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J&1 55 =% BT 1% (cooking oil fumes, COF) B
TBAERIERR G » L ETEN Fyren SR BR fa bt -
Svendsen 45 B 5 LIF A BRI B
TEAR B T REEARR 1] o i R e S A
e E SRR IETE (2] » I 20 =B COFth A Y
T B EAY R B (3] IR — Ay
FEERET - FAlEHBENSME] - HEEH
#AFLIME - RAMDE KRR m s [
FififE5-6] » % N 2 Ml 3 28 SR LL B PR B
195 BER I RSB EE D7) » SR ERISE
BEUTS » 38 A D 20 T REUT I e L R TR e
EABESHEFS » G RN EEEE A b2 il
TR EER A » A Z RIS [#E[7-8] » i
TR R » 3 A0 R E B R R =
P YA R =R AHER TR (O] -

TEma B BV i E R LA EE - Rl
KARIRERE ~ o1 VB B SR B BT
e - ERIREVOHERE - T8 & DURIZ N
(PM) BCRBHY 7= AZER A - PMA] LU
WE R B HE 2 1 T U K B W AR E EPME
R R ARAL - WA SRS AR E EPM g iE
HEE MM [10] 5 1 & F5 COF HRI Sz YAl
HRELIEG R IFERE(LEY) (PAHs) ~ 2R -
B RS Rk S L EYI11] -

E TR B K Y E AR e B REE R
WA - A B KB v] DU AR E A B3 |
LR PR REUE - lE - AR REE  #
figBhoe s BEEDN ASEAS I L I R /& - IR
W H8-F - 2- LA S E K H (8-OHAG) 24
VIte N i S E 1AL DNARIEE » nf gl H RS
HRAY TS AR A PG 2 R 12] - HE
PRI I 8-OHAG A] 5 JiE 26 e B VY s 2
WE » FIEPAHSHISZESE + 8-OHAGHE 1L,
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B L-REECEENE (1-OHP) Jo U PRIGHE T S
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3. MERIRE B R T S IRTT F Rk &L &)
ZRLIRPIE A SRR M RE

DI EAMEDEAT (B 25mm - £L1E: 0.7
um - Jigh# © Whatman GF/F) E#ENTE - *
B R R R BRI 2 R RO« 28R
B IEIREALEY) - SRbR AL E R GE =
o FEEURAR IR E R B R W - BT
B I PR - PRERIRF AT & 1Eh2 7 5 Fh =V R A T
TEIRFIE] - 1€ LAORFERE] Al » (IR PRAR
% BEEABAEVEAR A2 mL n-Hexane DU &
PEZEEN2057 4 » PN A4 mL 5% NaOHBZH
LI3,000 rpmigfe. (210534 » 1.5 mL_ B3 - D
AR R EGETT AR B - Z BRI A RIR
e+ =S REVRAE G AT i (Shimadzu system
HPLC (Japan) with a system controller (SCL-10A)
and a fluorescent detector (RF-10AXL) that was
equipped with a semi-micro column (Kaseisorb LC
ODS-60-5, 4.6 mm X 250 mm)) 4347 5FHPAHSs »
flfEpyrene, benzo(k)fluroranhene, benzo(a)
pyrene, benzo(ghi)perylene, fzdibenzo(a,e)
pyrene o 734 7 i B HIAG R I PAHAZEHE
IR Y e AR AR B B o o 5 P A 4
PR EAENETR - ARG RAER 3
f&5 » BTS04 T A UAGFR o i 5IPAHLDIE 4
SR RIS 8 B4R 8 (Coefficient of variation,
CV) {KA2%  PAHsHY 537 77 i AERIRS PR 73 1
Fypyrene : 0.28 pg » BKF : 0.72 pg » BaP : 0.28
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pg * Bghip : 0.63 pg » DBaeP : 0.43 pg °
4. JREH1-OHP I E 53T

