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PAHs =&5%°] 71d =2 4T FHAZHe=Z 7183 0520 +2.74 mg
/m’ o] AT},
u. 7] ¥ Benzo(a)pyrene =&+ AA w=ETtoA Hit 2.2+465 pg/

mol A=, AuAlZ£S] 34154604 pg/m', FHAAEY 1.0£2021.0 pg/m o=
Azl A 7HE =3tk

SE7o A A d 1-OHP 3%+ 9.1154 gmol/mol creatinine® H]
o] 03%166 pgmol/mol creatinine®th FolstA ki, Y F 9
P 5% =&wolA 1743+547 pmol/mol creatinine®. 2 =ujo]l Al B
IE Az AR B 2 SOtk o 2 Aol ¥ T

PAHs =&sEE =A% dF gl Be & s 24 739 dFol7] 9

gk, vl s Hddy %o 1-OHP s%7F 272 029 xmol/mol
creatinine, 0.38 xmol/mol creatinine®. 2, & o] Fo] W& {3k 2o]7t gl
Aoy w=EwdAE A A A AR 1191 £mol/mol creatinine©]
Ao, HFARIE 414 pmol/mol creatinine® g Aok AR

(P=0.02). wEZANAE 24 FolE FAANM MFA<uTt -OHP/} o

ul. Z¢] & 1-OHPE F&$W4E, 7] & & PAHs9 3 A 1-OHPZ
k] sle] FARAS AAS Ay F7] T F PAHs9 IAASTE
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Instrument HPLC, HP-1100
Column Merck RP-18e 100x4.6 mm + Zorbax C18 150x4.6 mm, 3.5 um

Mobile phase A: Acetonitril, B: Deionized water
(0 — 16 min) A: 35% B: 65%
(16 — 30 min) A: 80% B: 20%
(30 — 35 min) A: 100%
Wavelength ( 0 — 20 min) Ex 227 nm, Em 355 nm
(20 — 45 min) Ex 242 nm, Em 388 nm
Inject Volumn 100 ul
Retention time 1-OHP 39.6 min

et 571 & PAHs %7}

371 T AEAFH 2 BATHLES AAHeR F0HA e v S HAE b

rN
e
Al
r
=y

Z~(National Institute for Occupational Safety and Health, ©]3}
NIOSH)¢] &4 A& (NIOSH method No. 5515)& ©]-&3&tth. =4 23] A3t
L& Eola QAE HATOoR Fo|7] 9oty wEA] SA dFo| I3 FF

h84

1A (calibration)S 2 Al 8%t}

E o212 PTFE membrane filter (2 m, 37 mm)2} XAD-2 (100 mg/50 mg)=

o] &3 21 PTFE membrane filterS 3-piece cassetted] ZH(AYIA wE=



¢l PAHs7F #a¥= S HAsshr] f8) A Helzz F3hd F
cassette ¥°l XAD-2 tubes A3 A o™ A XAD-2
AR Fotod Ao &S HAseAT 755 2 LPMo R
A x(Gillian, US.A)ell 2JAANE AAste] Agate] 5ol AA 44
3 AIZHESr 4o, 4 & Ao E PTFE filterE 24 wvlo] (2} A
=AD& § XAD-2 tube®t 7/ WAEAS ] AFHE A
PTFE filter”} &% v}o] 2ol Cyclohexane 5 M= 713 & 30% E<¢F =&
g & o] FEAT XAD-2 tubes SHFS e v 2z &
&7 F EFA 5 mE 7tete] 308 AR 239 E st g
PTFE filter &893 XAD-2 tube &89S Syringe filter(0.45 m,
Millex-SR 25MM, Millipore Co.)= o] #gk & 3 29 A 167F4] PAHsY
&l At AAsh
PTFE filter®] A &gkl 3& 2 A5 &S A&s3len, XAD-2 tube?]
Akl gHas 2 AR §E 488tk PTFE filtero} XAD-2 tube®

k)
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<¥ 2> GC/MSDE 0|&%t PAHs =4 4t
Variables Conditions
Systems
Gas Chromatography Hewlett Packard 6890 Plus/MSD, HP 5973 Series
Detector MSD (Mass Selective Detector)

Capillary Column
Operating Conditions
Injection Mode
Injector Temperature
Interface Temperature

HP-5MS (30.0 m*x250 pm>x0.25 m)

Split(10:1)
280 T
280 T

Oven Temperature Programming 80 C(1.5 min) to 220 C at 20 ‘C/ min, hold 1

Carrier gas

Electron energy

Database for searching mass
spectrum

min, then to 290 C at 3 C/ min, hold 7 min)
He 0.5 ml/ min
70 eV

Wiley 138 Library
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7.0

i

9.3
(47.6)

9.4
20

414
8.9

8.6
7.4
8.8
(65)

A 2(20)

8.5
13

39.6
9.2

5.9
10.1
174
(80)

48.5

17.3

179
16

10.1
6.7
9.9

9.7

=44
5.2

74 A1(106)

394 102 36.7
8.8

11.2 109

Ll

7 -
* P <0.001




PAHs =&F %2 7l8hE 0.092+18.67 mg/m o2 3¢ FEE 34 9
71%¢1 0.2 mg/m' el o, A AAA A= FEg s A9 =E
odelatt. 71 T Al:OlA 167FA] PAHS] FHFA
Naphthalene©] total PAHs2] °F 50% %329, 1 ]9 Fluorene, Acenaphthylene
O] ATHE 4).

