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Occupational Exposure Aspects of Gasoline Vapor According
to the Use of a Gasoline Vapor Recovery System

Heemyung Lee' - Jong-Uk Won? - Chi-Nyon Kim' - Jachoon 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: The purpose of this study was to investigate the possible effects of a gasoline vapor recovery system on personal
exposure levels of gasoline vapor constituents including benzene, toluene, ethyl benzene, xylene(BTEX), and methyl tert-butyl
ether(MTBE) among gas station workers in a metropolitan area.

Methods: Thirty-one gas station workers at ten gas stations in a metropolitan area were selected as subjects for this study. Test
method PV2028 as recommended in the OSHA process was used for sampling and analysis.

Results: The personal exposure levels of benzene, toluene, ethyl benzene, xylene, MTBE and gasoline vapor in the gas station
workers were 0.0018+0.0069 ppm, 0.0077+0.0137 ppm, 0.0002+0.0008 ppm, 0.0016+0.0084 ppm, 0.2619+0.3340 ppm, and
1.4940+1.7984 ppm, respectively. After adjustment for refueling frequency and volume, personal exposure levelswere higher in
the gas stations where gasoline vapor recovery systems(Stage 1) were not installed, but the results were not statistically
significant. Gasoline vapor concentrations showed a positive correlation to the level of MTBE, a gasoline additive.

Conclusions: Vapor recovery systems(Stage 1) were effective not only in reducing emissions of air pollutants, but also in
reducing exposure to hazardous substances among gas station workers. In addition, acorrelation between gasoline vapors and
MTBE concentration was confirmed.

Key words: gasoline, vapor recovery system(Stage II), gas station worker, BTEX(benzene, toluene, ethyl benzene, xylene),
MTBE(methy] tert-butyl ether)
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Table 1. Operating conditions of gas chromatograph

Descriptions Analytical conditions

Instrument Gas chromatograph[HP 6890 Series]
Detector Flame-ionization detector
Column DB-FFAP Capillary, 50 m* 032 mm* 0.50 um

Injection temperature 250C
Detector temperature 250 C
Oven temperature 200C
Injection volume 1 ul

Split ratio 20:1

Qg 2 ml vialof| Z+z} =2 0.01% p
cymenco] EHEl SAES OlFHEACS) 1 ni
& 7hsiol 300t AelA AT F 712 S
BAsIGow, BEAEZ S benzene 93.1%,
toluene 93.5%, ethyl benzene 96.5%, xylene 91.9%,
methyl tert-butyl ether 96.1%, 7} 91.6% o]t}

7+ BAS BA517] $ste] 7tA A RutE 1)
(Gas chromatography, GC)/&Z0|23} 7% 7|(Flame
ionization detector, FID)E o|8-3}% o, E238-2 50
m * 0.32 mm * 0.50 um DB-FFAP capillary column-2-
AF&-SF A tH(Table 1).
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1.7t&E 712t T2 2t o2y

37 F 7t B Hrol /& 27 HE 7F A
TR A3 MTBE 7}Q13T} A AR 5 Axr) oF
o] AbaA 0] 90 H(Table 2), 7] & MTBE H%
7 FNERE VR 3] BEe BARCR {9

7 Z7kstdchFigure 1, 2).

2. BTEX, MTBE, 7}&2l &7|2| TieIA 2 5=
Foa ZAA E 319S gae= 3y #
BTEX, MTBE, 7}&3 2718 243 A1 22

it %X benzene 0.0018+0.0069 ppm(TWA 1

R4 RE7| S5y

Hl AbZol [E THEEl B7(9 JHel==2ds 159
ppm), toluene 0.0077+0.0137 ppm(TWA 50 ppm),
ethyl benzene 0.0002+0.0008 ppm(TWA 100 ppm),
xylene 0.0016+0.0084 ppm(TWA 100 ppm), MTBE
0.2619+0.3340 ppm(TWA 50 ppm) o]loH, 7}<&H
=719 Hdt 5= 1.4940+1.7984 ppm(TWA 300
ppm) ©] it

Benzene®| 7Z-¢- A4 4 7] Fil’““t'l Af
|A A YA A, B FHa OM A5 H]
TAA Gl AT FHae FEEHA %}—‘ib?k HJEH
MTBE®} 7h&d 5719 A9 A9 & glo] 2=
MAX =N HEEHNoH, 2449 HE3HA v
o] =r= E7ENon detection, ND)Z ZFH31%
tH(Table 3).

