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Abstract : VOCs (Volatile Organic Compounds) have adverse effects on human health and have caused serious global air pollution
problems such as ozone depletion and cimate changes. The total of 56 target VOCs were selected to be monitored in this study for
4 years (2006~2009). The VOCs were measured every hour. The concentration of BTEX was higher than the other target compounds.
Generally, the levels of VOCs measured in this study were higher than those measured by the other studies because Gamjeon and
Jangrim monitering sites are located in industrial areas. The seasonal variations showed that the VOCs were the highest in winter.
The temporal variations showed that the VOCs were high during commuting time on weekday. PMF model was used to resolve source
types and source contributions of VOCs in this study. Identified sources and quantified contributions resolved by PMF were vehicle
exhaust (15.22%), thinning solvent (29.83%), surface coating (17.13%), industries (13.95%), LPG vehicle (15.22%), combustion boiler
(7.11%) and biogenic source (6.61%). Thinning solvent and Surface coating were the most contributed sources possibly due to manu-
factures and automobile garages in Gamjeon and solvent and paint manufactures in Sasang-Gu.
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Table 1, The analytical conditions of automatic thermal deserver (ATD)/GC for VOCs

GC Conditions FID Conditions TD Conditions
BP1(50 mx0.32 mm x5 um) . . . .
Dual Column PLOT(50 m x 0,32 mm x5 um) Detector temp. 250C Sampling flow (Adsorption) 50 mL/min
Column flow 2.0 mL/min Flow rate Air = 300 mL/min Sampling temp (Adsorption) -20C
Initial temp. 45T (mL/min) H, = 30.0 mL/min Desorption temp. 300C
Final temp. 200 Carrier gas He (18.8 psi) Desorption time 15 min
Initial time 15 min Sampling time : 20 min Desorption flow 20 mL/min
Final time 5 min (Volume : 1 1) Split Ratio 10:1
Ramp rate 4°C/min Analysis time : 57.8 min Adsorbent Tenax-TA 60/80 m
Table 2, QA/QC result for VOCs in VOCs monitoring station
Compound Process Criterion Results
The temperature of monitoring station ~ Temperature was taken monitoring station 10~25C 25T
Malntenaﬁoevcondltlon of Manual Manual Regularity
measuring instrument
Maintenance condition of sample tube Manual Manual Regularity

Background check of system by high

Blank test of system purity's helium which is added moisture

The sum of total peak < 2 ppb The sum of total peak = 0

(5,10, 20 ppb)

Propane : 0,998

. N . 2
Linearity of instrument Multiple Calibration R°=0.995 Benzene : 0.997
Separation capacity of instrument The middle of measuring line Separation capacity 56
. . RT<+05 RT<+0.03
Re&degcg time of each gompound by %Recovery: Propane - 113.3%
Accuracy standard divided concentration and Accuracy )
- R - 80-120% Benzene : 89.5%
Precision and Precision identification of
Propane and Benzene Precision (RSD%) Precision (RSD%)
<25% <15%
Expected MDL to measure seventh MDL = 3,14 S,D, Propane : 1,218 ppb
MDL (1 ppb and below) SD: standard deviation Benzene : 0 060 pob
PP MDL <2 ppbc FDEeI PR

* Research Institute of Public Health and Environment
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Fig. 1. The site of VOCs Automatic measurement,
Table 3, VOCs sources of Busan
Section Refinery  Oilreservoir ~ Gas station  Laundry  SP, VL. AM, The others W.S Garage Total
The district city 18 1 149 1 41 210
Junggu 4 4
Seogu 8 1 9
Yeongdo 2 9 16 4 8 39
Donggu 6 11
Busanjin 1 22 23
Dongnae 22 8 30
Namgu 1 2 32 1 8 20 64
Bukgu 28 1 6 35
Haeundae 27 1 20 48
Saha 2 29 9 19 1 40 100
Geumjeong 32 32 67
Gangseo 27 1 28
Yeonje 17 23 40
Suyeong 15 10 25
Sasang 46 2 37 57 142
Gijang 51 13 12 76
Total 1 6 371 2 3 26 1 234 2 305 951

