJ, Hornung RW, Crable

JV. Analytical methods used in a study of

[2]

297

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

coke oven effluent. American Industrial
Hygiene Associatior Journal 1975; 131-9.
Schulte KA, Larsen DJ, Hornung RW, Crable
JV. Report on analytical methods used in a
coke oven effluent study. HEW Publication
No., National Institute for Occupational
Safety and Health, Cincinnati, Ohio. 1974;
(NIOSH) 1-37. PSM-1013

Josephson J. Polycylic Aromatic Hydrocarbons.
Environmental Science Technology 1984;
18:93.

Grimmer G. Environmental Carcinogens; Polycylic
Aromatic Hydrocarbons, Environmental Science &
Technology 1983; 24:1581-85.

Boogaard PJ, Sittert NJ. Exposure to polycyclic
aromatic hydrocarbons in petrochemical industries
by measurement of urinary 1-hydroxypyrene.
Occupational and Environmental Medicine
1994;51: 250-8

Pavanello S, Clonfero E. Biological indicators
of genotoxic risk and metabolic polymorphisms.
Mutation Research/Reviews in Mutation
Research 2000; 463:285-308.

Loft S, Fischer-Nielsen A, Jeding 1B, Vistisen
K, Poulsen HE. 8-Hydroxydeoxyguanosine as
a urinary biomarker of oxidative DNA damage.
Journal of Toxicology and Environment Health
1993; 40:391-404.

Hong YC, Park HS, Ha EH. Influence of
genetic susceptibility on the urinary excretion
of 8-hydroxydeoxyguanosine of firefighters.
Occupational and Environmental Medicine
2000; 57:370-5.

Lin YC, Pan CH, Chen CJ, Wu KY, Chang-
Chien GP, Ho CK, et al. Associations between



S RS L AR T RE104F9H 3236530 55290-298H

[11]

[12]

[13]

[14]

[15]

[16]

exposure to polycyclic aromatic hydrocarbons
and temporal change of urinary 1-hydroxypyrene
levels in Taiwanese coke-oven workers. Journal
of Occupational and Environmental Medicine
20006; 48: 930-6.

Pan CH, Chan CC, Wu KY. Effects on Chinese
Restaurant Workers of Exposure to Cooking
Oil Fumes: a Cautionary Note on Urinary
8-Hydroxy-2’-Deoxyguanosine. Cancer
Epidemiology, Biomarkers & Prevention 2008,
17:3351-7.

Pan CH, Chan CC, Huang YL, Wu KY. Urinary
1-hydroxypyrene and malondialdehyde in male
workers in Chinese restaurants. Occupational
and Environmental Medicine 2008; 65: 732-5.
Kang D, Rothman N, Cho SH, Lim HS, Kwon
HJ, Kim SM, et al. Association of exposure to
polycyclic aromatic hydrocarbons (estimated
from job category) with concentration of
I-hydroxypyrene glucuronide in urine
from workers at a steel plant. Occupational
Environmental Medicine 1995; 52:593-9.

Wu MT, Pan CH, Huang YL, Tsai PJ, Chen
CJ, Wu TN. Urinary excretion of 8-hydroxy-
2-deoxyguanosine and 1-hydroxypyrene
in coke-oven workers. Environmental and
Molecular Mutagenesis 2003; 42:98-105.
Staal YC, van Herwijnen MH, Pushparajah
DS. Modulation of gene expression and
DNA-adduct formation in precision-cut
liver slices exposed to polycyclic aromatic
hydrocarbons of different carcinogenic
potency. Mutagenesis 2007;22:55-62.

Kuang D, Zhang W, Deng Q, Zhang X, Huang

K, Guan L, et al. Dose-response relationships

298

[17]

[18]

[19]

[20]

[21]

[22]

of polycyclic aromatic hydrocarbons exposure
and oxidative damage to DNA and lipid in
coke oven workers. Environmental Science &
Technology 2013;47:7446-56.

