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% 1-OHP= A 5(1999)3V 9] MRl W sto] Abgaieh 2 A
T 2SS Egodd B AHF F EAL wiA PsE AU
AAaEEE 2 mE7]o AW 600 plE Y-S F 2N sodium acetate 25
(pH 5.0) 60 wE FH7bst ¥ 3ttt B -glucuronidase/sulfatase
(100,000 U/ml) 6 w5 FH7bsto] W& kgt Fejol A 37 TolA 16417t

Zot A3tA AT Acetonitril 1 mE 7

f
e
o

10x7F Z18skar 10,000X g
o Al 105 &oF YA Y3t F5dS 335t HPLC (Hewlett Packard
1100, USA)E o] &38te] % 19 =Hdo =z A8t

<Table 1> Conditions for HPLC to analyze 1-OHP and Z2-naphtol

Parameter Analytical conditions
Instrument HPLC, HP-1100
Column Merck RP-18e 100 x 4.6 mm + Zorbax CI18 150 x 4.6 mm, 3.5 /m

Mobile phase A: Acetonitril, B: Deionized water
(0 — 16 min) A: 35% B: 656%
(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 wl

- 12 -



5. BPDE-tetrol

AT % A A94e Aol A P44 P 7hA BPDE-tetrol & ¥

5m 0
80 TolAl 4A17F &<t 7heEalsttt. o] A W2he £ C18 cartridge=
AAT e 100% MiEe= §3AA dxeArh 29 B 2 mlo] ol
22 A7 Ao 4 ml9 ethyl acetate(water saturated)® 33]
FEe & AxsAT o] 2S 500 o] WEER g ¥ 02, PEE
oA A HPLCZ &7 AZFeH o™, BPDE fmol/mg Hbo.&2 A
= 0.099 fmol/mg Hb St}

s}
o8]
o)
)
m
<—F
@
o

<
Lo,
my
i}
(oL
X,

<Table 2> Conditions for HPLC to analyze BPDE-tetrol

Parameter Analytical conditions
Instrument HPLC, HP-1100
Detector Fluorescence detector(FLD)

ex 246 nm, em 370 nm,

Column C18, YMC 250 x 4.6 mm, 4u
Eluent 27% ACN, 0.8 ml/min,
Injection volumn 50

_13_



A2 2D EA wHe n NIOSHY &4 A dH(NIOSH method No.

A A PAHse= 7= 374 X 5 % (Environmental Protection Agency,

EPA)ol Al PAHsol| 9J¢ t7] 299 A x= AA4sta 3l& 1674 PAHsD

2443 AErE Folil A5 HAFOoR Fol7] fdte] NhEA]
54 5ol Zgg FFE A (calibration)s A A8
membrane filter (2 pm, 37 mm)¢} XAD-2 (100 mg/50
mg) tubeE ©| 83t 2™ PTFE membrane filters 3-piece cassetteo] %
HA A =52 Q3] PAHs7F ®all¥ <= A2 Haskstr] flal 2 H ol
I8 B3HE T cassette FHol XAD-2 tubeE dAFFon ZAA
XAD-2 tubeE &FMw U= Foto] Ao wES HAas6AH. +
&3 2 lite/min® & SHE ¥7]1 XY HEZ(Gillian, US.A)el 2HANE
Asto] Ao 5Pl AA g Az 3 FAsH o
F #Me® PTFE filters 24 wlo]d(Hpefdd =AD& F
XAD-2 tubest 7 Wdw#ate] AR SR
PTFE filter ¥ XAD tube= Z}7} ZA npo] ko] Y il acetonitrile 5 ml

1) Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene,
Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Benzo(a)pyrene, Indeno(1,2,3-cd)pyrene, Dibenzo(ah)anthracene,
Benzo(ghi)perylene
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& 7H § 60 Tt 25T AgE dt FEsTh

PTFE filter % & 92 XAD-2 tube ©
Millex-SR 25MM, Millipore Co)& o33 ¥ 3% 39 x4 16714
PAHse| djs] A4S AA8H3T

PTFE filter®] A&zl 3+& 92 FAE #s A&3t9oH, XAD-2
tube®] A@atel 2RI L 9 FAE S H&38h PTFE filterst
XAD-2 tubeZ%-H 167}4 PAHs 7t7te] 5% 2 16714 PAHs =5 &

sk % PAHs S%=E& 8A7F AZW7taH+t (Time Weighted Average,
o]

TWA)S. & $hitatitt. 16714 PAHs® A=A & 49 2k

28-S Syringe filter(0.45 m,

<Table 3> Conditions for HPLC to analyze PAHs

Items Conditions

Parameter HPLC, HP1100 series
UV@254 nm/ FLD@340 nm(excitation)

Detector
425 nm(emission)
Nucleosil 100-5 C18 PAH
Column
250X 4.6 mn reversed-phase, 5 um C18
Flow rate 1.0 m¢/min
Eluent Water/Acetonitril

0-15 min, 40% water
15-52 min, 10% water
52-58 min, 40% water

Injection volume 25

Eluent gradient

Extraction solution 5 m¢ Acetonitrile
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<Table 4> Limit of Detection for PAHs

