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Abstract

Gas stations are the fourth greatest source of volatile organic compounds(VOCs)
emissions(4%) in Korea after; (1) the coating industry, (2) automobiles and (3) oil
storage and distribution facilities. The collection of VOC samples was made during the
fill-up stage from a total of 10 gas stations in Seoul; five of these stations had a
VOCs recovery system, while the others had no such system. The concentrations of
THC and BTEX were determined using a portable FID and GC/MS with a thermal
desorption system, respectively. Based on the THC data, the average recovery rate of
VOCs was as high as 87.6%. Therefore, it could be expected that the amount of VOCs
from gas stations in Seoul could be practically reduced by as much as 2,303 ton/year
with the full installation of recovery systems. Such a reduction plan can help decrease
the rate of VOCs emissions by 81(B), 78(T), 70(E), 71(m, p-Xylene), 62 %(o-Xylene).
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Table 1. Details of samples

Recycler installed

Recycler not installed

Sample  Date Time Temp Wind Sample  Date Time Temp Wind
Al 08.04.01 14:10~20 12T 4.8m/s (NW) A4 08.04.01 15:20~30 11T 5.1m/s (W)
A2 08.04.01 14:30~38 12T 4.8m/s (NW) A5 08.04.01 15:40~50 10T 5.1m/s (W)
A3 08.04.01 14:55~10 11T 4.8m/s (NW) A6 08.04.01 15:55~03 10T 5.1m/s (W)
Bl 08.04.01 16:45~55 7C 5.1m/s (W) F1  08.04.02 15:50~:00 7T 7.3m/s (SW)
B2 08.04.01 17:10~20 7C 5.1m/s (W) F2  08.04.02 16:10~17 7T 7.3m/s (SW)
B3  08.04.01 17:35~45 6TC 5.1m/s (W) F3  08.04.02 16:30~40 7T 7.3m/s (SW)
Cl  08.04.02 14:00~10 9T 3.8m/s (SW) Gl 08.04.04 13:30~40 14°C 4.7m/s (W)
C2 08.04.02 14:20~28 9T 3.8m/s (SW) G2 08.04.04 13:45~52 14C 4.7m/s (W)
C3  08.04.02 14:45~55 9T 3.8m/s (SW) G3  08.04.04 14:05~15 15C 4.7m/s (W)
D1 08.04.03 13:45~55 12C 6.8m/s (W) HI  08.04.04 14:45~53 15T 5.8m/s (NW)
D2 08.04.03 14:10~20 12T 6.8m/s (W) H2  08.04.04 15:00~10 14T 5.8m/s (NW)
D3 08.04.03 14:35~45 12T 6.8m/s (W) H3  08.04.04 15:20~30 14T 5.8m/s (NW)
E1  08.04.03 15:40~50 10T 6.6m/s (NW) I 08.04.04 16:10~20 12T 4.2m/s (W)
E2  08.04.03 16:05~15 10T 6.6m/s (NW) 12 08.04.04 16:35~45 12T 4.2m/s (W)
E3  08.04.03 16:25~35 9T 6.6m/s (NW) 13 08.04.04 17:00~10 11T 4.2m/s (W)

Table 2. Analytical conditions of TD & GC/MS

Markes, Ltd, UK)e] &#H GC/MSE Ah-&3t
Fom, o] wf ENzAL & 29 2}

Configuration & condition

Configuration & condition

- Standby split : 30 mL/min
+ Prepurge : 1 min
+ Trap purge : 1 min
- Sample time : 10 min
- Flow rate : 50 mL/min
D - Flow path temp : 150C
- Trap Low Temp : -10T
- Trap High Temp : 300C
- Trap Hold : 5 min
- Trap Heatin Rate : 40C/s
- Split Flow : 15 mL/min

- Model: Agilent 5978B-6890N System
- Column: HP-1(60 m x 0.32 mm x 1 pm)
- Column flow : 1 mL/min
- Oven Temp : 40°C (5 min)
— 8C/min — 200C(2 min) —
10C/min — 2207C (8 min)
- Ion Mode : EI, 70eV
- Inlet Temp : 180T
- Ton Source Temp : 230C
- MS Quad Temp : 150C
- MS Range: 45~550 amu

GC/MS
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Table 3. Quality assurance data of BTEX

RSD(%)

RT
0.04
0.03
0.02
0.12
0.02

MDL?