HETEEs AdAEd 2EANA9 PAHs =& FF0] 7Hd =%ed, 718
B 05201274 mg/m' .2 J)EA FELE AR wEU|FS 25T U
gl S A9 % PAHs =& 5% 0393 mg/m o2 & 7|Fo) oAt AukA =
< ZlstE wa ®R9I7F 0117814 mg/m o= g FEE A9 =F7
2 mg/m'E o)t o AR AFAANAA Y FEFE XY =E7]F
At FEE =5 AxYL 00121368 mg/mez A FZAFAAA =
Ao ® 728 2ol E YEH

N
AN e
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i
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i
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o
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o

Z7]% olstlth. fdF ¥ PAHs =&5 T
ATH

Benzo(a)pyrene> A A =Zatoll A Hit 22146525 pg/m A=, EFAAE
Hol JiRIE w=FFFEe zol7t & o R AAwdon AubAxgielA 34+
5460.4 pg/m’, FAAZA 9 1.0£2021.02 0 FoatA ¥ FFS HIYTHE 5).
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<E 4> BElzZ B% T2 33 2RO PAHs =B+ E
&71% A (n=106)
PAHs component
GM(GSD) Range

Naphthalene 0.044(7.792) 0.000~4.963
Acenaphthylene 0.002(5.735) 0.000~0.142
Acenaphthene 0.016(9.215) 0.000~1.081
Fluorene 0.021(6.392) 0.000~0.968
Phenanthrene 0.009(9.197) 0.000~1.932
Anthracene 0.008(5.130) 0.000~0.823
Fluoranthene 0.006(5.973) 0.000~0.496
Pyrene 0.004(5.399) 0.000~0.271
Benzo(a)anthracene 0.002(5.007) 0.000~0.147
Chrysene 0.002(3.640) 0.000~0.065
Benzo(b)fluoranthene 0.002(3.689) 0.000~0.104
Benzo(k)fluoranthene 0.002(3.522) 0.000~0.076
Benzo(a)pyrene 0.002(4.652) 0.000~0.166
Indeno(1,2,3-cd)pyrene 0.001(3.942) 0.000~0.072
Dibenzo(a,h)anthracene 0.002(4.340) 0.000~0.030
Benzo(ghi)perylene 0.001(3.425) 0.000~0.049
Total PAHs 0.092(8.674) 0.002~6.311
NA A < 0.040(10.775) 0.000~5.330

el omg/m', N @ &A% Al&e] & GM: 7|8kt GSD: EEHA

_10_



<X 5> EEZ TR TR FF 22X PAHS = &F=F
7 A Ll AR EEAx
(n=111) (n=66) (n=20) (n=25)
PAHs
GM GM GM M
(Gsp)  TAnge (qepy Range gp)  Range oqp,  Range
Z PAHs  0.092 0.117 0.520%* 0.012
mg/m (8.674) 0.002~6.311 (8.148) 0.002~6.126 2.741) 0.112~6.311 (3.685) 0.002~0.148
Naphtalene
A9 F 0.040 0.049 0.393x 0.003
PAHSs (10.775) 0.000~5.330 (7.657) 0.001 ~2.826 (2.966) 0.072~5.330 (4.830) 0.000~0.053
mg / m*
Benzo(a)pyrene 2.2 3.4* 1.0 - -
_ _ _ B = B o) =
,ug/m’ (4652.5) 0.4-166.5 (5460.4) 0.4-166.5 (2021.0) 05-4.6 =0 =aE

* P < 0.001, GM: 7)8 3 GSD: TFH=A

t}. 1-OHP #4 A3}

AA FAA A 2] A 1-OHP+ 9.1+54 g mol/mol creatinine® H] 1l -
°] 031166 pgmol/mol creatinine®t} F+&J3tA = ATHP<0.001). 2% F9
1-OHP H%% H|x+* 0.32£1.85 gmol/mol creatinine, =%+ 17.43£547
mol/mol creatinine®. & =ZE ol A o stAl = A THP<0.001)(E 6).

_11_



o 1-OHP & &

ol

eE
GM GSD GM GSD
Rl 0.30 1.66 9.10% 5.40
A 5 0.32 1.85 17.43x 0.47

@9, zmol/mol creatinine. * P<0.001
GM: 713t%8+ GSD: E+HAF

A% MEARCIA 1-OHP 5= Aol 7] §iste], M} 1w ol

d % 1-OHP wk& ®ladt A}, wlaol = 2] da &

1-OHP &%=7} Z+7} 0.29 ¢ mol/mol creatinine, 0.38 x mol/mol creatinine® - 2]

st o7k At wETOAE FAPdAY A9 FAAIE 1191 g mol/mol
creatinine©| ¢l . H] &<

A7} 4.14 mol/mol creatinine® 9] 3 2po]l S B Y

HP=0.02). ==v-2] A5 A3 Folx= FAAA A 21.23 1 mol/mol creatinine 2.
2 H&A#e] 965 xmol/mol creatinine Bt AR FASEH 02 f 2] 5]

= FSATHE D).

_12_



<E 7> EHOFo| E 1-OHP &
H| 1Lt mET
n GM GSD n GM GSD
&< 17 0.31 1.80 76 11.91 4.80
24914
H & 21 0.28 1.55 26 414 6.05
| 12 0.29 188 78 21.23 461
25
Hl & 7 0.38 1.82 26 9.65 7.82
@9, gmol/mol creatinine * P =0.02 by Wilcoxon rank sum test

GM: 7188+ GSD: X+H=AF

g FAAe} v E ARl A 167FA] PAHs9F 1-OHP2] 34

AA F2AFANA 2 AFe] 1-OHP9F #9213 H4d#AAE 2l PAHse=

Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,

Benzo(a)anthracene, Chrysene ©]% 1, %& PAHs%} NaphthaleneS A 9] $+ PAHs

o FAw foIF Fo| FHHS wvh

@4 FAAS TRAME F PAHsE AlSstas A4 Z2AelA fo

AL E B EAET Y3t 24oA 1-OHP7F 93k 434S B,

AAZEZAee] thE & 23] Fo+= Benzo(a)anthracenes r2olAlo] glgle

1, Naphtalenedl| A4l 2] A7 AU Holrh

A v EFARR] F2ANA = ZG A 1-OHPSF ol a3 s 1ol 24

_13_



Indeno(1,2,3-cd)pyrene,

Foll

B2 Benzo(k)fluoranthene, Benzo(a)pyrene,

Dibenzo(a,h)anthracene, Benzo(ghi)perylene ojlom, Z+
Acenaphthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibenzo(ah)anthracene,

Benzo(ghi)perylene@} f-2]3t 34 S B ATHIE 8).