Lagorio S, Tagesson C, Forastiere F,
lavarone I, Axelson O, Carere A. Exposure
to benzene and urinary concentrations of
8-hydroxydeoxyguanosine, a biological marker
of oxidative damage to DNA. Occupational
Environmental Medicine 1994;51:739-43.
Robinson FP, Patterson CC. Changes in liver
function test after propofo (‘Diprivan’). Postgraduate
Medical Journal 1985;61 Suppl 3:160-1.

Loft S, Fischer-Nielsen A, Jeding IB, et al.
8-Hydroxydeoxyguanosine as a urinary
biomarker of oxidative DNA damage.
Journal of Toxicology Environmental Health
1993;40:391-404.

Cooke MS, Herbert KE, Butler PC, Lunec
J. Further evidence for a possible role of
conformation in the immunogenicity and
antigenicity of the oxidative DNA lesion,
8-0x0-2'deoxyguanosine. Free Radical
Research 1998;28:459-69.

Cherng SH, Huang KH, Yang SC, Wu TC,
Yang JL, Lee H. Human 8-oxoguanine DNA
glycosylase 1 mRNA expression as an oxidative
stress exposure biomarker of cooking oil fumes.
Journal of Toxicology and Environmental
Health, Part A 2002;65:265-78.

Hong YC, Park HS, Ha EH. Influence of
genetic susceptibility on the urinary excretion
of 8-hydroxydeoxyguanosine of firefighters.
Occupational and Environmental Medicine
2000;57:370-5.



Oxidative Stress Evaluation for Polycyclic Aromatic Hydrocarbons Exposed Coke-Oven Workers

Research Articles

Oxidative Stress Evaluation for Polycyclic Aromatic
Hydrocarbons Exposed Coke-Oven Workers

Chih-Hong Pan"’ Ching-Huang Lai’ Ming-Tsang wut?

" Institute of Labor, Occupational Safety and Health, Ministry of Labor
School of Public Health, National Defense Medical Center
Graduate Institute of Occupational Safety and Health, Kaohsiung

2

3

Medical University
Department of Family Medicine, Kaohsiung Medical University Hospital
Center of Environmental and Occupational Medicine, Kaohsiung

Municipal Hsiaokang Hospital

Abstract

Coke oven workers have long-term been exposed to coke oven emissions (COEs). PAHs are
important components of COEs that caused most seriously health effects among coke oven workers.
Long-term exposure to PAH concentrations has been associated with lung cancer, respiratory cancer,
urinary system cancer, skin cancer, and neurological diseases. This study conducted a cross-sectional
epidemiology research for coke oven workers in a steel company in Taiwan. Based on job titles
obtained from responses to the questionnaire survey, the coke oven workers were classified into
two groups, including topside-oven workers (high exposure group, N=110), and side-oven workers
(low exposure group, N=182). We quantified human subject exposure to 16 PAHs by using personal
dosimetry. Urinary 1-hydroxypyrene (1-OHP) was used as an internal dose of exposure to PAHs, and
urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) was used as an oxidative DNA damage marker.
The relationship between workers’ 8-OHdG and 1-OHP levels was estimated using linear mixed-
effects models. Airborne PAHs levels in topside-oven workers significantly exceeded those in side-
oven workers. The topside-oven workers’ geometric mean levels of urinary 8-OHdGand 1-OHP were
significantly higher than those of side-oven workers, respectively. Urinary 1-OHP level, and work in

topside-oven, gender were two significant predictors of urinary 8-OHdG levels, after adjustments are
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made for covariates. Oxidative DNA damage was associated with exposure of coke oven workers to

PAHs.

