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— Abstract—

Urinary S-Phenylmercapturic Acid as a Biomarker for Biological Monitoring
in Workers Exposed to Benzene

Sin Ho Bang, Kwang Jong Kim, Yong Tae Yum

Department of Preventive Medicine & Institute for Occupational
and Environmental Health, College of Medicine Korea University

This study was to evaluate the associations between urinary S-Phenyl- mercapturic acid(S-PMA)
as a new indicator of biological monitoring for low level of exposure to benzene and independent
variables such as the air concentration of benzene in the breathing zone of workers, the years of
work, and smoking. In this study the subjects were the total of 145 drawn from 53 workers who were
occupationally exposed to benzene and 92 workers who were not.

The results were as follows: .
1. In the workplace geometric mean concentration of benzene in the breathing zone of workers was

0.31 ppm(0.02 - 3.26 ppm) for the spraying workers and 0.25 ppm(0.02 - 3.95 ppm) for the print-

ing workers.

2. The geometric mean of uninary S-PMA for non exposed group was 8.9 ug/g creatinine(0.6 - 72.3
ug/g creatinine), 80.3% (74 workers) of the total non-exposed workers indicated less than 20 ug/g
creatinine of uninary S-PMA. The difference of uninary S-PMA by sex, age, smoking was not sig-
nificant.

3. The geometric mean of urinary S-PMA for workers who were exposed to benzene was 37.2 ug/g
creatinine, and was four times higher than that of workers who were not exposed. And 79.3% (42
workers) of the total exposed workers indicated more than 20 pg/g creatinine of urinary S-PMA.

4. Regarding the level of benzene in the air, urinary S-PMA was the highest level of 147.9 ug/g crea-
tinine in the workers who were exposed to air concentration of 0.5 ppm of benzene and was high-
er as the level in the air was increased.

5. The correlation coefficient between log urinary S-PMA and log benzene concentration in the
breathing zone was 0.80, and the following linear equation was found between urinary log S-PMA
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and log benzene concentration in the breathing zone :
log S-PMA (ug/g creatinine) = 0.564 log benzene in air(ppm) + 0.192
(n=53, r=0.80, p=0.000)
In conclusion, the concentration of S-PMA in urine proved to be good parameter for biological
monitoring benzene exposure at the workplace even at low level of benzene in air.
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23vtate] AS 1970d = fiAs] JaAFe
4,0208<19.2F 19923 =4 1,171,958 A
atslo] 1970 ol vlaha] o 202ue] F71E BA
HAEEAES, 1992). =T viZel AGAARE
71823 (ACGIH, 1990)< sl&ia A vlFelA
Z AA AHeEe A3 o 4H 1M HEo|z PP L2
2 a4ds] $xrt deksta o AASRE R
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g 22xe A7 B /78R g3 2
$15iAd el v]$ oz ofv] AHsla g,

19283 AQAL HAxS HEy YAt F
dAel Agoz H7IHAY o|F F=] WA=
23 WEFEEE, AGEFINY, =4 IH7F
A FA B4 9¥E AL d3BA
7t doke el 2AA At (Vigliani, 1964;
Synder ¥, 1981: Infante$} White, 1985;
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@ sgen (Vigliani, 1976), WAL A3} A4
oA ¢ TAEL FVHIFEe EPEELE, e
SEERevhe 47 FH BYHE FPAge
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ols} o] Wizlol MY HEATIe SYER
Z 9AHe ©lF AtARAA (OSHA) AN E

1987d¢] F7iF ¥Wdsl HE¥=E 10ppmolA
lppmes B}3gen v3e HAGAYAEINR
2 (ACGIH) sl € 19904 7<) A2 T35 3
4F%E 0.1ppmeE ¥FEE JFPsa geoy
+AUHAME % 10ppme | EEES 73
332 gltH(Jones ¥, 1989; =¥, 1992). 7

4E BB Aoz RS P &
28 2249 A74HE OEE fAskd 257
olgjd] 287 = HEZ F4E AU F =2
F2 vhdsie AENH e AXEA AU
o] &dlo} ¥d FoA AT Edol 2 giapd
B2 233 4894 24X (biclogical expo-
sure index)E® &<Tel ®Wol < &dHz U
(ACGIH, 1992). .