_14_



<E 8> M A0 Fo = 167X PAHs = &= = ¢
MZEol 1-OHPL2tel AkzHEHA
2 A FAA H] & 2}
2] A 2y = 2] A 2y = 2] A 2] =
1-OHP  1-OHP  1-OHP  1-OHP -OHP  1-OHP
- - - 0.22614 - -
Naphthalene 0.03%6
Acenaphthylene - B B : R
A Hth 031193 035321 029748  0.33912 - 0.37839
cenaphthene 0.00070  0.00010  0.0066 0.0016 0.0327
- 060545 056727 062527 05764 — -
vorene <.0001 <.0001 <.0001 <0001
Phenanth 065078 058579 069818 06157 - -
enanthrene <.0001 <.0001 <.0001 <0001
Anth 066947 058746 068759 059922 - -
nthracene <.0001 <.0001 <.0001 <0001
- 0 053189 047082 055342  0.48044 - -
voranthene <.0001 <.0001 <.0001 <0001
P 045624 041448 046566  0.41546 - -
yrene <.0001 <.0001 <.0001 <0001
Benzo(a)anthracen 017459 018704  0.16076 - -
enzotajanthracene 006320 004440  0.1491
h 024661 026470 023552 025113 - -
rysene 000820 000410  0.0332 0.0212
Benzo(b)fluoranthene - - - - - -
- - - - 033657  0.49596
Benzo(k)fluoranthene 0,059 0,0039
Benzo(a)pyrene - - - - 0.2521 0.44767
by 0.1639 0.0102
- - - - 0.26557
Indeno(1,2,3-cd)pyrene 0.1418

- - - - 0.44193 0.38757
0.0113 0.0284
- - - - 0.32932 0.37537
0.0657 0.0343

Dibenzo(a,h)anthracene

Benzo(ghi)perylene

% PAHS 0.37370 0.40322

<.0001 <.0001
Naphtalene A ] F  0.55269 052158 056617 0.52654
PAHs <.0001 <.0001 <.0001 <.0001

* Pearson correlation coefficients

_15_



vk 24 = 1-OHP9| F7hell What 3714

AHs =% A %o we} 29 A 1-OHP| T7F A& 17 95,

P
=ETS e R F A IFAEAS AAEd A A= 24 A 1-OHP
E

O

EETFTE sRMTR, 49+ 1-OHPE $%

S dho] BARAS AASRAL F WA A% 242 7] F F PAHs
A 4

& 7]% % PAHs9} Benzo(a)pyrene, 2] # 1-OHP % %% ¥ 1-OHP= A4
T ESHA ko, g ASAldE AP E 2SR &) ol FExE 3
AR A 7HAS wEstA Fonz TFEHA 2818 U #@ X9 A

oA = tFske] 3 AT ALl ATGE 9, & 10).

o)A x3 o1 FA A<
2 2] 5 24 A 2 5

NB F 102 104 95 97
Lt 40.7 51.9 16.4 30.6
X+ Az 119.9 98.9 19.3 29.2
W3k 0.3 29.0 0.3 29.0

A9 4

100% = o %k 812.0 665.0 75.2 117.3
95% 79.4 150.8 64.7 100.6
75% 3AFE$) 32.0 52.3 27.4 46.4
50% Z3Hgk 8.6 29.0 8.0 26.7

25% 1AHE9 3.0 6.1 3.0 5.2

5% 0.6 0.6 05 05

0% A3k 0.2 0.2 0.2 0.2

©$]; xmol/mol creatinine
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<¥ 10> 373 PAHs 2} Benzo(a)pyenesl &=

o] /\L;‘q E%L o] /bl;i] Xﬂﬂ
% PAHs Benzo(a)pyrene % PAHs Benzo(a)pyrene

AlE 106 106 101 102
o3t 0.57 4.36 0.36 1.10
xa HAk 1.19 19.36 0.62 3.20
A2l
100% =] o 3k 6.31 166.50 2.88 19.84
95% 2.88 0.98 1.83 4.47
75% 3AHE$ 0.46 0.00 0.37 0.9
50% F=3+ak 0.15 0.00 0.13 0.00
25% 144 0.01 0.00 0.01 0.00
5% 0.00 0.00 0.00 0.00
0% =23k 0.00 0.00 0.00 0.00
©&¢]; & PAHs mg/m’ Benzo(a)pyrene ug/m’

(2) &7] & % PAHsol 93 2l & 1-OHP9] F7Fel thdk 4

A HA S AR AGAF o) FAE AQstar, 2y AF9] 1-OHP dtol
g ke g9l tis) AAskAdt. 2 A3 2 ¥ 1-OHPoll W3t &7 5
% PAHs¢ 2] A 1-OHP?] gHAAIFE B5F BAsHH o2 F9st o, 3
AX e AAASE 04252 Rde & AEAY. ¥7] F F PAHsS 3AAS

= 11.82+4.37°] A (R 11).
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<I 11> 37| & & PAHsol st &A™ = 1-OHP
SEof 372

WwooF s|AAG (EFHA P value
Zel A 1-OHP! 0.79(0.13) <.0001
&7 % & PAHS’ 11.82(4.37) 0.0083
%) A 14.72(3.20) <.0001

1. #mol/mol creatinine 2. mg/m’. R® =042 n=89

(3) 7] & % benzo(a)pyenedl 23t 2] § 1-OHPS] F7fol tfdh 4]

o oA AR AY A -5 ol BAE AQdstal, AY - 59 1-OHP
gho] frete A & 89l thsf AAlskSivh. 1 A A § 1-OHPell thgh
29l A 1-OHPS 3|HAAIF= FAZAHoE  fFostdevd, T/ F
Benzo(a)pyrene?] 7% 3| AAFE 048+ 1172 %49 WS el o}, £
4 FoAL ATHE 12).