Keywords: Polycyclic aromatic hydrocarbons, Coke oven workers, Urinary 1-hydroxypyrene, Urinary

8-hydroxy-2’-deoxyguanosine
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Introduction

Coke is an indispensable raw material for
steel smelting. Mainly coming from coal, coke is
used in an iron and steel plant as a main reducing
agent to refine the iron ore into iron. After coal is
transported to a coke oven plant, it is added from
the roof of coke oven and then pushed and leveled
by the leveling bar at the side door. When the roof
of coke oven is opened to add coal and during the
process when coke is collected and transported,
transient pollutant emissions are caused, while
continual pollutant emissions are caused if there
is any leak from the oven’s door and roof and
gas pipelines[1-3]. Emissions from a coke oven
contain high concentrations of polycyclic aromatic
hydrocarbons (PAH), mainly due to incomplete
combustion of organic matters. Coke oven workers
who have been long-term exposed to coke oven
emissions, among which PAHs cause the most
severe health effects, may suffer from lung cancer,
respiratory cancer, urinary system cancer, skin
cancer and neurological diseases. When PAHs
enter into the human body, some species may form
carcinogenic and mutagenic substances during
metabolism[4]. It is found from animal experiments
that carcinogenic PAHs are mainly of 4-7 rings,
including such species as Pyrene, Benzo[a]
anthracene, Chrysene,Benzo[a]fluoroanthene,
Benzo[e]pyrene, Benzo[a]pyrene, Benzo[k]
fluoroanthene, Indeno[1,2,3-cd]pyrene, Dibenz[a,h]
anthracene, and Benzo[ghi]perylene. Among them,
Benzo[a]pyrene is the most carcinogenic[5], and
therefore the Benzo[a]pyrene concentration is often

chosen by the scientific community to be the index
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for PAH as an urban air carcinogen.

As internal dose of exposure to PAHs for
workers, urine metabolites are measured. Since a
high level of pyrene is contained in PAHs, it is often
used as an occupational and environmental indicator
for PAHs. Pyrene can be absorbed by lungs or the
skin of a human body and is then metabolized into
1-hydroxypyrene (1-OHP) and ultimately excreted
as urinary1-OHP, which is thus considered to be a
biological exposure Indices for PAHs[6] to reflect
the recent exposure to PAHs for such occupations
as firefighters, iron foundry workers, coke-oven
workers and restaurant workers.

Damage to cells and genetic materials is an
early process to induce cancers. 8-hydroxy-2-
deoxyguanosine (8-OHdG) is the most abundant
biological oxidative DNA pattern, which can
be used to detect the biological mutation effects
induced by environmental pollutants[7]. Detection
of urinary 8-OHdG may reflect the effects of
various carcinogens, including the impact of
PAHs. By way of chemicals, 8-OHdG can cause
damage to DNA and the repair mechanisms of in-
vivo nucleic acid. As 8-OHdG is excreted into
the urine without further metabolism, urinary
8-OHdG can be used to assess the damage and
repair of oxidative DNA. Adequate amounts
of research have been conducted on the use of
urinary 8-OHdG levels to assess aging and cancer-
causing diseases[8]. For example, a research has
proved that firefighters exposed to high levels
of carcinogens, like PAH, will lead to the rise of
urinary 8-OHdG concentration levels[9].

Exposure to PAHs causes harm to human

health. It is thus necessary to assess the relationships
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between PAH exposure and health effects. In
this study, the airborne PAH concentrations were
measured in the coke oven plant, the urinary 1-OHP
was used to indicate the internal dose of exposure to
PAHSs, and the urinary 8-OHdG was used to assess
the oxidative DNA damage levels on the oven coke
workers. The aim is to assess how exposure to

PAHs affects the health of oven coke workers.

Methods

1. Objects of study

292 male workers from a coke oven plant
who did not have cardiovascular disease (defined
as the chest, the heart, and cardiovascular parts
are free of diseases), cerebrovascular disease,
high cholesterol, diabetes, and kidney disease
were selected as the objects of study. Based on
the airborne PAH concentrations measured in the
coke oven plants in the past,[10] the workers were
divided into two groups, namely the topside-oven
workers (high PAH exposure group, including
feeding car operators, feeding assistants, pipeline
staff and topside-oven operators) and side-oven
workers (low PAH exposure group, including
coke-pushing car operators, coke-guiding car
operators, quenching car operators and the fuel
adjustment operators and foreman). The Institute
Review Board of the Tri-Service General Hospital,
National Defense Medical Center in Taiwan
approved this study. Informed consent was

obtained from all subjects.
2. Questionnaire survey on health

Study objects (including those in the high
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exposure group and the low exposure group) were
interviewed through a face-to-face questionnaire
survey to collect their basic information
(including age, height, weight, and so forth),
working conditions (including seniority), lifestyle
(including smoking habits, drinking habits, and

multivitamin-taking habits), and disease status.