Table 2. Correlation coefficients between airborne BTEX, MTBE & gasoline vapor

Gasoline vapor Benzene Toluene Ethyl benzene Xylene MTBE
Personal 1.000 - - - - -
Gasoline vapor
Area 1.000 - - - - -
Personal -0.091 1.000 - - - -
Benzene N
Area 0.591 1.000 - - - -
Personal 0.573 0.240 1.000 - - -
Toluene
Area 0.195 0.431% 1.000 - - -
Personal 0.141 0.283 0.394" 1.000 - -
Ethyl benzene . .
Area 0.591 1.000% 0.431 1.000 - -
Personal 0.051 -0.050 0.301 0.919" 1.000 -
Xylene . * #
Area 0.591 1.000* 0.431 0.431 1.000 -
Personal 0.893" -0.156 0557 -0.002 0.011 1.000
MTBE .
Area 0.778 0.133 -0.092 0.133 0.133 1.000

"Result of limit of detection, p-value by Pearson correlation test,

=3
i

The level of Gasoline conc(ppm)
L +

95% CI

Fitted values

T T T T

0.5 1
The level of MTBE Conc(ppm)

" p<0.05, MTBE;

methyl tert-butyl ether

0.5
8o

The level of Gasoline Conc(ppm)

Fitted values 95% CI

0.05 01
The level of MTBE Conc(ppm)

Figure 1. The relationship between the concentration of MTBE & the Figure 2. The relationship between the concentration of MTBE &

concentration of gasoline vapor in personal samples
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Table 3. The concentrations of BTEX, MTBE & gasoline vapor in personal samples from gas stations

2 - A

(Unit; ppm)
Substance
Classification stgiaosns Benzene Toluene Ethyl benzene Xylene MTBE Gasoline vapor
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
A(m=4)  0.0139+£0.0161 0.0165+0.0049 0.0005+0.0006 ND 0.0523+0.0267  0.7194+0.2149
B(n=2)  0.0007+0.0010 0.01184+0.0122  0.0006+0.0008 0.0007+0.0010  0.4365+£0.4517  4.5303+4.7660
C(n=4) ND 0.0163+0.0326 ND ND 0.3615+0.5048  1.8774+2.4156
Use stage [I
D(n=3) ND 0.0016+0.0028 ND ND 0.2414+0.1767  1.4398+1.0037
E(n=4) ND 0.0031+0.0062 ND ND 0.0890+0.0383  0.5529+0.0544
Total(n=17) 0.0034+0.0092 0.0101+0.0163  0.0002+0.0004  0.0001+0.0003  0.2123+0.2950  1.5282+2.0515
F(n=3) ND 0.0057+0.0099 ND ND 0.5156+0.6553  2.3166+2.5582
G(n=3) ND 0.0008+0.0013 ND ND 0.3687+0.2991  1.7587+1.3429
Non- H(n=2) ND 0.0146+0.0207  0.0021+0.0029  0.0233+0.0330  0.1302+0.1785  1.0009+1.2118
use stage II I(n=3) ND ND ND ND 0.0559+0.0489  0.2491+0.1618
J(n=3) ND 0.0057+0.0099 ND 0.0007+0.0011  0.4763+0.3942  1.7862+1.3812
Total(n=14) ND 0.0047+0.0094  0.0003+0.0011  0.0035+0.0124  0.3221+0.3784  1.4524+1.5099
All Total(n=31) 0.0018+0.0069 0.0077+0.0137  0.0002+0.0008  0.0016+0.0084 0.2619+0.3340  1.4940+1.7984
* Standard Deviation, T Non Detection
Table 4. The concentrations of BTEX, MTBE & gasoline vapor in area samples from gas stations
(Unit; ppm)
Substance
Classification stgf:ns Benzene Toluene Ethyl benzene Xylene MTBE Gasoline vapor
Mean+SD* Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
A(n=4)  0.0992+0.1984 0.01414+0.0071  0.0031+0.0062  0.0035+0.0070  0.0152+0.0304  0.4786+0.5714
B(n=4) Non Detectiont  0.0010+0.0011 ND ND 0.0386+0.0587  0.5021+0.5005
Use stage I C(n=4) ND ND ND ND 0.0343+0.0422  0.2595+0.1772
D(n=4) ND ND ND ND 0.0553+0.0654  0.4204+0.3519
E(n=2) ND ND ND ND 0.0454+0.0642  0.2443+0.2280
Total(n=18) 0.0220+0.0935  0.0034+0.0067  0.0007+0.0030  0.0008+0.0033  0.0369+0.0478  0.3962+0.3791
F(n=4) ND 0.0102+0.0203 ND ND 0.0149+0.0257  0.1651+0.1811
G(n=3) ND ND ND ND 0.0039+0.0068  0.0587+0.0313
Non- H(n=4) ND ND ND ND 0.0160+0.0188  0.1641+0.1192
use stage II I(n=3) ND ND ND ND 0.0469+0.0620  0.2235+0.1719
J(n=4) ND ND ND ND 0.0224+0.0423  0.151140.1754
Total(n=18) ND 0.0023+0.0096 ND ND 0.0203+0.0337  0.1537+0.1408
All Total(n=36) 0.0110+0.0661  0.0028+0.0082  0.0004+0.0021  0.0004+0.0023  0.0286+0.0416  0.2750+0.3075