LOD(gg/m®)
Naphthalene 0.014
Acenaphthylene 0.291
Fluorene 0.032
Phenanthrene 0.022
Anthrathene 0.007
Fluoranthene 0.012
Pyrene 0.047
Benzo(a)anthrathene 0.035
Chrysene 0.026
Benzo(b)fluoranthene 0.016
Benzo(k)fluoranthene 0.009
Benzo(a)pyrene 0.042
Indeno(1,2,3-cd)pyrene 0.052
Dibenzo(a,h)anthrathene 0.011
Benzo(g,h,I)perylene 0.021
Total PAHs 0.634

o
=, B2 okd 1 A2} # (Material Safety Data Sheet, MSDS) 2 &4 w42}
o AWs Fxsted dAYURE AFANAY. HAsE EAL TP
PROPOSED METHOD BN/93¢l #3al+= W o= ozt W sto] AA|s)

o=}
AA

YRR ote] 24 9 AHg 39 AN RE AAD F, FHBA



AZntEaye ddaA AL F AR 05 £ 001 gl
anthrathene(200 pg/m)o] HWH-ZFE=dE &

d aznEagye FYstn 2y azvtEag v F4 0.2 psi L]
P S 7hskH A Ae(eF 400 m)= A ARvtEIG I S5 E3
H &S dEFHA 10 me Aol Wop 250 nm~400 nm(375
nm:anthracene) 9] A&]A 333 EA 2 scannings Y}, anthrathene¥] =
(UV 375 m)7} A&5 = ARFE S ds BF Tol 55 7](Rotary
evaporator) & AF&3lo] ¢ 1 M2 &= F Gas Chromatograph [(Hewlett
Packard, 6890 Plus)/Mass Selective Detector(Hewlett Packard, 5973
Series)(GC/MSD)oll FHAIA & +4 § 2AA-F3HE717F 24

v N AR E Y9 (HP-1100 series)E o] &3to] ¥ 39 oA A
A ekt
3 Au 2~ E

QUM AEL RET F 9AF AYA AR} MAAY A4A F A

TE57bETE AFcts FAE ddeR S48

Ay
ol
)
Mz
>
E
uiE

2 NIOSH Method No. 5026& ©]-&3}%it}. Polyvinyl
chloride (PVC, 217 37 mm, 3= 5.0 i, SKC INC.) oJ#A = dAGA 7+ &
ol gA| Aol Efol] HolF thS 37 mn closed-face 3-piece cassetted] Z w3k

20 0/minY F&EoZ ABAHAE HAASHAT QLY AEE FEA

-

)

Hu:

2o PHon FARHS A
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I =

A AL A vrole dAE ZYATE 386 £ 6142 HlIAY 2
wEpoluh Wlaw Wk frelahAl wakth 24717k BML gt E¥

TAFEE A FAAY] 2 g2 Al el Aol7t fllen, st
i

ol A Wl Huh frofshAl =okon,

A9 F £0g AANAA B FAFe AR AQAANA ol
A =%t
DI PN BA2E DA AQANN KI5 Rkon], 17

Aol A Fol kA skt

wETAA F7] F F PAHs =37 448 2ol A 378 pg/m’
o HdA g 2] 0.35 pg/m’ Bk 5984 A =9kt Pyrene, BAPS
A2 2 A Ao Mgk 155 9121, Naphtalene®] =47 94 A %
AA7E A AGART FosHA =tk WH S UuAEY] » &5
o wd A 2t A 070 mg/m® o2 A7 FPA 0.19 mg/m’
Hoh foaA EUTHE 5).

M
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<Table 5> General characteristics of study subjects

Control group Exposed group

(n=86) NHT'(n=167) HT"(n=93)
Age (years) mean®SD 36.4+81 346+83 386+9.1F
Work duration (month) meantSD  1183+91.3 100.8+85.2 120.6+86.1
Direct exposure to oil percent 335 52.0
BMI (=25 kg/ 'm?) percent 26.7 26.4 225
Heavy Drinker (=60 g/day) percent 7.0 84 11.2
Smoking habit
Yes/No percent 535 65.9 57.1
Pack-Year mean = SD 81£10.4 94£79 9.8+10.0
Usual amount” (cigarettes) mean +SD 10.8+9.8 138791 13.0+9.9
Before sampling” (cigarettes) mean+SD
pre-shift mean+SD 35+49° 35%53 2.1+32
end-shift mean +SD 39+46 52+57F
RBC (10Ymm”) GM*GSD* 47+1.1 47+1.1 46+1.1
Hemoglobin (g/dl) GM*GSD 150+1.1 155+ 1.1 146+11F
AST (U/L) GM*+GSD 233+14 248+16 198+18F
ALT (U/L) GM+GSD 457+15 479+15 373+t15%
ALP (UL) GM+GSD 704+1.3 76.3+1.3 687+1.4
Ambient PAHs (zg/m”) GM*+GSD
Total PAHs 0.13+1840.2  3.78+1959.6 T
Naphthalene 013718402  1.49+26432F
Pyrene <LOD 0.02+1407.4
BAP <LOD 0.08+2107.5
Oil mist (mg/m®) GM*GSD 0.70+197F 0.19+29

T: P <005 T:P <001

a ; average amount of daily smoking

b ; smoking amount before sampling of pre or end-shift urine during the sampling day
¢ ; smoking amount before sampling of spot urine during the sampling day

d ; geometric mean = geometric standard deviation

* HT: Heat treat industry, NHT: Non-Heat treat industry

2. 9A 59 PAHs
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ZAE 2EAE0] AT &7t 4 PAHs @A A¥, &
PAHs= 4A4g AA7r A5 o577 A8 a+ 771108 9]
0.04-343.28) mg/g, PIEAHAAATF HEdt 57 105 (HS
0.08-1.33) mg/g°] .

