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Study of Correlation between Airborne Benzene and Urinary Trans,trans-muconic acid
in Petrochemical Industry Processes
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To invedtigate the exposure effect of benzene, we measured end-shift was 196.8 £ 2.23 g/g credtinine in exposure group
arborne benzene as externd doses, uninary tt-muconic acid as and 149.2 + 2.08 yg/g creatinine in control group. There was

an internal dose of benzene exposure and analyzed the significant correlation between the airborne concentration of
relationship between tt-muconic acid concentration and benzene benzene and the urinary concentration of t,t-muconic acid(
expodure. r=0.711, p<0.01). From the results of stepwise multiple

The study population of eight businesses included 157 regression analysis about t,t-muconic acid at end-shift,

workerg(87 workers in field; exposure group, 70 workers in Sgnificant independents was arborne benzene,

board; control group) who produce or use benzene in In this study, there were significant correlation between the
petrochemical industry. urinary concentration of t,t-muconic acid and the airborne
The concentrations of arborne benzene were evaluated by concentration of benzene. More extensive studies ruling out

persond samplesand urine was sampled at the pre and end shift. hedthy worker effect is nesded.
Urinary t,t-muconic acid as interna dose was to andyze the
relationship with airborne benzene.
The geometric meang GM) of airborne benzene was 0.0231
ppm(range ND-1.0471 ppm) in exposure group and 0.0147

ppm(range ND-0.3162 ppm) in control group. Key Words : benzene, transitrans-muconic acid, biologica

The geometric meang(GM) of urinary tt-muconic acid a monitoring

e 12006 99 11, A 1 20061 1€ 282
T AAAL = QRFAA] F5 7 AR 344, T Atqiekd T Al B A,
Tel : 032-5100-799, E-mail : j646464@koshane)



.M 2

9»)]\

AR B el 7 744 g4 E S
tﬂ, %%2 AAYskE WHAIQ) upstream AF Al
A5kl ol sl downstreem 4F3] © & L}* T Stk
‘W?j > 7P oI Aol iR, SErHS A% 5,
123 opAEE ohw, A, EUkAE, AEAR, A
T, skl g, AlzAY 5ok 2 xﬂlﬁ s AgHoz 4
o e 1: & Atk AR ARl ol Al A
f ‘H o] FH2sH tZH Ol‘ctﬂ, )7 S0 7}
=7 lJ%?JOEOEH wEH I, T 'EEAT
A 072 Aol EAlshd, A= Fetolut *3
oA ] o] HHEHDE, Afakgl ] 7hs

Olb‘ri Shrae] 494 wE2AAS AAF 07 Al Fst
THIARC, 1989; Verma -, 2000).

AL Afsiehatd o AR AL S Salsidoletar
EHolA]= 3ol T2 A= of7]olx A gt
O] 8% AR5, WA 0= Al E A0 FAA F74
FAREEA AL %D} AR Af-9F A7k~ Fof 01-3%
AL EAlsk=), iy AA7IAREE FAE = SHIE,
AR, LU AE % 3748 A IRAES Aateke
oA wlile] o= A% 9 ¥t (Vermaz} Tombe, 1999).
W A& D/yju PSS } /do]uq H]-S]ZJ‘E]-%/\J #o]s}
WAE Ad BS54 24 2A, i) WAl TES 7]
seteA, Eekag ARE 93 9EE AReEilslelA
Ol%lﬂv} T3t g3k QOM HFBEAZ 2]
3 a1 Aloko 2 & ARGEILE WAl niE a3HE U 07|
g wbg ezl SJgh ool A4t 5 2 3THACGIH, 1990;
Pagnotto, 1997).

