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Studies of VOC Distribution Characteristics from
Ban Po Area Using Optical Open-path Methods
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The concentrations of major VOC species which include benzene, toluene, and xylenes were measured from
Ban Po district of Seoul using open-path DOAS technique for a period covering June 1999 through August
2000. According to our study, the concentrations of those species were measured ta:-he82.27enzene),
10.92+ 9.43 (toluene), 1.881.70 (m-xylene), 1.66 0.89 (p-xylene), and 5.701.71 ppb (0-xylene). Comparison
of data distribution indicates that toluene is the most dominant specie, amounting to 40 % of all VOCs. If the data
are examined over varying time scale, notable differences were apparent for such species as toluene, m-, and
p-xylene over diurnal scale. Inspection of seasonal patterns showed that the occurrences f peak concentration
differ greatly among different species. Results of statistical analysis confirmed that the pattern of concentration
change are quite compatible among VOC species rather than those of external conditions like meteorological

parameters.
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Table 1. A statistical summary of VOC concentrations and related ratios measured from the Banpo station during the
whole study period (Jun. 1999~Aug. 2000).

(A) concentrations* (B) Concentration ratios**
ben tol o-xy m-xy p-Xy TL/BZ  TL/IOX  MX/PX TL/BTX

Mean 4.27 10.92 5.70 1.88 1.66 2.66 2.711 2.76 0.40
Median 4.30 8.05 5.59 1.70 1.82 2.22 1.44 0.79 0.40
SD 1.82 9.43 1.71 1.57 0.89 2.48 6.48 5.90 0.16
Min 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00
Max 22.1 158.7 24.9 76.8 30.0 69.1 313 79.6 0.8

N 8429 8553 8561 6915 8010 8320 8533 6224 8551

Cl (90%) 0.03 0.17 0.03 0.03 0.02 0.04 0.12 0.12 0.00

*All concentrations in ppb unit
**Symbols for VOC spicies including BZ and TL denote bezene and toluene; OX , MX and PX denote o-, m-, and p-xylene,
respectively; BTX denote bezene, toluene and xylene.

Table 2. A statistical summary of pollutants concentrations and meteorological parameters measured concurrently from
the Banpo station during the whole study period (Jun. 1999~Aug. 2000).

(A) Pollutants

SO, NO, 04 PM10 NO NOy CH, NMHC THC Cco
(ppb) (ppb) (ppb) (/m®) (ppb) (ppb)  (ppm)  (ppm)  (ppm)  (ppm)

Mean 5.03 48.5 272 53.8 37.0 76.2 2.02 0.26 2.28 0.67
Median 4.06 454 224 44.0 17.0 56.0 1.94 0.20 2.14 0.50
SD 4.02 23.6 17.7 37.6 51.1 63.4 0.32 0.24 0.50 0.53
Min 0.11 3.45 3.13 1.00 1.00 7.00 0.02 0.00 0.02 0.00
Max 32.7 147 123 532 470 575 8.23 3.78 9.85 4.10

N 8248 8179 7332 10080 9898 9898 9892 9892 9892 10000
Cl (90%) 0.07 0.43 0.34 0.62 0.84 1.05 0.53 0.40 0.83 0.09

(B) Meteorogical parameters

UV RH WS TEMP
MJm? (%) (m/s) 0

Mean 40.9 67.7 1.48 15.6

Median 4.00 70.0 1.30 17.3

SD 68.3 194 0.85 10.6
Min 0.00 0.00 0.00 -8.60

Max 656 99.0 6.70 34.7
N 10016 10240 10234 10213

Cl (90%) 1.12 0.32 0.01 0.17
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Fig. 1. A plot of frequency distribution for all VOC species
determined during the whole study periods (Jun.
1999~Aug. 2000). Notations for symbols are iden-
tical to Table 1.
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Table 3. A statistical summary of diurnally divided VOC data sets (Jun. 1999~Aug. 2000).*

ben** tol o-xy m-xy p-Xy TL/BZ  TL/IOX  MX/PX TL/BTX
Day
Mean 4.27 10.5 5.71 1.81 1.70 2.55 245 247 0.40
SD 1.73 8.36 1.61 1.68 0.95 2.06 4.73 531 0.15
N 4466 4509 4513 3570 4289 4430 4501 3279 4509
Night
Mean 4.29 11.6 5.71 1.95 1.59 2.84 3.07 3.01 041
SD 1.95 10.6 1.82 1.46 0.80 2.95 8.19 6.51 0.17
N 3694 3781 3780 3083 3527 3628 3772 2761 3781
Z -0.64 -5.45 0.10 -3.71 5.31 -5.07 -4.12 -3.49 -3.07
P 0.53 0.00 0.92 0.00 0.00 0.00 0.00 0.00 0.00

