SEAAAAGNA A THA X 2 &
Korean Ind. Hyg. Assoc. J
Vol. 7, No. 2, November, 1997

8% 1-OH-pyrenes ©]-§3% PAHSH 22259 =£97)
3 A=Al 3t F xE ZHAgd)

EFRFHAY Ba@ed. Addgn RAgshd”

O|SH - HHE" - ol* - o|gM - x=7|H

— Abstract—

Exposure Assessment and Effect of Hygienic Measures for
Reducing Total Exposure for Workers Exposed to
Polycyclic Aromatic Hydrocarbons by Using 1-OH-pyrene in Urine

Song-Kwon Lee, Chul-Hyun Nam*, Pyong-Ui Roh*, Young-Sei Lee, Ki-Hyun Cho

Health Care Center, Pohang Iron and Steel Company
School of public Health, Kyung-San Universiry*

The average level of coke oven emissions in the work site was 0.04 mg/me, which was below the
permissible exposure level(0.2 ng/rv). The average level of 1-OH-pyrene in the urine of the wokers
was 0.745 pmol/mal creatinine which is far below the BEI(2.3 umol/mal creatinine). Correlation between
airborne COE in working environment and urinary 1-OH-pyrene concentration was statistically sig-
nificant. These results explain that exposure level by biological monitoring is much higher than that
by environmental monitoring.

The effect of hygienic measures for reducing internal exposure to polycyclic aromatic hydrocar-
bons was studied in 25 coke-oven workers. Their 1-OH-pyrene levels increased by 0.77 pmo/md crea-
tinine, while working with ordinary protective measures. The average levels of the same workers
with extra hygienic measures increased by 0.34 umo/mol creatinine. The average increase of the uri-
nary 1-GH-pyrene concentration over the 5-day work week was 56.3%(0.43 ymol/fmol creatinine) lower
when extra hygienic measures were taken(p=0.0001).

Key Words : Polycyclic Aromatic Hydrocarbons, 1-OH-pyrene, Hygienic Measures,
Coke-oven Emissions
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o) whEetslS 4 (Polycyclic Aromatic
Hydrocarbons or Polynuclear Aromatic
Hydrocarbons, PAH)= 4 &) ol ¢l A%
of &=l A /i EFEA Y, ¥ £ &
FHE B3l F5E F e EFoth(Willams,
1985). ol& HAR7IBo|} FAAR71Ee Bebd
Aivp dEao oty A4bE = (Peterson,
1991) dwkd e PAHv AFEA wizl7hks, BRF
4 Zoal Wt HAA, 2Y ¥R, AYLAS
E, $f 5ol 2N HFE o wyFch 494
2ol FFE 2004 7EA7F gl led (ddda
£%4], 1993) WEH] PAHFHF+= pyrene,
benzo (a) pyrene, benzo{a)anthracene, chrysen
F 17%0] Aok AdAHeRE zax Az, dat
dulE AL BEAAY, RRER, A8 mRAE 7
d oM x=FH 3T (Brandt & Molyneux, 1985)
71el oJekEoht A EE Batd®: x=EH, ¥
HlEe lelMe AA 9ol PAH &3l #
fele] 3 glvk PAH+ 9%, ® T 2388
oM E5Hol RE 3o EXHed 53 A
WEErt & 713 AFE A6 B4E de
F1x 1%y, Zrell WA 8} (degenerative change)
7 #3553 F4 (thymus) 3 43 (spleen)
M PAH i3k dgo] diRlalA vrepdch 1w
I PAHYY ZEHY sl E(tan) & g¥o] ¥
(&) g A #5% (papilloma) & = 3¥4g =
AFog dog 4 glem(Nick et al., 1988) #
s} Az AlE DNA A Fg 48 =
2t} (Storer et al., 1984) B3 m3 2 44 A
oA PAHA x&He A4S 22A450A #HIdF

g dofitke Aol g3 d7EAR
a2z 2o (Lioyd et al., 1970) ole] T3
8% 2xte ¢ F(ume)ddW FEHE 2
o] &off wetAdo] slve PAHE Be] #i3ln sle
Rez 48 ATHIARC, 1984). o1&l chry-
benzo (b) fluoran-

sene, benzo(a)anthracene,

thene, benzo(a)pyrene, dibenzo(a, hjanth-
o)A R A 9 - E7HE 2] 3 (Ame-

rican Confe-rence of Governmental Industrial

racene &<

Hygienist, ACGIH)<IAX A2 £3 & AlelA &
o] eJiHE BEAE EHFId dEstzm Ut
(ACGIH, 1995). =% PAHr} S48 e ¢80
AAF RN E ddat EgE doziteE Re)
H3g n) ick(Gibbs, 1985).

PAHe d&& ZE7E Fslod Aol FY4=7)
g Eof] o]T QIgt AREAE Psl7] fEd 5F
7] B3 27 7Hg oA Ao Azxel gho
H R gel] A= diFie] el THEINE 2
FTate 2XE FHeln gl dFelrt a8y ge
HEEAEC] B4 FAL-E dod AER WRE B
& F5E 4 ke A Bl sz #E
T2 WA HEVIEX olYelx Esln wi

TE Bt F Yol FriE] ®AF dold
F dotn eeiA 9 (Grandjean, 1990). &3 4
FgA PAHe 243 S2abge] dRrege o
H F712REe HENG AYE e, Ao o
g 393 JEFnaM doid 5 3tk (Kandus
et al., 1972). z8]3: PAH #7329 H7l= PAHA
¥ Aol FHHTR= pyrened £33ln #Brlele
247t Bk ole F PAH 59 pyrened| 43
ol "Wl E32(r=0.94) (Tjoe et al., 1993)
pyrene®] -+ F PAH &% FA 714 Be
F(23%)°] EFH™ (Vaessen et al., 1986) ti&
PAH A¥3% 718 d84el ¥7) &) pyrene
< PAH®E 999 tEFE02 3 gluh

FA2 oven AJAEES QoS Hiie $ENS
% PAH 519 k< H7i7h A=A bio-
marker®2A] ¥@A PAH S84 @ RS
A8k (Butler & Crossley, 1981) 50 % A=7)
gas’d o2 BAUEE (Leinster & Evans, 1986)
pyrened o443t g A F FYTe HH
75 %7t AF-E E3t Ao Eolfivhs AL 42
slH. 2™ (Vanrooij et al., 1993) Aol Eol&
Pyrene® 7MAI3EA FHEE cytoch-rome P-450
ALY Eael 9t 1-OH-pyreneS® thAkE| <]
fzeo 2 wlAdH} (Jacob et al., 1982) (Fig. 1).

