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This study was conducted to investigate the concentration distribution of VOCs (volatile organic com-
pounds) and the contribution of nitric oxides and VOCs to ozone creation in Gwangju. Fifty-two types of
VOCs were continually measured by the hour at sampling sites in Seoseok-dong and Geonguk-dong from May
to September 2015. Paraffins took up 52.1% of the entire VOCs, followed by aromatics and olefins. The
monthly concentration of VOCs was highest in June and lowest in August. As for the hourly concentrations
of ozone and nitric oxides, ozone concentrations started to increase from 7 am and got to the highest point dur-
ing the daytime, whereas nitric oxides showed the opposite trend from ozone by reaching the lowest level dur-
ing the daytime. The photochemical ozone creation potentials (POCPs) of toluene, isopentane, m,p-xylene,
isobutane and 1-butene were 16.0%, 14.2%, 12.7%, 8.3% and 7.5% respectively. These five components
together accounted for 58.7% of the total POCPs, which means they are the main contributor to ozone creation.
The correlation analysis showed that PM-10 and PM-2.5 (r=0.810, p<0.01), O; and radiation (1=0.448, p<0.01),
and O; and humidity (r=-0.563, p<0.01) were significant. The results of factor analysis showed that the VOCs
were mainly affected by the emission of vehicles and the evaporation of diesel fuel.

Key words: Volatile organic compounds (VOCs), Photochemical ozone creation potentials (POCPs), Cor-

relation analysis, Factor analysis
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Fig. 1. The locations of the sampling sites in Seoseok (a) and Geonguk (b).
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Table 1. Operating conditions for automatic thermal desorption (ATD) and GC/MS analysis

Parameters Conditions
Desorption temperature 290°C
Desorption time 8 min
Cold trap Air Toxics (Carbopack B/Carboxen 1000)
ATD Cold trap low temperature -30°C
Cold trap high temperature 305°C
Cold trap hold time 3 min
Transfer line temperature 250°C
In split 5:1
Column DB-1 (60 m x 0.32 mm x 3.0 pm)
Carrier gas and flow He(99.999%), 1.5 mL/min
GC temperature program 40°C (5 min) = 5°C/min — 250°C (5 min)
GC/MS Detector type EI (Quadrupole)

MS source temperature
Electron energy
Mass range

250°C
70 eV
35~350 amu
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Table 2. The monthly variation of VOCs, O; and NOx in the ambient air