Pollutant

RF*

)

(pg/m

(ng)
0

4.7

0.11

.6

Benzenz

10.3

0.29
0

0.15

Toluene

3.8
4.3

.36

0.18

Ethylbenzene

0.54

7
8

2

0
0

m,p-Xylene

3.0

0.56

2

o-Xylene

MDL : Method detection limit.

PRT : Retention time.

a

‘RF : Response factor.

Fig. 1. Portable FID(TVA-1000).
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Fig. 3. VOCs recovery systemII.

Fig. 2. VOCs recovery system [ .
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Fig. 4. VOCs recovery system III. Fig 5. Refueling system  whithout VOCs
recovery system.

Table 4. Summary of THC measurements from each gas station (Unit : ppm)
Recycler installed Recycler not installed
Sample n Avg Max Min SD Sample n Avg Max Min SD
Al 35 93.67 1,447.00 0.72 304.39 A4 27 1,496.97 12,211.00 19.05 2,641.89
A2 26 43.58 514.00 0.23 126.05 Ab 21 1,314.00 3,998.00 3.77 1,037.32
A3 67  26.35 792.00 0.04 127.73 Ab 21 1,039.64 5,063.00 0.61 1,249.71
Sub Total 128  60.21 1,447.00 0.04 191.93 Sub Total 69 1,302.09 12,211.00 0.61 1,865.71
Bl 43 19551 1,944.00 1.81 454.42 F1 32 92435 4,931.00 0.04 1,190.72
B2 36 120.72 685.00 0.43 168.50 F2 15 2,145.65 10,302.00 6.89 3,097.15
B3 37 418777 757.00  7.93 175.13 F3 30 1,909.68 7,103.00 14.82 2,075.66
Sub Total 116 255.06 1,944.00  0.43 332.37 Sub Total 77 1,558.16 10,302.00 0.04 2,064.04
Cl1 44 428 3095 211 4.57 Gl 32 3,426.73 26,678.00 4.31 5,251.45
C2 26 0.72 2.18  0.09 0.58 G2 21 1,933.42 5,610.00 7.08 1,478.49
C3 40 1.17 4.00 0.05 0.90 G3 20 3,832.39 16,043.00 99.17 3,823.79
Sub Total 104 244 30.95  0.05 3.41 Sub Total 73 3,108.29 26,678.00 4.31 4,114.93
D1 25 825.51 4,466.00 10.74  990.09 H1 32 1,726.79 16,279.00 28.61 3,279.42
D2 30 217.29 1,885.00 8.77 384.05 H2 25 1,629.08 6,756.00 2.84 2,186.28
D3 38  65.65 364.00 0.87  95.10 H3 39 1,097.13 14,583.00 32.78 2,385.66
Sub Total 93 318.83 4,466.00 0.87 636.75 Sub Total 96 1,445.55 16,279.00 2.84 2,660.61
El 16 502.39 2,098.00 4.08 570.67 1 29  480.41 3,232.00 9.11 618.91
E2 22 2,079.97 8,275.00  2.76 2,720.87 12 33 3,962.99 33,117.00 1.23 6,631.44
E3 10 544.93 2,182.00 41.81 740.74 I3 48 3,479.88 40,372.00 8.04 6,359.88

Sub Total 48 1.234.31 8,275.00  2.76 2,033.47 Sub Total 110 2.834.04 40,372.00 1.23 5,700.27

Total 489  258.58 8,275.00  0.04  793.07 Total 425 2,087.64 40,372.00 0.04 3,834.72
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Table 5. Concentrations of BTEX with recovery system (Unit : gg/m’)
Substance e A B C D £ Ave
Benzene 180 22 967 1,079 675 585
Toluene 459 93 1,647 1,188 828 843
Ethylbenzen 54 14 188 65 46 73
m,p-Xylene 302 82 1,131 353 240 422
0-Xylene 58 18 199 58 44 5
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Table 6. Concentrations of BTEX without recovery system

(Unit : pg/m’)

Substance e A r G H ! Ave
Benzene 3,000 3,246 2,553 1,153 5,579 3,106
Toluene 3,465 3,654 3,754 1,781 6,957 3,922
Ethylbenzen 385 296 185 118 254 248
m,p-Xylene 3,221 1,476 895 554 1,130 1,455
0-Xylene 371 213 143 89 164 196

Table 7. Vapor pressure of BTEX

Vapor pressure

Components (atm, 20C)
Benzene 0.098
Toluene 0.029
Ethyl benzene 0.009
m,p-Xylene 0.012
o-Xylene 0.009

(NIOSH, 1997)
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