*All concentrations in ppb unit

**Notations for symbols are identical to those used in Table 1.
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Fig. 2. A plot of frequency distribution for diurnally divi-
ded VOC data groups. Symbols D and N denote
day and night, respectively.
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Table 4. A statistical summary of seasonaly divided VOC data sets (Jun. 1999~Aug. 2000).*

spring summer fall winter
Meanz SD (N) Meant SD (N) Meant SD (N) Meant SD (N)
ben** 4.99 +1.11 (1718) 3.79+ 1.79 (2699) 3.82+2.01 (1866) 4.69 + 1.87 (2146)
tol 10.08 + 8.00 (1718) 9.18 £ 6.84 (2843) 12.93 + 11.51 (1846) 12.17 £ 10.84 (2146)
0-Xy 5.50 £ 1.30 (1718) 5.33 £ 1.65 (2842) 5.42 +1.85 (1857) 6.60 + 1.65 (2144)
m-xy 1.24+0.79 (1703) 1.82+1.14 (1380) 2.97 +2.27 (1866) 1.43+0.82 (1966)
p-xy 2.2+40.45 (1718) 1.26 + 0.81 (2679) 1.16 + 1.20 (1468) 1.99 + 0.48 (2145)
TL/BZ 1.90+1.05 (1718) 3.01+3.85 (2611) 3.11+1.62 (1845) 2.44 +1.33 (2146)
TL/OX 2.16 +2.33 (1718) 2.41+6.13 (2842) 3.62+9.18 (1833) 2.75 +6.34 (2140)
MX/PX 0.55 + 0.35 (1703) 5.57 £ 8.69 (1119) 5.78 £ 7.95 (1441) 0.84 +£1.33 (1961)
TL/NMHC 0.07 £ 0.06 (1623) 0.07 £ 0.09 (2755) 0.04 £0.04 (1787) 0.06 £ 0.03 (1971)
TL/BTX 0.38 £ 0.15 (1718) 0.41 £ 0.15 (2843) 0.43+0.18 (1844) 0.40 £ 0.17 (2146)

*All concentrations in ppb unit

**Notations for symbols are identical to those used in Table 1.
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Table 5. A summary of correlation analysis between VOCs and relevant parameters for both all and diurally divided data

sets.

(a) all data

(b) daytime

©

nighttime

BEN TOL OXY MXY

PXY

BEN

TOL

OXY MXY PXY | BEN

TOL

OXY

MXY PXY

BEN
TOL
OXY
MXY
PXY

S0,
NO,
0
PM10
NO
NOy
CH,
NMHC
THC
co

uv
HUM
WS
TEMP
STAB
MHEI
GHT

1
0.695* 1
-0.563* -0.448
-0.139 0.314
0.211 0.020

0.448
0.483
0.009
0.305
0.459
0.483
0.231
0.482
0.386
0.380

0.429
0.693*
-0.266

0.338
0.666*
0.706*

0.430
0.764*
0.654*
0.611*

-0.117
0.038
-0.336
-0.089
0.136

0.001
-0.049
-0.190
-0.173
0.039

-0.123 -0.209

1
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0.225
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-0.209
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-0.016

0.209
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0.201
0.448
0.352
0.242