A

VOCs (Unit: ppb) 0,4 NOx
Site Month Paraffin Aromatic Olefin (Unit: ppm) (Unit: ppm)
Mean Range Mean Range Mean Range Mean Range Mean Range
+S.D +S.D +S.D +S.D +S.D
May 2.07 0.00~ 2.13 0.00~ 0.20 0.00~  0.040 0.008~ 0.030 0.008~
+2.10 1454  +2.52 19.20 4031 2.00 £0.018 0.085 +0.016 0.084
Jun 4.42 0.32~ 2.78 0.08~ 0.65 0.03~  0.048 0.015~ 0.021 0.009~
+556  30.84  +3.03 19.46  +0.71 332  £0.014 0.077 +0.010 0.057
Jul 1.67 0.21~ 1.80 0.34~ 0.39 0.02~ 0.036 0.013~ 0.018 0.008~
Seoseok +1.09 5.45 +1.21 7.81 +0.32 1.47  40.015 0.068 +0.007 0.038
(N=288) Aug 1.94 0.12~ 1.83 0.39~ 0.35 0.04~ 0.025 0.002~ 0.021 0.009~
+1.96 8.07 +1.72 8.19 +0.27 1.28  +0.015 0.064 +0.009  0.042
Sep 1.89 0.11~ 1.57 0.14~ 0.36 0.02~ 0.031 0.003~ 0.020 0.006~
+1.96 10.13  +1.19 5.46 +0.25 1.09 £0.018 0.072 £0.010  0.053
Total 2.49 0.00~ 2.06 0.00~ 0.39 0.00~  0.037 0.002~ 0.022 0.006~
+3.30 30.84 £2.18 19.46  +0.45 332  £0.018 0.085 +0.012  0.084
May 3.16 0.13~ 1.39 0.02~ 0.14 0.01~ 0.047 0.018~ 0.033 0.022~
+3.84 1637  £1.96 11.86  +0.27 1.73  £0.019 0.083 +0.006  0.048
Jun 2.33 0.13~ 0.91 0.02~ 0.22 0.00~ 0.049 0.016~ 0.018 0.011~
+2.48 12.18  +0.68 3.86 +0.15 0.55 +0.014 0.082 +0.004 0.028
Jul 2.48 0.00~ 1.77 0.00~ 0.42 0.00~ 0.042 0.025~ 0.017 0.007~
Konkuk +1.90 8.14 +1.30 5.88 +0.56 3.06 £0.012 0.065 +0.007 0.032
(N=288) Aug 1.07 0.19~ 1.11 0.31~ 0.20 0.07—~ 0.034 0.010~ 0.017 0.009~
+0.91 3.42 +0.76 2.92 +0.17 068  +0.024 0.077 +0.004 0.027
Sep 1.78 0.11~ 1.78 0.16~ 0.21 0.01~ 0.037 0.013~ 0.010 0.000~
+1.68 7.74 +1.46 7.47 +0.14 0.63 +0.019 0.076 +0.008 0.030
Total 237 0.00~ 1.35 0.00~ 0.22 0.00~ 0.044 0.010~ 0.021 0.003~
+2.73 16.37  +1.42 11.86  +0.29 3.06 £0.018 0.083 +0.010 0.048
May 2.62 0.0~ 1.76 0.00~ 0.17 0.00~ 0.044 0.008~ 0.032 0.008~
+3.13 1637  +2.28 19.20  40.29 2.00 £0.019 0.085 +0.012 0.084
Jun 3.38 0.13~ 1.85 0.02~ 0.44 0.00~  0.048 0.015~ 0.019 0.009~
+4.42  30.84 +2.38 19.46  +0.56 332 £0.014 0.082 +0.008 0.057
Jul 2.02 0.00~ 1.79 0.00~ 0.40 0.00~ 0.039 0.013~ 0.018 0.007~
Total +1.54 8.14 +1.24 7.81 +0.44 3.06 £0.014 0.068 +0.007 0.038
Aug 1.65 0.12~ 1.59 0.31~ 0.30 0.04~ 0.028 0.002~ 0.019 0.009~
+1.73 8.07 +1.50 8.19 +0.25 1.28  +0.019 0.077 +0.008  0.042
Sep 1.85 0.11~ 1.66 0.14~ 0.30 0.01~ 0.032 0.003~ 0.017 0.003~
+1.85 10.13  +1.30 7.47 +0.23 1.09 £0.019 0.076 +0.010  0.053
Total 244 0.00~ 1.74 0.00~ 0.32 0.00~  0.040 0.002~ 0.022 0.003~
+3.06 30.84 +1.91 19.46  +0.40 332  £0.018 0.085 +0.011  0.084
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Fig. 2. The diurnal variation of VOC concentrations.
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Fig. 3. The diurnal variation of O; and NOx concentrations.
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Table 3. POCPs of target VOCs as ozone precursors listed'®
No. VOCs POCP No. VOCs POCP No VOCs POCP
1 Isobutane 30 19 Methylcyclopentane 50 37 Styrene 60
2 1-Butene 95 20 2,4-Dimethylpentane 55 38 0-Xylene 65
3 n-Butane 40 21 Benzene 20 39 n-Nonane 45
4 trans-2-Butene 100 22 Cyclohexane 25 40 Isopropylbenzene 55
5 ¢ is-2-Butene 100 23 2-Methylhexane 50 41 n-Propylbenzene 50
6 Isopentane 30 24 3-Methylhexane 50 42 m-Ethyltoluene 80
7 1-Petane 70 25 2,3-Dimethylpentane 50 43 p-Ethyltoluene 75
8 n-Pentane 40 26  2,2,4-Trimethylpentane 60 44  1,3,5-Trimethylbenzene 115
9 Isoprene 100 27 n-Heptane 55 45 o-Ethyltoluene 65
10 trans-2-Pentene 95 28 Methylcyclohexane 50 46  1,2,4-Trimethylbenzene 120
11 ¢ is-2-Pentene 95 29  2,3,4-Trimehtylpentane 60 47 n-Decane 45
12 2,2-Dimethylbutane 25 30 Toluene 55 48  1,2,3-Trimethylbenzene 115
13 Cyclopentane 50 31 2-Methylheptane 45 49 m-Diethylbenzene 65
14  2,3-Dimethylbutane 40 32 3-Methylheptane 40 50 p-Diethylbenzene 65
15 2-Methylpentane 50 33 n-Octane 50 51 n-Undecane 40
16 3-Methylpentane 45 34 Ethylbenzene 60 52 n-Dodecane 45
17 1-Hexene 50 35 m-Xylene 95
18 n-Hexane 40 36 p-Xylene 95
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Table 4. Results of correlation analysis of VOCs and air pollutants