* Standard Deviation, T Non Detection

3. BTEX, MTBE, 7}&2l B7|2| XA|¥A |2 5=
Fird T8 AAFAoA 2T AHSHAIR

(TWA 1 ppm), toluene 0.0028+0.0082 ppm(TWA 50
ppm), ethyl benzene 0.0004+0.0021 ppm(TWA 100

=24 Yt EEE= benzene 0.0110+0.0661 ppm ppm), xylene 0.0004+0.0023 ppm(TWA 100 ppm),
http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 156-165
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MTBE 0.0286+0.0416 ppm(TWA 50 ppm) ©] .S
719 F719] Hit 2= 0.275040.3075 ppm(TWA
300 ppm) ©]itH(Table 4).

4. R3B7| 3|5-MH AL RFPO| IE HEsE HlW
T AR QA RS R HolF F=a
Ao A 43 A GA|RS BTEX, MTBE, 7}&¥

37 s s 2z vt A3 §357) 54

(Stage IHE AME3St=E FH/H429 739 benzene

0.0034+0.0092 ppmI} 0.0220+0.0935 ppm, toluene
0.0101£0.0163 ppmi} 0.0034+0.0067 ppm, ethyl
benzene 0.0002+0.0004 ppm¥} 0.0007+0.0030 ppm,
xylene 0.0001+0.0003 ppmi} 0.0008+0.0033 ppm,
MTBE 0.2123+0.2950 ppm} 0.0369+0.0478 ppm ©] %}
on, 7I&EY £7]9 e 1.5282+2.0515 ppm,
0.3962+0.3791 ppm ©]%it}. Stage O w|dX] 4=
benzene | 7-%- 711Ql 2 Xl‘ﬂ*h?n L= HETHA olst
7ol o™, toluened] 739~ Hat 0.0047+0.0094 ppm
3} 0.0023+0.0096 ppm ©| %It} Ethyl benzened} xylene
o] B AGA R A= B HEEHA e,

Tod| Aol E JtEEl B7(9f IRl 161
A& 7Fz} 0.3221+0.3784 ppmT} 0.0203+0.0337 ppm
olglon, 7t&e Z7]9 HEl 1.4524+1.5099 ppm
T} 0.1537+0.1408 ppm ©]ITH Table 3).