<¥ 12> &7|% Benzo(a)pyreneol s+ =AM ZF= 1-OHP

scol 532N

| s|AAS (EFHAD P value
2 A 1-OHP! 0.89(0.15) <.0001
7] % Benzo(a)pyrene’ 0.48(1.17) 0.6087
=l A 16.36 (3.23) <.0001

1. #mol/mol creatinine 2.ug/m’. R® =0.36 n=89
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TAES BAsy] ke, Al H-do® AstE %S SHEFE
F7Vstal, &7] & % PAHs ¢ Benzo(a)pyrene?] FS ZAlo Hrtslder 1
A 3]AAL Ay 47% 2 o RES JAgstglon, 24 d 1-OHP%t
571 T & PAHs, 999 gAATE sATH R Fosd=d, 71 5

)

N

EAGHOE foA@ AAAGTE F AANAF 278 s 9] E

Z

sgalAAsE T A3, ZEFIAATE] 27]= Ad A 1-OHP, 7] & <

<I 13> Fdy g EYot HHYE 1-OHP s FHEHN

W SAAT(ETHA) TSI AAT P value
z4 d  1-OHP' 0.81(0.13) 0.53 <.0001
7] & % PAHs’ 17.45(6.19) 0.35 0.006
7] % Benzo(a)pyrene’ -0.41(0.31) -0.16 0.192
48 -9 0.48(0.22) 0.18 0.027
A A 8.39(3.91) 0.035

1. #mol/mol creatinine 2. mg/m’ 3.ug/m’.  R® = 047 n=89
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PAHsE= #lA 2] (C6H6)7F 2~67/02 FAE - ZA,
7F 4700 A A F-9F 571 o] Y AE PAHs, A o] ZFal aig] 57t 4700 A
Q¥ 37K o]ste] 7}A~AF PAHs®E 783 & &=, 2o wgt ol tpokst

£ 572 PAHs7} =A%t} EPASE f 23l FHE o)A o] Sl = o}

Aol

ME
W
by
ket
ACh
i

=
o] 16714 BEHE T =&7]F0] vty AL dF o By, et =5
o geEd w=7]Fo e PAHs 16714 % naphthalene©] 10 ppm(50 mg/m’)

o7 wZFV|Fo] AAEH dor iyt =FH 2 ACGIHAIA chrysene<-
H
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<E 14 > PAHs® =&7/ZF U woN 25
PAHs component OSHA NIOSH ACGIH TARC
10 ppm, 50 10 ppm, STEL 10 ppm, STEL
naphthalene mg/ 15 ppm 15 ppm
acenaphthylene - - - -
acenaphthene - - - -
fluorene - - - -
phenanthrene 0.2 mg/m’ - - Group 3
anthracene 0.2 mg/m' - - -
fluoranthene - - - Group 3
pyrene - - - Group 3
benzo(a)anthracene - - A2 Group 2A
0.2 mg/m’ lowest feasible
chrysene (benzene sol.) carcinogen A3 Group 3
benzo(b)fluoranthene - - A2 Group 2B
benzo(k)fluoranthene - - - Group 2B
, 0.1 mg/m’
benzo(a)pyrene (bgﬁZZeﬂi/ rgol ) (cyclohexane A2 Group 2B
: sol.)
dibenzo(a,h)anthracene - - - Group 2A
indeno(1,2,3-cd)pyrene - - - Group 2B
benzo(g,h,i)perylene - - - Group 3

PAHse stA A mo] Abstapgol A B nR of7] ol EA)st=], 1983
ol A&l AEAY EA 7|25 H =%5 = PAHsS =52 37k
of 9l&tH, 27%° PAHs7} 0.02-151 ng/m' 5oz A=Y
Benzo(a)pyene2 0.12 ng/m'o] A thar gHch0), 1994\ o A &) FAX oA A
Algk Aol A= 187FA] PAHs7F 0.13-446 ng/m'e] HAA=Z AESHS
Benzo(a)pyene< 1.12-4.46 ng/m’©] At} SkrpD),

Boffetta 5(1997)"°ll 9l&twl, 241 #¢l PAHs?| %< F2 3AA0E 2]

K
o
ofy
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@225 A PAHs =% 9190
Aol AL ostH FAx
19.65 pg/m'e =ZF45o] B3k v 2 o Jongeneelen 5 (1990)12)8 6.9-13.9
rg/m’, Buchet 5(1991)Y¢ 0.2-255 pg/m’, Joneneelen = (1992)19-8 0.3-0.7 mg/m’
ofgta sttt Avi¥ L FE O AL Aol M= T PAHs7F 9.9-840 pg/
mWE B 3%, Benzola)pyrened AWMW 1 FAA Ny 5(1993)'7e]
09-48 pg/m', FA~=2E Z¢Jol A Joneneelen 5(1992)70]  0.1-12 pug/m,
Mielyska & (1997)15 0.1-15.1 pg/m'= H 3138} t}.

S ygelA AR E FEAENA F PAHs =Fd 3 A=
3 5(2000)70] ® g 3447+153 pg/mel lom o]FA 5(1997)7e ZA~Q
] & & (Cokes Oven Emissions)Z %7138l 24 22 vl o @k
2 AT FEE 3 =85 HAwste A9olA PAHsE B 7tstl=d,
ZEFE 9% #d AEFS PAHs7F o] e Aoz dex A, 23k =
ool AFEoM e dgd Ze=93] dd AE T T2 23 gy

9B 2ol Hummelen 5(1993)"& % PAHs

2

rle
i
flo

il

e e
it
juici)
=
>

p
H
o
S
s
o
T
ox
i
32
dlo
o
r ol
e
ol
ol
N
k1
)
o
g
S
@
ok
o
k1
bt
{0
Ho
2
_>|~l_,
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Benzo(a)pyrene< 0.002+£4.652 mg/m’, ¥¢ 7} 0.002~6.311 mg/m' ©] A= Hl,
AebA 292 0.003+5.460 mg/m' 0.2 ZFdA| =] 0.001 £2.021 mg/m' KT} :
o, =g AZYH A= Benzol(a)pyreneo] & A hth

1-OHP+ PAHs AR FE 2 7ol Al 28] = &= Cytochrome P4507A] & 4~ <] 3
AtE o] AW Fo R wjAdE =12, Buckley 52 AAx=EAEZA 9 1-OHP