8% 1-OH-pyrene WA Wizsle 3F7E
o] &% pyrene FHEd= 35E E3 pyrene®
oo o3l A Jgg w3kl ol drAn
= APl PAHSY AW &Y F8 271 9
ke A& vehl 3 gtz giEe] o
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Fig. 1. Pathway in Pyrene Metabolism.

gl e PAHY AAHQ &g A%y 39
FVEEE V¥R @ ACGIHS® TLV(Thre-
shold Limit Value)& # & glen L-aiel
o A9= PAH 24384 RAPE& Hrishke
ez 332 ARA FF) LY HEE
A (tar fume) & T3 FEAA HYEwe 2
B3ta ACGIH 71&3 2o (.2 mg/mE 3 8%%
2 Fsin #wEstn UATH(=FH, 1991). ol
PAHS] F7|X&8E& ol 4% YW/ monitoring
< ZARAAES] HA kB UF WNEESE 2y
2 o€ Wrpdelr] W&o AE3A monitoring
ol o]& flEA g AAAEY F =EHPEE
ZR 3 olAHQA Wyelth welM B dxe
PAHY] x25He 22489 =33TE 383 o
7Fatn AW EYEE F8 F2E AR A}
9ot ZRAEY ARE B AU REE)
Azt AAIBHA HA)

I. A7oid o 24
1. AT

2 A7+ 19963 49 129%E 19969 79 31
A7A 2IAAFHE SBAF 4% 2EAEE 94
22 HAAEAY. ZIATHE NS AFANA =
F2E e duldd HEE AYske g
Wcell) ol R dhte) F3E olf 2 ). YEF

M ZIAAFANA ol$E MEE IIAA =
{oven)9] 4% (top side)el & AY=H(arry
car) 7b WobA 2t v (cell) ol A$3 1,270 TollA
18~19A13t R34 8ol AFd Mee g9
Tl @2t oven¥H (push side)ol e push-
ing car7t 170 (cel)® HolhA = z=m~-
oven®] AW (coke side) M e HE2H(guide car)
% A8 {quenching car)7t HE (Fay) 238
Wol 23JA17] ¥ A A7)e) ZIAA(T5 molA)
e RRFFo R utslel AP ¥ &P
of AU3tA dct(Fig. 2).

FHA2-oven AH9] BYA}, ovenHAL rloj=
&, 23A 283 oven¥ B9 pushing car &%
AL F2 FAHAWNN £HE FBEa oven
AAME v st A #2 ¥ (maintenance) &
ovend] #A, B4E 938 o oEL Ay
THAE A HYe] 42 3t 2FE stn g
om 170 5271 8AIZE B9t 64709 Wh(cel) &
A2 st M oF 3,800 E9 ZIAAE AAslm
At o] AL URE SgFRPelAT 1 A
7b ¥ Neo] gYslol ARHn YE Aeie)r)
Y& APAEL ZAL 2N U E v2EA
# 7k (gas leak) Foll 98l o]F7|7le] 4
el Xt B @Al PAH 87 =854 =
=3

2 AdFNME YE%H monitoring® 27
monitoring® o1& =&Y/1E Heg max 33
o gl 2Fx A4 2269 29.6 %o HIse
6788 dFe 2 Sdn ANA 2§ A& &
HZAME A8 e ZAATY 282 £ 2269 F
cokeZ (coke side), > ‘3% (i ¥, top side), =
9 (141, push side) Zm FuEdd 2245
ol 15 T £ UEE 259 (11.1 %) & i
2 3.

2 ATy

1) ME33 monitoring® ZA&A monitoring
off 2i8t =& Hoahy
BAAE 678 Aol thate] YE3HE monitor-
ing(8% 1-OH-pyrene £4)3} 7Y g7
%€ AAstn =2 E Holsl By BML 8
Hom 1 e ot g}
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Fig. 2. Schematic Diagram of Coke-oven
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Fig. 3. 1-OH-pyrene Standard Wave by HPL.C-Fluorescence Detector.
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(1) HPLC-fluorescence detectorsl 2i§ 8%
1-OH-pyrenes] ¥y
8% 1-OH-pyrened #4%HL Keimig#
(1983) ol 23ty MEEAEd € AT Jon-
geneelen® (1987) 9] 4"yl Fatd A8l
o}, ZERe] d# &8 AHE 59 TFFVY R
A 2] AzbAs) viRe g (59A) o] 27F8EA
o polypropylene tubesl &% 25 m& A& 3
Aol wdEA] ¥EE aluminum foilol A
APA2 sl FA] Pt 20T JEAU 3
GFY ool EH3te AE 9o Yo ¥
Aetr] Hell @& 2xeollr M3 HBAA ARR
A8 AW &9 pHE 5.08 =& % 8-
Glucuronidase/Aryl sulfatase® #7}sly
water bathelA 16A13t Bt 7188 Azl & 4
4t C18 sep-pack cartridged] 93}éled HPLC-
fluorescence detector24] ¥&l€ 1-OH-pyrene
2L 9 PR} (Fig. 3)
BFE9L blank urineol] ¥% el FFEA LGS