S.P .- Solvent and paint manufactures, V.S - Vessel and large size structure, A M - Automobile manufactures, WS - Waste storage facilities

* Research Institute of Public Health and Environment, 2004

I Journal of KSEE | Vol.33, No.9 | September, 2011



4r
Tz
>
0
e
Ral
12
ok
[0
2
N
of¥
<
o)
o)
w
mE
0;
{0
=1
02

[N

YCs
enition (tonfyr)

0

D-50
[_]50-100
100 - 200
200 - 300
300 - 500
(] 500 - 1000
[ 1000 <

|

Fig. 2. The rgional VOCs emition of Busan,

t}. webd VOCs 2524 o

AR} w71 e 9
% $71801% ALgSHE AATAT AT BAS Y3}
At wSE 2R G ol we A0 oyt
53] VOCsi= WHgAlol 2 jE S04 WEE 098

2o IAT Aol AT LAY TR HRu 2
29| 7ol H Qs =y VOCs vil&YS di7|egdde] 34
G sy el et 7|2 AR 2 T-85)7] 91510] 7E CAPSS
(Clean Air Policy Support System)2] HFulHof upe} B3
3} Qltk. CAPSSO BFo] waw VOCsE Hj&3t= ¢l
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Fig. 4. The contribution rait by VOCs emission source at 2007,

Rank VOCs Frequency Rank VOCs Concentration
1 Toluene 993 1 Toluene 11.022
2 n-Decane 992 2 Propane 8,763
3 n-Dodecane 992 3 Ethane 2575
4 n-Undecane 98.3 4 n-Butane 2473
5 n-Pentane 9r.7 5 Acetylene 1.902

CHerEr el | M332 X951 20114 92 ||



n-Nonane
Ethylbenzene
Propane
n-Butane
m/p-Xylene
Benzene
Ethane
n-Hexane
0-Xylene
Acetylene
1,2,4-Trimethylobenzene
Ethylen
Methylcyclopentane
o-Ethyltoluene
2-Methylpentane
n-Octane
Isopentane
isobutane
n-Heptane
3-Methylhexane
Cyclopentane
Cyclohexane
1,3,5-Trimethylbenzene
3-Methylpentane
Isoprene
trans-2-Butene
cis-2-Butene
Styrene
2,3-Dimethylbutane
n-Propylbenzene
p-Ethyltoluene
1-Butene
1-Hexene
trans-2-Pentene
1-Pentene
p-Diethylbenzene
1,2,3-Trimethylbenzene
m-Ethyltoluene
Methylcyclohexane
2-Methylhexane
Propylene
2 ,4-Dimethylpentane
2,2,4-Trimethylpentane
m-Diethyloenzene
2,3-Dimethylpentane
2-Methylheptane
cis-2-Pentene
2,2-Dimethylbutane
3-Methylheptane
Isopropylbenzene
2,3,4-Trimethylpentane

976
96.5
96.4
93.2
93.0
90.3
86.9
86.3
84.7
827
76.0
748
715
68.7
610
53.6
498
420
38.8
38.5
373
37.2
36.0
346
33.8
325
317
30.7
30.5
279
278
271
26.6
214
210
20.4
173
16.7
16.4
157
141
140
126
99
95
86
8.5
79
72
6.8
51