-0.087
0.148
-0.127
0.207
0.057

-0.093

1

0.167
0.030
0.208
-0.030
-0.142
-0.123
-0.225
-0.053
-0.172
-0.172

0.091
-0.365
0.211
-0.342
-0.068

0.037

1
0.672*
-0.557*
-0.167

0.247

0.459
0.510*
0.024
0.297
0.439
0.476
0.190
0.469
0.361
0.354

0.009
-0.076
-0.165
-0.211
0.038

-0.103

-0.418
0.307
0.103

0.466
0.732*
-0.235

0.355
0.658*
0.717*

0.425
0.788*
0.673*
0.600*

-0.154
0.061
-0.324
-0.166
0.160

-0.221

0.718*

-0.583*
-0.098
0.155

0.437
0.463
-0.029
0.308
0.493
0.503*
0.280
0.501*
0.425
0.420

-0.109
-0.019
-0.236
-0.135
0.108

0252 1
0176 0.232 1

-0.075
0.083
-0.124
0.044
0.145
0.148
0.161
0.430
0.326
0.169

-0.131
-0.358
0.265
-0.234
-0.371
-0.391
-0.271
-0.314
-0.333
-0.208

-0.037
-0.195
0.382
-0.247
0.032

0.148
0.030
0.248
0.005
-0.153
-0.131
-0.223
0.027
-0.126
-0.186

-0.098
0.153
-0.112
0.134
0.053

0.089
-0.382
0.192
-0.253
-0.015

0.166 -0.104 0.008 |-0.176

-0.495
0.338
-0.079

0.393
0.662*
-0.383

0.333
0.692*
0.717*
0.453
0.758*
0.661*
0.641*

0.078
0.008
-0.359
0.003
0.176

-0.208

0.109
0.296

-0.066
-0.293
0.183
-0.304
-0.398
-0.400
-0.352
-0.428
-0.436
-0.266

0.255
-0.206
0.425
-0.464
-0.130

0.271

1
-0.132 1

-0.107
0.190
-0.204
0.142
0.293
0.294
0.245
0.482
0.395
0.325

0.196
0.039
0.142
-0.091
-0.135
-0.117
-0.234
-0.138
-0.220
-0.144

-0.054
-0.327
-0.115 0.210
0.322 -0.506*
-0.028 -0.072

0.194
0.112

-0.025 0.041

*denotes probability of no correlation <0.0001



Table 6. A summary of varimax rotated factor analysis for VOCs and relevant parameters for both all data and diurally divided data sets.

9¢€¢

(a) alldata (b) daytime (c) nighttime
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
BEN 0.506* 0.221 -0.381 0.477 -0.396 | 0.372 0.796* 0.230 0.634* 0.437 -0.498 -0.111 0.148
TOL 0.726* 0.263 -0.325 0.266 0.132 | 0.576 0.264 0.506* 0.406 | 0.843* -0.211
0-XY -0.345 -0.161 -0.319 0.607* 0.467 | -0.190 -0.226 -0.748 -0.154 0.240 0.315 | -0.485 0.692* 0.215 -0.203
M-XY 0.164 0.111 0.929* 0.152 -0.246 -0.138 0.892*| 0.311 -0.620 0.270 0.155 0.141
PXY 0.871* 0.187 | -0.120 -0.243 0.278 0.553 * 0.602* 0.748* -0.127 -0.132
SO, 0.509* -0.185 0.193 0.383 -0.281 [ 0.518* 0.135 0.401 -0.115 0.356 0470 0.496 -0.182  0.200
NO,, 0.721* -0.246 0.227 -0.253 0.148 0.636% 0.262 0.513* -0.177 0.761%* -0.158 -0.161 0.175 -0.379
(0% -0.476 0.622 * 0.143 0.212 -0.538 0.128 0.512*% 0.368 -0.501 0.169 -0.218 0.249 -0.107 0.524*
PM10 0.191 0.198 0.642 * -0.142 0.670* 0.282 0.150 0.286 -0.325 0.421 0.418
NO 0.925* -0.116 0.892* 0.130 0.182 -0.165 0.890* 0.117 -0.153
NOy 0.924* 0.150 -0.141 0.852* 0.259 0.272 -0.164 0.916* -0.148
CH, 0.322 -0.182 0.758* -0.233 0.288 0.801* -0.116  -0.109 0.331 -0.196 -0.116 -0.159 0.776*
NMHC 0.758%* 0.386 -0.193 0.285 | 0.602* 0.461 0.246 -0.103  0.457 | 0.848* -0.154 0.243
THC 0.598* -0.113 0.696* -0.127 0.181 | 0.504* 0.752* 0.138 -0.124  0.235 | 0.640* -0.208 -0.108 -0.148 0.644*
CO 0.886* -0.140 0.117 -0.168 0.871* 0.234 -0.147 -0.112 0.852* 0.271 -0.144 0.147 0.173
uv 0.835* -0.104 0.829* 0.192 -0.146 0.712* 0.117 -0.121 0.136
HUM -0.278 0.165 -0.259 -0.491 0.112 0.228 -0.114 -0.242 -0.574 -0.290 -0.169 0.689*
WS -0.246 0267 -0.212 0.591* 0.144 -0.156 -0.202 -0.398 0.533* -0.303 0.278 0.701* -0.107
TEMP -0.350 0.552* 0.377 -0.435 -0.286 0.133 | -0.536 0.403 0.501* -0.377 -0.134 -0.635 -0.651 0.168
WD -0.165 0.349 0.598* 0.349 -0.248 | -0.166 0.254 0.708* -0.176 [ -0.161 0.492 0.106 0.323 0494 -0.207
STAB -0.862 -0.810 0.119 -0.819 0.149 -0.184
MHEIGHT 0.387 0.426 -0.108 -0.354 0.422 0.165 -0.158 | -0.148 0.115 0.527* 0.101 -0.202
Total 5730 2.672 2348 1944 1.885 1.597 | 4.837 2.645 2598 2.253 2110 1.767 | 6.379 2306 2.183 1926 1.724 1.381
% of Variance| 26.05 12.15 10.67 884 857 726 | 2199 12,02 11.81 1024 9.59 8.03 [ 28.99 1048 9.92 8.75 7.83 6.28
Cumulative % 26.05 38.19 48.87 57.70 66.27 7353 [ 21.99 34.01 45.82 56.06 65.65 73.68 | 28.99 39.47 4940 58.15 6598 72.26
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