FEEE HBld EEARE TEol A8Y BY
g oz EA3ld VA9 Fxst AEANE o
B3t HEHE FAAsen, uAlas Aset
#4171 (Shimazu CL7000)E ©]&%la creati-
nine ¥=& £38tn B3}

SFHAMME 5SS (#mol/mol creatinine) =
HARHE (e#mol/ ()
A#eteld (mol/ ! )

{Al2h)

1-OH-pyrene standard(Janssen Co)¥ nmd
FEFELE methanold] ZoiA Agdtgon,
A-Glucuronidase/aryl sulfatase(Sigma Co.,
USA) &£ 10,000 Fishman U/m7t H%& aceta-
te buffer solutiono2 #XN&le vtgn YEu
A F BAAell e HdA ALEER sy BAo] A}
#9 methanold && HPLCHS Alg3lgt}

1-OHP=13.337(COE) +0. 491
(n=67. R:=0.25. p=0.0001)

1- hydroxy pyrene(umoijmol creatinine).
(=]
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Fig. 4. Relationship between Airbone COE in Working Environment and Urinary 1-OH-

pyrene(1-OHP) Concentration.
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{Methanol : Aldrich, U.S.A., pure water :
conductivity)18 2/cm).

RS (mAAH)

AT AW E 5o F 42 £ 200 wE LOM
hydrochloric acid®} 0.1 M acetate buffer(pH
5 008 AH&3lad total volumeeo] 30 mi7t HE%
stgem o] ol PH 500 HEF st ol F
Ege ABd 125 H9 F-Glucuronidase/aryl
sulfatase® H7Fg¢ ¥ 37 T, 210rpme 22
rotary shaking bath(ﬁl 44 TEFE) A 164
7 & 8 A EE rieEEEidT.

(A& FXE2[)

YrB8% AlBE SPE cartridge(Cl& rever-
sed-phase liquid chromatographic material,
HP Co, USA)el] o#}ste] A|l&2Z AHEEA o,
A58 A3atr] Aol cartridge] 2 w8 metha-
nole& FHAFIE oAl 2 mie E3A)A
cartridge® <HAEAIZIY, z8lm A8 12 mE
cartridge®] B3 N th& 2 mig] FHTE FHA
713 oA 1.5 mie methanold EFHAIAAN &2
5ol Yox 4§ ARR AMREEen oluigh HA
g A3 AEHE AHled PrepStation(SPE
Module, HP Co, USA)& AH4-3led AAladTth

(Hatd =)

7&“%"3 @} 23 A] blank urineol Y% & (nmd55)
9] EEAIGS Aristd EFARE AMEEULH 5
A %12, 20, 50, 100, 200 nmo) ©]de] FFo
2 9Eo] AR FU WoE J7EMEE W
£ ANE /A3 AFAE st 2 sA

{HPLCZ %4457_4)

¥4 A+2d HPLCE

Z e
T T R

gradient system& A}

£ (HP 1050 series)dtdom BMzHE oad
2t
- Solvent gradient flow :
587F methanol-water (46:54) & ##]§ ¥
gradientell 93l 358 A,
methanol-water (94:6) ol 1083 £3|
- Column : 200x4.6 mm RP-18¢G m), &%
= 40 ©& 7+
- Detector : Fluorescence Spectrophotometer

(Aex:242 nm, Aem: 388 nm,

gain:10)

- Flow rate @ 0.8 ml/min

(2) 24¥7 monitoring (371% COEZ3) vy
FNF @22 2B WEEE (Coke Oven
Emissions, COE) #x=¢ Z3ue n= =y
Abg] A BRAATA (National Institute of
Occupational Safety and Health, NIOSH) ¢
B 5023(1984) & o)&3t9l e (NIOSH,
1994) COE ¥4 ZgdollA AdAgal ZFA e of
3te] PTFE membrane filter(2 um, Gelman
Co )& N F7IAME AFH7T(MSA, Gillian) ol
Zabsled AR /5 2 [ /minE 8A|HESH A
Alstrlen 2r} HEg 230 HEug slr| ¢t
cRdZo] 38 (1,359 FFHEA BT wxE
Azstgnt. THE ASEE AlgP &7 F 5w
o] Atelaz&"d HHPLCH, J.T Baker) & 718hir
oA 7oA 2087 AA sl A RE BFA]7)
3 FAZE o] &3l AEE Fohdo f:vrmg’e
Filter (0.5 m, Millex-SR Millipore Co.!elA] <
#3t F ojE] BAE ol £ AU 1 wiE &
ol 2FHZ7) (Heraeus Co.)olM 40 €. 50~
200 mmHg® 2A13HEQr T dxA7 & %
Aekaled HF B Zol] ofsld MaEzg &)
Form &% A2 10° g7tA AF 7%
Mettler AT212 *}g31c},

L)
op¥
.
o
o
o
k>
i
de
o
Jo

Auao

[ =T W1

B
.l
©
bol
=]

232 ovend| ZFdhe FEAE
Rz AQlHE,

dair e F

2142 gas-mask Fv o)y

AdA npaz, Hs), SR, BER 58 3
Aol A Fetg ey 2Hgo] Brbssitin sigd
AL AgHor AForR wHA AHEEACE
e gRE Y Zolim A9 F HE&% uied &)
Hovt Bz gy za%} 2 F3tx] gt
2AEM e B4EQ s gel (Table D3}
Zo] Hxe HAATA YR BXY BIF 9
T Wy, 2R3 ¢ B3E A AAEARE iy

qRez Ad S}ﬂur 3lAL Mg F o] &3 AE
Ae HEFEE U WaAFe Hd 7PelA
*ll‘éhﬂ‘xl 4%?.%— At dE BRIE Hstde
F71 A =2 gn =X Fo 4A HEr dx