3. Personal dosimetry of airborne particulate
PAHs[10]

Glass fiber filters were used as sampling
media. Automatic harvesting pumps were used
to collect airborne PAH particulate matters in the
work environment. IOM (Institute of Occupational
Medicine, England) samplers with glass fiber filters
(diameter: 25mm, pore size: 0.7um) at a flow rate
of 2.0 L/min were used for the particulate PAH
sampling for 8 hours. Thereafter, the collected
glass fiber filters were added to 2ml n-Hexane and
ultrasonically extracted for 20 minutes. Then, 4
ml of 5% NaOH was added in and centrifuged at
3,000rpm for 10 minutes. 1.5 ml of supernatant
was extracted and replaced with dimethyl sulfate.
Then, nitrogen was used to concentrate the solvent
and Gas Chromatography-Mass Spectrophotometer
(GC-MS) was used to analyze the 16 kinds of
PAHs, including naphthalene, acenaphthylene,
acenaphthene, fluorene, phenanthrene, anthracene,
pyrene, fluoranthene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k) fluoranthene, BaP,
indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene,
and benzo(ghi)perylene. The detection limit of
this analytical method was in the range between
6.1 ng (dibenzo(a, h)anthracene) and 9.0 ng
(phenanthrene).
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4. Detection and analysis of urinary
1-hydroxypyrene (1-OHP)[11, 12]

10mL of supernatant was taken from the urine
and placed in a conical flask. 10 mL of acetate
buffer solution was added in to adjust the mixture to
pH 5.0. 20ul of B-glucuronidase/sulfatase enzyme
was added in to make hydrolysis, which was
then cultured in a 37°C shaking water sink for 24
hours. To purify the concentrated solution, 5 mL of
methanol was put through the solid phase extraction
tube for purification purpose. Then, 10 mL of
deionized water was added in to rinse and activate
the cultured urine, which was then extracted by the
solid phase extraction tube at a filtration flow rate of
less than 3mL/min controlled by a vacuum-assisted
device. After the urine sample was completely
filtered, 10 mL of deionized water was added in to
rinse the solid phase extraction tube and the filtrate
was discarded. 6 mL of isopropanol was used to
wash and collect the filtrate into a test tube. The tube
was put into a nitrogen-blowing concentrator and
nitrogen gas was used to dry the solution at 50°C. 2
mL of isopropyl alcohol was added to dissolve the
residue and the residue was placed in the ultrasonic
shaker to shake for 4 minutes. Finally, a plastic
syringe with a disc filter head was used to filter the
concentrated solution and the filtrate was collected
in a 1.8 mL glass vial. The Waters 2695 HPLC
and Water 474 fluorescence detector were used
to analyze the concentrated solution at excitation
wavelength: 281 nm and Emission wavelength: 388
nm. Detection limit of the analytical method was to
measure the 1.0 ug/L of 1-OHP standard solution

for seven times in accordance with the optimum
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operating conditions used in the experiments. The
calculated standard deviation was multiplied by
three to get the detection limit of analytical method.
Detection limit of 1-OHP analysis was 0.1 pg/L and
the variation coefficient measured by repeating the

analysis was less than 10%.
5. Urinary 8-OHdG levels[11]