IR 18 W 10mLE A = F ik -
A0 L P 82 B 6 1 v I A B pHAE R 5.0
HEhmA20ul B-glucuronidase/sulfatase 32 1T
KA+ R3T°C KRR B TR R 24/ NI < IR
FETFALA BE SR LIS mL & PP iS5 508 ) A 25 B
ERFEHE » DI10 mLEREF /KT L
AL o KRS e Y PRIE AE AH 2L U T T 25
0+ FIFH H 22 2& BB 2 8 8 i 3 mL/
minDAA + B PRI SE 2 g % FF LL10 mL2
B 7K Rt S RHZE U RIS 5E - LL6 mL
FRABSET TR RIS EVE - K E
EENRZREEE » 1£50°CHIB T UARK
VEIRWREZ - FEIA2 mLE SR R YIS Al
JRCE S Bk Za s b T DUk Za4 5 88 - itk
DAYBIB ST M 7 (B 8 SE R R A i T I
AR IR 1.8 mLEEEE /N - DIHPLC
HELTHIHT o 3 3R E AR R KR 1.0 pe/L /Y
1-OHPATAE 255 A9 et B B o e P P e {2 48
TEBRFEARIIE B X - SHEMEEE RS
35 » RS 5rM J5EHIIASER © 1-OHPRY S35
FEAEHAGEIR Ry 0.1 pg/L, BTG H R
FREUEH 10% ©

5. JRIET'8-OHAG

R R i LR 7 R MR L5 1% - DL
Online SPE LC MS/MS#EZ8/ 1R +H18-OHAG
HES T - 2=l Gk KIS SR
i A EE R E BRI B AHDE B2 SRS
FEHE R 2ok L3165 - BG4 T iR H R -
8-OHAGHI{HHIE[R £50.01ng/mL » EHES AT
TS BARBUELYS%
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6. FRIEHHLELHT (creatinine)

FRIG I UESHT LU affe [ZFEIE[161HIE » IR
¥ 411-OHPELR-OHAGE 73 Al LU LB EIE

7. ERERIFH]

B P B R (PSR ER S 22 R T 2B T5  Jik
ik G AL SV ERL IR P R R AR U E OB AGE T T
PRECHITE - BAEESS TIRIKH 1-OHPEE8-OHAG
I FERE F SR N TRE T REHNE -

8. fET ST

R EER ~ FRBREHERR - 4
Vi G I E A SR AR RERR AR IR - WA
SRR I o AR - BOETTREA R REET AT
Kot~ BAERE - JAET (Mann-
Whitney U test #&7E ) ~ #RTEIE & 00U
#{, (Linear mixed-effects regression analysis) »
HEtE S e R fE FIS-PLUS 2000 (MathSoft
Inc., Cambridge, MA, USA) » iIf:2% ¢ Bl /k 4
a=0.05 °

SR

REEE I T TS EH A - 58548
(V&5 EE S o ke S o A
TIEAR (AEE > N=291) ~ SMEARES A
8 (E&EM - N=257) > HEARZRAIEK]
R > COF R g Bt PR R o 40.8)5% -
HRNERER CPHIFERR38.55) ;5 B
A B E BrR s AN R -
S48 2 BLbJF TR A B A SE (F 2655 T B8 1 R 2
BB PR A R 72 5 (p>0.05) ©

R BRI TAEFEE R 13.24 - i3
R EREH CRITIEFRE : 10.78F) 5 %
FEAHA P REE TAERBURS 3K » B RINME
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FEMH CPIEETIERE : 528) ; 285
AR TAERF R 9.0/ NRF » B M 2
Fartl CPIRER TARRFE - 8.4/NKF)  « TR
FEA B - R REFHNABREEE
W mBERHARNEE - ARE_THOA
SRR T < [ R S -