He 93 a3y (Marly Skin) & 2] ghx



A EEIIEE A2 FAAFH HAdde &3
AZE 43, HI2A B8 I=E a3 o
F ARAl AT A, ¥ T2in e APt
Eol A A& AR/ TEHEE 3k FUY
o] WAA] AYAYAN ZAF A& £ sl
23 AgTe] AN 2FE & U=F A
Aot AR FHCEE) I BT FT B
o] & 4 7] WjEo Abdel] 4431 63
23 ANE FAR vh AAE A48 Hzle
A9 & FAsct. dxE AYPAAE HFA
E a4 Qo] Hy| wie (2~39) AEH sl
A} (Table 2).

o] AAM e Bd AUAFTCEM) S A A
ER e U fARA FUE UA AAE
A AAaEe] 2] Ho 34 A FRR 2

< P QAN E ) HE QYA A
H7t FA e ¢ de EAd>C] Ao HA =AY
FHg UA AEEA HAT Y =X Fe 9
2 AGA G F =& Aolg &7] A A4
A 22X 203 B4 AY FU 4F 2FAFA
of AWARE AASL 5YA =T FEAH A
BE AHdS AE® 2-1)-(1)9 1-OH-pyrene
4 dhdel Mt BAE s g Ao dg
AAAQ ZA A} BAARAYAl YA, F BT 37}
A zte]d AAEAAIY 2P T2 2 A

Z297iAle 22 AFAH Al 33] Aol
Byed 5T 43 2843 e o] AEAE
olgsled MET AL eiel SAE AHAY, FA
AR, HReAUNZXGH F 71€AHQ Aol W
3 ARAE st AHES AT

Table 1. The Hygienic Measures to Reduce the PAH Contamination through Skin of the Workers during Ordinary

and Hygienic Work Week

Items of hygiene measure

Ordinary work week

Hygienic work week

Overall

Underwear(pants and shirts)

Socks new socks after each work shift

Gloves

Towel didn't use towels

Washing hands and faces
before each break

Take shower after work
Protective cream(Marly Skin)

Wristlet

clean after 5 work-shifts

new underwear after 2-3 work shifts

new gloves after 1-2 weeks

didn’t keep washing everyday

everyday

didn’t use wristlet

clean after each work-shift
clean after each work-shift
new socks after each work-shift
new gloves everyday

new towels after each work-shift
kept washing everyday thoroughly

everyday

used cream on the skin of
face and hands

didn’t use cream betore workshift

used wristlet for S days

Table 2. COE Concentration Level for 4 Years by Work Site

units : mg/m’

*Coke side

Maintenance

Year *Top side
Apr, 95 0.08(0.06~0.10)
Sept, 94 0.06(0.05~0.08)
Apr, 94 0.08(0.06~0.11)
Sept, 93 0.08(0.05~0.15)
Apr, 93 0.08(0.04~0.14)
Sept, 92 0.08(0.01~0.17)

0.03(0.02~0.04)
0.02(N.D~0.06)
0.04(0.03~0.06)
0.05(0.02~0.07)
0.03(N.D~0.05)
0.04(0.01~0.13)

0.06(0.05~0.06)
0.06(N.D~0.09)
0.05(0.03~0.14)
0.03(0.01~0.06)
0.04(0.01~0.06)
0.05(N.D~0.14)

N.D=None Detect * All of workers work in the cab
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3) EAEN

FAENL SASEA Package(Version 6.08) &
ALRBl o 2R E¥o Y ARE Hrke)
A8t Shapiro-Wilk test® AAIZ ¥ Qg8
ezt BARIAL B (skewed distribution) & 3}
I 3E BY VTS A8 EA A -
F9] "itale] aAHE 97] #sk Wilcoxon signed
rank test® A&t Awe] ABEM P 8F
1-OH-pyrenetiAtel] 48-& F= ARE Fohyy|
Aot HARAME AAslgn 7sET ¥ age
Excell 5,09 A&} chart® €83k%c}

I.£2 o

1. 3715 COE=XZ2t ME%A Monitoringoll
ot PAHEZ ZRXES 5H7}

PAH®Z Z2AE59 AU F 2% (inter
nal total exposure)©] ok AEHEAE L7
Aot RAA ovenol| FHBI Y= 2R 67
4 (top side 159, push side 15%, coke side
26, maintenance 119%)& Aoz F 1
OH-pyrene¥ =9 COEEEE FAld =3% 2
I (Table 3) £% 1-OH-pyrenes%7} #H#
0.74+0.18 pmd/md creatinine2® e}
Jongeneelen®] €33 =224 (BED 2 Heta
¥ 2.3 mnmd/md creatinine®] 32% F#o|Arh
FH QAR FEHV7E &% AR 234N
& COE (Coke Oven Emissions)”} #H+t 0.038
mg/mEA feluEl HE4718Q 0.2 mg/me) 19%

FFolddrh,

A AAEEE =M AR (R Yate
2289 8% 1-OH-pyrene %7} 1.928 amol/moi
creatininel. 24 71& EA Jebgon] v}l
maintenance (0. 987 pmol/md creatinine), push
side (0. 568 #mi/md creatinine), coke side
(0.446 wuno/md creatinine) <olATh. Zd Y=
2 dAEA SF A Aozt A E ¢7) YEt
o BEAHEA(GLM)el 9% 470 Fde] e2F |
OH-pyrene(xt&) 3t %€ Duncan A% 3 2
#} top side X push side, coke side 2Hzt
o] HR e Fo3 Aolzt AN (p=0. 0061
maintenance 2QAHE HiFR| e 2o 2ozt ¢l
Ak 7ANE 2HAEIE B o AN AERA 67
% 10" (15 %)°] 1-OH-pyrene2 AETH 2
A4E 2Rste Ao vdehgot A48 mon
itoringol e 298 (2.9 %)%o] H{LrES Y
Aoz veht PAH 87 22AEAe A48
monitoring®] W o#ela H& Haghs A
ARl FAct