A 7EEdolY Z1eF A AlE2 Fask FAANTC
T s Alghel A ebgo] Sl AlE Z dEA 9o
i, & A ERASH IARC, WHOSI|A] Q17| ¥ OWOE Rty
A 3tk (Menlman, 1990). ¥lA 2] 7] 2hg .= HlAllof] 2] 4]

OF w3y Abghella] M o] wd Q1AAQl 1 A}EﬂllEOl 5
t)7} ¥ %=, 192811 o]l Delore} Borgomanoel] 2] aiA] K.
¥ %11 (Delore?} Borgomano, 1928), 19| o|&gjo}, gk
El7]ollA ZE71A] Ald|7F B 9ok (Lignee, 1932; Viglian,
1976, Vigliani and Saita, 1964; Gogud 5, 1967; Girard -, 1968,
1970) 193941 Hunter7} #l41-2- Q174o) 7] 9k& o 71Tha 1
1333 © 1 (Hunter, 1939), 19711 0] Ishimau 5-< 3] 2 A9}
S]] A9l BEA ] tiste] MEE S RBalskglE
], o] H.aAof ofat, WAz} tmo] A4 0= Hille]
=5 AREE AlolollA] WidH o 9132 25u) o) to]2kal
B tHishimaru 5, 1971). 1977'd <) Goldgen ¥l =l o]

s
T
22
= T

_lZ:_O,L‘L‘F

o
oi
E

)9
2L o=
ot

ox, r_&_]
O{N {3 FIO

2oexorlr |
ofl

EH?EP —tﬁ%% T o= AQHES o] wlAle] =EH Abgol

HIA ]‘%WM A3 o} (Hemolymphoreticular cancer) ©]]

A, o] HalxolA] o] Fof A
E'—T gtﬂ x%uﬂgtﬂ ﬁ/\
4z g/\o‘to]&bﬂ
WYY wAR ] Wy
71E} Jdr?d_% %‘%OIE} gk sfelor, o
EE&S‘E}P— 4ol T EE, A WEH )
H] g A 712 ey Soﬂ tfste] Akl th(Goldsen, 1977).
Sl ‘f’a

-g—/ﬂ

[e}

19890l vl e=0] 217 A 3]Ql e E4 kel e ge
A e A7713 ARIA dE7kse] kst 5] elA
o] g7Fs st B Qb FEAtE A}%o}O% a7l =
Aol gk A7l 7 A S A wAl

of Tk WA =E7 155 4 pob(12ug/m') S5 ]k o,

o] oA 9] o] Wid o] tfst AFstATE 2 AYS
obrl3lelE}. 128k o] 8= zaro o)AM= 1 o)) kA s}
A 5ol 2 Ay A Q7] whitol wHEEtet vt = Lq1
7HAE WllAlo] E8HE of Qli= Aol iAol o st of |
Z5 7|9 Zo)7] wolth

sulellAl= 2001 109 AAF 224 57 HEE gy
A, 2002 22 BAF 33T A 58 EAF oM R AL
W o Eo] 2002 22 o Asketat 1) AR
F2} 10,7473 o thist AP} 149 o 279t 9l H
S0l FRIE T (FH= 1t obd E et 2003).

37| & wAlel st A58 2| 3254 (biomaker) = AR
T =%, 85 AT0lES v], a7 7 E Y f‘ﬂtiﬂ
"% T 8F S—phenyl-N—acetyl cysten(PhAC), &
S—Phenylmercapturic add(S—PMA) o] AF-&jo] gkt 1 5 “ﬂ
Al =zl sk 3 2Q) LA A AR da Al =
%71 10ppmell A 50mg/ £) & AREEl] oL o] 9 37}
ARSE AWbAQl 215 A ks T tiAL & HlmE Biglet
= qi]zi]oﬂ Eo] ];J_Exlg x%zslo].x] H= ].\:]JE ‘?_]'@O] %
3, EE] Al mEo] thejME o= AE I ES W
o:]zﬂ- /\ o) 01/]_ A0 ﬂ,zsl—/\]-oh/]. 71—0] Nﬂg}ﬁ/] 72};4404

M= I eEgre] THE ALY 884 UM] H] 3 A
Aow %71 witol] e BUEE ] A9 AsEe =
A2 E AAeA] FatnE AT dAld fist &
ARLZ Q% tt—fr2ato] ol A5 Sl (Holmberg &,
1985; Ducos -, 1990; Weaver 5, 1996; Ruppert ‘é, 1997
Scherer 5, 1998). 37| 5 WAl F o whE tt—H2Ake] uy
A WAl 1ppme] dfste] 2W 5 A 2mg (2 %
AL QLEh (Bt o Bt 1997).

whebA] 2 A A FH T YT e el i g
HA wFol ot wE vy oI sk} Al o} A sto] A 2



2§18 3 g AT MR A WAle] the 4
B wB5ES Bk, AP 2RAEAN 20 %
B FES B0 37 F A FEge BaE o)
ofsto] T AR WAL MDY 71 B A
o O 712 A2 AN Sk