F1 BEPCES THIEAEARER
EPN- % N=¢ " IGIRBAE  BREIIEAE D value
(Mean + SD) (N=257) (N=291)
R (5%) 385+ 126 408 + 106 0.022
SRR (kg/m?) 244 + 40 252 + 40 0.042
TAE5E (Mean £ SD)
G 107 + 104 132+ 94 0.004
(SEEAR(N 52404 53+ 04 0.005
R TIER# 84+ 1.7 9.0 25 0.001
PR TR BRI 0.0 +0.0 40+22 —
P
5 117 (45.5%) 171 (58.8%) 0.002
% 140 (54.5%) 120 (41.2%)
HIEFZREE 30 (11.7%) 134 (46.0%)  <0.001
AW EEE 72 (28.0%) 89 (30.6%) 0.510
w2 T 124 (48.2%) 139 (47.8%) 0.910

1B 27 h R T e B B & < PMIR
& LRBRANZR2 PR » 2358 R BT Y 5 R kL
PMio, PMa s, PM oF v BIGR B A = S R
W BRI DR TR A BRI (p<0.001) = 235
B8 5T 2 B F 48 & 2 PAH s & LR BR TR a1 3% 2
Fiirs » E&fERpyrene ~ benzo(k)fluroranhene

benzo(a)pyrene » benzo(ghi)perylene ~ i

dibenzo(a,e)pyrene HYH {7 EREE 73 71 F62.9 »
1526255 1.1 pg/m’ » EHEHEESNHRS
R B EE £ 0.3+ 0.3~ 1.3+ 1.1~ 0.4 pg/
m® o 235 PR A F o PA HsHAURTAY o 7 S
FEHR24.8 pg/m’ » B 17 28 W PAHSHAR]
(T SRS ¢ 4.9 pg/m® (p=0.001) e
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K2 275 BN b B R W 2 R DO
(PM) Bl Z B35 7 ki S L & V) (PAHs ) i
& PR

JIEE (N=23)  BifE (N=23) .

S S
PMio (pg/m’) 304 (31496) 75.0 (81183) <0.001
PMas (ug/m') 245 (216.%;6) 56.9 (518.'68) 0,001
PM o (ug/m’) 218 (21383) 414 (4]‘%'62) <0.001
Pyrene (ng/m’) 03 (222) 29 (i:;) <0.001
Benzo(k)fluoranthene (ng/m3) 0.3 ((2)22) 1.5 (‘1‘:3) <0.001
Benzo(a)pyrene (ng/m3) 1.3 (; ;) 6.2 (2:2) <0.001
Benzo(ghi)perylene (ng/m3) 1.1 (2:2) 5.5 (i:g) <0.001
Dibenzo(a,e)pyrene (ng/m3) 0.4 (2:2) 1.1 (2:3) 0.001
PAHSHERTEE * (ng/m’) 49 (‘21:2) 248 (Zjﬁ) 0.001

GM(geometric mean) : #&{r[4){H, GSD(geometric standard

deviation) : &fu[fEHEE

" PAHSs MRS - pyrene, benzo(k)fluoranthene, benzo(a)pyrene,
benzo(ghi)perylene, and dibenzo(a,e)pyrene.

T IR Mann-Whitney U tests.

PRIBH11-OHP Ry 55 T3 F2 PAHSH AT RI1E
HlEFEtE[16] - (HIRHEH1-OHP Ry fFSEER 5 22
R pyrenelJGHPIFER - RoatflipyrenelRfE
REET UK PAHSIRIE I RTE - Kl FEF Alipyrene
ELH IPAHSHYAERATE » 23K h B EERIpyrene
B HC A PA H s = B 1Y AH B AR B AN R 3 Ao
pyreneii & Hilbenzo(k)fluroranhene ~ benzo(a)
pyrene  benzo(ghi)perylenefy & & 43 il 2 5
FIEAHER - HpyrenelR /R EIPAHSHEA IR &2
SEE IEAHR -