5. R37| &|5=4HH| ALE0|| 2 =54

$%7) B5An] A8 $30] BE F Aol
7l F 7HEd 5715 =9 MIBE 58 $5HS
sfof, Aelaast AARE Zh7 chEEARA
(Multiple regression analysis)3} %1t}

Ffd FAA AR B E4Z2T, B 1
A4 MR 37 SEsh s A3 Ao B4
ApfAIM o wokew, MIBE =9 Z-¢ ndA|
Aold o me AnE wAch s1&d woj
44T BRT F B 09 A3 W 5]
5ol MTBE %5 5.5 5)5:404] u]4d3] 2oje] /)
AARAA o Fhou SAXNCE [Fo5HA] %
tH(Table 6).

g Fea A o4 24T AANR BE
ERE R ERE TR R e
w9} 27] % MTBE 49 SRS 1A7Y 244

HUOH

O

QAR FEE= ZHzE 0.0003+0.0011 ppm, 0.0035+ oA Eron], rl&El Z7)9 AL EAHOZ o
0.0124 ppm ©|%it}. MTBEQ] H+t == 7ljel 2 X] 1A =k tH(Table 7).
Table 5. Local concentration of regulatory & non-regulatory regions in samples
(Unit; ppm)
Classification
Sampling
Substance method Regulatory Non-regulatory t p-value
N Mean+SD* Range N Mean+SD Range
Personal 17 0.0034+0.0092 ND-0.0298 14 Non Detectiont - 1.35 0.186
Benzene
Area 18 0.0220+£0.0935  ND-0.3967 18 ND - 1.00 0.324
Tol Personal 17 0.0101+0.0163  ND-0.0652 14 0.0047+0.0094 ND-0.0292 1.16 0.257
oluene
Area 18 0.0034+0.0067  ND-0.0233 18  0.0023+0.0096 ND-0.0406 0.40 0.689
Personal 17 0.0002+0.0004  ND-0.0011 14 0.0003+0.0011 ND-0.0042 -0.33 0.743
Ethyl benzene
Area 18 0.0007+0.0030  ND-0.0124 18 ND - 1.00 0.324
ol Personal 17 0.0001+0.0003  ND-0.0014 14 0.0035+0.00124 ND-0.0466 -1.02 0.327
ylene
Area 18 0.0008+0.0033  ND-0.0141 18 ND - 1.00 0.324
MIBE Personal 17 0.2123+0.2950 0.0287-1.1107 14  0.3221+0.3784  0.0040-1.2718 1.45 0.531
Area 18 0.0369+0.0478  ND-0.1277 18  0.0203+0.0337 ND-0.1182 1.20 0.238
Personal 17 1.528242.0515 0.4103-7.9004 14  1.4524+1.5099 0.1057-5.2655 1.85 0.907
Gasoline vapor
Area 18 0.3962+0.3791 0.0831-1.3342 18  0.1537+0.1408 0.0261-0.4309 2.54 0.019

SD; Standard deviation, ND; Non detection, p-value by t-test, p<0.05, MTBE; methyl tert-butyl ether, Regulatory; use stage II,

Non-regulatory; non-use stage II

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 156-165
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Table 6. The multiple regression analysis of the variables related to gasoline vapor concentration & MTBE concentration by personal

sample
Variable Model 1 Model I
B(SE) p-value B(SE) p-value
Gasoline vapor
Use stagell 1.000 1.000 -
Non-use stagell -0.076(0.660) 0.509 0.047(0.694) 0.546
S 0.001 0.015
Adjusted R? 0.034 0.056
MTBE
Use stagell 1.000 1.000 -
Non-use stage [l 0.079(0.122) 0.521 0.074(0.127) 0.566
R’ 0.014 0.015
Adjusted R? 0.019 0.053

* N=31, [; parameter estimate, SE :

standard error, p-value by multiple regression analysis, p<0.05, MTBE; methyl tert-butyl ether,