1. 970

2004 19 dA Ay A sl E w A 1400
A7 R A3 Ve 717e] S H 877 Al e R
71 % AARFARE 810 (ShAtd b e, 2000), WAl # 55
AR = WlAlS A zsEAY d 7 10000 o) ARESh=
AFAF 87012 &7 (Fidd) :Lix} 81ds wE T O H|
44 Boad) T2AF 08-S xS ATt s 44
slo 1 20041 5YH-E] 9%77}74 I F WA wE2rE Y A&

Fante] ey & Qs

[‘E

g
=4
O>
T

Sl Abe] 317 A
. e, § el 29 4
Eaiglon, 2042 A% 92 Y agS 5 3

) o3t
19 o1 Srlsiick 1o EAS olgslol A

< (body mass index, BMI) & Al
(Pack—Years) = 7lxkstSl Tt

3.5 U 2oy

AEAH 2 BE2 AASEEY AN 1Y (T,
2001), v]=F =F=]Ake] oA B o142 (Nationd Indtitute for
Occupationd Safety and Hedlth, NIOSH) 2] 3% A& (NIOSH
method) (NIOSH, 1994) 4 ©] = AFd kA B A %
(Occupationd Safety and Hedlth Administration, OSHA) ©] 274
A& (OSHA method) (OSHA, 1985) o]&-3to] A8}

<

A 30 00602 L/mn% &7 7%
NN B EH7] (Gilian, USA 2 MSA,
USA) & o] &34 100 mg/50 mg A etah-e H-2ato] £4
o}oﬂ‘?} 44 J&J %%——% st 2wl FrEHel Y
SA mlE Bot £50] FH

A 307 AMAlS BFAAA B
lonization Detector, FID) 7} -2+
HP—-6890, USA) £ o]-&-3}o] %

3ol 234 =7] (Flame
w 7] ﬂELEU}ElEM (GC,
g4 sl

Al

—

4. 2 F 7

rHJ
o

—

AW Z Al AR QD -34S Ogatas) Taguchi (1987)
4 Chua 5 (1993) o] W& oRE Asto] 20 200 s
NaCl 60 mg 0. = X 341|717 6N GAF 20 W E A 7sto] AH4d
37 T, ollE ofAlE|o] E 1000 S Yl ZEste] 9
252 i) #4135 800 s T A g el %711
3| A7 75 o] &3 A B5%7A] (Turboveap LV, Zymark) =
AT TEAA, o 400 ol 59 F0.2/m
JE R o 38kal b e 34 5 AA A2 eHE 1249] (HPLC,
HP-1100, USA) of] F-§15ko] A ek4] sFicth(Tabled).

5. Xlz 84N

37 T oAl A S R SR B
Komogorov—Smimov A5, =&} thxr7ke] 3
B8 -4, 37 & A FE9} Ad F FEAE
HHEAAS AAEAY FALH S 7

SPSS/PC (Window verson 100) = 0] 83

. A2}
WA &I

1.37| &

HAS A4 B AR 87 AFEA 2241 157 5
A (Fed) 24 8792 w&T o=, 18 vjds
(Boad) 212 70 S 2o 7 dlo] 7oA gl o)t
WAl S4ste] EA A= v 2} =E3 T 87
WA F 7570 A 5. 86.2%) ol A Aol 112 = 9l vl
T2 7070 A B F 4 A (586%) ol 4] HlAle
o wlAlS Hgoke AFE 2EARIA =E
< 00231 pom (1 $] ND—10471) O & %0
0.0147 ppm(}3 9] ND—0.3162) K.t} 2]t =9kt (Tale

LH-iﬁ



Al HFARAe] 24 1574 sk A4 Fask
= A AYAR =& vjd AR gz A
ZAF Ayp= o2y 2ok w 3 Hedd ()L =
T2 3641480190 0, th 2+ 4125724 2%
ZFo] 7k QLS Th. BMIE a3} th 2ol A fr2) ek ko] 7}
9olth FALL wE70)] 563%, U|ZT0] 57.1%% o)
7} Q9T B FAF NN =ET0] 144160°.F U
Z%1(132+50)J+ zpol7h glgloH, FAFAF () &