H] & A 2 A2 Hue F57bFolAs  Naphthalene,
Acenaphthylene, Phenanthrene,  Anthracene©] Z}Z} 0.01 mg/g, 1.99
mg/g, 0.08 mg/g, 0.80 mg/ge] W= HEH Ak A A7 A5
3l #4715 -9 4 & Phenanthrene©] 1g 3 28.07 mgl. & 7}4 =kom,

Anthracene 17.98 mg/g, Pyrene 9.39 mg/g <= E=Jvh(1d 1).

0 28.07
] [ Heat Treat
W Non Heat Treat
25 -
20
17.38
15
10 9.39
5.96
5
0.80 114 166 1.40
0.08 018 013 0.6 0.36 0.3t

NAP ACE FLUO PHEN ANTH FLUOR PYR BAA CHR  BBF BKF BAP IND DIB GHI

[Figure 1] PAHs concentration of heat treat oils (mg/g)

NAP:Naphthalene, ACE: Acenaphthylene, ACEN: Acenaphthene, FLUO: Fluorene
Phen: Phenanthrene, ANTH: Anthracene, FLUOR: Fluoranthene, PYR: Pyrene
BAA: Benzo(a)anthracene, CHR: Chrysene, BBF: Benzo(b)fluoranthene

BKF: Benzo(k)fluoranthene, BAP: Benzo(a)pyrene IND: Indeno(1,2,3-cd)pyrene

DIB: Dibenzo(a,h)anthracene, GHI: Benzo(ghi)perylene
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3. 37] = PAHs% o ¥du~E

371 % PAHs =2%7} A3, % PAHsE 7|8t 230 pg/m’ (B9
0.02-20.33)¢11 2. 167}4] PAHs % Naphthalene, Acenphthylene <=2 &
=cH(2d 2). 121709 A& F 25%°] A4 PAHs7} A&3HA o]std o,

Acenaphtene?} Diabenzo(ah)anthracenes 7 =% A &k}

concentration of PAHs (ug/m3)

NAP  ACE ACEMN FLUO PHEN ANTH FLUOR PYR BA% CHR BBF BKF BAP IND DIB  GHI

[Figure 2] Ambient concentrations of 16 PAHs

37 & ARA PAHsO HEES 7H2%%+=t, 167F4 PAHs <



Naphtalene®] 79.6%% 7Fd =& HEES XM oM, Acenaphthylene©]
69.6%, BAP%E 66.1%°14 AZHUT L 9 50% °]de HEE
PAHs+ Fluorene, Phenanthrene©] Z}2F 52.1%, 59.5% At A& % A &&

mlo

Hel

PAHs+=  Acenaphtene, Dibenzo(ah)anthracene ©]129, Pyrene,

Anthracene, Chrysene, Indeno(1,2,3-cd)pyrene, Benzo(ghi)perylene< Z+Z}

0.8%, 5.8%, 2.5%, 41%% *& AE&S EATHLH 3).

NAP  ACE ACEN FLUO PHEN ANTH FLUOR PYR BAM  CHR  BBF BKF BAP IND DB GH total

[Figure 3] Detect percent of PAHs (n=121)

abbreviation is same with figure 1

ouaEY

(31.7%) AN &Z 7H Byt 02 mg/m’ o] 43l A
mg/m’® ©] & 31.3% A tH 1Y 4).

3 BY¥E #AES} A7 02 mg/m’eldrt 387

T 683%9°oH, 1.0

e

tﬂl
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20 4 =

Total PAH= (ug/m3) = 229 +3.01 x¢ ail mistmg/m32)
15 R=0.21, N=80, p=0.004

—=
]
1

Total P &Hs= (ugfm 3]
th
1

il wl=t{mgim3)

[Figure 6] Correlation between ambient oil mist and
Total PAHs in heat treat workers

0.5 -
[ |
0.4 L]
[ ]
EAF [ugfm3) =009+ 0.05x Ol Mist [mgfm3]

0.3 4 R=0.16, H=80, P=0.15 "

7
[ |

2 gz . "
o
£
[==]

0.1 4

0.0

il Mist [rmafm3)

[Figure 7] Correlation between ambient oil mist and
Benzo(a)pyrene in heat treat workers
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20 -

Total P &H= (ugim3)

15

10 4

Total PAH=s (ugim3) = 3.2 + 2.4 Oil Mist{mg/m32)

R=047, N=531, F < 0.0001

il Mlst {mg/m3)

[Figure 8] Correlation between oil mist and Total PAHs

in direct exposure to oil mist of heat treat workers

05 -

0.9

0.3

0.z 4

BAP (ugim3)

oo

BAP (ug/m3) =0.07 + 0.09 = il Mist (mg/m3)
n

R=0.22, N=51, P=0.012

0z 0.4 0.6 08 1.0 1.2 1.4

ail Mist (mgfm3)

[Figure 9] Correlation between ambient oil mist and

Benzo(a)pyrene in direct exposure to oil mist of

heat treat workers
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4. 1-OHP$} 2-Naphtol

1-OHP+= Hlx oA 0.25 gmol/mol creatinine, B & A2 #d Aol A
2+d Aol 0.35 pmol/mol creatinine, 24 ol 0.30 x#mol/mol creatinine
olglom dA gz Ao A= 2 A 057 pwmol/mol creatinine, ¢ %
o] 090 xmol/mol creatinine ©]th ¥ B4 AFE& F3 ZolHS A}
A A3 F AW 1-OHP= dAg #gatelA #ofstA F7hakadet
29 A, 3 ol A dAe Agabe A S FosA Sk e,
Al A e Adate 29 ded o E=4THE 6).