Model = concentration of gasoline vapor, concentration of MTBE, Model [I=Model [ + adjust gasoline volume(L)/day & gasoline

refueling frequency/day

Table 7. The multiple regression analysis of the variables related to gasoline vapor concentration & MTBE concentration by area sample

Variable Model I Model 1T
B(SE) p-value B(SE) p-value

Gasoline vapor

Use stagell 1.000 - 1.000 -

Non-use stage Il -0.242(0.095) 0.016 -0.249(0.098) 0.016
R’ 0.160 0.163
Adjusted R? 0.135 0.113
MTBE

Use stagell 1.000 - 1.000 -

Non-use stage Il -0.017(0.014) 0.237 -0.020(0.014) 0.152
R’ 0.041 0.099
Adjusted R’ 0.013 0.045

N=36, B; parameter estimate, SE :

standard error, p-value by multiple regression analysis, p<0.05, MTBE; methyl tert-butyl ether,

Model = concentration of gasoline vapor, concentration of MTBE, Model [I=Model I + adjust gasoline volume(L)/day & gasoline

refueling frequency/day

=

= 5 3

ész} MTBE% ek o] B E QAL Q1A
juc]

=~
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o154 71 571 F=7F 1.08 ppmofA] 266 ppm ¥
o] benzene?] F= HL7} 0.01 ppmofA] 2.30 ppm 2
2 gGrtEoe], 7H&E 5719 3187152 300 ppmo] s}
ol A& benzene®| Fki= 31871 1 ppmS 2
g 4=~ Qlthal B 318}4 © H(Tironi & Hodgkins, 1991),
= W 571 25-du|et HRlE o] MTBE g
Stage I AME F55 FE5te] AAR A2
12-15%2] MTBEE i3t 7H&Eds  AMESh=
Phoenix A]919] benzened} MTBE %= 7}7}h
0.05 ppm3} 0.30 ppm, 123l Stage HE A&5t=
Los angeles XY F5-4-9] benzenel} MTBES] =5

+= 0.06 ppma} 0.14 ppm4Fo 2 HISHATH
(Hartle, 1993). d-£o] A9 QA7 23S & 7t
&9 914 F7holA dHE=AIAY =2 R benzene o]
FEE 2.1 ppb, A A 1.25 ppb, FTAEA|
0.91 ppb, 1L2J2]%} 0.72 ppb =9 7] T L¥ 5=
& R 5} th(Kajihara et al., 2000). &L 5He] A
oAM= T4 TAAY 371 & BTEX k=E5%E
ZYZY 479 pg/mr, 195.0 pg/m’, 13.0 pg/m’, 50.0 pg/m' 5=
Zolgtal H st ti(Palma et al., 2012).

o s gt Ao F7] F BTEX 525 AR
A} benzened FE W= 0.05 ppmojA] 0.136
ppm, toluene 0.101 ppmoi| 4] 0.237 ppm, ethyl benzene
0.107 ppm, xylene 0.1 ppm=E O 2 X 311519 Th(Shin,
1995). & th2 AtollA= At A 9S FEsHe
Bkt Aaf 2k2+0] H4ts == benzene 0.07 ppmit
0.12 ppm, toluene 0.13 ppm¥} 0.12 ppm, ethyl
benzene 0.001 ppmI} 0.008 ppm, xylene 0.03 ppmi}
0.054 ppm-<=o]qler, MTBES] 79 A A =2
P =7} 0.86 ppm©]ATHSong et al., 2000).
2 AFolxe d7ISEFAA Gt B FAA
=, 1571 2ldv](Stage 1) AR Ffraxef v]d
Fga BARG Fha 20 A7) Sk
slot FREAe 3] % HEE 2t 1
7} xylene?} MTBE 70X & F=E A9t &4
W SEE HA A Fhaold o £
ot BAH o fofshAl gk, AR % 7}
9 27 FEE EAHCR SefohA wUt
(p=0.019). o2l ATk ThA Sl A M
&154(Shin, 1995; Song et al., 2000)o] 4] L2 &2