The urine sample was diluted by deionized
water to one-fifth of its original concentration. The
HPLC / MS / MS instrument was used to detect and
analyze the urinary 8-OHdG levels. The measurement
of reagent blank (water) was repeated for seven times
in accordance with the optimum operating conditions
used in the experiments. The calculated standard
deviation was multiplied by three to get the detection
limit of analytical method. Detection limit of 8-OHdG
was 5.7ng/L, and the variation coefficient measured

by repeating the analysis was less than 5%.
6. Urinary creatinine

Jaffe reaction method[11] was used to
measure urinary creatinine. Both the urinary 1-OHP
and 8-OHdG levels were adjusted by creatinine,

respectively.
7. Sampling time

The personal dosimetry for particulate matters
of polycyclic aromatic hydrocarbons was sampled
and measured at the weekend. In other words, the
urinary 1-OHP and 8-OHdG levels were sampled and

measured after workers got off work at the weekend.
8. Statistical analysis

Data from health survey questionnaires and
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the measurement results of work environment and
biological specimen were collated, confirmed,
coded and typed for computer filing. They were
then analyzed by descriptive statistical analysis, chi-
square analysis, Student’s t-test, Mann-Whitney U
test, and linear mixed-effects regression analysis.
Spearman correlation analysis was used to assess
the correlation between 1-OHP and 16 PAHs and
the relationship between 8-OHdG and 16 PAHs. In
this study, the statistical software package S-PLUS
2000 (MathSoft Inc., Cambridge, MA, USA) was

used and the significant level was set at a2 = 0.05.

Results

Basic information of 292 male coke-oven
workers completing the questionnaire survey is
shown in Table 1. The average age of topside-
oven workers was 44.6 + 8.9 years old, which was
not significantly different from the average age of
44.9 + 9.5 years old for the side-oven workers. The
average BMI for topside-oven workers was 24.4
+3.7 kg/mz, which was not significantly different
from the average BMI of side-oven workers (24.9 +
9.8 kg/mz). The average work seniority of topside-
oven workers at 13.1 + 7.1 years was significantly
lower than that of side-oven workers at 17.6 +
12.4 years. 60.0% of topside-oven workers had a
smoking habit. The ratio was significantly higher
than that of side-oven workers at 44.5% (p=0.007).
17.3% of topside-oven workers had a drinking
habit, which was not significantly different from
that of side-oven workers. 27.2% of topside-oven
workers had a habit of taking vitamin. The ratio
was not significant different from that of side-oven

workers.
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Urinary 8-OHdG levels were used to assess
oxidative DNA damage, while the urinary 1-OHP
was a good internal dose index[11]. The urinary
8-OHdG and 1-OHP levels of the coke-oven
workers are shown in Table 1. The topside-oven
workers’ geometric mean levels of urinary 8-OHdG
and 1-OHP were significantly higher than those of
side-oven workers.

Comparative analysis of coke-oven workers’
median personal dosimetry of PAHs is shown in
Table 2. Topside-oven workers’ personal dosimetry
of airborne acenaphthene, phenanthrene, anthracene,
pyrene, fluoranthene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, BaP,
indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene,
benzo(ghi)perylene of was significantly higher than
that of side-oven workers. Meanwhile, topside-oven
workers’ personal dosimetry of median airborne
naphthalene, acenaphthylene, and fluorene was not
significantly different from that of the side-oven
workers.

Correlation analysis between coke-oven
workers’ urinary 1-OHP and 8-OHdG levels and the
particulate PAHs is shown in Table 3. The 1-OHP
levels were significantly positively correlated
with the levels of acenaphthylene, acenaphthene,
phenanthrene, pyrene, benzo(a)anthracene, benzo(b)
fluoranthene, BaP, dibenzo(a,h)anthracene,
benzo(ghi)perylene and total particulate PAHs.
The 8-OHdG levels were significantly positively
correlated with the levels of fluoranthene, anthracene,
pyrene, benzo(b)fluoranthene, BaP, indeno(1,2,3-
cd)pyrene and total particulate PAHs. The 1-OHP
and 8-OHdG levels were significantly positively

correlated with the levels of pyrene, benzo(b)
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fluoranthene, BaP and total particulate PAHs,
indicating that there was a significantly upward trend
for benzo(b)fluoranthene, BaP, and indeno(1,2,3-cd)
pyrene to increase oxidative damage.