AQe 3@} BEA monitoringZ 3}
of gt FaAdES B8 49 r=0.5 p=0.000184
AAH oz Aol sle Aoz vehgoh o3
¢l B 2= FAxlTEel 25 1-OH-pyrene
TE7F 0.878 pmd/md creatinine, H)FF b0l
0.506 mnd/mol creatinine2 24 FAapre] v EFA
Aol Wt ®a1 SFRb0] 0.694 pmol/md cre-
atinine, W|-&FAFTo] 0.890 umd/mol creatinine®.
BA v FFAe] Faatdel HlEt A JEhd
t}. 21834 median test H3} Rl A} (p-
value 2tz+ 0. 13).

1

Table 3. Exposure Evaluation for Workers with Biological and Environmental Monitoring Data

1-OH-pyrene COE

Group .
GM {(pmol/mol creatinine) GSD* GM({mg/m") GSD

Average(n=67) 0.745 2,71 0.101 1.78
Top side(n=15) 1.925 2.13 0.101 .78
Push side(n=15) 0.568 1.64 0.023 1.67
Coke side(n=26) 0.446 2.74 0.032 1.86
Maintenance(n=11) 221 (0.029 1.61

0.987

1. COE=Coke Oven Emissions
2. GM=Geometric Mean

&

3. GSD=Geometric Standard Deviation
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HAREF9 B-o] Qle MAAH) & 73 e
T(EAA AEAHe] FFA Ho} & AgT e A}
¥ FAE vy i & F9 8% 1-OH-pyrene ¥
=7 0.766 mmd/md creatinineel3m Zg Fo
0.726 pmd/ml creatinine®A MEHHo] & Fo
e ol wlEted ohd w4 Jebdod gol4e
#1200} (p=0. 54) (Table 4).

FaEA olo] HARNADN (Fig. 3) d4Re
2 r*=0.25, p=0.00018A #deAe| 8% 1-OH
pyrene FXxAtolo] MHAA7L sle Aoz ey

=7 BAA o o3l Mol slsd Row U
Wk 23 ol sAguEeE FARY &
Fwol HER, HFFTo) v)Eld A4 o4
Aol g3 AFAH UYUole HF AFAA
Hrh & o] a2 Fol vidly dmdgo] fS =3
t}(Table 5).

2. Mol Zxlol 23t -

01-)0'

w&ar 7t

< a

AET

PAH #7e]

g #Hstn 2%

wEHe RS0 YAH 23

23 W YYH Yoz 2R

ou ARAF7E 0.2684 FHEF Folld 25% o] 33 8% | OH-pyrene 552 #o)e el
Table 4. Comparison between 1-OH-pyrene and COE to Smoking, Drinking Alcohol and Body Surface
: % 1-OH-pyrene COE
Group r P-value
GM(umol/fmol creatinine) GSD GM(mg/m’) GSD
Smoking
- yes (n=47) (1878 2374 0.035 2.250 0.56 0.0001
- no(n=2() (1.506 2294 0.044 2.026 0.31 0.1695
Drinking alcohol
- yes(n=48) 0.694 2.901 0.036 2.345 0.51 0.0002
- no{n=19) .890 2228 0.043 1.766 0.44 0.0549
*Body surface
- high(n=32) 0.766 3574 0.044 2.109 0.61 0.0002
- Jow(n=35) 0.726 1937 0.033 2.220 0.36 0.0314
Average(n=67) 0.50 (10001

* The total body surface of a worker was based on weight and height, and calculated with the formula proposed by
71.84 X weight(.425(kg) X height().725(cm)

Du Bois. Total body area(cm)=
+ median test p-value
(D Smoker and Non-Smoker : (.13
(2 Alcohol and No-alcohot : (0.37

® Body Surface High and Low : 0.54

Table 5. Regression Analysis between Environmental and Biological Monitoring Data

Group Model a B R? P-value
Total =13.337x + 0.491(n=67) 0.2008 2.8303 0.2546 0.0001
Smoker y=15.584x + (1.522(n=47) 0.2387 3.3493 0.3248 0.0001
Non-smoker y=06.9990x + 0.502(n=20) (1.3430 4.8901 0.1022 0.1695
Alcohol drinker y=13.289x + 0.482(n=48) 0.2490 32811 0.2629 0.0002
Non-drinker y=13.957x + 0.490(n=19) 0.3829 6.7700 (.2000 0.0549
Body surface - high y::?_l 282x + 0.258(n=22) 0.3696 4.9453 0.3817 0.0004
Body surface - low y=5.2809x + 0.665(n=15) 0.1581 2.3496 0.1328 0.0314
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i3 ed 29 A9 BE 2EXE] HAAE  0.43 ud/md creatinine®} A ZF71e Ao® W}
Aol vlEted QAHN ZA|AlA AYF 2F 1-  EPGTH(p=0.0001) (Table 6).