RIEH8-OHAGIRE » R FHEDNAZAL
GBI - 5P LIF A B EIMNERE A BRI
¥ 8-OHAGIREE ELRANERARTR » SR T
PEN BB R F18-OHAGHY 28 i) S H5 14 B » 5
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HRRBIEIMNERE NS - LB IIEAE
HYPRIR 8-OHdGHYK AP AL - B A
R EIMNEIRE A& 5 FTrA B LIEABHIR
K H18-OHdGHY RS- ER I - B = e
HIMNGIRBAA -

#3275 UEEEN pyrene EIHMZ T FH
i AL 5P (PAHS) R EEHUAHRR (R EL

Pyrene

AEE BE SRR

(n=23) (n=23) (n=46)
Benzo(k)fluoranthene 0.386° 0.857° 0.861"
Benzo(a)pyrene 0533 0399’ 0.422"
Benzo(ghi)perylene 0.296 0270° 029"
Dibenzo(a,e)pyrene 0.345 0.013 0.048
PAHs T’ 0573 0.496" 0518
©p<0.05

" PAHs #EFIJRT - pyrene, benzo(k)fluoranthene, benzo(a)pyrene,
benzo(ghi)perylene, and dibenzo(a,e)pyrene.

x4 s LA A BESNGRE A BRIPRIR 8-
FEEL-2- LA % H (8-OHdG) Bl 1 - ¢
FALRERHI(1-OHP)REE Lk

SMBIRBAR BB LIEAR

fEEE TR p value’
GM(GSD) n GM(GSD) n
Bk (n=288) 4.7(2.0) 117 7.0(2.0) 171 0.001
BOHIG  — pr 12260) 60(22) 140 86(22) 120 <0.001
(ug/g reatinine) o o '
2 (n=548) 5.5(22) 257 79(2.1) 291 <0.001
B (n=288) 1.8(42) 117 4.1(46) 171 0.002
1-OHP -
(g creaining) b (1=260) 3.4(49) 140 49(5.1) 120 0.150
28 (n=548) 2.7(49) 257 45(47) 291 0.005

GM(geometric mean) : {15 {H, GSD(geometric standard
deviation) : (A fEHE
* Student t test.

&1 B T/ N BELANG AR A BRI
1-OHPYR & LLi /R AR 4R - BB TAF
N EFFRIE 1 -OHP ] AR R - B
REMEIMEIRBE A S s LB EITIEAER
PRIGH 1-OHPHY A SRR R =R AL
MWAMNEIRE A B 5 FrEEETEABRIREH
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1-OHPHYRE (T SPHRIE - IR RN AT NG
RBAA -

R 8-OHAGER 1-OHPIRE ZfR TR &
SO ER A A T AN S R > A 3 s B
PR 1-OHPIR SR BRE RN 1~ - B F5 T
B PRy 1-OHPI S 52 B IEAHBE 5 iR Ty
PRI 1-OHPIR LR B AHRAIA T - Ut B AR
W 1-OHPIRIE 2 84 IR AR - fEM IR HAth
K71& - TAEEE ~ MR~ WAt ~ R IAF
R ~ SRR 1-OHPIR L Fs IR H8-OHdG
e B T8 B RH B I > 6 e AR B IR
H18-OHAGHRE 2 BHE IEMHR » MR ECESS
TR H8-OHAGIR LB =i B I | AESS
T ARG EEERCESS TR T8-OHdG
REME RN RARAEERS » BECGES L
PR 8-OHAGHRE Bl R TAER B 2 B 1
FHRH 5 FARSEDS TIR K $18-OHd G L Bl R
H11-OHPIREE 2 81 (EAHE © AR T IR
1-OHPREEZ 1% » TR R H18-OHdG
TR LA B AR A T -

5y

Moe it R R B EERRE AT
HEPAHsYR & Edpyrene iR B BHZE HHRE » Wi
Student’s t A BRI 1R A5 05 e s =X R K
F55 TAEAN A Z R RS BN T &
FRIGHH 1-OHPIRFEEHHAE 72 2 5 PLEEHBIRIR
W 1-OHP & —{HEERZESS TR BRI R BE Y
HE RN RAEYEE - BEREE 552
Bf » “FARE - TIEFE - BEITIERE
B~ BMIES AR E PRI 1-OHPHY B AH R A
T (p>0.1) ; PLASHRELZ FIH—R U8k - S5
MR EREEES TR H 1 -OHPRY 52 — B9 kS
R[16]