Ade] A 2] AR2A A g 485
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IFEe ¥WAegd g JEUF BUHIL 4
o] ALgHR oy ole] FF7Ye AP
A HEed T AU B HBE Hee] &
A} 2F AP v el 7] dE F
dH 22 10ppm °l3te] AF=d @4 F2d &
249 Y 2UEY AR ol@sedHe &
Aubgel Eojyo] Wiz @l (Silter T, 1993). -

Ao EF5E WA AskEio] =g dAsA
& ZAA Hzeldd hydroquinone, catechol
ol A48y ol HEzel 2% dARIER el
(Inoue &, 1988) ¥de} S-phenylmercapturic
acid (S-PMA) & AdN @502 {28 dapt
E0)7] wjEo] HAcdel 4T AN PERH 2
+ g Yrig 4 ded AIde Axzed w4
od =23 2z 424F 2UHIS A 22
Bolgdat gige] Qe AEHRE AFE2A o 2
23 AddlA Fdge] dAs] S {Stommel
5, 1989; Inoue %, 1989; Sittert ¥, 1993).
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thazle] QA5 £ZE Table 15 o] AY
¥ =&3TdM FAI2A7 349 (64.2%) 4
d2=Ae 199 (35.8%) 911, ¥x=&Te EA
7} 767 (82.6%), dAe 169 (17.4%) <1300k

ko] HE 9SS =B2Fo] 38, 14, tiEFo]
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Table 1. General characteristics of subjects by group

=@l E 447 (47.8%) 918tk
L elpehy

1) IS HiEsE 53

F1E 94 v=9 e vF I
ALAET A2 1501 44 (NIOSH, 1984)=
o] &3l 7} AAPE AV1EA FF ==2AY =&
7] $1xeA 845 (charcoal tube)S personal
air sampler (Gillian CO.)°l F&3sle] A8 AFH
' % 0.2 /mino2 443t o] A5,

EJE AR BASE #2871 &0 F o35
e 1 mE Po] 247 BXEe F3AE /7184
g $3M3, 889 948 vlaz FAPIE o
&3l 1F 14E gas chromatography(GC,
Hewlett Packard, USA)el FUAA AF 24
dgen GCo BAFAL b&d Fghc)

Column : HP-20M, 50m X 0.2mm 1D,
0. 2¢M film

Colurmn temperature, program 50T lmin,

5C/min to 120C, 2min

Injection temperature : 200C

Detector temperature @ 250C

Detector : FID

2) @F S-Phenyimercapturic acid(S-PMA) &F

2% 5-PMAS] 312 Stommel 5 (1989)
9 A4 S ol &, 224 8 AHe F
715 AAlEsE 38 e 3 3] FaAFd A
Astdch

Exposed group Non-Exposed group
{n=53) (n=92)

Male 34(62.2%) Male 76(82.6%)

No. of work
o OF workers Female  19(35.8%) Female  16(17.4%)
Age(year) Mean(SD)* 38.1(9.3) 34.1(8.4)
Work Duration(year) Mean(SD)* 8.4(5.3) 6.8(4.1)
Smoke Non-Smoker 30(56.6%) 48(52.2%)
Smoker 23(43.4%) 44(47 8%)

* . Standard Deviation
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8% S-PMAS] BAH-S o33 23t

Ald#) &9 2mlel 6N HCIE ¥} pH 1.02
2 AA35E JEEFEA (ISTD:S-benzyl mer-
capturic acid) 100 ng< 7}IEth. ethylac-
etate 5 mlE o] 20% B¢ EEAN FEFIn
2,500 rpmellA] 583t YHEAA F715% +F
< EeEgnh £EE #7152 OE AEHRd &
713 4% 94| ethylacetate 5 mlE ¥o] &2
WHo g 23 F AP Bold {71FE vac-
uum rotary evaporater® ZFIAIZ F
P,0s/KOH7} €913+ desiccatorollA £33+
AzAZ & acetone 180 4, K,CO; 50 mg,
CH,I 20 4Z o] 60ColA 30%3t vFgAIZ T