Z70] 11616307 UZT(126166) 7 =Fo]7F 313

Lo M orle

7

WA} 2 F AN A A 389

ofN

o 2571 (d) & tiz2aro] 171£5724 a3t (120 +
44) B} o) eHA| =5k EHTable3)

ofl
1
m fl 1‘
‘4o,
r
@
{o
I,
>~
>
>
f
O
om

s} =
HEA A TES ‘%17} I3 E'Jﬁ_ Table49} 7“‘/} L% o}
al —?-ﬂ _1?'_%/\]_ ol xl—?jzio] 801
i1.93ug/gcrestinine0 a1, 219 1740+ 2.18 pglg credtinine
o024 AT W F FEA LIt Fos w3

Table 1. Analyzing conditions for the urinary tt-muconic acid

T Az
[nstrument HPLC (HP 1100)
Detector UV 259 nm (0-15+)
Column C18 4.6 X 250 mm, 4 ¢m
Mobile phase A: 20 mM KH2POs pH 3.3 (5% Acetonintrile)
B: 100% Acetonitrile
A(95%) ----> A(80%)
Flow rate 1 mé/min
Injection volumn 5l
Retention time 10%
Limit of Detection 0.002 mg/ ¢
Table 2. Exposure level of Airborne benzene (Unit: ppm)
Groups N GM GSD Range p-values T
Exposure 87 0.0231 4.1286 ND —1.0471 0.036
Control 70 0.0147 3.3931 ND — 0.3162
Total 157 0.0189 3.8539 ND —1.0471

% N: The number of samples, GM: Geometric mean, GSD: Geometric standard deviation T p-values : calculated by t-test

Table 3. General characteristics of workers surveyed

Exposure(N=87)

Control(N=70)

[tems p-vaues
Mean SD Mean SD
. : 412 5.7 )

Age(years) 36.4 4.8 0.000
BMI(kg/nr) 237 27 24.1 2.3 0.324
Work duration 12.0 44 171 57 0.000
(vears)

Smoking(%) 56.3 57.1 0.918 1
Smoking amount 144 6.0 132 5.0 0.286 1
(cigarettes/day)

Smoking amount 11.6 6.3 12.6 6.6 0.446

(packs/year)
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Table 4. Comparison of urinary tt-muconic acid in pre and end shift (Unit: p1g/g creatinine)
Working time N GM GSD Range p-valuest
Pre-shift 157 80.1 1.93 18.8-861.5 0.000
End-shift 157 174.0 2.18 28.9-1394.7

T p-values : calculated by t-test

Table 5. Comparison of urinary t,t-muconic acid by sampling time and groups

Pre-shift End-shift
Group N GM +GSD N GM £ GSD prvauest
(Range) (Range)
80.51.90 19685223
Exposure 87 (22.5-557.1) 81 (35.9-1394.7) 0.000
79.7+198 149.2+2.08
Control 70 (18.8-86L15) 70 (28.9-902.8) 0.000
p-valuest 1.000 0.027

T p-values : calculated by t-test

Table 6. Correlation matrix between urinary tt-muconic acid and each independent variables

[tems Age BMI  Work duration Smoking amount PreMAT End MA T
BMI(kg/m’) 0.041

Work duration(years) 0.927"  0.022

Smoking amount (cigarettes/day) -0.013  0.073 —0.051

PreMA T -0.061 —0.028 —0.066 0.150

End MA T -0.110 -0.133 —0.094 0.088 0.541"

Airborne Benzene T 0036  —0.153 0.028 —0.042 0.242" 0.711"

* Pearson's product moment correlation coefficient(x# p < 0.01)
T Log transformed value, MA: t,t-muconic acid
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Table 7. Stepwise multiple regression analysis of t,t-muconic acid at the end-shift against variables

Variables B SE 8 p-values ¥
[ntercept 2773 0.071 0.000
Benzene t 0.383 0.036 0.656 0.000
MA (Pre-shift) T 0.001 0.000 0.379 0.000
R? 0.597

adjusted R? 0.589

F 78.514(p=0.000)

* B regression coefficients, SE: standard error, 8: standardized B
T Log transformed value
F p-values by stepwise multiple regression
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