2-naphtol& B i o] A= 1363 xmol/mol creatinine, Bl G2 22}
o 4= Aol 16.39 xmol/mol creatinine, 2+ ol 11.21 £ mol/mol
creatinine, €12 2 Ad A= 2 #oll 29.48 g mol/mol creatinine, 2}
A Fo 23.68 pmol/mol creatinine®] A}, 24 2-naphtol> &A1& 2t
JAANA FofetA =k om, 2 M3 - 2-naphtol®] ztol= H DA 2] %

QA AR 4G4 BF 4 A suol folahA w3k
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<Table 6> Pre-shift and end-shift 1-OHP and 2-Naphtol concentration

Control(n=86) NHT*(n=167) HT*(n=98)

GM GSD Min Max GM GSD Min Max GM GSD Min Max

OHP Pre-shift 025 1.86 0.07 1.00 035 229 004 1722 057Ffa 210 005 578
end-shift 0.30 3.28Fb 0.04 11.81 090Fab 192 0.24 10.01
NAP Pre-shift 13.63 1.88 2.44 5390 16.39 169 1.89 80.69 29.48Fab 1.89 5.86 201.23

end-shift 11.21 1.75Ffb 335 37.18 23.68Fa 1.63 493 75.18

Comparison by Wilcoxon Scores (Rank Sums) test for groups and signed sank test for
paired test.

T: P <005 T: P <001, a: between HT and other groups, b: between pre and
end-shift

* HT: Heat treat industry, NHT: Non-Heat treat industry

GM: geometric mean, GSD: geometric standard deviation
unit: xmol/mol creatinine

1-OHPel A B% 9] 35t}
(£ 9. §AAs MFAA BT A4A% F9 1-OHP Ao 438 2
3, aAe AgANAE 49 Anek Fol §8 1-OHP7H Z7hahd]
ok el Mg e Al A M EAA AT A, o ol H

o7k i, A Al A Furk BATHE D).

o

-
o
-
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<Table 7> 1-OHP concentration by smoking status

Control(n=86) NHT*(n=167) HT*(n=98)

GM GSD GM GSD GM GSD
Nonsmoker Pre-shift 0.17 160 025F¥b 2.73 0.40 1.977

end-shift 0.21 452  0.63Tb 1.812
Smoker Pre-shift 033Ffa 178 042Ffa 194 0.75Fa 1.961
end-shift 0.38Ffa 233 1.18Fab 1.754

Comparison by Wilcoxon Rank Sums test for groups and signed sank test for paired test.

T: P <0.05 T:P <001, a: between smoker and non-smoker, b: between pre and end-shift,
GM: geometric mean, GSD: geometric standard deviation

* HT: Heat treat industry, NHT: Non-Heat treat industry, unit: xmol/mol creatinine

MLEI wEE WF 2-naphtole] FAAAA MEAARTG FI5H)
soeh, Telu A AT AP AW F9 fel@ Aolvh
AT A} AT Aol BE A4 A 1WA F5H ERTHE 8)

<Table 8> 2-Naphtol concentration by smoking status

Control(n=86) NHT*(n=167) HT*(n=98)
GM GSD GM GSD GM GSD
Nonsmoker Pre-shift 8.98 1.83 11.94F0p 1.73 27.30tb 2.10

end-shift 7.90 1.59 18.90 1.57
Smoker Pre-shift 1957fa 148 1932Ffab 154 31.17%hb 1.72

end-shift 1433fa  1.63 2192 a 1.57

Comparison by Wilcoxon Rank Sums test for groups and signed sank test for paired test.

T: P <005 T:P <001, a: between smoker and non-smoker, b: between pre and end-shift,
GM: geometric mean, GSD: geometric standard deviation

* HT: Heat treat industry, NHT: Non-Heat treat industry, unit: xmol/mol creatinine

(2) A FA ¥
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Wil A 1-OHPl 932912 Brhet/] 91a S99 24 23, A3,
I3, SFF 5 Fo3A ko, 3 FAH BMUF 499

FIFE T Ao® YEHH(E 9). BMIE 2483 §d%2 1-OHPY #

<Table 9> Regression analysis for 1-OHP" in Control group

Independent variable B (CI) P value
Smoking amount (cigarettes ) 0.05(0.03-0.07) 0.0001
BMI (1: =25, 0: < 25) -0.39(-0.67--0.11)  0.0067
Intercept -1.49(-1.66--1.32) <0.0001

#. log transformed value
Model R* =0.28 n=84, A: regression coefficient, CI: 95% confidence interval

<Table 10> Regression analysis for 2-naphtol” in Control group

Independent variable B (CI) P value
Smoking amount (cigarettes ) 0.07 (0.04-0.09) <0.0001
Intercept 2.40(2.25-2.54) <0.0001

#! log transformed value
Model R? =0.26 n=84, B: regression coefficient, CI: 95% confidence interval
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<Table 11> Regression analysis for end-shift 1-OHP"

Independent variable B (CI) P value
Pre-shift-1-OHP" ( zmol/mol creatinine) 0.58(0.46-0.70) <.0001
Total PAHs™ (zg/m’) 0.14(0.07-0.21)  <.0001
Smoking amount (cigarettes ) 0.01 (-0.0-0.03) 0.160
Shift (0: Day 1: night) 0.23(0.02-0.44) 0.035
ALT™ (U/d -0.33(-0.59--0.07)  0.014
Intercept 1.13(0.17-2.09) 0.022