22X Alg" 7171 gas chromatography
mass spectrometry selected ion recording
(Hewlett Packard Mass Selective Detector :
Model HP 5972, Series I Gas chromatogra-
phy: HP 5890, Automatic Sampler: 7673)°]
3 GCollA A3 columne fused silica capil-
lary SE-54, Z°] 30 m, W7 0.25 mm, film
thicknesse 0.25¢melRen FY7] &=+ 230
€, transferline2 280tC°Ith. GC oven 2%
£ 80¢elA 183 fEx £3 12t 280TC7HA
22 58 FAAZFHLH carri-
er gas flowe 0.98 ml/min®]
229 injection volume

4) 4 2N

2E A= #3 FAENL 958 SPSS H
A 51 Z2IPEL o] 83T =E2TH Hx=EF
o 1ojA 2F S-PMAS} 7% WAsxe 23
A9 A BXE AFI AY o FTFEEES
Yepigleng SHXNES 7|slgad 7)sxEH
zh, M9 22 Yglt olE Axe foi A
2 t-test, ANOVA-test HS A&3sl9n &
% S-PMAS 3715 WAs:, 2595, FIAF
T Al ¥ty #RAL ABAF S A=
I 8% S-PMA® 375 WAEE e g 3
A2 & &

M. =AFAH

ZA AL 371F WAl x2E FdAolA
AT 22X 387 X9 FlF WA e
Table 29t Zo] =4 ZAAZlA 7]3tHF 0.31
ppm (0. 02~ 3.26ppm) o2 <3 Ao (.25
ppm (0. 02~3. 95ppm) Bt} T Egkon} fold
Aol flith

AAdH o2 WA =252 F3 Qe AHRE =

Table 2. Benzene concentration in the breathing zone of workers exposed to
benzene by work place

splitless 24E FY3IA umt: ppr
Calibration curve e o Wotkiplacs No. of Benzene concentration in air
3 ¥2%%(5-200 ng/ml) 2 3 workers GM(GSD)* Range
o RE BEAUL FU3MA F Spray 21 0.31(0.62) 0.02~3.26
Zzal: $5A35d EEESE Print 32 0.25(0.69) 0.02~3.95
Total 53 0.27(0.65) 0.02~3.95

S-PMA (m/e 194)¢ S-BMA

(m/e 176)2] methyles-ter %t
4] (response ratio)°l T3
plotting3tdth. AFHE A

* ;. Geometric Mean(Geometric Standard Deviation)

Table 3. Urinary S-Phenylmercapturic acid of non-exposed workers

3t de M F= (/)

£ creati-nine #HS I g

Urinary S-PMA (ug/g creatinine)

/g creatinine® 2 HA ST},

3) 2F creatinine® &3
23 creatinine2 Jeffe Wy
o=z Z33a.

(n=92)
GM(GSD)* 8.9(2.6)
Range 0.6 ~72.3
95% Confidence interval 1.32 ~ 59.8
Coefficient of variation(%) 43.6

* . Geometric Mean(Geometric Standard Deviation)
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Table 4. Urinary S-PMA by sex, age of and smoke in non-exposed workers

No. of Urinary S-PMA (ug/g creatinine)

workers GM(GSD)* P-value

Sex - M 76 8.3(2.6) p=0.154
F 16 12.1(2.3)

Age ~ 29 35 7.12.1) p=0.228
(year) 30 ~ 39 32 10.5(2.3)
40 ~ 25 9.8(2.2)

Smoke  Non-smoker 48 9.7(3.0) p=0.358
Smoker 44 8.1(2.2)

12.1 ug/g creatinine 2 A}
Hoh oA g5hou fo3t 3]
€ fden d"¥dE 8F S-
PMA+E 30~39417lA 10.5
ug/g creatininee 2 7} ¥t
ou Z+ AT el #F 2}
ol ATk