Jm
ol

H
32

.|_4

£ HEsSts =il A2 1-OHPY] w7 = 44417, Hdiujd 63470 = 4t
I

Sk AdkQlo A= 37 oA PAHs =%°] o2 AY3H PAHs =A%
24 1-OHPE #H7He 49, A4 w=Zo] gle Abdol A9 1-OHP$} H] L a}o]

gtoh, e A= a2 o3 g Afel A Pt 0.745 4

mol/mol creatinine(¢] %A %, 1997)%0] ®x® v} 9o, Hummelen 5(1993)"
2 TggtgolE A= ARG Ao A 1-OHP7) 1.3-25 1 g/g creatinineghil B il
&9tk Jongeneelen =(1990)'7e Z=za~ 9B #dold 112 zmol/mol
creatinineS H 113t +=d], o] wf vl == xR = FAA7F 051 2 mol/mol
creatinine, ¥] & A 27} 0.17 £ mol/mol creatinine ©] 1 thal &9 0w, A1 43 vk
715 6-3BAIZFo R FASI T E 2= 19920l = Z 3 A2 AFo A 0.3-4.8
mol/mol creatinineS H.113}¢th 1997 ol &= Mielyska 5°] 2 # 0.07 - 7.76
mol/mol creatinine, 2}¢} % 0.06 - 1892 mol/mol creatinines }X.i13}o] o] 9
HiEHT i & 59 2345 EAth

e dFers AdesE #d 24 HAw Z=AA 040 ©mol/mol
creatinine, ZE}2Z7F AP Ao A 37-11 gmol/mol creatinine?2)o] H 1% )=
o, AAELS Fd 2 8)E&d gixatol e 22 028 ¢ mol/mol creatinine, 0.26
s mol/mol creatinine ©] Ittt st o A F5 T 109714 1-OHP7} Al

AW Fom MEEe By, AW F4 F4e FPstach
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Y 51993 2uu AF A Aeld 2] A 04-22 z2mol/mol
creatinine, 2t%d ¥ 0.7-40 g mol/mol creatinine®] AT 3}, H]x=ZF L= A}
A+ 04 pmol/mol creatinine®] 1 thal ko, A f-8}et3 FR2AEA A9 A
A= mZEwolA 029-59 xmol/mol creatinine, W3 w-o A4 0.21 xmol/mol
creatinine. 2 X I E YU, =2 X FAY L2 A= 0.8-2.8 . mol/mol
creatinine®] R 3% 9 3 (Joneneelen 5, 1988)'% Burgaz S(1991)24L -3 5to
A 0.6 £ m/mol, ¥l == A 0.28 xmol/mol creatinine®] 2FaL 3} Tt}

A APsAe] A5 HHom AMRstE FEHE AT ARALE AA T
%, @Ao A 1-OHPE Watgl=dl 1 WS|7b 254 ~ 15650 ug/g creatinine 2.
R FE7F ok wud). wH =g JhsAdel i Ay, $7]1 § PAHs =%

ol HEHA & AER ] T =ETT 92 AW AXFAN sFdE

O

1-OHP7} 0-1.5 xmol/mol creatinine®] At Moen 5(1996)20)2] H 317} Q)+
v, AAEL PAHsO IF =% 7Hs S F48ATh

Felvtebe] dukelol A 1-OHP el tie A=, 45 o] T8t 33t
AL dide=m st ARG &AW F 1-OHP 7]skE+ 73.26+3.57 nmol/mol
creatinine®] A tH= Hal7F Qo2 ¥ & ZA2~ AL} 1-OHP %
o st M4 S22 T H ZEE AYAE AAste] 1-OHPE 48
g, o5 A Ht 0331294 g mol/mol creatinine®] QAtFal TR, -
getel mazs 9B Adatel A 1-OHP A= ol$dA 5199770 Bud 3t
0.74%2.7 nmol/mol creatinine®, 7 & 5(1999)*¢] B33 6.15+5.14 xmol/mol
creatinine®] | Al =0}

E AF=E =& 29 d 1-OHP 5%+ 9.1%+54 xmol/mol creatinine,
T2 037166 1mol/mol creatinine® &< 713 (1999 53t FAak%

=%
M %3S Jongeneelen 5(1990)7¢] @A~ AR FYPFT W F
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1-OHP =<3 FAFSATE 2 Aol A 252 1-OHP 5%+ Hlalt 032+
1.85 g mol/mol creatinine, =% 17.43+547 g mol/mol creatinine® 2 =%
o] AL ZY oA Huy FaA ZFAA B} 2o FFo|u)

1-OHP+= PAHs®] =%& WIZehAl wrdsl 2 & PAHs =FolA 2= 9 <
TE L YA, TR 2 A
A57F dofE o] Qlof, A sl ek A&l 7wk 3 1-OHP<| 27 %] 7} BEI
2 obd AAE A ¥31 9l vH(Jongeneelen, 2001)7. PAHsE Aubstgo] e &=
AstH, AFEF57F S e 427 B gEpA IR eEH e}
o], PAHs &4 €o] H& 98 49 Aol 5ol 93 A& & dFTEolA
7] S PAHs =53 21 T 1-OHPY Fxo| g #A 7 gd=24 e

il
o

23 oF Al 2z S = 1-OHPoll o

ol

xg (s}

>

=
A rlf

Jongeneelen S(2001)Ye HHAFAEEZE E3 AA7A PAHs =] o

ol

1-OHP<] BEI #ax =2 AAlE 3714 T/ FuxE Agstd=d, 34 A

2 wZo] Qe TR v E AR E ZHZF 024 mol/mol creatinine®} 0.7

(o))

gmol/mol creatinine, 4 A &38t4 o] THANA HIEZR gk FH A X<
1.4 gmol/mol creatinine, A A 22 =Fo] = F2ZA| A By gho] Qlrt
i 3T o] AFtel e AAEA A EAE Bl ol e FAT AT
FAaAxAzQY dFuEAzAe]l Ad=d, 424 23 pgmol/mol creatinine®} 4.9
#mol/mol creatinine®] $1thaL a1t}

