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The Relationship between Exposure to Benzene and the Excretion of Urinary Trans,

Trans-muconic Acid in Petrochemical Factory Tumaround Process Workers

Seung Min Lee' - Jong Uk Won' - Chi Nyon Kim' - Jaehoon Roh®

'Institute for Occupational Health & Graduate School of Public Health, Yonsei University

*Institute for Occupational Health & Department of Preventive Medicine, Yonsei University

ABSTRACT

Objectives: Using laborers participating in the petrochemical factory turnaround process as subjects, this study aims to identify
exposure to benzene in the air and examine the relationship between exposure and the excretion of urinary metabolites by
measuring concentrations of urinary trans, trans-muconic acid (t,t-MA).

Methods: A passive sampler was used to measure the level of benzene in the air. In order to analyze urinary metabolites, the urine
of laborers participating in the turnaround process was collected twice daily, both before and after work. In addition, a survey was
conducted on work factors and lifestyle habits as factors affecting the concentration of urinary metabolites.

Results: During the survey period, benzene was detected in the samples from all workers, and its average concentration was
0.16+0.22 ppm. The average concentration of t,t-MA after work was 1.20+1.86 mg/g creatinine, and the results of analyzing urinary
metabolites concentration before and after work showed statistically significant differences(p=0.003). There was also a statistically
significant correlation (r=0.52, p=0.002) between benzene in the air and the concentration of after-work urinary t,t-MA.
Conclusions: During the turnaround process, the average benzene concentration in workers was 0.16+0.22 ppm, which was below
the exposure limit. However, their average t,t-MA concentration was 1.20+1.86 mg/g creatinine, which exceeded the exposure limit
of 1mg/g creatinine. The characteristics of turnaround process work require considerations such as underestimating the passive
sampler being used and the skin absorption of benzene, and there needs to be a simultaneous assessment of working environment
measurements and biological monitoring.

Key words : benzene, biological exposure indices, trans, trans-muconic acid, turnaround process

LM 2 T2} SolA &=, 53] H4-5-A](Maintenance),

M| Z|(Clean-up), A|&F=Z(Sampling), T =F-2-<5(Transport)

A (Benzene)- 57|34 31e a9l 40 7|2 YR FgolA ALEE ezo] WA= Ao R duA Uk
Agslsna), A4 SAR, SAERA Az 22 (KOSHA, 2003),
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wE A B4E FO GojUBe FUs: gow
84 9)tHRosenstock et al.,, 2005). AsIofA %
N =& A= 2874 Ashdago] 27135 (Glass
et al, 2003), 7+ A0l Tew LZ2% AFTES 27}
Al7)1= Ao R ®HiE o] Qlti(Schnatter et al.,, 1996;
Collins et al., 2003). 1]=AFIRYZE71E 2] 5| (American
Conference of Governmental Industrial Hygienist, ACGIH)
M WAL AL YLIRAANZ Aok 84
F 227]5E 0.5 ppm, HAIZF =&V 2.5 ppm,
nHEs 7l BXE A AM(ACGIH, 2012).

wzle) YEs AL 2% W, 2% Aol
E9 H], 8% 7HIE ¥ 3EEFH=, 2% trans,
trans-muconic acid(t,t-MA), 2% S-phenyl-N-acetyl
cystein(PhAC)L} s-phenylmercapturic acid(S-PMA)5-©]
HE]o] QlthLagorio et al., 1998; Scherer et al., 1998;
Joo et al, 2006; ACGIH, 2009). 0] % Q3 #H=2 wizl
o YAl AEty xR el ol gHglont, 4
Foll o3l G wol W Aoz ekelA glom,
A 52 WAl B A WMA 2Ho] 71 8% WAo]
U 9% uls 24K A8 2oz HoE T
Qlth(Lauwerys et al., 1994; Buratti et al., 1996;
Marrubini et al., 2001; Joo et al., 2006).

AL 5l g A 82 =o|il AMILE HHA|5)
7] 98l A71d o2 A H] 2 (Turn around, TA)S
AAIReE g 2 34 W e dRlE Agst
I HAE AA, 1A, Hashs AYgor FRATE AR
sh= st Ao ks E 7ol w2 A¢oltiCha
et al, 2000). L} o Au] 2Hjal 22 w]A 7] 2o
=R A e S0l it 257 WAIEA] &AL
NoY keFF7E ALl AAEA Al itk

2 A= AFrshsrdoll A tign] A Al iAo
i A2 s Bk, A i 2=
SolA 8F ttMAS 24510 37] 5 WS F=o
UE 25 tt-MAS WS whofstaia) sl
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weste] A9l AR A= s mY]
(Organic vapor monitor #3500, 3M, Canada)E =
o] 87| FHol B&F 6A|7t oA EHFTH