F4 o8 2% S-PMAE
H| &A= 9.7 wg/g creati-
ninel® FAAEG i E=Sk

* . Geometric Mean(Geometric Standard Deviation)

Table 5. Urinary S-Phenylmercapturic acid of exposed group and non-

exposed group

oy g {3t Aol AN
=3
WA =27 v 2

% S-PMAS] 713182 Table

58k o] x=Z&7ellA 37.2 we/g

EXp?;iif)rouP Non'e?:fgsgl O eatinine (1. 9~442.9 /g

creatinine) & B|x=&79] 8.9

GM(GSD)*, pug/g creatinine 37.2(2.9) 8.9(2.6) /e rBati e oF K V4]
Range 1.9~442.9 0.6~72.3 53 B e

P-value P<0.01 ¥ =S RS BATHP0.01).

*: Geometric Mean(Geometric Standard Deviation)

Table 6. Urinary S-Phenylmercapturic acid of exposed
workers and non-exposed workers

Urinary S-PMA Exposed Non-exposed
(ug/g creatinine) workers workers
~ 20 11(20.7) 74(80.3)
20 ~ 40 16(30.1) 12(13.1)
40 ~ 60 10(18.9) 4( 4.4)
60 ~ 80 5( 9.5) 2(12.2)
80 ~ 1000 3())5.7) =
100 ~ 8(15.1) i
Total 53(100.0) 92(100.0)
():%
P <0.01

22 929 S ez Z3% 2F S-PMA ¥&9
TXAAM HxE ZERO AE, AFdE, FAAR
¥ 83 S-PMA%E Table 3% Table 49 2t}
Z, A uxE 2239 2% S-PMAY 72
8.9 wg/g creatinine(0.6 - 72.3 wug/g creati-
nine) ol om, H¥ 8% S-PMAE AtolA

EET 2 TN 8F S-
PMA sx=5&d9 EX:=
Table 63 Zo] x=ZTA 20
~40 ug/g creatinine v|%HFo] F ZEA 538 F
30.1%% 16z 7 Bskx, 20 wug/g creati-
nine °|A%U A= F dFAFe] 79.3% (429) o] Ao
o Hx=2Te 8% S-PMA 20 we/g creatinine
a)gkl &7F F diAdRle] 80.3% (74%) & Ho F
T3 8% S-PMA =58 E¥X:= #93% &
°]& YeRth

WA =5 IR0 3F7] ARA SHT 37
Z WA =¥ 2% S-PMAQ] 71582 Table
T3 o] F7]1% WA % 0.1~0. 5ppmell =Z¥
Z2AdA 25 S-PMA =& 32.4 we/g crea-
tininec]F 2™ 0.5~4. 0ppmol| =ZF FZA}ol|A
8% S-PMAE 147.9 wug/g creatinine® 2 =7
Hetden 3INF =t ¥254% 83 S-PMA
= =34t

Ao =29 22X 538L tFeE 089 g
% S-PMA ¥E, 375 94 ¥x, 2595, &
AF T Al RFEN FHAFTE &S A
Table 8% Zo] ¥7]% WAl Fx9 2F S-PMA
o] F#AFE 0.80(P<0.01) 2 717 &Skt
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Table 7. Urinary S-PMA of workers by benzene concentration in air

L

Ao EFrE WA micro-

Benezene concentration No. of Urinary S-PMA(ug/g creatinine)  somal cytochrome p450 oxi-
in air (ppm) workers GM(GSD)* dased] 213 benzene oxide®
0.02 ~ Q.1 9 11.7(1.2) Hg= o] APEL A F

0.1 ~ 05 33 32.4(24) A48 DNA ZEx dds 3
0.5 ~ 40 11 147.93.9) A ZPAY g2 948 f=4

F=33.39, Sig of F=0.000
* : Geometric Mean(Geometric Standard Deviation)

Table 8. Correlation matrix of selected variables in ﬁorkers exposed to benzene

2 9% AfEd &, glu-
tathion® &3t S1 glu-
tathione®] ¥A4=H3 gluta-
mine FEH¢Q peptidases

acetyl coA acetyltransferase
ZA59 glutathionase?} A&

Log benzene Log urinary
An air S-PMA Smoke
Log benzene in air 1.000
Log urinary S-PMA 0.801* 1.000 :
Smocke -0.127 -0.046 1.000