OH-pyrened X7} 3& Ao uelygr} Al ol HEEF WAIZAE B 56.3 % IS
i} 250 HAEQ duR TR W 8F 1+ 2% 1-OH-pyrene W ZHE o224 49
OH-pyrened] %7t B 0.77(GM) moo/md cre-  ZA7} & =&%E& Foled IA 7dge ¢ $71
atinine °]doy AMAQ] ZA|Fole HHE 0.34  UUTh oliF FAEIAE VanRooij E(1993) ¢l
pod/m creatinine2 84 HAHQ ZAE § Fo|  EuF 37 %20 WS g3} 2 Aew Yehgrh
Z7H7F BAAEQ g SRS w B i ole AlUINE 2EaEe MY AR 2a)9

Table 6. The Increase of the 1-OH-pyrene Concentration i Urine During the “Hygienic™ and “Ordinary” Work Week
: the Effect of Extra Hygienic Skin Protective Measures

Urinary 1-OH-pyrene concentration{pmol/mol creatinine)

Ordinary work week Hygienic work week
Worker Work site - -
Day | Day 5§ Increase Day 1 Day 5 Increase
Pre-shift Post-shift (A) Pre-shift Post-shift (B)
] Top 1.317 4.759 3.442 0.243 1.665 0.422
2 Top 0.366 .934 0.568 0.484 0.68% 0.404
3 Top 0.376 3.592 5216 0.349 4.520 4.171
4 Top 0.001 3.199 3198 0.215 2.898 2683
5 Top 0.566 3146 2.580 0.517 1.254 0.737
6 Top 0.424 1.105 0.681 0.342 (.348 0.006
7 Coke 0.23] 0.543 0.321 0.348 0.591 0.243
8 Coke 0.170 0.451 0.281 0.328 (1.329 0.001
9 Coke 0.223 0.669 0.446 0.001 0.407 0.4006
10 Coke 0.413 0.730 0.317 0.193 0.470 0.277
1 Coke 0.001 (.708 0.707 0.001 0.083 0.082
12 Coke 0.557 1.376 0.819 0.258 0.374 0116
{3 Coke 0.299 (1.861 0.562 0.271 0.710 0.439
14 Coke 0.254 0.809 0.555 0.001 (0.724 (.723
15 Push 0.001 0.767 0.766 0.001 0.708 0.707
16 Push 0.230 1.043 0.813 124 0.828 (.704
17 Push 0.001 2.179 2.178 0.143 1,171 1.028
18 Push 0.164 0.754 0.590 0.096 0.610 0.514
19 Push 0.209 .665 0.456 0.442 0.783 0.341
20 Push 0.163 0.690 0.527 0.419 0.563 0.144
2] Mainte. 0.001 (.883 0.882 0.001 0.642 0.641
22 Mainte. 0.001 0.936 (1935 0.001 0.458 0.457
23 Mainte. 0.111 0.437 0.326 0.001 0.001 0.000
24 Mainte. 0.001 (.482 0.481 0.001 0.001 0.000
25 Mainte. 0.252 0.775 0.523 0.001 0.641 0.640
Arithmatic mean 0.253 1.239 1.126 0.231 (1.867 0.715
Geometric mean 0.060 0.961 0.774 0.038 0.407 0.338

Signed rank test p=0.0001
(significance of difference between A and B)



VanRooij 5(1993) 0] AA1% A3 =X\H} 5%
2], EAl, S92E3 3Y =X F A/KY H43
ZX & 73 719l HE Aoz AlgEd. &Y 5
oFde] 25 F8AHNAM 8F 1-OH-pyrened
Z23% A3 Jongeneelen(1992) o} Atk AE3HA
> &A 5 (BED 2.3 tmd/md creatinine ©]44¢) 2&
27t 4ol oyt S

oRA)A] @ ol 64.5 %, €€ P ol 48.6 %
o Z2EIL gle AR vEh) ulgFFo] oF 16
%A= XA B3t O & Ao ENHAY.
FA AE Az ARENM e FAAT
°] 62 %, HIFHAT] 43.9 %2A FAATE]
AA z29 A3t & 2oz Jehdth(Table 7).

ZA] Felle 50 %7t

2% 29te] BEIE 4 Ordinary Work Week(GM) | flork sites|Hyglenlic Work Week(GM)
P n FFAE B
QA Bk BA ue
ik .Z}gz‘i FEE _ 0. I83J Top side 0. 4417
top side (i E&B) <N A s (o) -_:] L 427
ARAZAANT Y A i
Al B3 =4 velhge " 731&% Coke side |O. 0%3 - Urine Sample
o &Y FAE top ' U W Preshit
side’t 7H¢ Be Ao 0.033] Push side J0.082 M, et |
2 Ushdoh 0.9190 | (R — 755 Posdla-;hsnft
Ao A=W ANz ol -
Ao AFNAE ] 0.67 ‘"(‘:f’;)““ 0. 045
top side’} 73 = 3025 2.0 1.5 1.0 050 0 0.5 1.0 L5 2.0 25 3.0
push side (&%) 7} Heol/mol
AR A4 Jdeygo ereatinine
(Fig. 5). |

A EREY

9] AREANJME &8 Coke Work Site.

Fig. 5. The Effect of Hygienic Measures on the Urinary 1-OH-pyrene Excretion by

Table 7. The Effect of Smoking, Drinking Alcohol and Mask on Urinary 1-OH-pyrene Concentration after Hygienic

Measures
Urinary 1-OH-pyrene concentration(umol/mol creatinine)
Group Ordinary work week Hygienic work week Effect(B-A)
Day | Day 5§ Increase Day 1 Day 5 Increase PR
Pre-shift  Post-shift (A) Pre-shift  Post-shift (B)
Sk Yes(N=16) 0.004 0.921 0.69( 0.036 0.444 0.262 62.0
MOKIE  No (N=9) 0.052 1237 0950 0043 0348 0533 439
Drinking  Yes(N=14) 0.052 0.887 0.697 0.018 0.260 0.350 48.6
alcohol No (N=11) 0.071 1.231 0.885 0.104 0.720 0314 64.5
D’(ﬁ’f?i‘;’e 0.10 1261 0913 0053 0466 0042 29.7
Mask G l:/lask
?;—x o 0.032 0.816 0.637 0.021 0310 0.266 58.2
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B3 A HAd X AAEANM e
Zbolupa g 2HEF o] 29.7 % (GM)eln HE
A3 E A8 Fol 58.2 %(GM), vIFE&Fo]
24.1 % (AM) 24 WEvtA3E A8 Fo] HY
F5 PAEANL | & Rer vebden A F
BA19 ERARRT o] npAI FHLFo] WHEvt
23 38T ulste] PRy FIH(GEM) A4
z2X F7+ 2% 8% 1-OH-pyrene ¥% & Al
Z &) WA 2 Ao Vel (Table 7).