Viau 5(1999)292 THAHEE &3, 21 34 L2252 44 xmol/mol
creatinine, ¢F1lw & & ofkx= FA 9} pre-bake7A+= 22t 80 1 mol/mol
creatinine?} 9.8 g mol/mol creatinine, 4 TE¢ <Z2AEdA = 1.2 ¢« mol/mol
creatinine®| 1t A 2] 6%

AAzAzGANAM BEI FaA S AAE AFolMs, v=adt 3] it 2



TE AFEA AEYd 23~ FF Z22AEY ¥7] ¥ PAHs =559 9
A2 o AL E AR dF 22259 #FY A - F 1-OHP &8 ol &3
o “EFFES

t}. BEL #1225 F43g wHS 29 A 1-OHPS 37] % PAHs
= % 1-OHPZ Z&£WE 3 3AEAolen, 1 Ay
% PAHs9] 3| AA4+= 15310399 AL ske}, 1 3] 4 2o A4 585+

g
Of
A

o
N,

% PAHs =719 02 mg/mS Ydste] &7 5 PAHs 7} =7+ &4
w o] 2 & 1-OHPE 1.79 g mol/mol creatinine® oS3} a1, o] ghol R o
LA E 55 7Hetste] BASE gkl 2.3 xmol/mol creatinineg I 2A F ¢ 2

PAHsell ti3k 1-OHP¢] BEI Fax & Aekalit,

2 AT A= A F 1-OHP skl thste] 29 d 1-OHP$ & PAHs =
E5ES SUASE @ RS A 23, F PAHsS HAAFE 1182
+4.37% Jongeneelen 5(1992)7¢] B wr} 74|, ol B Aulate] g
Yejrk 2zeo] BF 5 ARE 5 wFo] £e & ' Ao YR
= Azted

1993l VanRooij 530 Fa2 28 AJAEddA &gV 9 via F45

+ PAHsY =S A 29 F F59F9 5% 7 IJF=2 S5,

2 oor AYAe WP wEE 37 JHe NP FFOIAY, B AT 2ARY

y

rx
=z
{0
k1
o
L
2
o
i
o
r o
10
=
o3
L
e
lo
i
2
ox
10
il
o,
[
%
Ho
k1
il
]
>
iy

PAHs =& T8 48X A A5 SA7E AHEste]l S48, o F+

0.13 to 1.67 ng/m3 ©] 3L, benzo(a)pyrene =Z45& o 20| 0.67 ng/m° % o1
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Azeli= 3ol A 258 F7FstAthal gt W] A A mER T3 addors
Fdol 4l A 9l Buratti 5(2000039-2 akFol 20 JHF] o] o] F AR}l A
W ZF 1-OHP & %7} 371 ng/L Athar &b, ¥ F<Ax+= 160 ng/L, 10719 ©]
ake] FAA= 157 ng/LaL, 10-20709] F AR 154 ng/L 1L, PAH §F o]

o}

B>

¥ A} Foll= 525 ng/LAthal sk
B FoA= vHlaldo s A d - F 1-OHP 7F ZHZF 029 ¢ mol/mol

creatinine, 0.38 zmol/mol creatinine®. 2 -2]3F Zo]7F AL, mEToNAE=
2Fd el AF FAA7F 1191 ¢ mol/mol creatinine©] 1 2.™, B S AX}L7F 4.14 «
mol/mol creatinine® 2]k 2Fo] & HATH(P=0.02). =& 4 2% Tk

SAA o A 21.23 £ mol/mol creatinine® H] &2+ 965 xmol/mol creatinine

AA Z2AAA 2 A5 1-OHP9F od F##AE ¥ PAHsE
Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene ©]%13l, & PAHs®} Naphthalene2 #]¢] 3%+ PAHs
o] = FoF o] dHAde BATh
o= 3 7HA 9] &4 o] QA7 PAHs i+ Benzo(a)pyrene®] &% o]
= Aoz Rusa o & dgedA = 24 A 1-OHPSF 24l § 1-OHP
X9 7] T 16714 PAHs =&+

A A FAAe A NFAA TR

=
Lo
o
[ o)
M
1%
o
11
>
ol
ol
R
o
£
s
Ll
O

2
oy
r o)
M
£
tlo
i1
>
ol
2
o
)
ol
re
2
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Acenaphthene,  Fluorene, Phenanthrene,  Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene 5 #x}#o] 2+ PAHs £HE5°] 93 A4oAS

Gk vbH & A v F AR & & Aol A= Benzo(k)fluoranthene, Benzo(a)pyrene,
Indeno(1,2,3-cd)pyrene, Dibenzo(ah)anthracene, Benzo(ghi)perylene, Acenaphthene &
HlaA Zapgko] & PAHs7E ol @ ZaaAE Btk ol2d Aas wof, 2
AT A FAl &8 PAHs =Foll gk Y¢S 72 ExFo] 2 54

Lo 93 Aow FAE £% 9=, 1674 PAHsE % ACGIHY webyd =

HFH FA4Ea

Jongeneelen(1992)7el] ©]3}W, A~ QB RS U3 wlEFEA S 2 A]
shod, 51 o)A 58k 2 (topside) 2 A A9 i Benzo(a)pyrene =% 9|
30 pg/m'(1966-1980, =, wl=p)olw, o] oA F4 AL A3} #Hek A vl
=7} 9.2(1953-1970, EPA)Rthar 3k 3L, S H-(sideoven)e] 2 A= Hat
Benzo(a)pyrene =Z0] 3 pg/m' Qd #Hok WA nwd == 1803t
sttt o] IEEA = &AW F 1-OHP wkol tidt F4 A7 §lo] 1-OHP
o ohibAy 93] BHEAFS AHAH R & FE YA, E AFEoA A7
£ o]&3 3|FEA oA 1-OHPS §7] 5 PAHsHe] #dAdE 73 s, IS

f

B\
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EQ9 ¥7] ¥ PAHs =& 70l 9J4tsto], 1-OHPS #l b A9 g7te] g =
FASEATE oldl  febd, H WA HuFIE=EE 1890 AP Aol A,
Benzo(a)pyrene :=ZFw°] 3 pg/m'el A5 AW F 1-OHPE 46 4 mol/mol
creatinine©] & Ao 2 FA3519 1, PAHs =%FF0] 143 mg/m'<l A% 24
% 1-OHP+= 3.7 pmol/mol creatinine®] & o= FA3}3