2) 2% LMAS) A3 B 24
2% teMA FHE 9Pl T2 23] el A T 2L
Adistaton, A7 @ 2ae) sile E A2
Suleh 7 2 A7kA] WE BESHICE 8 % (tMA
AL AR AT AT oz
SHA| 22 0LE 28 9](Gilson 306, Gilsonjit, France
Y2 ARg-GFe] 221519 tHKOSHA, 2010)(Table 1).

ol ox Fl[‘ F

37 % WA BE0 0% (-MA BEO| FPEE

Table 1. Operating condition of high performance liquid

chromatography
Descriptions Conditions
Instrument HPLC, U-3000(Dionex)
Detection wavelength UV 259 nm

Column Capcell Pak 5 m(4.6x150 mm)
Injection volume 10
Flow-rate 0.5 mb/min
Mobile phase Water+Sodium

Pihydrogenphosphate+Phosphoric acid

http://www.kiha.kr/
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e AZsl7] 98] Shapiro-Wilk testE 350
d AT 8% tt-MAS] F& Z}o|= paired t-test
24350 37 5 WAL 2% tt+-MA 522
N Al Pearson AAEA T A3 B4S Al
Ak A acle] O A ¥ 85 tt-MA &
e Q3f t-testS NA]é}oﬂ on An-zxHoz
2

“erap slstol o2 wwa 4 A5H
27 BAL SAS(ver 9.2, Institute Inc., Cary,
NC, USA)E o|-g5tsict.

. o137 Ao}

1. 27| S HIMD @F tt-MA SEO| AbatA
DAJYA - T RZTtt-MA FE v

A9 A F 8F LLMAS] BAAT 2 A 8
2 tt-MAS == 0.26+0.32 mg/g creatinine©]1l, 2]
o Q2 tt-MAS T+ 1.20+1.86 mg/g creatinine |3}
ok 2 A -3 Q2 t,t-MAEES paired t-test= 7
g Ay BANCZ fo% ok 9ot
(p<0.01)(Table 2).

2) 37 & WAL 2F (t-MA X ¥ 2
7] % WAL 0.16£0.22 ppm ©]A 1, 2+

o
= d
= t,t-MA2 1.20+1.86 mg/g creatinine ©]3iTh

9
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BEoh A F 4F LtMA &9 Hof
AR A3 ofo) ARBAR 7] F WA %
2142 % (MAS] BEL EAHoR

374 y=0.35x+5.07 (A1)
H| (AR 71HE) = AA t-MASE(ug/g cr)
/ 71 tt-MA%=(ug/g cr)

)
[\&)
R

gzt ¥ 7 8F tt-MAS TS} A4 @3 tt-MA

SRS U vold BRG] 1Fe] Holg 1
gou, BAHCR ol gtrhTable 4)

&}

A T WA mE S AT 85 ttMAY] I
o e A BEE 89 F Het 28 o
Fob AR GRS Aot sl o] adl

Table 2. Concentration of t,t-MA(mg/g Creatinine) in urine for before and after working

Before working
Metabolite N
Mean+S.D

GM=GSD

After working .
p-Value

Mean+S.D GM=GSD

t-MA' 33 0.26+0.32

0.09+5.14

1.20+1.86 0.74+2.29 0.003

: p-Value: calculated by paired t-test
t,t-MA: t,t-muconic acid

Table 3. The exposure level of airbone benzene(ppm) and the concentration of t,t-MA(mg/g Creatinine) in urine by after working

Variables N Mean+tS.D GM+GSD r p—Value‘r
Benzene 33 0.16+0.22 0.08+3.40
: 0.52 0.002
t,t-MA 33 1.20+1.86 0.74+2.29

: Log transformed value
p-Value: calculated by pearson correlation test
t,t-MA: t,t-muconic acid

http://iwww.kiha.kr
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Table 4. Comparing with the rate of the t,t-MA according to the difference of working days

The rate of the t,t—MA*

working days N p—Value+
Mean+S.D GM+GSD
1 day 10 1.01+0.09 1.01+1.09
2 day 10 1.03+0.13 1.02+1.12
3 day 10 1.02+0.13 1.02+1.13 0.06
4 day 10 1.46+0.64 1.35+1.50
5 day 10 1.20+0.57 1.11+1.45
The rate of t,t-MA was calculated by dividing measured value into expectation value.
p -Value: calculated by ANOVA test
Table 5. Concentration of t,t-MA(mg/g Creatinine) in urine by work factor for after working
Variables N Mean+S.D GM=+GSD p-VaIue*
mask+gloves 11 0.86+0.65 0.67+2.03
Pro?ective mask 15 1.38+2.34 0.80+2.29 -
equipment gloves 4 1.96+2.86 0.91+3.26
No wear 3 0.60+0.30 0.55+1.59
8hr 12 0.79+0.68 0.64+1.79
Work hour 12hr 19 1.45+2.32 0.78+2.61 0.64
15hr 2 0.99+0.13 0.99+1.10
*p-Value: calculated by ANOVA test
of 2 ¢ T 9F tt-MA FE9] Xpo|E EAs} (p<0.01).