55

K5 IRIRHRS-FHE-2- KA SIS H (8-OHdG)
BiL 1 LA ST -OHP)ISIEE SR 27
JE Rl
Logl0 1-OHP Logl0 8-OHdG
(ug/g creatinine)  (ug/g creatinine)
e ot TR o5
LIPS (5f5 vs. EE) 1090{2907.685)* (0.0710 £i>2()9.187)*
PER (SR vs. S51E) (-0.063?03 ?).143) (0.02;) .t(())8(§;.152)*
ERREL (2 vs. 7) (-0.012':06 3.346) (-000%?(3)%.085)
Wk (2 vs. ) (0.035 }ilg.392)* (o.oof ;(())6()84132)*
—FRRE (2 vs. 1) (-0.07%(:3 10.254) (-0‘0509.?2?).075)
LIRS () (-0.00(;(:2 70.017) (-o‘ogf }(3)03.004)
B TERR (days) (-0.13% 1t§90.397) (—0.06%?2?).143)
R TARR R V1) (-0.03%(:2 10.036) (0.002 i(;z()l.oas)*
ik (50 (-0.01-10 .t(())o(iOOS) (—0.0001.(321).008)
BMI (kg/m) (-0.00(1)'?01 ?).039) (-0.00%?260014)

0.107

Log10 1-OHP (ng/g reatinine) — (0074100 141)*

T p<0.05

e RN BB EEZESS TR 8-OHAG
B HERR - » e BEny 2028 750
Folthike ~ 1~ Beks - EH R RS g EER
JRIEHYCOF [16] 5 1fiE te 3655 T AR5 T
R ZEE A A E E Rk EEE 2K » SERiEE
B EAGELSREINCOF 5 HIFK AT
FERIAH o B AR S T A S BT Rl AR i
BURACERER AT - RIS COF S
RIS § B5— AL 2R - 5
KEDRI0578 - AR BN R AR R E
S REDANEFLL L IR R 2B
NIRRT 8-OHdG MEEEHER T - i —F
RREBEANEIRWT 8-OHAG YA FHRIIA T »
HIR R R Frif se 23 52 B85 Ry JEiA I 5 - R
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F 28 B I 5 e R A T » R 555 T
AR B NE SR E s, - 5 B ZES
THRE_FHRIEREERD K ZFRRET
RERE A TR 8-OHdG HYRE ; It
fii R Bl 2 B S 6844 R BRI AR ARy — {8 TR
ELIFSTE —BIIRSR17] -

FRIEH11-OHP ~ Bff5 TAF ~ IkHt ~ BER L
VERFE ~ A ks R G -R 8-OHAGHY T11H & AH
BRI » FRIEHH1-OHP ~ & 5 TAF Fo = BEHIE
Feia it I DNAS LG ER RAFFHMIKF 5 it
AR ARG R BRI R B TR T - R
T AERF 80k PR 8-OHd G S AH B K 1 »
HURIR IR 8-OHAG Ry — 1l 5 HA R U FE AL
HE R EEUR » IR H18-OHAGHY = 1A
By 6/\F[18] ©

e RS RUEE R - DUS B T By
W37 B IS T PR G 8-OHA G B iU » JoF
BT EABHAMGEER T - e ZDNAGLE
FHIEE (JRIKT8-OHAGIRREE ) - 4N « BEHH
HIFRBEEF(19] ; HEBIELERTRII a5
75 2 BRI R PAHs B P Bl SR i Erg B A b
H—HHIRGR[20] - AWFEHERE 7
TAEANBIINGIRBE N EFEENALEEE
o lEEEERE R G R+ 1-OHP
7 ANAIRIA]