Urinary 8-OHdG and 1-OHP levels analyzed
by the linear mixed-effects regression analysis are
shown in Table 4. The work area was significantly
correlated with the urinary 1-OHP levels in that

topside-oven work showed a significantly positive

Table 1

Descriptive statistics for coke-oven workers

correlation with urinary 1-OHP levels. The work
area was also significantly correlated with urinary
8-OHdG levels in that topside-oven work showed
a significantly positive correlation with urinary
8-OHdG levels. Coke-oven workers’ urinary 8-OHdG
levels were significantly positively correlated with
urinary 1-OHP levels. After urinary 1-OHP levels
were adjusted, the work area was still a significant

factor associated with urinary 8-OHdG levels.

Basic information, mean + standard deviation” Side-oven workers (n=182)  Topside-oven workers (n=110) p value

Age (years old) 44.949.5 44.6+8.3 0.788

BMI (kg/m’) 24.949.8 24.4+3.7 0.500

Work seniority (years) 17.6£12.4 13.1£7.1 0.001"

Lifestyle, n (%)t

Smoking 81 (44.5%) 66 (60.0%) 0.007"

Drinking 39 (21.4%) 19 (17.3%) 0.368

Take vitamins 69 (37.9%) 30 (27.2%) 0.058
Urinary1-OHP, GM (GSD), g/g creatinine 9.4 (3.5) 66.7 (3.5) <0.001"
Urinary 8-OHdG, GM (GSD), g/g creatinine 5.6(3.1) 16.5(2.4) <0.001"

"Mean + Standard deviation: Student’s t-test is used to analyze the difference between side-oven workers and topside-oven workers.

"Number of persons (percentage): Chi-square is used to analyze the difference between side-oven workers and topside-oven workers.

" p<0.05

Table 2 Comparison of airborne PAH exposure for topside-oven workers and side-oven workers

Side-oven workers (n=28)

Topside-oven workers (n=28)

PAH (ng/m’) . geometric mean . geometric mean p value
median . - median . -
(geometric standard deviation) (geometric standard deviation)

Naphthalene 594.8 401.9 (2.5) 725.7 505.3 (3.0) 0.479

Acenaphthylene 158.0 144.0 (1.7) 227.7 209.0 (2.0) 0.065
Acenaphthene 52.9 53.9(1.3) 71.0 64.5(1.3) 0.038
Fluorene 2253 232.9(1.9) 2229 300.5(1.9) 0.212
Phenanthrene 15.7 23.9 (4.8) 112.7 148.1 (8.2) 0.003"
Anthracene 211.6 139.5 (4.8) 410.6 406.1 (1.9) 0.001"
Fluoranthene 94.2 97.8 (2.8) 3237 308.5(2.0) <0.001°
Pyrene 227.0 178.9 (2.7) 1220.0 5434 (2.1) <0.001"
Benzo(a)anthracene 2103.2 1568.6 (2.0) 3019.6 2707.6 (1.5) 0.005"
Chrysene 241.8 159.5 (2.6) 446.0 419.6 (1.4) <0.001°
Benzo(b)fluoranthene 56.9 56.8 (5.0) 313.0 260.4 (1.2) 0.002"
Benzo(k)fluoranthene 139.1 130.7 (1.7) 260.6 213.0 (2.1) 0.021"
Benzo(a)pyrene 2472 2222(2.2) 571.3 487.4 (1.7) 0.001"
Indeno(1,2,3-cd)pyrene 42.8 27.5(72) 311.3 1942 (3.4) 0.001"
Dibenzo(a,h)anthracene 72.7 24.9 (6.7) 216.2 196.0 (1.3) <0.001°
Benzo(ghi)perylene 33 8.6 (4.6) 119.5 479 (5.4) 0.002"
Total PAHs 4942.8 42104 (1.6) 9210.9 8621.5 (1.5) <0.001"

#Mann-Whitney U tests.
" p<0.05
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Table 3 Correlation analysis between coke-oven workers’ urinary 1-hydroxypyrene(1-OHP) and
8-hydroxy-2’-deoxyguanosine (8-OHdG) and PAHs (n=56)