* log transformed value

Model R? =0.66 n=90, B: regression coefficient, CI: 95% confidence interval

200 Logland-still 1-OHP) urmalf mol eraalining

B LogTatal PaH) agim3

T T T T T
—4 -1 -z -1 0 1

[Figure 11] Partial regression plot between total

PAHs and end-shift 1-OHP
n=90, R2:66.2, regression coefficient for PAHs=0.14

adjusting for pre-shift 1-OHP, smoking amount, shift of

work and ALT
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[Figure 12] Partial

regression plot between
Smoking amount and end shift 1-OHP
n=90, R2:66.2, regression coefficient for smoking=0.01
adjusting for pre-shift 1-OHP,
duration,

total PAHs, work
shift of work and ALT

(2) 2-naphtol
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<Table 12> Regression analysis for end-shift 2-naphtol”

Independent variable B (CI) P value
Pre-shift-2-Naphtol” ( zmol/mol creatinine) 0.37(0.23-0.50) <.0001
Total PAHs™ (zg/m’) 0.12(0.06-0.18)  <.0001
Smoking amount (cigarettes) 0.03(0.02-0.04) <.0001
Working time (minuets) 0.001 (0.00-0.002) 0.003
Intercept 1.09(0.56-1.61) <.0001

#. log transformed value
Model R* =054 n=90, B: regression coefficient, CI: 95% confidence interval

100
Log (end-shift 2-Maphtol) umol imol creatinfhe g
cl D o
o
N %ﬁl W
fu P DU
—0.50- .
]
— 1054
o
—2w0] | | | LogI(TataI PﬂnHls] ug/ma3 .
<5 .- -i o i S a

[Figure 13] Partial regression plot between total
PAHs and end shift 2-Naphtol

n=90, R2:53.9, regression  coefficient for total
PAHs=0.12, adjusting for  pre-shift 2-Naphtol,
working time, smoking amount
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[Figure 14] Partial regression plot between

Smoking amount and end shift 2-Naphtol

n=90, R2:53.9, regression coefficient for smoking
amount=0.03, adjusting for pre-shift 2-Naphtol, total
PAHs, working time

5. BPDE-tetrol

o
N
ol
oo}
=
g}
br

=] W& BPDE-tetrol®] 57} =& H7] 9sto], &
Aol AdAE o Ba 26l e FolE Bt

BPDE-tetrol-& H] & Aol A fo] 8k A =t 13). BAP =253 0.1
pg/m’S 71F o8 YFS ul, BAP =25 %0] 01 pg/m’o] el gk
A Y et A 798 BAANU

ZAe]71zF & 59 o3k 5-109, 10-154, 151 o]0 & 1hiFo) nl e

A3}, 2)7)3be] 154 o]l 4% BPDE-tetrolo] frefshAl = 9kth(iE
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15).

<Table 13> Means of BPDE-tetrol by smoking status

AM ASD GM GSD Min Max
non—smoking 40 226 5320 180 1231 0.01 2438
smoking 55 1279 31.01 0.72 1438 0.023 1916
AM: arithmetic mean, ASD: arithmetic standard deviation
GM: geometric mean, GSD: geometric standard deviation
unit: fmol/mg Hb
P=0.02 by Wilcoxon Rank Sums test
<Table 14> BPDE-tetrol by BAP levels
AM ASD GM GSD Min Max
High BAP (< 0.lug/m’) 27.26° 54.15 243 1826 0.02 43.80
Low BAP (= 0.lug/m’) 1261 3741 0.67 1219 001 9161
AM: arithmetic mean, ASD: arithmetic standard deviation
GM: geometric mean, GSD: geometric standard deviation
unit: fmol/mg Hb
P=0.06 by Wilcoxon Rank Sums test
<Table 15> BPDE-tetrol by working duration
AM ASD GM GSD Min Max
< 5 year 884 2549  0.36 13.21 0.01 125.41
5-10 year 25.14 5579 1.68 15.50 0.04 243.80
10-15 year 858 1426 091 13.10 0.05 4373
= 15 year 21.87 4917 216 10.24 0.16 191.61

AM:
GM:
unit:

arithmetic mean, ASD: arithmetic standard deviation
geometric mean, GSD: geometric standard deviation
fmol/mol Hb

P=0.03 by Kruskal-Wallis Test
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(1) A2 FA3A
A 2428l BPDE-tetrolell @%45 & & v &9 H7shr] 9

g 370l A", &%, BML AP

ALT, 487, 44 5 99 34 2o
4% GARANA F9I5) e SPUFE T2 F BAPS AST
ov), Hgrizhe ol FFo = vebkort FAX frelge AR

tHiE 16). 7] & BAP= 39T

0.
a7 o] AHYe =deh(d 15).