Boffetta 5(1997)"2] HEe] oat#, Benzo(a)pyrene Aol =% 240 zk,
F 40AZE #]Dol 1 ong/m'Ql A S, 108 W & #H dA el djdl WHO+
9%, EPA+ 0.1-149oletar &gl o, 7[ete] A-E0A &= 1-5H o2 o 53)aL

all

W s eEel 4% 1731107922 PAHs =%7|7ko] 10d o] A4Sl A7) w3

SEAZE gom, 29 - 1-OHP7} 17431547 gmol/molo.& =& FFo| A 1L,

rlo

7] % Benzo(a)pyrene :=E T2 Az 24 0.003+5.460 mg/m', 73A| =
¢ 0.001+2.021 mg/m' o] AT} wekd, WHOY vt dFE59] o 24 9d =4
o] & 7hdo] HAIE glo] Mo e FAH Ve 2 F e AS
etatdet, o] ZRAEL F73
n o #ete] HAAAETE mobd 5 qlo], ool e Aol e FHx

At Bad Aow Az,

1‘
e
=
a2
i
rlo
off
k1
lo,
)—U
>
an
142}

3
=8
B
I
1_;]
o
o

E, 2A 9E AR, BRAZYY A%, B2 hIoR 49E A

9F FehE wE AT PA TEA A4S 2AF Aol oheh Y A 2
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S, B AT B RRE AR 710 FHSA Agste A%

Qormz Auzd, TEAxY ZEANHE AA
il

el e dh 717 EotolE, B |4 A A
37t

h. 242

ZEE =8 HAFAAAE dao oA

(1) PAHs =552 788 0.092+867 mg/m'=, oA FAlE =
A% 22AHT} PAHs =230 =gron ZAgA

ol M =2 4T FAAEHLE 0520

(2) Benzo(a)pyrene> A =t A H

ro

24 w29 U

AT A g

i

% PAHs =
+2.74 mg/m'©] A t}.

e

221465 pg/m' o)t AHrA

Tw

9 34+54604 pg/m', FHAZY 1.0+2021.002 AutA| =Gl 7HE =9k

(3) AA =AM A4 M 1-OHP F%=

= 91%54 gmol/mol creatinine

2 Hu9 03+£1.66 gmol/mol creatinine®th FoatA =gk, 2Hg] $9
1-OHP+= =Z&ol A 17.43+£5.47 £ mol/mol creatinine®. & oA B ¥ 5
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(4) wlaAE #FYg A} $ 1-OHP F%7F 0.29-0.38 mol/mol
creatinine©] 1L F<A o Fol o3k {3k Aol7b Ao, m=EFLoE #
d Aol A% FAAZF 1191 gmol/mol creatinine®] o™, Bl & A7} 4.14
zmol/mol creatinine® 23k zto]E HATHP=0.02). =ET oAM= 2 &
o= FAAelA 1-OHP7F © %o A AR FoaA= Fdrt w
2hA o] &2¥ F 1-OHPol|l 4&s FAY &7+ FARYE 24

of 9] PAHs =20 ] & g2 w= Aoz AztE)

ool

o
re

5) # % 1-OHPE FHW4=E, 37 T F PAHse #¢ # 1-OHP=
=g eER Slo] 3RS A A F7] T F PAHs9 3| AATFE
11.82+t4.370)1=H), o= 7|&9 Bu Bt} A, 37 F wZo]9 IixZ

9 G 52

= = 2~
33 F4d 4 Ak

L

6) 3AYl FAdHE SPAFE Frhetan, §71 F % PAHs

Benzo(a)pyrene®] 4 FE Aol H7hsk A7, A9 W 1-OHPS} 27 &

PAHs, <99 IAAFTE FAHo=z  {Fosided, 37

Benzo(a)pyrene®] »=FFFS frolshAl Fodth ZEsATF A7l A4

1-OHP, 7] & % PAHs, 919 22 yetwth mepa 2 A o)/do A
5

TE FURYs 7] ¥ F PAHs =34 ¢ & IS e

2L ofN  of

N
ta

_31_



e

°
Np

=y
o)

il

o] 225 Bk A

e I=3
H o

=
R

sredAdE o

H

W

KO

N
E

_32_



1) Boffetta P, Jourenkova N, Custavsson P.Cancer risk from occupational and
environmental exposure to polycyclic aromatic hydrocarbons. Cancer
Causes Control. 1997; 8: 444-472.

2) Partanen TJ, et al. Cancer risk for European asphalt workers. Scand ]
Work Environ Health. 1995 Aug;21(4):252-8.

3) Buchet J P,Geenart J P, Mercado—Calderon F, Delavingnette J P, Cupers
L, Lauwerys R. Evaluation of exposure to polycyclic aromatic
hydrocarbons in a coke production and graphite electrode
manufacturing  plant: assessment of urinary  excretion  pf
1-hyroxypyren as a biological indicator of exposure. British J of Ind
Med. 1991; 49: 761-768.

4) Hummelen P V, Gennart J P, Buchet J P, Lauwerys R, Kirsch-Volders
M. Biological markers in PAH exposed workers and controls. Mutat
Res. 1993; 300: 231-239.

5 ZAqt, <k, B 1990dd k= AP digabg 9
2001; 13(4): 351-359.

6) 1%, HAH, =39, o], 274, 8% 1-OHpyrend | 8% PAH

314,

£

#4d oRAE =Wt 2 AAxA g F = Y AR @

_33_



A 1A e 3 %], 1997; 7(2): 264-278.

7 A2, o] &, eAE, HAADL, o AA2E HAPAES] AAXL

B oEE L GuugEasss mEo

A]. 2000 ; 10(2): 53-67.

ry
S
do

B AT ST A3

(o
ot

8) Jongeneelen, Frans J.Benchmark guideline for urinary 1-hydroxypyrene

as biomarker of occupational exposure to polycyclic aromatic

hydrocarbons. Ann Occup Hyg 2001; 45(1):3-13

9) Kim H, KIm Y D, LE H, Kawamoto T, Yang M, katoh T. Assay of

10)

11

12)

13)

14)

Z2-naphtol in human urine by high-performance liguid chromatography.
J Chromatogr B Biomed Appl. 1999; 734: 211-217.
e g, 7| RRElE oAy WIS shgEd

1988; 20(1); 467-476.