Hel F2o2 81 acetyl-L-
-cysteine permercapturic acid

7t B3 HFH2E &9

*:P<00L, **:P<005

WA 2 2228 23 S-PMAE F&EssE
dn 371 WA $=E FENSE ANy 9
AAWA AL 42% A3 log S-PMA(us/g crea-
tinine) = 0.564 log benzene in air(ppm) +
0.1923 (n=53, r=0.80, p=0.000)% FUh.

N. 2 &

WAL International Agency for Cancer
Research(IACR, 1982)¢] <5} 2§ 1o ¥4
242 FEHNeH, @A x3E IR A
AE D495 BAE 99 P @ A2
A7 AXNH vFe A4 ARrIYEe
(ACGIH, 1992)9iMe BAe] 75 H{45=E
1ppmolA 0. lppmo2 BFEE A3y 3
(=5, 1992+ °1¥AA 10ppmE Y=
FAEIE glo WAl =29 oA ARRIE
#3 #H8ex AF A o] =&} uks
o] FAA AES} lojet §o

gt AT WAl =28 S2A oM 48
2 2UElgd] #¢ ATE ABES] 2EAM Ko
AR D2 JEAF AR side] dasp 5
deoni o] AEe WAL x&3 Wg 71AE o5
o PERE Wilel IGAE sk o Atk

A S-phenylmercapturic acid
2 "MAEc(Ong® Lee,
: o 1994).

8% S-PMA B42 Jongeneelen %(1987)°]
high performance liquid chromatography€ .
ol g3t A2 FFsPer ¥ o AFAM
g3 83 S-PMA B4Rl Ad Sl AUck

E dpdA Hgxes WA ¥xdd AFH
4 929% dxFo2 AP 23 S-PMA F&
E 7188 F 8.9 we/g creatinine(0.6~72.3 w/g
creatinine) |32 8F S-PMA 20 wz/g creati-
nine vIEK1 A & o@=lkel 80,3% (7432 A
gl REL A9} 40 we/g creatinine ©
A9 A= £ A 6.6%(63)F 2ot =%
Hgde] 4, 4%Y, FAdNo] BE 2% S-
PMA ¥=+= f9$ Ae|7t gl

glZe] A4 vix2Fe] 2F S-PMA F=of &
@ A7 Stommel (1989) 58 249 =T
A 2% S-PMAE BT 4.0 ug/g creatinine®|
O3 B3t B JRrc ¥des Popp ¥
(1994) & 649 dizyeAd 12,5 £ 13.5(0.7~
35.5 ug/g creatinine)olA&% B3 3 & A3
Brhe g4 et £ 47t &Fe A7
dA Hie vl o] HixEHPRNE 8F S-PMA
b gEEee 8 9% WA e 87
S-PMA7L 28530t} o9 2& Fihes dwt 47
FdA AQe trlF, B e 4F T 2ol
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Adut AEPAN 2 FE 27 WAL FYA A
2 9dd Aoz AAEN (Wollace 5, 1987,
Ghittori &, 1996) vlx&we] 4§ tidAdA
=2 8% S-PMAE EQ A dsEide o2
o8 A7l 2a3i

Hae] &9 22Ae] AYFe =43AA}
A Fe e oo THEF RS F7F
HAxEe =3393904 7158 F 0. 31ppmeld
I H{3FEE 3.26ppmel e AARF A=
718 F 0.25ppm, FILEEE 3.95ppm7HA]
Bl ol &AQdAe] FiF ddesEe vt
9 HREE (=T, 1992)2) 10ppmole vEeldd
o1} v #4810 2 (ACGTH, 1992) )
A A4 0. lppmelle 23,

o|9t go]| F71F WAEE 0.02~3.95ppme] =
29 ZERH 23 S-PMASY 7184 FL 37.2
ug/g creatinine(1.9~442.9 ug/g creatinine) &
2 Hix=272) 89 wm/g creatinine®th 41} o)
A vebgch