<Table 16> Regression analysis for BPDE-tetrol”

Independent variable B (CI) P value
BAP" (pg/m') 0.72(0.06-1.38) 0.0319
Smoking amount (cigarettes ) -0.03(-0.13-1.38)  0.5316
Working duration (month) 0.01 (-0.00-0.01)  0.0537
AST" (IU/dD) 1.37(0.47-2.26) 0.0033
Intercept -2.78(-6.50-0.94)  0.1407

x! log transformed value
Model R* =0.21 n=78, B: regression coefficient, CI: 95% confidence interval
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[Figure 15] Partial regression plot between
BAP and BPDE-tetrol

n=86, R%=0.21 regression coefficient for BAP=0.72,
adjusting for Smoking amount, AST, working duration
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<Table 17> Regression analysis for BPDE-tetrol” in direct exposure to oil

Independent variable B (CI) P value
BAP" (pg/m') 0.85(0.09-1.61) 0.2984
Smoking amount (cigarettes ) -0.02(-0.14-0.09)  0.6797
Working duration (month) 0.01 (0.00-0.02) 0.0349
AST" (IU/dD) 1.39(0.19-2.59) 0.0033
Intercept -251(-7.32-2.29)  0.0242

*. log transformed value

Model R* =0.21 n=55, A regression coefficient, CI: 95% confidence interval

BO

logiBPDE-tetral) fmolimol creatinine &
b= ar oi= B @ il
o
'IE =)
o
19 - bl 9
: %
o
ot o
_'_._._,__._f—""'"" o na
—i5 0y od o
u} a = E%
o [u}
5 A @ Log(BAP) ugim3
T T T
-z -1 [ 1

[Figure 16] Partial regression plot between

BAP and BPDE-tetrol

n=86, R*=0.21 regression coefficient for BAP=0.72,
adjusting for Smoking amount, AST, working duration
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PAHs= #WlA312](CeHo) 7} 2~670 2 748 2 d2A, wxkdko]l a1 a1
g7k A7]1 A Ao} 57K o)) A PAHS, Aol 2 aele
7F 4D A A, 370 olske] b PAHsE TR ¢ A, &7

Aol M= F

i

DA =} A F =] B4 167k PAHsE A3
of 54 A5 A48t o3, NIOSHe PAHs &4 A F A=
o] & benzo(e)pyrenes 7|3 167H4 PAHs7} &3] H7ttjd o2 thFof
AP, & Ao A= EPA 9 167H4 PAHsE EAHd o= AA st
167H4 =4& 5 45 713X 2 H7h Alrje =458 2 4
o} 2oy, ACGIH= benzo(a)pyrene, benzo(b)fluoranthene,
benzo(a)anthracene<, IARC= benzo(a)anthracene ¥}
dibenzo(a,h)anthracenes Abgol A 2] AAA 98ty A= H
=ol Ao et TV TEsk] AbgollA o] ek ol oAlE = EE R
A7 8 A TF3603D383940), o] 16744 BHE § ==7]F0] vtdE AL dF

of By, $2uY wERe) atEd wE7]F0E PAHs 16717

(o
u
b
e
N
MN
o,
)
>,
L)
2
32
o
Sk
o,
oy

naphthalene®] 10 ppm(50 mg/m’)

a8y PAHs7F @50l e =2 5 ¢
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ot ZEly A% AFoly PAHs $4 7b54ol & 2o taas

wE7)%0] AXF v} Qe ACGIHE ZEE 32 ZREAMA 714

<Table 18> Exposure limit and carcinogenecity of PAHs

PAHs component OSHA NIOSH ACGIH IARC
naphthalene 51(()) Hpg/r;lf STI{Z(I)J Ijl%ml;pm ST]{:(I)J pl%mépm N
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
chrysene (ormene o) eancinogen A3 Group 3
benzo(b)fluoranthene - - A2 Group 2B
benzo(k)fluoranthene - - - Group 2B
benzo(a)pyrene (bgﬁieﬂi/lg:)l.) (cycl%lllegi{;g sol.) AZ Group 2B
dibenzo(a,h)anthracene - - - Group 2A
indeno(1,2,3-cd)pyrene - - - Group 2B
benzo(g,h,i)perylene - - - Group 3

3 557 %= PAHs =593 & =42 W7HH L gl IARC

M= Fael FFt G Jrol wEt FASA A Fe2 AA
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<Table 19> TARC Classification of Mineral oil

Class Process of refine for mineral oils Carcinogenecity
class 1  Vacuum distillates SA
class 2  Acid-treated oils SA

mildly refined: SA

severely refined: NA
mildly hydrotreated : SA

seveerly hydrotreated: TA
class 5 White oils NA

class 3 Solvent-refined oils

class 4  Hydrotreated oils

Aromatic oil 6. 1 Solvent extracts SA
6. 2 Catalytic cracked oils SA

Mixed oil 7. 1 Formulated products IA
7. 2 Used oils TIA

class 6

class 7

class 8  other

* SA: sufficient evidence of carcinogenicity in experimental animals
NA : No evidence of carcinogenicity in experimental animals
IA: The available data are inadequate

2 aygael A7 FEATHE BE AL3A u5eq od2 v
A Aol AFH A FHAF 4 AR A7} oAk PAHs 3%
A ARl 770089 004-34328) me/g, M AA A} A

Fo FE7E4E 1.05 (F9 0.08-1.33) mg/gel itk e hetel A ulE
44 FE7FE ol 3 PAHs 242 o Sdbol| o3 wagul ok o
=Wo wA g 37 o)<l 117] PAHs %< &8 & PAHsE 41319
=, 7Ifrol A= 569-256.36 mg/kgel oM, 5&7te i AFolAs A

AEL 354-839.78 mg/kg, A FQ AIES 343314 - 93375
mg/kg ©Ilth B AP Az £4 W PAHs 77 9 519
AT 9] 167] PAHs o|B2 v E 98 BxAttige] Axg o 5
o] BAYA 249 117 PAHsZW dAste] Axba] B I a9
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PAHs 322 4386('8 9] 0.04-261.8) mg/ge.2 W 5o Ag F S Y
Aol ARt 953 =& Folth
g oW =Wl Azle] A= Chrysene, Benzo(b)fluoranthene, Benzo(k)fluo

|

ranthe-ne, Benso(a)pyrene, Indeno(1,2,3-cd)pyrene, Dibenzo(ah)anthrace
ne, Benzo(ghi)-perylene & &t o] vl 4 & 24L& tifd dE=3A 0]
1

e Aol Hal B Aroatel A foAE o] F BAS0] K
[ex]

