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A Study on Urinary Trans, Trans-Muconic acid, Hippuric acid of

gas station worker according to the use of gasoline vapor recovery system

Jaejun Choi' - 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 College of Medicine

ABSTRACT

Objectives: This study aims to investigate the excretion aspect of urinary t, t-MA and hippuric acid by measuring concentrations of
urinary metabolites according to the use of gasoline vapor recovery system.

Materials:In order to analyze urinary metabolites, samples from the 23 gas station workers ten gas stations in the Seoul and Gyeonggi
Province area were collected once daily after work. In addition, a survey was conducted on work factors and lifestyle habits as factors
affecting the concentration of urinary metabolites.

Results: The average concentrations of t, t-MA and hippuric acid after work were 0.124+0.177 mg/g creatinine and 0.557+0.251 g/g
creatinine among workers at gas stations where gasoline vapor recovery systems were installed. The average concentrations of t, t-MA
and hippuric acid were 0.160+0.113 mg/g creatinine and 0.682+0.619 g/g creatinine among workes at gas stations where gasoline vapor
recovery systems were not installed. Average concentrations were higher at gas stations where a gasoline vapor recovery system was
not installed, but the differences were not statistically significant differences. Urinary t, t-MA and hippuric acid average concentrations
of smokers and non-smokers were higher in the gas stations where gasoline a vapor recovery system was not installed. T, t-MA as a
factor evaluation affecting the concentration of urinary metabolites was not statistically significant in all factors, while hippuric acid
was statistically significant only for age(p=0.024).

Conclusions: The average concentrations of urinary t, t-MA and hippuric acid were higher in gas stations where gasoline vapor recovery
systems were not installed compared to gas stations where such a system was installed. There needs to be an assessment of biological
monitoring according to refueling activity considering skin absorption of benzene and toluene and presence of gasoline vapor recovery
system.

Key words : Benzene, Gasoline vapor recovery system, Gas station, Hippuric acid, t, t-MA, Toluene
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HPLC EAZxAL 21 Zth(Table 1).

£ Hippuric acid WjAZF-S AP RS
oA AAIGE W o2 BASITHKOSHA, 2012).
Hippuric acid 0.3 g2 100 M &8FZe}A T 27|31
THeRE FAZ A9 kil 3000 mgl EE-8o
Qohe WEslth B2 AL 27 10, 20, 40,
80, 100 ME F3}o] 1 M vial2 Yh3eo] ufi Ak 30,
60, 120, 240, 300 MPLE FZGNO & BiTh

HPLC EXzAL o}y ZtiTable 2).

3) AN

E Ro BAEAL SAS (Ver 9.2, Institute
Inc., Cary, NC, USA)E o]-&st3ich dwdt e F
= Bl 9 AFHEAY ARkl B4 TIeE
AE ol Btk 2EFHAE Fokdlen, 1571 2
GAdn] §Eo] Aol ohiy] F tiest WS

olgaloth. A4UER T 8% t, tMAS} Hippuric

Table 1. Operating conditions of High performance liquid
chromatography for t, t-MA

Descriptions Analytical conditions

Instrument Agilent

Column Higgins C18 5 pn 150 x 4.6 mm
Temperature 35T

Mobile phase 10 mM KH2PO4(pH 3.0) : ACN(95:5)
Flow rate 0.8 m{/min

Injection volume 10

Wave length 259 mm

Table 2. Operating conditions of High performance liquid
chromatography for Hippuric acid

Descriptions Analytical conditions
Instrument fl(i}ﬁl;orr)le]rformance Liquid chromatography
Column CS2546-C185
Temperature 30T
Mobile phase 20 mM KH2PO4(pH 3.0) : ACN(85:15)
Flow rate 1.0 m¢/min

Injection volume 10 ul

Wave length 225 mm

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 152-159



57| 3l RF0|| OIE FRA ZEXES 2F trans, trans—Muconic acid, Hippuric acidofl 28t 172 155

acid z=o FF= vd - U= 29de ol o g FAAL vEAR Hrh E9kX|%t Hippuric
)8l Multiple regression analysisZ A1 A]3}$ich acid= H]ZAA7L vl =t /571 A
H7b AAE e R4S 2%t tMAS)
m. i o} Hippuric acid= FA7}7} o %9k7, u]dAE 7§
A ZEAEY 85 t, t-MA HadsEs SART =
1. R57| 34N R20| M2 @S ChAARES Hlm AW Hippuric acid Hvtge= HF AR w3t
927] sjAn] A SBo| we e 277 B MEAG BE §37] 84467t vaAE
o 16Ho ABARE BAGIe] @F AR = FHaoA 2% t, t-MAQ} Hippuric acid 5271 =
= )@kt ATHTable 4).
2% LMA SEE §57] Spdu) 4xE 24
4~of| 4] 0.124+0.177 mg/g creatinine, Hippuric acid %% 3. 23 tjAE s20| ggka 0= 22
L 0.557+0.251 g/g creatinine 0]t} §-Z7] 3]4=4H] 8% t, -MA2} Hippuric acid &%=l 9= 1A
b ul AR E 2440 tMA FEE 0160£0.113 = S1o® {371 sledn] 4 A%, 2538,
mg/g creatinine, Hippuric acid ‘5 =+= 0.682+0.619 g/g THARRE ANAAE SHRe R FUoR, FFoRE
creatinine ©| Tt §=7] F4AHH] v|dx FH49] Q'%QH‘E‘HQ 2-g-5 3l
auAEe] AT FhA0] 2RAENTG 0F o Model T2 3571 2l=dv] ek ¢ = &
t-MA, 23 Hippuric acid %7} o =9Fxak, £4 2] Q= t, t-MA, Hlppurlc acid =9 3AEALL AA
2 F9% ol ¢loitkTable 3). g A {§57] e fiel mE 25t tMA
¢} Hippuric acid 5=+ ZAZCSRE Fo51A] &%
2. E00{H0f }E RF CHAIMES 5= Ch(p=0.565, p=0.613).
Fofito] T2 9% t tMAS] Fipr Ayl Model I Model Tof 1, 2779, ARk