o N O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Ethylbenzene
Ethylene
isobutane
m/p-Xylene
n-Pentane
Methylcyclopentane
n-Hexane
o-Xylene
Benzene
n-Decane
Isopentane
1,2,4-Trimethylbenzene
Propylene
2-Methylpentane
n-Nonane
n-Dodecane
n-Undecane
Cyclopentane
n-Heptane
n-Octane
Styrene
Cyclohexane
3-Methylpentane
3-Methylhexane
p-Ethyltoluene
o-Ethyltoluene
2,3-Dimethylbutane
trans-2-Butene
Isoprene
2-Methylhexane
cis-2-Butene
1-Butene
m-Ethyltoluene
1,3,5-Trimethylbenzene
2 4-Dimethylpentane
Methylcyclohexane
2,2 4-Trimethylpentane
n-Propylbenzene
trans-2-Pentene
p-Diethylbenzene
1-Hexene
1,2,3-Trimethylbenzene
1-Pentene
2 3-Dimethylpentane
cis-2-Pentene
2-Methylheptane
m-Diethylbenzene
3-Methylheptane
2,2-Dimethylbutane
Isopropylbenzene
2,3,4-Trimethylpentane

1.682
1.409
1.321
1.296
0.887
0.759
0.685
0.684
0.549
0.508
0.491
0474
0.380
0.359
0.347
0.340
0.327
0.263
0.195
0.168
0.1568
0.149
0.139
0.133
0.113
0.110
0.107
0.105
0.104
0.103
0.095
0.091
0.091
0.078
0.071
0.069
0.061
0.060
0.054
0.053
0.049
0.046
0.041
0.036
0.019
0.018
0.015
0.013
0.013
0.008
0.003
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Table 5, Detection frequency and concentration of VOCs (Jangrim)

Rank VOCs Frequency Rank VOCs Concentration
1 Toluene 9r.7 1 Toluene 11212
2 m/p-Xylene 96.5 2 Propane 8.690
3 Ethylbenzene 954 3 Ethylbenzene 2816
4 Propane 943 4 n-Butane 2.408
5 n-Nonane 93.3 5 Ethane 2.397
6 o-Xylene 93.0 6 Acetylene 2209
7 n-Butane 90.0 7 m/p-Xylene 1613
8 n-Decane 896 8 isobutane 1.392
9 n-Pentane 86.8 9 Ethylen 1,288

10 Benzene 818 10 n-Pentane 0.963
1 1,2,4-Trimethylbenzene 809 1 o-Xylene 0.896
12 Isopentane 749 12 Isopentane 0.880
13 n-Undecane 742 13 n-Hexane 0.676
14 Methylcyclopentane 674 14 Benzene 0.505
15 n-Hexane 66.3 15 Methylcyclopentane 0.469
16 Cyclopentane 651 16 1,2,4-Trimethylbenzene 0.389
17 Acetylene 647 17 Cyclopentane 0,341
18 n-Octane 64.0 18 n-Decane 0324
19 o-Ethyltoluene 614 19 2-Methylpentane 0315
20 isobutane 585 20 n-Nonane 0.286
21 Ethane 572 21 n-Octane 0.270
22 1-Butene 503 22 n-Heptane 0.247
23 trans-2-Pentene 497 23 2,3-Dimethylbutane 0222
24 n-Heptane 490 24 m-Ethyltoluene 0.220
25 Ethylen 475 25 1-Hexene 0.199
26 2,3-Dimethylbutane 471 26 Isoprene 0.198
27 m-Ethyltoluene 457 27 Propylene 0.190
28 n-Propylbenzene 436 28 3-Methylpentane 0.186
29 2-Methylpentane 430 29 n-Undecane 0.164
30 trans-2-Butene 423 30 1-Butene 0.155
31 Cyclohexane 416 31 Styrene 0.148
32 1-Pentene 396 32 Cyclohexane 0.139
33 n-Dodecane 383 33 o-Ethyltoluene 0,137
34 3-Methylpentane 373 34 n-Dodecane 0134
35 Isoprene 36.7 35 trans-2-Butene 0,126
36 1,3,5-Trimethylbenzene 36.5 36 trans-2-Pentene 0.115
37 cis-2-Butene 351 37 3-Methylhexane 0.103
38 1,2,3-Trimethyloenzene 318 38 2-Methylhexane 0.102
39 3-Methylhexane 315 39 Methylcyclohexane 0,102
40 Styrene 31.0 40 n-Propylbenzene 0.100
41 2,2-Dimethylbutane 289 41 1,3,5-Trimethylbenzene 0.095
42 cis-2-Pentene 272 42 cis-2-Butene 0.090
43 1-Hexene 220 43 2,2,4-Trimethylpentane 0.088
44 2-Methylhexane 214 44 1-Pentene 0.084
45 p-Ethyltoluene 208 45 1,2,3-Trimethylbenzene 0.077
46 Methylcyclohexane 207 46 p-Ethyltoluene 0.067
a7 2,2,4-Trimethylpentane 177 47 3-Methylheptane 0.056
48 m-Diethylbenzene 156 48 cis-2-Pentene 0.055
49 3-Methylheptane 151 49 2-Methylheptane 0.048
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50 2,4-Dimethylpentane 13.8 50 2,4-Dimethylpentane 0.045