v. » #

ohe WEEEEsart 2AH0 2 Fa% on)
€ Ze AL olgd TEH e B JEE
@ty B4 HoleA EFE AMHR V) HE
oit}y, viZF@ AR BA (Environmental Protection
Agency, EPA)dIMe B& oid YeEelsaeig
naphthalene, acenaphthylene,. acenaph-
thene, fluorene, phenanthrene, anthracene.
fluoranthene, pyrene, benzo{a)anthracene.
chrysene, benzo(b)fluoranthene, benzo (k)
fluoranthene, benzo(a)pyrene, dibenzo(a,h!
anthracene, indenol(l.2.3-cd) pyrene& %S+
A Az fAsn g dst £52], 1993).
a9 AR A e vy whEERsieLe] 57
27t 387 BEoe ¥RV 6% F8¢ A=l
Aol ael PAH =28 Z4adr] A ¥z
A FEYEE A7) ARG PAHS 3
HodE Eoled F£HE % ook FH(VanRooij
et al., 1993).

gstgde HRFaod dojMe HRe Fx &
st x4, Ao A, B g7 5+ o
2l H3lzA e dAbeY, siREE Ao webA
T ol lz AlAR-Sel 8, ¥, 2x9 e
284 et A B2ESo] Fa% JEgE vA &
altk (VanRooij et al., 1993) 3t oftjz} 7Hgle]
83 Jawe $F, Aol B nAME OE 4
A7) B BAEHRoRA PAH 872 =A%
9] A7#e)E ke AL A7 dokn et
Jongeneelen®l (1992) ZAIAF3 FAL-oven T
22 13389 oz HE%H monitoring ARE X
W ARi%E 1-OH- pyrene %7} Atg¥ o

3.67 mmd/md creatinine (median 2.64) 224 BEI]
2.3 md/md creatinine & 93 slow AU
2¥ 13%¥% 10%¥°) BEIE Z33lxn slv ey
vehdth, a8y £ dFMe 55Fde) oiAgt
g 2ol Fue AlddM 23FN BT (AM)
1.239 md/md creatinineZA & F53Fo| vff v
Al vehd 2 ARl FPANGRG wj$- F7)
geoz Mg 2 ¥4 R4S ol =
8o d(tar) 28E 2T pyreneo] &EZ} o
k&HEe Fxo wel 8% 1-OH-pyrenedh= &9
 AaaAsE A&E JERHAY (Spearman
rank,;$% r=0.36, p<0.05, ¢ r=0.63, p<0.01).
coke®% battery 259 F71F At BHe
PAHE FAI2 < 15 % st 317] (Bjorseth
& Becher, 1986) W&ol ZEAR] e &%
X7} gow E71F PAHE v 2@ £ ok
dury oz ofFale] @Wo] EHe HJEE YA
e} gSesieie stn HFIAAYU FHEAA)
@o] ETRH e JEE gast oHESEE dalraa
st Fxlake] 2 maElgrt 3]l A3} 49
Re} A= FAA A XS nE$rt 449 A
dxet 57 <149 Ae oA EFHrh PAH
Z BEF 478 ol Ho]l Kol =] Wil
oAzl THAE WA L84 FERA] YRS &
Feln B =E2FEE vg FBriske AE AU
okge] AgeA Fag ouiE 7Im Stk 2
et WA H PAHE FE3) sty HaMe
22848 Wa) vt (Lesage et al., 1987).
WREEe] ARdMe & PAHS 2 83 494
agla zt 48 8%51-OH-pyrenedts] Abaalo)
EAglol sl FERA] HEETd 2.5 PAH tiapat
E3te] @i AT r=0.84(Tjoe et al.,
1993) 24 A#e] e Aoz AF HaEHYoy
4R =RMe AR E Ak Bk Aes
ok, & dAelde 59 A% 5% oY @ &
P et 9% 1-OH-pyrene Alolol A3 87
(r’=0.25, p=0.001)7} e Ao Jepgrh ol#d
Ade WilllamsE (1990) 2 79 259 oigt 2
ol B AFME 67H N Azjelr] wfFo)
sample size®| Zolof] oJFt Aoz WAL} v|F
G2uE BUFY SEAELS ddes AYPE 1-
OH-pyrene® 2%3% A3 1.9~5.0 und/ml crea-
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tinine© 2 Jelt BEI 2. 3 pmo/md creatinined g
€ A%t B2 F71% COE &HcMe HA
N.DAA H3 0.6 mg/m2A] 3]47]5 olAvt H&
5|3 (Tolos et al., 1990) 3&7|E ol3le 2%
N.DE2 Hglg Hoew Hol 23 whyio] EAlz
vF gl A Aoz gadn)

B Aol HEYH aPARe =297t A3}
AM BHxe BEIE dA oy /MEzegs A
B AP 679F 109N BEIAE Y& Ao
Bo} ol AAFe] AR ANHez PAHJ
A AREs7E Ade 2E ¢+ A Y8R
o] =k HAHo R 3 E7|F vigsc} 22
Y EFdAtet AEAAC] & Ydo] Ay & o]
%7] W&ol YEA monitoringe B3l NEA
QA ept@Ee]7t A3 o|FojAMo} slu BAARE
FARAFe2A Y= Hrld Fast 8 ¢ =
£ glejo} & Aol (Fannick et al., 1972).
Burgaz%(1992)©] creosoteZ2ALEE witez
ZARE utol] oJskd FAol 8F 1-OH-pyrenes
Lol A 9%E mAR getane oy B
edMe dFie Askgel grigle £ o}
YAk AojstA 43%E viRe Aoz BAEAG