Ak

Hogh 2§ oo} LAt mE AY & g
F ttMA FZ= A FY3 Aol7h glddt
(Table 5).

5.2 t1t+-MA =0 ¥&2 0|X|= 290!
WA 8% tt-MAo|| JFS F+= Ao disfiA
7] & WAL sEol 2o o3t gclog 12

o]
Ao o, PRAY, TRAZL HET G ofi 1
domt Fa

;z}g] Aol Al ol

Z tt-MA H=9] 3]
o] ZU1ELE o
F WMA FEE EAMeR folsiA Srkednt
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nd T A 22219 749 A8el 7] &
A sret ZAagor 2ex A, 9F-4Y
FAZ D REF 2§ oJRE 23 AHI, 4
5t 2y & @ F tt-MA FEof i3t thE3|
A wd o)A} Zo] wAe w-Zo] 2718k
8% ttMA $EE Bz §ol5kA 2718k
OUKp<0.05), 2] A=, JEA, Gt

>r-lrt-1n“
o 2=

£ 8% trMA 9| Bk Aol FAHLR f
OJSHA] kT

ZEl e 2 oA 7Hel Aehsael FAadgat
o A & e 2L 7 Heel it
ThEE AEA AR WA =Fo] ZIE4E 2
LEMA sEs FAHCR fosHA Skl
(p<0.05), 71 9] 2falat FE5d 2lold= 5

AR ez §olsiA AkehTable 6)
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Table 6. Affecting factor of the t,t-MA in urine

Independent variables Model T Model 1 Model TH
r p-Value r p-Value r p-Value
Airborne benzene 451 0.002 6.12 0.01 5.18 0.02
Age(year) >40 1.00 - 1.00 -
40-49 3.12 0.21 1.69 0.50
50-60 2.07 0.47 0.53 0.85
Work 1-9 1.00 - 1.00 -
Duration(year) 10-19 -0.62 0.62 -0.23 0.85
20< -0.20 0.88 0.62 0.64
Work hour 8hr 1.00 - 1.00 -
12hr 0.83 0.53 0.91 0.48
12hr< -0.28 0.86 -0.81 0.61
Protective mask-+gloves 1.00 - 1.00 -
Equipment mask 1.73 0.07 1.49 0.13
gloves 0.01 1.00 -0.51 0.64
No wear 0.02 0.99 0.72 0.54
Smoking status Non smoker 1.00 - 1.00 -
Smoker 1.27 0.05
Drinking status Non drinker 1.00 - 1.00 -
Drinker 0.41 0.54
Intercept 0.47 -3.59 -4.90
R’ 0.28 0.47 0.57
F-Value 11.91 1.96 2.21

" Model I : concentration of benzene, Model II : Model I+ work factors, Model Il : Model II+ individual custom.
p-Value: calculated by Multiple regression analysis

v.a & TVt AL E3}o] HH@%E}(Boogaard & van Sittert,

1995). Melikian et al.(2002)2 S<=~% HlAlo] AYA|

WHS A5 B9 duden wsl Aages U WBIAS AN SVAZ 00054 0%
ARgEE], ] A Wi dugRe) 4 g AL GMARS 0.6004] 20%717] e A

PHE BT Aelom DEAGel WA gl OF I S9oH oY Nge WA Sl

7l o] =2 ZFeJo|thKim et al., 2008). t}AH] 2zt ofd R axgith o]t AFSolA WA =EA|

de aEAe] HHE glato] 2 AolAE 454 LEMAZH SPMA vl 2 AE o 5 4

F 7] 7| (Passive samplen)S o]-&3to] Z7] & WA % o, & dAtollA= WAl w=Zof gt AESTH A%

=5 Brissich 2 LtMAE Hrletsich
A ww owlA wZo] tiet AESH -EARD Popp et al.(1994)2 7] & #lZlz}t t,t-MAS] AF

S-phenylmercapturic acid(SPMA)Q} tt-MA7} ALE-I] A4=7F 0.548F31 B 135} a1, Ghittori et al.(1995)2
I Qlth. SPMAL ubAl o= Folw wiAle] oF 0.11% 0.01-0.05 ppm9] #-5% WA =Eo|A t,t-MAL] At
7} SPMA Fejz woz wAEw(Van sittert et AT 0.562 HuSkgnk ofefst e 2 Ay
al,, 1993), tt-MAQ] 7% ZQ% WAl oF 1-4%% o] 371 & WA -MAS] AJEA IS 0.529}F frARRE
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