AR e AFSo] ol ZAALE Ao Hummelen 5" %
PAHs 1965 pg/m'e w=Z450] Hadk v 9Jow  Jongeneelen (199
0042& 69-139 pg/m’, Buchet 57& 0.2-255 pg/m', Joneneelen (199
2)89L 0.3-0.7 mg/m'olghaL sl AL FE o AL AP =
% PAHs7} 99-840 pg/m@WE B E At $eugo] ] 72208 7
A5 A2 F PAHs =% @3 A7E A 570 Bud 34471153 ug
/mo] gtk B AFae ¥7] 5 PAHs =&+ % PAHsE 7|39
7 230 pg/m’(8S) 0.02-2033)2 9ol AESE AL Holut 2Ty
I AT AxYEE vekth 22y oA & PAHsO| oid 2 4 4
FE2 Hrlsk A PAHse 2FU /47 gh22z 23"l ulur} of

_45_



o,

wekx 71 PAHs < 2obd @3 Aol M S48 7)ol Ha 3l

<Table 20> Review for ambient BAP concentration by Industry (uzg/m”)

Industry Interval Country Year Ref. No
Coke-Over 0.01-22.9 Finland 1988-1990  46)
0.03-12.63 Italy 1993 47)
0.9-46.02 Italy 1993 48)
38 Sweden 1983 49)
0.1-29 United Kingdom 1986 50)
7.3 USA 1986 51)
1300 India 1987 52)
) <0.03-0.037 Germany 1992 53)
Roofing
0.9/1.5 USA 1987 54)
<0.13-<0.18 USA 1991 55)
<0.11-<0.13 USA 1990 55)
0.049-0.152 Canada 1977 56)
Foundry 0.47 Germany 1986 57)
0.02 Denmark 1994 58)

7 9o Az FAHNM Ny 570] 09-48 pg/m', LAAQE #d
A Joneneelen 5(1992)”¢]  0.1-1.2 pg/m’, Mielyska 559 0.1-15.1 pg/
mE Baath B A7 7] F BAPE 7188 0.08 pg/m’(H 9
0.01-04)0.2 FA2E AFHTtE vigton AFx oy FEFH &
2AEH AR Tl

PAHst A dx9] ststaAgdeo s dAHEZE g7] Folx EA3t=,

= A9 PAHs =TS 4849 ti7ldA w=E¥s= e Al
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3 Eokrh 1988l MEAle AlEA Y EAl 7|25 E =5%+= PAHs
o &S HWrksk AT g, 27% 9 PAHs”F 0.02-1.51 ng/m' &2
2 A=YA 3 9] T Benzo(a)pyrene= 0.12 ng/m’ o] 1 thar gkrj60), 19943
Al o] FAA A AA G Aol A= 187FA PAHs7}F 0.13-4.46 ng/

2 HAZ=HA3 ol" Benzo(a)pyrene< 1.12-4.46 ng/m'©] A}l
sto6l), whebA] o AFul4de] PAHs ¥ BAPE 4o =& TR

E 953 =om, 53] BAPY A 2EFEL AGEGV|Y FEY
Aol gk el=e] AFrae} fA FES setd
s ATade #d

mg/m3< ZIeHA Fdth aHY A Fere] Aol dig Aot
HAH AN ACGIHE FEH7F S8 L9 2ES 49 02 mg/m’' o2

v = Aote] ¥ Foln, eduAE siH PAHsS e 1

o

o] & A2 72 (National Toxicology Program, NTP)63)7} = 4 3t
157} PAHs29] &o] 5 pg/m’ o] 4ol H7 &< AL At vk 2 4

T = 683%2 27 AU 2AE (0.2 mg/m’ o] glon, o]

iy
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o>
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w0
m\m
ok
o
rou
o4
il
o
oX
M
1o,
to
ne
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3
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o,
(d
il
O

LUV AE &

2) Benz(a)anthracene, Benzo(b)fluoranthene, Benzo(j)fluoranthene, Benzo(k)fluoranthene,
Benzo(a)pyrene, Dibenz(a,h)acridine, Dibenz(a,j)acridine, Dibenz(a,h)anthracene,
TH-Dibenzo(c,g)carbazole, Dibenzo(a,e)pyrene, Dibenzo(a,h)pyrene, Dibenzo(a,i)pyrene,
Dibenzo(a,l)pyrene, Indeno(1,2,3-cd)pyrene, 5-Methylchrysene
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Hummelen 5'& T1ghsto]E A5 Aakzedbol A 1-OHP7} 1.3-25
g/g creatinine®} R 1359 t}h Jongeneelen 5(1990)7& ma 2~ 98 =
Aol A 11.2 gmol/mol creatinines X3t +=d], o] uf H]|w=ZF o) &9
M= FAA7E 051 gmol/mol creatinine, H&AA7F 0.17 ¢ mol/mol
creatinine °Jthal st o, B A3 W= 6-3bA17Fe. 2 FA S
o E 2 199290 ZA AP A A 0.3-4.8 mol/mol creatinines X
a3k 1997l Mielyska Sl #¢ A 0.07-7.76 mol/mol
creatinine, 2% % 0.06-18.92 mol/mol creatinines X 318}e] o] A9 H i1
SR A =2 7Y 2935 BT