1-OHP 8-OHdG

PAHs r p value’ r p value’
Naphthalene 0.098 0.546 0.004 0.981
Acenaphthylene 0.541 <0.001" 0.276 0.085
Acenaphthene 0.312 0.048 0.292 0.067
Fluorene 0.012 0.942 0.253 0.073
Phenanthrene 0.592 <0.001" 0.025 0.880
Anthracene 0.189 0.244 0.787 <0.001°
Fluoranthene 0.306 0.055 0.394 0.012"
Pyrene 0.330 0.038° 0.290 0.042"
Benzo(a)anthracene 0.354 0.025" 0.252 0.117
Chrysene 0.126 0.438 0.295 0.065
Benzo(b)fluoranthene 0314 0.048° 0.340 0.032"
Benzo(k)fluoranthene 0.063 0.701 0.150 0.355
Benzo(a)pyrene 0.414 0.008" 0.357 0.024"
Indeno(1,2,3-cd)pyrene 0.160 0.323 0.330 0.038"
Dibenzo(a,h)anthracene 0.320 0.044° 0.252 0.116
Benzo(ghi)perylene 0.343 0.030° 0.040 0.805
Total PAHs 0.452 0.003" 0.374 0.017"

" p<0.05

# p value calculated using Spearman correlation analysis.

Table 4 Urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) and 1-hydroxypyrene (1-OHP) levels analyzed

by linear mixed-effects regression analysis (=292)

Predictors Logio 1-OHP (pg/g creatinine) Logio 8-OHdG (pg/g creatinine)

Regression coefficient
(95% confidence interval)

Regression coefficient
(95% confidence interval)

Work area (Topside-oven vs. side-oven)

Smoking (yes vs. no)
Drinking (yes vs. no)
Taking vitamins (yes vs. no)
work seniority (years)
Age (years old)
BMI(kg/m’)

Logio 1-OHP(ug/g reatinine)

*

0.736 (0.603 to 0.869)
0.058 (-0.066 o 0.182)
0.020 (-0.138 t0 0.178)
-0.056 (-0.183 10 0.072)
0.003 (-0.002 to 0.009)
-0.003 (-0.010 to 0.004)

-0.001 (-0.009 to 0.006)

0.238 (0.109 t0 0.367)°
0.066 (-0.035 0 0.167)
0.052 (-0.077 to 0.180)
-0.014 (-0.118 to 0.089)
0.001 (-0.004 to 0.005)
0.001 (-0.005 to 0.006)
-0.003 (-0.009 to 0.003)
0.264 (0.168 10 0.360)°

" p<0.001
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Discussion

The results showed that airborne BaP, total
PAHs concentration, and urinary 1-OHP levels in
the work environment were significantly positively
correlated with the pyrene levels. The results from
Student's t-test and linear mixed-effects regression
analysis also showed that the urinary 1-OHP
levels of coke-oven workers varied significantly
when they were exposed to different PAH levels.
This finding showed that urinary 1-OHP was an
appropriate internal dose biological indicator for
coke-oven workers under PAH exposures. Notably,
such factors as smoking, drinking, taking vitamins,
work seniority, age, and BMI were not significantly
correlated with the urinary 1-OHP level (p> 0.05).
This finding was consistent with the result of a
previous research paper that studied the urinary
1-OHP levels of male restaurant workers[12].

A cigarette contains about 50-200 ng of
pyrene[13]. A number of papers doing research on
the correlation between smoking and urinary 1-OHP
levels showed inconsistent results. This study and
some other studies (like that of Wu) showed the
same conclusion that smoking has no significant
effect on the urinary 1-OHP levels[14]. Meanwhile,
this study finds that PAH exposure in coking
operation is a significant factor affecting the urinary
1-OHP levels and the exposure to occupational
PAHs has a higher effect on coke oven workers than
exposure to PAHs via smoking. On the contrary,
studies of Kang et al indicated that in a steel factory,
its workers who smoke had a significantly higher
urinary 1-OHP level than no-smokers[13]. Thus, we

need more researches to clarify how much impact
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smoking and occupational exposure to PAHs have
on the urinary 1-OHP levels.