Cherng I 5T 5 Hi - 2 B8 BMIFI PR K
th8-OHAGIEE & G HE » KR Bty
N ELAE M I A e o R 507 R A S
[21]  {HARFFEHE SRR TR B BMIFI R
8-OHAG A EAE R » PLAS SR EL—{E St EH
Bk ERURESE - B —EInIFER[14] - BH—E
A BB 28 B Ry B B S 2 M55 TRYPR G 1-OHP
EAR-OHAGIR S B #E mN B - HASREUR
PAHSHUHEMERIZER » 2 HRPRIMERIBEEHIFT
FlE[22]

=
=

B -
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AWFEIE —LERTFE LAYERE] - 45 2ECOF
PIERAHE - BN 5EIK23] RS ER
HEERELEYI24] ~ BRAE[19] > BLEYHE
HReg TFHEACEFHERNRER o S—Eifse
HIRRGI Rz 2k B RSV R BRI 2R
B = 2wy G PAHs B 5 - COFJPAHS -
(ELBR G 5855 TR RACAE ST RE ] A LA /)N
I o AR RHE R BRI ]t 1 Oflel Ny - JIE
HERIER Z BRI & DB LIE/ R - Kt
FERSEMERIPAHS A (LG F A2 B R IR -
I RIF 5% i PR 115 1 8 -OHA G & — I8 LA Y £ K]
SULBFETIR - IR 7 PAHSA{E SR EEH
& (JR¥1-OHP) W8 - R BUR TAFE K
ibpZ

i B ER T SR 15 15 V8 i 20 T T RS MR
T AR SRS - BURoEE
2L FE e ) S B IR AS 2 FR YRR AT [
[25] - —EEPT TSR RUR E AR R RETS 4
Ve AR ERRIN T 5 AR E
AW E RN S8R 20 R = R AL
5 [RE e 1 JE\ e 22 LEi A 2 B R BT = T
8.315[26] - AWFFERIRAVIERBURHAS BRI T
BEMIEE R AC TR BB 505 TR IR AL B2
REMEREESESS T BLIRIE o R A A R 2
FECOFRTH [EAAURR IR -

55w

PRI 1-OHP ~ fif fz TA'F Fo 2 8 2 BLIH
A BIRIDNASEAL B E R RAF TN 1~ - 226
255 THIDNAS (L5 Bl g B B A B
FHRE - AR = B G FHIDNAS L GE -
LR EEZESS TR B RAESES T -

AW FEARSH TR S TR B85 LR
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Abstract

Several hazards, including PAHs, aromatic amines, and nitro-polycyclic aromatic hydrocarbons
are components of cooking oil fumes (COFs). COFs may cause occupational and environmental health
problems such as respiratory diseases, cytotoxicity, genotoxicity, lung cancer, bladder cancer, cervical
intraepithelial neoplasm, and cardiovascular diseases. This study randomly selected 548 restaurant
workers from 27 Chinese restaurants for this study. These 548 Chinese restaurant workers (CRWs)
were classified into 291 kitchen staff (high exposure group) and 257 service staff (low exposure
group). Airborne particulate matter (PM) and particulate polycyclic aromatic hydrocarbon (PAHs)
levels were monitored in kitchens and dining areas. Urinary 1-hydroxypyrene (1-OHP) was used as an
internal dose of exposure to COFs, 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 PM and PAHs levels in kitchens significantly
exceeded those in dining areas. The kitchen staff’s geometric mean levels of urinary 8-OHdG and
1-OHP were significantly higher than those of the service staff. Urinary 1-OHP level, work in
kitchens, cigarette smoking, gender, and work hours per day were five significant predictors of urinary
8-OHdG levels, after adjustments are made for covariates. Oxidative DNA damage was associated
with exposure of CRWs to COFs. Female restaurant workers had a greater oxidative stress response to

COFs than male restaurant workers.
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