AYeAE dd B4 FHF F2A A= 0-40 g mol/mol creatinine, =

)
1P
b
2
ol
o
ftl
=z
L v
fuint}
o
9
‘H
28
=
e
)
_\,1_,
olf
oX
o
o
ox,
ol
2
)

A= A Ao A A9 A 04-22  ¢mol/mol
creatinine, ¥l % 0.7-40 £ mol/mol creatinine®] Tl &, Hl=F &
22 A= 04 pmol/mol creatinine®| Attt o} A f-3pshad L2
So| Ao Afo A= =ETolA 0.29-59 xmol/mol creatinine, H] Lol
21 0.21 xmol/mol creatinine®. 2 H ¥ QJTI67, =2 EAFAQ] L Z Ao A

i

= 0.8-2.8 gmol/mol creatinine®] R 1%, Burgaz 568 w=Z o
A 0.6 £ m/mol, ] x=ZFT oA 0.28 rmol/mol creatinine®] 2t 3} %t}
AXZALe] A7 BEXHo g AlEste FEIE AlFY yFEAnE A3
% 8zl 1-OHPE Rustsd 2 W7 254 7 15650 ug/g
=

creatinine®. 2 %7} o}F =9hthed), 3B v JpEAo e o F=
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AR FoNA SHFLES 1-OHP7F 0-15 pgmol/mol creatinine®] 3} o=
Moen 570¢] B 17} Qlid], AAEL PAHs 95 %% 7154 S 243
@k 27449 1-OHP #d delA nud Zee ® 2¢ 2o’ ™

S-gutehe] durdlo A 1-OHP F=of tjdh o+ So] Z&hw
gAS o R ko] ARG &A®W 5 1-OHP 7|8k« 73.26 nmol/mol

creatinine®] At Hiz} Qlom) 7] 5L sA s 2 A}eke] 1-OHP
T HuEtEA 2 2R FH] FEE AYAE A4 ske] 1-OHP
2 BAsd =, ol Hir 0.33 xmol/mol creatinine®] $thal &)
ot Sty @Az o AiAe A 1-OHP A7 o] 570 nud

0.74 nmol/mol creatinine®}, 7 5S™o] ®Bud 615 xmol/mol
creatinine®] A A= o] T},

2 Ao A 1-OHP+= vl oA 025 zmol/mol creatinine®.2 7 &
P garsteth A gg Aol = A9 A 057 pmol/mol creatinine,
2Fd 3o 090 xmol/mol creatinine ©]+=Hl, 7| Hid H4F 5 7}

9 Aoy R2xH dFH AR oAt & EA Al A
Hl a3t dA e Azt e)al e 2 Ak A
T 3 zols HYted, o2 Hol FY F PAHs =Fo 23}
o}

ri

gt

1-OHP7} 5713 Aoz +4
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<Table 21> Review for level of 1-OHP by Industry (xmol/mol creatinine)

Type of exposure or

Median or Mean Range Ref. No.
Industry
Coke—-ovens N 1257 3)
S 0.75-6.1
N 2.7 0.25-16 48)
S 35 0.29-29
N 0.94 71)
S 1.53
0.78 0.01-48 72)
1.9-3.3 0.6-7.5 42)
1.3-4.7 0.3-30 73)
2.45-13.48 74)
0.39-0.85 4)
2.64 0.54-11 75)
2.87-4.34 76)
Coal liguefaction 3.74-8.53 77)
Petrochemical 0.25-0.68 67)
3.7-11.8 13)
Creosote impregnation 1.6 0.18-10 78)
97 79)
20-90 62)
Aluminium production 2.1-3.6 80)
0.69-40 44)
0.17-27 81)
0.55-3.6 82)
4.2 0.05-65 83)
3.2 4)
Electrode production N 0.55-4.74 3)
S 0.55-4.94
1.7 0.03-20 72)
5.8-12.7 1.1-65 83)
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<Table 21> Continue

Type of exposure or )
Median or Mean Range Ref. No.

Industry
Carbon black 0.32-0.35 84)
N 0.47 62)
S 0.67
Road paving 0.9-2.8 62)
0.9-3.2 62)
N 053 63)
S 0.67
0.6 62)
0.7 80)
4.26 0.62-22 83)
Foundry N 0.022 0.06-0.075 58)
S 0.027 0.06-0.16
1.8-3.6 0.3-9.7 85)
0.013-0.031 26)
N 0.11 0.09-0.13 87)
S 0.42 0.025-0.59
S 1.34 76)
Diesel exhaust N 0.08 0.04-0.31 48)
S 0.18 0.08-0.38
N 0.47 62)
S 0.67
Waste incinerations 0.08 <0.55-0.41 3)
N 0.23 <0.55-0.41
S 0.33 0.07-0.41

2-naphtol2 H] 7o A= 13.63 zmol/mol creatinine, H] € >8] 2 A}
A= Fd Ao 1639 gmol/mol creatinine, 2t Fo 11.21 £ mol/mol
creatinine, @& ZGAA A= 2 Aol 29.48 xmol/mol creatinine, 2}

A Fo) 23.68 1 mol/mol creatinine®] 1Tt o]ejdt A3 2 E u] 2-naphtol
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(Lx=ZF 1826 fmol/mg Hb, A=+ 12.19 fmol/mg Hb). &= BAPe] =
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