Urinary 8-OHdG comes from three sources:
(1) repair product of DNA oxidation; (2) dG of
nucleotide removed of oxidization; and (3) cell
turnover. It is thus displayed that urinary 8-OHdG
can represent the average state of oxidative DNA
damage to a human body. This study showed that
the urinary 8-OHdG levels in coke-oven workers
were proportional to the personal dosimetry of
airborne BaP and benzo(b)fluoranthene levels
in the work environment, that BaP and benzo(b)
fluoranthene were major carcinogens of PAHs and
that BaP and benzo(b)fluoranthene would increase
oxidative DNA damage. This finding is consistent
with the result of a previous animal study that
proves PAHs (BaP and benzo(b)fluoranthene) will
amplify oxidative DNA damage[15].

Urinary 1-OHP level and work in topside
oven are two significant factors correlated with
urinary 8-OhdG, and they (urinary 1-OHP level
and work in topside oven) are good predictors
for oxidative DNA damage caused by exposure
to PAHs. The finding indicates that the urinary 1
-OHP levels are significantly positively correlated
with the urinary 8-OHdG levels is consistent with
the result of another study that discusses the dose-
response relationships between PAH exposure
and oxidative DNA damage to the coke-oven
workers[16]. When work in topside oven was used
in the linear mixed-effects regression analysis as
an independent variable to predict urinary 8-OHdG
levels, it was showed that other hazardous factors
(like benzene[17] and phenol[18]) would affect the

coking staff’s oxidative DNA damage indicator



Journal of Labor, Occupational Safety and Health 23: 299-310 (2015)

(urinary 8-OHdG levels). This study also showed
that topside-oven workers had a higher oxidative
damage than side-oven workers, and the oxidative
damage was caused by factors other than urinary
1-OHP.

There is no international consensus on how
smoking affects urinary 8-OHdG levels. The study
of Loft et al pointed out that smokers had a urinary
8-OHdG level 30% - 50% higher than that of
non-smokers[19]. However, this study found that
smoking did not significantly affect the urinary
8-OHdG levels. This finding is consistent with
that of a previous epidemiological study related to
coke-oven workers[14].

Multivitamins contain antioxidants. For
example, vitamin C may protect DNA from oxidative
damage. Cooke et al pointed out that those subjects
who were served 500 mg of vitamin C daily had their
8-OhdG levels in plasma significantly decreased as
the amounts of vitamin C increased[20]. However,
this study found that regular multivitamin users did
not significantly decrease their urinary 8-OHdG
levels. This finding is consistent with a previous
epidemiological study on 116 coke-oven workers
who did not smoke[14].

The studies of Cherng, et al. indicated that age
and BMI were correlated with the urinary 8-OHdG
levels, because the elderly or the thin persons had
a better metabolic rate than younger people or the
obese persons[21]. However, this study found that
age and BMI were not significantly correlated with
urinary 8-OHdG. This finding is consistent with a
study for firefighters[22].

There are some restrictions to this study.

For example, some emissions (such as gas PAHs,
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benzo[17] and phenol[18]) from the coke oven
were not measured, but these substances may
interfere with the determination of oxidative
damage. Another limitation to this study is the
lack of measurement data from non-occupational
exposure, like traffic pollution of PAHs. However,
non-occupational PAHs may cause very limited
oxidative damage to the coke-oven workers,
because they spent less than one hour on traffic
every day but more than § hours every day in the
coke oven plant. It is inferred by this study that
the urinary 8-OHdG levels are a good indicator for
oxidative damage to gene, because it reflects the
internal dose of exposure to PAHs (urinary 1-OHP)

and the impact of work area.

Conclusion

The urinary 1-OHP level and work in topside
oven are good predictors of oxidative DNA
damage due to PAH exposure. This study indicates
that there is a significant relationship between
oxidative DNA damage to coke-oven workers and

their PAH exposure.
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