572 v EFAe] ARl NE 5Tl
48.6 %, ¥I&TTo| 64.5 %R ¥]LFTo) A
ZX 9 Bt £& 222 Jehg v 2FFe] dA
T AAEAIL dYE N Ao B £ gry, v
FA3 EFQ Alelolx: QAR zxe Ayt @)
Vehvded BlEARtTe) 43.7 %5 $i FI4E
o] 62 %2 & AolE vEhia U ol FAA
7t A8 B39 4 ol HE Araeg 24
3 & WEoR AMEd viAz 278 Y4H =
29 A gasE 7MY & Ay 5 Qe b ut
23 2427t 7P Aol 58 olRE EVY
HEE FAl BEsd AA A EdFE &
F UAAW7] W&ol ol EMAne PAH 87
stolA] A3ty ZRAENAE T BRI F4A)
o NIRRT ZAE Hsle Ao s oYL
olgjA1A Fii Uct EF AABAE Hilq &F

FHES B =25 MWUA B A @A
F8% o HusHm AT E dPdae ¢
o] R Wl ZAIEA] eFkAIRE Holof g
TEE ¢ F23% g0tk (Davies et al.,

1980; Dankovic et al., 1989). Yz z=
top side ©2A}&°] £3 push sideFo] ¥& A
< A AN xpolst Fg el Ao
Bt}

58] AN =zx A7} 56.1 % (GM)
o2 yehd A& 554 58 9F =3uxs
F7He ANz el e Ay AYT8L 2] Fe
FefollA AE AAE FAlo]7) wEo] T2 &ns}
A vepdziez Alggct

V.28 £

A2 oven TRAES WFeR 8% 1-OH-
pyrenes #43le] ZAaE AW 2|9} u|m
el AREFERE B 2x2Y 22 9
a3t wiY AR AJE FHg vfd wiels}l ope)
AEahg , oid AR 28, F4- 429 & A
H Fo JMEAE HY 2D e gL HES
Ak,

1. PAH 87dl =29 222 679 (A4 2lge
29.6 %)& WELR F w2HEE Yo A9 o
5 1-OH-pyrene %7t H 0.745 pnol/md crea-
tinine(GM) 24 4883 =225 (BEDZ %
3tiL 3= 2. 3umd/md creatinine®l 32.3 % 4-3=o)
1 AARE FFME COEZ #6712(0.2 mg/
) 2] 19 % F%<] 0.038 mg/mo| Yt

24483 32 H(COE) & ¥E3H4 =Uey 2
oo} AEENolME AMAL R r=(, 5, p=0. 0001
24 AEAol AAen AAFEMAME =0, 25,
p=0.00012A] F5¥52e] 3 AeRE 25 %71 39
Holl o3k Mwgo) glm F7|F COEREs 85
-OH-pyrene ¥x° M¥Ho2 JgL v A
22 YEgth FA4 2 S5, AFAAY 77|
F AW =5F F7k8%0l E F gle g9 A
FAEMAE FAE, 52, AZPH] 2 FollA
Al g dudo] o ESith AJYPAERE =
4% (top side) ©2AE9 9% 1-OH-pyrene %
=7t 1.928 mmd/mdl creatinine®A 713 EA JEl
313l maintenance 22AHE (0,98 pmd/md creati-
nine)o] Thgo 2 EA Uehdoen 53] top side
t2AFE2 coke side, push sidedl] ¥]gle] f-2o)&}
AN EeAo 2 Vel
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2. 54 A&HTFEUe PAHO ZF=2€ AE7E 56
Al7te} FdFox & Eo] HA gm U] o
8ol 23220 A3 L3te 224 259 e o
Aoz A4H A F x=E2FE AvE &Y
F AR E ST 3 43 2AE HA &
BARQIA] 2RA| A HEle AL 52579
Fo #Ha 0.77 md/md creatinine®] #7181 ¢
AA ZA A e 254l Hgld d& 5358Y ¥
of B (.33 amm/md creatininec] ZF7lsla] €Al
ZAJA}l 0.43 mnd/mo creatinine HA F713 Ao
2 Yeht 56.3 %(GM) Y #A4 Bt sle Ao
2 HIkE A

3. SFA ol AEA] AFI} 48.6 %o
2 H)SFAE 64.5 %E2A BSFAY] HA4ZRA] &
H}7F 159 % B F& Ao vehgtt HETF F
74 B HrledMe Wsvaz zZExis) 582
%, @Ao] Fag 7ol nmpaa &ALxy} 297
%, BEF olFgx7l 24.1 % 24 9= Z34a
7F 7 A ZA) BE&o] A Jebgth F9xie)
B]FAR} Alolols FAAIE 62 %, BIEAAL
43.9 % A W EFAAtY JAzA] ARt B %
A vebgen A9 AAYRE top side Z2A
E%} maintenance SEAIENA JxA B}
A JElRd

ol ¥ Ze ANE wjHoz PAHO xEHe
2228 2174E Efdoz {fA] M=
vt P HEVE SR EA (skin
notation) & 3 P2 FoEe Aol Fasiv}
= 2& JHEES sodok sl PAH 7o sl
Ae AUBEEY ol TRAEC g BED
A monitoringS 4AIEHY F &L FrixoR
B7IES Axstoiof gtk
P PAH 87 ZEAEC delde 23719
g BAld H3dte o] o|gHelmz HyR
A% A Az V&g AFst 223

ZHE B AHe] ¢ £ U=E FE=3
Zlo)t},
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