51 2-Methylheptane 13.4 51 m-Diethylbenzene 0,043

52 Isopropylbenzene 12.0 52 2,2-Dimethylbutane 0.043

53 p-Diethylbenzene 92 53 2,3-Dimethylpentane 0.034

54 2,3-Dimethylpentane 88 54 p-Diethylbenzene 0.026

55 Propylene 87 55 Isopropylbenzene 0.023

56 2,3,4-Trimethylpentane 18 56 2,3,4-Trimethylpentane 0.004
o] 54 F 36719 &40 Hats=rt 0.1 ppb oo U shte] 2o s & o toluene®| -9 HA| AlZoA 99%
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Fig. 6. Day of the week and hourly variation of VOCs (for 4 years) (Gamjeon).
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Table 6, VOCs of PAMS (photochemical assessment monitoring stations) (unit: ppb)
VOGS Busan (2008) PAMS?
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Toluene 11.0 112 57 6.1 73 281
Propane 88 87 54 57 58 47
n-Butane 25 24 25 3.1 37 21
Acetylene 19 22 09 07 33 08
Ethylbenzene 17 28 0.7 0.8 09 05
m/p-Xylene 13 16 09 1.0 11 06
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Fig. 8. Chemical compositions of factors (source profiles) for VOCs using the PMF model.
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Table 7, Source contribution of VOCs

Source contribution

% ug/m®

LPG Vehicle 10.15 1727
Thinning solvent 2983 50.76
External combustion boiler 711 1210
Surface Coating 1713 29.15
Biogenic 6.61 11.24
Industrial 13.95 23,74

Vehicle exhaust 15.22 2590
Total 100.00 170.16

Table 8, Comparison for source contribution of previous studies and this study

o This study Na'® Bongm Han'® Emission inventory
contribution(%) - -
Gamijeon Seoul seoul Seoul Incheon Seoul Gyeonggi
Vehicle exhaust 1522 513 48 285 11.84 29,68 1443
LPG 10,15 45 23 3.85 1.45 459 0.83
Petroleum vaper - 72 152 2.69 276 414 -
Asphalt - - - 3.72
Solvent 2983 356 - - 437 10.6 521
Coating 1713 - 173 218 319 357 373
Lube ail/Dry cleaning 13.95 - - - - - -
Dry cleaning - - - 2.02 552 242
Energy consumption 711 14 151 17 26.95 1.04 3.59
Open burning - - - - - - -
Biogenic 6.61 - - 0.43 3.28 0.78 17,76

@ Clean air policy support system (CAPSS), 2003

®Na (2000); ambient data were averaged for all day of summer season of Seoul,
° Bong (2008); ambient samples were collected at 09:00-11:00 in the middle of summer in Seoul,
9Han (2005); ambient data were averaged for all day from June 2002 to March 2003 at 7 sites of PAMS in Seoul metropolitan area,
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