Temp. °C* PM-10 PM-25 O, NOx CO SO, Hum. Ra.
PM-10 (ug/m°) 0.001
PM-2.5 (ug/m®) 0.077 0.810%*
O, (ppm) 0.468%* 0.329%*  0.294**
NOx (ppm) -0.083 0.141**  0.078 -0.038
CO (ppm) -0.038 0.407**  0.523**  0.275%*  (.168**
SO, (ppm) 0.044 -0.034 -0.012 0.041  0.526**  0.022
Hum. (%) -0.324%* 0.005  0.302** -0.563** -0.152**  (.050 -0.048
Ra. (W/mi)® 0.466%* 0.053  -0.093* 0.448**  0.059 -0.032 -0.015  -0.633**
VOCs (ppb) 0.080 0.126%*  0.060  0.211**  0.059 0.077 -0.009  -0.208%* (0.231%*
*Temp.: Temperature, "Hum.: Humidity, “Ra: Radiation.
*<0.05, **p<0.01
Table 5. The summary results of factor analysis for VOCs
Item Seoseok Geonguk
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Isobutane 0.515 -0.083 -0.075 0.379 -0.349 0.350
1-Butene 0.447 0.433 -0.071 0.418 0.191 0.381
n-Butane 0.709 0.327 -0.117 0.209 0.396 0.332
trans-2-Butene 0.015 -0.037 -0.026 0.500 0.480 -0.329
cis-2-Butene 0.299 0.384 -0.086 0.335 0.673 -0.163
Isopentane 0.797 0.323 -0.108 0.100 -0.121 0.206
1-Pentene 0.587 0.449 0.007 0.040 0.339 0.211
n-Pentane 0.749 0.347 -0.090 0.547 -0.440 0.155
Isoprene 0.487 0.314 -0.110 0.101 0.267 0.214
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Table 5. The summary results of factor analysis for VOCs (continued)
Item Seoseok Geonguk
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
trans-2-Pentene 0.676 0.438 -0.039 0.384 0.379 -0.397
cis-2-Pentene 0.616 0.445 -0.009 0.111 0.515 0.041
2,2-Dimethylbutane 0.673 0.406 0.088 0.148 0.414 0.358
Cyclopentane 0.692 0.281 -0.112 0.394 -0.095 0.593
2,3-Dimethylbutane 0.720 0.355 -0.085 0.176 0.178 0.555
2-Methylpentane 0.718 0.393 -0.048 0.489 0.236 0.481
3-Methylpentane 0.570 0.265 0.030 0.500 0.158 0.509
1-Hexene 0.509 0.391 0.145 0.403 0.678 0.000
n-Hexane 0.375 0.010 -0.029 0.253 0.018 0.462
Methylcyclopentane 0.351 0.097 0.040 0.548 0.510 0.086
2,4-Dimethylpentane 0.225 0.005 0.291 0.140 0.176 -0.096
Benzene 0.745 0.294 -0.119 0.660 0.159 0.399
Cyclohexane 0.534 0.178 0.030 0.683 0.397 0.046
2-Methylhexane 0.785 0.148 0.028 0.650 0.208 0.224
2,3-Dimethylpentane 0.535 0.355 0.152 0.149 0.514 0.174
3-Methylhexane 0.868 0.279 -0.002 0.702 0.500 0.100
2,2,4-Trimethylpentane 0.855 0.217 0.089 0.362 0.151 0.111
n-Heptane 0.891 0.238 -0.013 0.674 0.526 -0.118
Methylcyclohexane 0.519 0.192 -0.017 0.701 0.067 0.183
2,3,4-Trimethylpentane 0.737 0.245 -0.053 0.205 0.012 0.064
Toluene 0.810 -0.060 -0.122 0.744 -0.334 0.306
2-Methylheptane 0.781 0.181 0.050 0.493 0.529 -0.211
3-Methylheptane 0.570 0.105 0.124 0.481 0.427 -0.258
n-Octane 0.372 -0.061 0.862 0.318 0.232 -0.377
Ethylbenzene 0.733 -0.257 0.387 0.797 -0.293 -0.008
m, p-Xylene 0.726 -0.408 0.189 0.792 -0.326 -0.117
Styrene 0.229 -0.161 0.875 0.317 0.171 -0.398
0-Xylene 0.751 -0.375 -0.072 0.837 -0.366 -0.088
n-Nonane 0.839 -0.243 -0.074 0.785 0.196 -0.127
Isopropylbenzene 0.633 -0.201 0.154 0.712 0.145 -0.342
n-Propylbenzene 0.753 -0.501 -0.011 0.806 -0.253 -0.222
m-Ethyltoluene 0.702 -0.626 -0.166 0.824 -0.477 -0.076
p-Ethyltoluene 0.717 -0.577 -0.170 0.790 -0.491 -0.068
o-Ethyltoluene 0.629 -0.655 -0.187 0.762 -0.447 -0.096
1,3,5-Trimethylbenzene 0.768 -0.558 0.025 0.787 -0.433 -0.089
1,2,4-Trimethylbenzene 0.572 -0.622 -0.218 0.785 -0.501 -0.050
n-Decane 0.700 -0.254 -0.057 0.579 0.053 -0.159
1,2,3-Trimethylbenzene 0.646 -0.651 -0.227 0.793 -0.477 -0.072
m-Diethylbenzene 0.541 -0.450 0.399 0.386 -0.372 0.106
p-Diethylbenzene 0.709 -0.492 -0.060 0.757 -0.383 -0.136
n-Undecane 0.701 -0.077 -0.048 0.667 0.436 -0.145
n-Dodecane 0.319 0.069 -0.133 0.563 0.514 -0.271
Eigenvalue 21.6 6.4 24 16.6 7.2 3.6
Variance (%) 415 12.3 4.6 31.9 13.8 6.8
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Table 6. Results of regression analysis between VOCs and factors

Parameter Coefficients R p-value
Constant 4.948
Factor 1 4.193

Seoseok Factor 2 9777 0.877 0.000
Factor 3 0.656
Constant 3.951

Geonguk Factor 1 2.654 0.669 0.000
Factor 3 1.485
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