O Y ofN X 12

b4

Of
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H Fo] Hlste] W& pFEolqith

7HEd 4 AdE<Ql BTEXQF MTBES] 37] & =
20} 7hed 2719 B o] RS dop
H7] 93} Pearson correlation test 23+ MTBE<2] 7]
QW Ao} HEY 5] S 7 ope] Alp
A2 HGTH=0.893, =0.778, p<0.0001). A<
Hel 7H49 57) =9 MTBE 528 FR5%
G35 2 A35F 3 multiple regression analysis 23}
MINRANA §27] Szt 4AE Fis
AbAbell mIste] mlAdR] R FARARS] /IS
Zol o okt FAHoR fojalA esleh
W, A A Re] A sHed Z7]9k MIBE %5 =
% S5ean) A7) Aol o Eoron, sEe 5]
o] Ae sAHCRE {5 THp=0.016).

olglgt A= AN AT TRl THE

2 1
[ o> o

s

(¢}

2l et 2984k vl FAK o] AT 5
ol u]sho] of 35ui7keF Bom, mET U 0@
A el FAIAIClel B WAEo] 9] wie
AN RO B §57] At AAE g

Y e S Mol oz AmEth v,

3 WHA Fha FAAe

2l % =

Zo] § &L £F0FH ol §27] 3pAN
o]
_1

€ 915L(Hartle, 1993) Ao} AT

2 AFe Fha TS de® AAEHE
ol, 7HeEE=e A TR0 AYSEEY 59

2 AR =)

7Hedl W BTEX #ae fald v
ol42 A3 o] Wolx|i Wi MTBES) 7%
BTEXZ t)Aab SEb} g2 ALgso], o] 23
o2 10% oJAe e 7R ch(Hartle, 1993;
Amberg et al., 1999; 2001; Ahmed, 2001; An & Lee,
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AHA - =X=Z

7 Z7] =29 MTBE %

= 7re] ARHEE BIster). oleig AT uleoi
B ] MTBES 71&alo] A% w22 olsh | %

Ag ALL3 2 gl Aoz AbEEry. E3F MTBE
QARAFE T I 9]5te] ATte] ©J5hu MTBE
+= TBA(Tertiary butyl alcohol)@} ZEUH 3=
(Formaldehyde) = thALEm FH W REZF7](1A17h)ol
vl 2% TBAS] ¥Ht7]= AAOA 10A]77hFS
Z WA o] =& 12 &85 r(Johanson et al.,
1995), 2| FfFa FAAE ez 3 a5 A3
oA 25 MTBE(U-MTBE)«= &% 59 9%l g7
fZol 7HEE F7] =Eol ”17*3}1 %XJ@OJ A=
3 =EA xR g8E o 9 iyl

& B3 7HedY w2 AYE shelsty 49
wFAE AHE ST Ao olsel dof g
v.a B
201349 49 12978 59 259 7 Selutet 4
=9 AR A 9N Fhh FAAE o

7HEH S71¢k FA4E=4 benzene,
benzene, xylene, methyl tert-butyl ether®] 7}|Q1=-<9F
Aol T3 chet 2o AME Qg

A, $ET AR A9 FHh FARES] BIEX,
MTBE, 71&d 37| 7}Q1=&45-2 benzene 0.0018+
0.0069 ppm, toluene 0.0077+0.0137 ppm, ethyl benzene
0.0002+0.0008 ppm, xylene 0.0016+0.0084 ppm, MTBE
0.2619+0.3340 ppm, 7 £7] 1.4940+1.7984 ppm
ol e,

A, Hee F9E 799058 BAT AEol
A Az Es 957 B5duStage T)7h A

X e A9 F
o= fofskA gk

A 7L 3719 MIBE s ) A3tard
2 YR F MTBE $571 271842 714e %—
7 SRR FAROR felsi ~7}or°ﬂur(ro

toluene, ethyl

OO
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