Xt}

ry

g AT Z

(i

PN
7T, ]‘:]—l]_}E)L

A

!

ML A FAAYG B1F A4

Jongeneelen F J, Veen H G. Ambient and biological monitoring of
cokeoven workers: dterminants of the internal dose of polycyclic
aromatic hydrocarbons. Br J Ind Med. 1990; 47: 454-461.

Joneneelen F ]J. Biological exposure limit for occupational exposure to
coal tar pitch volatiles at cokeovens. Int Arch Occup Environ health.
1992; 63: 511-516.

Ny E T, Heederik D Kromhout H, Jongeneelen F. The relationship
detween polycyclic aromatic hydrocarbons in air and in urine of
workers in a soderberg potroom. Ad Ind Environ hyg 1993; 54(6):
277-284.

_34_



15) Mielyska D, Brasxcsyriska L, Siwinska, A, Smolik L, Nunak A, Sokal
A. Exposure of coke-oven workers to polycyclic aromatic
hydrocarbons based on biological monitoring results. Am Ind Hyg
Assoc J. 1997; 58: 661-666.

16) Joneneelen F J, Scheeper T ], Groenendijk A, Aerts L, Anzion R, Bos
R P, Veenstra S J. Airborne concentration, skin contamination, and
urinary metabolite excretion of polycyclic aromatic hydrocarbons
among paving workers exposed to coal tar derieved road tars. Am
Ind Hyg Assoc J. 1988; 49(12) : 600-607.

17) Robinson M, Laurie RD, Bull R], Stober JA. Carcinogenic effects in
A/] mice of particulate of a coal tar paint used in potable water
systems. Cancer Lett 1987 Jan;34(1):49-54.

18) Robinson M, Bull RJ, Munch J, Meier J. Comparative carcinogenic and
mutagenic activity of coal tar and petroleum asphalt paints used in
potable water supply systems. J Appl Toxicol 1984 Feb;4(1):49-56.

19) Silvano M, Meier JR. Mutagenicity of coal tar paints used in drinking
water distribution systems. Sci Total Environ 1984 Nov;39(3):251-63.

20) Jacob J. Grimmer G, Raab G, Shcmoldt A. The metabolism of pyrene
by rat liver microsome and influence of various monooxXygenase
inducers. Xenobiotica. 1982; 12(1): 45-43.

21) Buckley T J, Lioy P J. An estimation of the time coursefrom human
dietary exposureto polycyclic aromatic hydrocarbons to urinary
elimination of 1-hydroxypyrene. Br J Ind Med. 1992; 49: 113-124.

22) Jongeneelen F J, Bos R P, Henderson T H. Exposure to Polycycic

_35_



23)

aromatic hydrocarbons in petrochemical industries by measurement of
urinary 1-hydroxypyren. Occup Environ Med 1995; 51: 250-258.

Boogaard P J, Sittert N J. Exposure to Polycycic aromatic
hydrocarbons in petrochemical industries by measurement of urinary

1-hydroxypyren. Occup Environ Med 1994; 51: 250-258.

24) Burgaz S, Borm P, Jongeneelen F J. Evaluation of urinary excretion of

25)

1-OHP and thioethers in workers exposed to bitumen fumed. Int Arch
Occup Environ health 1992 ;63 : 397-401.

Erminio C, zordan M, Venier P, Paleologo M, Levis A. Biological
monitoring of human exposure to coal tar: Urinary excretion of total
polycyclic aromatic hydrocarbons, 1-hydroxypyrene and mutagens in

psoriatic patients. Int Arch Occup Environ Health. 1989; 61: 363-368.

26) Moen B E, Nilsson R, Nordlinder R, Qverbo S Bleie K, Skorve A H,

27)

28)

29)

Houllund B E. Assessment of exposure to polycyclic aromatic
hydrocarbons in engine rooms hy measurement of urinary 1-
hydroxypyrene. Occup Environ Med 1996; 53: 692-696.

FEA. g3ty wEE g3l44s =X EE24 2F 1-hydroxypyrene ]
AR SEYY gL 1999; 9(2): 125-132.

48, d¥s, FTd, oz, A8d 5. AdH Agsd, g
CYPA1, GSTT1 +#A v Aol 2% 1-hydroxypyrene®} 2-Naphtol
o] MAE . A o eeks] A 1999; 11(4): 546-556.

Viau, Claude, Bouchard, Michele. Urinary 1-hydroxypyrene as a
biomarker of exposure to polycyclic aromatic hydrocarbons: biological

monitoring strategies and methodology for determining biological

_36_



exposure indices for various work environments. Biomarkers. 1999
;4(3):159-187.

30) VanRooij J] G M,Bodelier-Bade M M, Jongeneelen F J. Estimation of
indivisual dermal and respiratory uptake of Polycyclic aromatic
Hydrocarbons in 12 coke oven workers. Br J Ind Med. 1993; 50:
623-632.

31) Siwinska_E, Mielzynska_D, Bubak_A, Smolik_E. The effect of coal
stoves and environmental tobacco smoke on the level of urinary
1-hydroxypyrene. Mutation research 1999; 445(2):147-153.

32) Zmirou, D., Masclet, P., Boudet, C., Dor, F., Dechenaux, J. Personal
Exposure to Atmospheric Polycyclic Aromatic Hydrocarbons in a
General Adult Population and Lung Cancer Risk Assessment. Occup
Environ Med 2000 42(2):121-126.

33) Buratti, Marina, Colombi, Antonio, Pellegrino, Oronzo, Brambilla, Gabri.
Urinary excretion of 1-hydroxypyrene as a biomarker of exposure to
polycyclic aromatic hydrocarbons from different sources. Biomarkers

2000; 5(5):368-381.

_37_