Table 3. Concentration of metabolites in urine by vapor recovery system

Variables t, -MA" p—Value‘r Hippuric acid” p—Value*
Mean+S.D' GM(GSD)* Mean+S.D' GM(GSD)*
s&g;)n 0.124+0.177 0.056(3.605) 0.557£0.251 0.507(1.618)
N I 0.57 0.50
"I(l{\ffl%‘; 0.160+0.113 0.103(3.157) 0.682+0.619 0.533(1.933)

* t, t-MA: mg/g creatinine, Hippuric acid: g/g creatinine; T p-Value by t-test; Statistically significant at p<0.05; ¥ Mean+SD:
arithmetic meantstandard deviation; § GM: Geometric mean, GSD: Geometric standard deviation.

Table 4. Concentration of metabolites in urine by smoking status

Smoking status t, -MA” Hippuric acid”
MeanS.D' GM(GSD)' Mean+S.D' GM(GSD)'
Total Smoker 0.1610.146 0.094(3.253) 0.635+0.419 0.542(1.753)
(N=23) Non-smoker 0.130+0.115 0.074(3.592) 0.659:0.700 0.499(1.990)
Stage 11 Smoker 0.142+0.188 0.066(3.720) 0.588:£0.260 0.533(1.658)
(N=7) Non-smoker 0.020:£0.000 0.020(0.000) 0.372+0.000 0.372(0.000)
Non-stage I Smoker 0.176£0.117 0.122(2.951) 0.6710.524 0.549(1.885)
(N=16) Non-smoker 0.144+0.115 0.087(3.535) 0.694+0.739 0.517(2.067)

* t t-MA: mg/g creatinine, Hippuric acid: g/g creatinine; ¥ Mean+SD: arithmetic meantstandard deviation; ¥ GM: Geometric mean,
GSD: Geometric standard deviation.
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Table 5. Affecting factor of trans, trans-Muconic acid in urine

THAZ] W2 2% t, tMA = ZE 29l
i3 EAZ o2 998kx] 9ok, Hippuric acid %
21515 th(p=0.024).
Model -2 Model IIof 7jj¢

l{‘

=l out

1ol o

5

o
=

. Model 1 Model I Model I
Variables - F - T * ¥
B(SE) p-Value B(SE) p-Value B(SE) p-Value
Stage II Use
0.036(0.061) 0.565 0.033(0.067) 0.628 0.039(0.069) 0.581
Non-use
Age(years) -0.001(0.002) 0.577 -0.001(0.002) 0.751
Work duration(year) >1
|< 0.074(0.059) 0.225 0.046(0.060) 0.451
Work hour <10
10< -0.060(0.063) 0.358 -0.009(0.072) 0.902
Smoking status Non smoker
0.103(0.085) 0.240
Smoker
Drinking status Non drinker
. -0.132(0.074) 0.096
Drinker
Physical activity -0.019(0.062) 0.768
R’ 0.016 0.169 0.335
F-value 0.34 0.92 1.08
n=23; * [3; parameter estimate, SE: standard error, Model I: stage II, Model II: Model I+ work factors, Model Il : Model
[+ individual custom, ¥ p-Value by Multiple regression analysis, Statistically significant at p<0.05.
Table 6. Affecting factor of Hippuric acid in urine
. Model 1 Model I Model I
Variables n ¥ - T > T
B(SE) p-Value B(SE) p-Value B(SE) p-Value
Stage II Use
0.126(0.245) 0.613 0.329(0.229) 0.168 0.330(0.262) 0.230
Non-use
Age(years) 0.015(0.006) 0.024 0.014(0.007) 0.074
Work duration(year) >1
L= -0.410(0.201) 0.056 -0.351(0.231) 0.151
Work hour <10
L0< -0.360(0.215) 0.111 -0.383(0.308) 0.235
Smoking status Non smoker
-0.084(0.323) 0.800
Smoker
Drinking status Non drinker
. 0.184(0.314) 0.566
Drinker
Physical activity -0.067(0.334) 0.844
Benzoic acid yes
0.084(0.239) 0.730
no
R’ 0.012 0.399 0.435
F-value 0.26 2.99 1.35
n=23; * [3; parameter estimate, SE: standard error, Model I: stage II, Model II: Model I+ work factors, Model I : Model

II+ individual custom, ¥ p-Value by Multiple regression analysis, Statistically significant at p<0.05.
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