Stommel $(1989)2 F71F d3%¥= (.01~
0.15 ppm®] =29 ZaAx A= IR 289H% F
713 9AFE 0.07~1. 13ppmel =28 35822
AZ 222 24%E ez 85 S-PMAE 34
% A3} zhzt 48.5+64.5 ug/g creatinine(2. 1~
274.1 we/g creatinine), 70.9£109.2 ug/g crea-
tinine(1.9~513 we/g creatinine)°|Ue< B3
stgen], Popp $(1994 & HEAE AzxI2A
208E ez 7T WdExs 85 S-PMA
& ZAMY A% 371% WAsEE B 0.8ppmel
A3 HA3E=E 3. 9ppmolPey, &5 S-PMA9
HAoeEE 33.0 1g/g creatininec|ivtst Eust
o B Asxdes FARIEY =% Boogaardst
Sittert (1995)= #71% WA¥E 0.03~3.4ppm
o w2&® M{sigEd oFA 188HE ez
2% S-PMAE 233 27 Hds=0t 47 w/g
creatinine (1~496 wg/g creatinine) IWE2 B
T35 B A7 AR =& £EA thE 52
22 8-PMAE 2tk

ol ZA AR S5 FAPELE] F7iz A
Ao 5Tl AARY, AAF, AYWY ¥
o 9% Aojat A olgdz FA o F
8 @A) 9% 7hsA (Wallace 3, 198741

3 u5 4771 283t

33 WAEEs} 2F S-PMAS] ARAL B
A B AdA F dezke] ARASE 0.8022
E2 AB/AE 2P ol Popp 5(1994)0] =
AVg Asel A#AS 0.81, Jongeneelen &
(1987) 2] A=l ARAT 0.869%= #AE X8
Bk

olgt Zo] Apxe] WA 2H IT=ARA &
Z 8-PMA 23& HA =24 O3 4234 2y
HYgd glold £ =287 2 & vk AS
A3 F23Ao

goz AyEe WA =2 2R HEFH
N2 95 YEFHY L8 B¢ 771
a5 BEea 9% (biological response} B7t
g 9 483 ZUEHY AxSS] 4dde 95
AT ool sicka YzHa.

V.8 £

2 A7 gz WA =210 224 539
il »& 22X 929 F F 1458S tdeE |
A =29 A28 RUHH (Biological Moni-
toring) ] A= A E2 8% S-Phenylmercap-
turic Acid$t 1% W4 Fx7te] A4S 4
3o oEE 2 A3g dgith
1 #4948 215 idssy e =3 &

A& 0.31lppm (0.02~3.26ppm), A=
AgoAA 0. 25ppm (0. 02~3. 95ppm) ©1 A}

2) 94 ¥=% 2249 9F 3-PMAS] 7IsEd
£ 8.9 wg/g creatinine (0.6~72.3 re/g cre-
atinine} ©193 20 wug/g creatinine WTRIARE
Z g 4R9) 80.3% (748) oAk 44, &%,
Fdo42d 23 S-PMAE #2% Aozt 13
o

3 9d =% 22As] 2% S-PMAS] 7|sHEES
37.2 we/g creatinine (1.9~442.6 w/g crea-
tinine) &.2 ¥ =&TH} 48] 14 ¥A Y&
wew, 8% S-PMA 20 w&/g creatinine ©]%
¢l A= 2 AR 79, 3% (427) ot

4 8% S-PMAE 371% W48 3= 0.5 ppm ©]
AarollA] 147.9 wg/g creatininee = 7 B
on, 2713 W4 ¥Ev 224 B34
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5 8% S-PMAY 371F R4 Fx7te] 4dA4
£ 0.80°1R1, log IS-PMA (/g creatinine))
= 0.564 logibenzene in air (ppm)] +
0.1923(n=53, r=0.80, p=0.000)9) T &AL
A4& 9

ZEHLE AEEe W] x2® I2AA
8F S-PMAE dfxEd dig 4E33 2UE
Fel ol 2 AE7 B 4 ke RAg AN
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