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In this study, the concentrations of ozone were analyzed from both urban residential area (U-RA) and urban
roadside (U-RS) sites located in Seoul, Korea for the 11 year duration (1996 to 2006). The ozone con-
centrations at U-RA (14+8.8 ppb) were 50% higher than U-RS site (9.35+5.9 ppb) in association with the local
NO sources. The maximum hourly ozone concentration during the day reached 36.4 ppb at 1600 LST, while
the minimum of 6.61 ppb was seen at 0800 LST (U-RA). Evaluation of seasonal trend indicated that high
ozone concentrations were observed during summer followed by fall and winter. The monthly mean con-
centrations at U-RA were higher in June (21 ppb) and lower in December (6.8 ppb), while their counterparts
at U-RS were 15.3 and 5.7 ppb, respectively. The annual mean values of O, tend to sensitively reflect the con-
centration changes in May through September over a year. Consequently, the trends of ozone are found to be
fairly dependent on the photochemica activity. According to this study, the overall ozone trend at U-RA is
characterized with a steady rise from 2004, while those fo at U-RS with a constant decrease from 2001.
It also suggests that the ozone concentrations tend to vary in relation with a number of parameters includ-
ing the precursor emissions (NO and NO,) and meteorological factors (turbulent mixing, temperature, and

solar radiation).
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Fig. 1. A map of Seoul showing the geographical locations

of two AQM stations investigated in this study
such as Urban residential area (U-RA: DH) and
Urban roadside (U-RS: SC) sites.



Table 1. A statistical summary of ozone and environmental parameters measured at hourly intervals (1996~2006)

0, SO, NO ©NO, NOy CO CH, NMHC THC TSP PM,, PM,, TEMP HUM UV Solra WS
. W,
o) Gpb)  (pb)  (pb)  (ppb) (ppm) (ppmC) (ppmC) (ppmC) (ugn®) (gm®) (ugm®) (C)  (%RH) 2;;2)/ (Wm)  (m/sec)
A. U-RA (DH)
Mean 14.0 7.33 34.6 349 67.1 1.07 2.06 0.37 2.43 84.1 65.0 25.4 15.6 63.0 0.21 131 1.78
Med 9.00 6.00 16.0 32.0 49.0 0.80 1.99 0.32 2.33 70.0 51.0 17.0 17.9 64.0 0.03 6.00 1.50
SD 14.2 10.0 50.9 17.8 59.9 0.90 0.31 0.26 0.46 84.8 62.7 29.0 10.1 18.6 0.40 200 1.33
Min 0.00 0.00 0.00 0.00 0.00 0.00 1.39 0.00 0.28 0.00 1.00 1.00 -14.5 10.0 0.01 0.00 0.00
Max 135 512 512 168 680 15.5 6.59 2.56 7.14 4176 2409 917 37.2 98.0 6.24 900 12.1
N(all) 82154 81375 79273 81144 80097 80697 33642 33643 33643 43637 68628 34949 36382 36433 36430 36433 35197
N(V]V)l;gout 80766 81259 79191 81091 80065 79918 33642 33460 33643 43603 68628 34949 36382 36433 36430 30039 33693
B. U-RS (SC)
Mean 9.35 8.73 127 60.8 188 1.21 2.22 0.34 2.57 92.1 72.9 314 14.1 59.6 0.18 69.3 0.76
Med 7.00 7.00 106 55.0 164 1.00 2.11 0.28 2.43 77.0 62.0 27.0 154 59.0 0.03 1.00 0.70
SD 9.04 7.20 919 31.2 115 0.84 0.45 0.26 0.57 92.7 68.5 21.6 10.9 21.8 0.34 124 0.51
Min 0.00 0.00 1.00 0.00 0.00 0.00 0.64 0.00 0.70 1.00 1.00 0.00 -18.8 5.00 0.00 0.00 0.00
Max 165 141 926 578 1023 9.9 10.4 11.1 13.6 4323 3126 502 37.8 106 6.34 824 11.9
N(all) 88320 88436 89779 89755 89784 88836 79415 79414 79432 78975 55302 46029 91810 89301 90888 48840 92483
N(Vg'ﬁl)out 87394 88398 89779 89753 89783 88834 79415 78013 79432 78975 55302 46028 91810 89301 58067 25260 91346

Note: TEMP(temperature), HUM(humidity), UV (ultraviolet), WS(wind speed).
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Table 2. Temporal trend of ozone concentration data measured at U-RA and U-RS sites

1. All trend for 11 years

U-RA U-RS % Difference® correlation coefficient
All 14.0 9.35 494 591(%*)
2. High ozone months (May-September) vs. low ozone months (October-April)
High months 18.1 11.7 54.0 BT7(*)
Low months 10.7 7.66 39.1 A87(F*)
3. Seasonal trend
Spring 16.6 10.9 51.9 .553(**)
Summer 17.9 12.5 43.0 .568(**)
Fall 12.7 7.47 70.3 592(**)
Winter 7.75 6.69 15.9 495(*%*)
3. Annual trend
1996 11.0 8.76 25.7 .657(**)
1997 9.89 8.95 10.5 687(%*)
1998 11.2 8.43 324 .844(**)
1999 14.3 10.3 38.6 568(**)
2000 16.2 11.2 44.8 763(%%)
2001 10.8 12.1 -10.5 .498(**)
2002 16.2 10.3 57.9 505(%*)
2003 15.3 9.07 68.8 561(%*)
2004 14.7 7.06 109 .699(**)
2005 14.9 7.83 90.5 546(**)
2006 18.8 9.10 107 757(%%)

al percent difference= {U(RA)-U(RS)}*100/U(RS)
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Fig. 2. Comparison of the frequency distribution patterns of ozone between urban residential area (U-RA: DH) and urban
roadside (U-RS: SC) stations using the ozone data sets collected over a 11 year period.
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Fig. 3. A plot of the daily mean concentration of ozone at U-RA and U-RS stations for a full study period (1996~2006).
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Fig. 4. Diurnal variation of ozone between urban residential area (U-RA: DH) and urban roadside (U-RS: SC) sites.
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Table 3. Occurrence pattern of ozone concentration data at U-RA and U-RS
Number of b .
Dé::rth 3 4 5 6 7 8 9 10 11  days Fiefggnci l\gaﬁﬂzggg;
(=60 ppb) O PPP
1996 1 4 10 6 1 22 5 128
1997 2 9 5 3 19 0 96
1998 1 2 5 10 18 0 99
1999 6 17 6 2 6 39 6 116
2000 1 1 10 16 15 10 3 56 10 119
U-RA 2001 1 3 2 1 7 0 81
2002 12 18 9 6 7 3 1 56 9 134
2003 1 17 12 7 1 3 41 2 106
2004 2 8 10 7 1 28 8 120
2005 2 3 4 5 9 5 1 29 3 135
2006 11 17 6 13 11 7 1 66 3 111
1996 3 1 1 3 5 3 16 2 109
1997 13 2 1 21 1 123
1998 1 1 2 4 0 70
1999 2 1 10 1 4 2 1 21 0 99
2000 10 8 18 13 165
U-RS 2001 3 3 0 84
2002 3 3 6 1 120
2003 1 1 0 60
2004 0 0 50
2005 1 1 0 61
2006 2 1 3 0 69

dNumber of days (for each year) with O; >60 ppb.

"Hourly frequencyof above 100 ppb.

“Hourly maximum concentration of ozone.
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Fig. 7. Comparison of the annual mean concentrations of ozone between urban residential area (U-RA: DH) and urban
roadside (U-RS: SC) sites with different temporal groupings.
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Table 4. Results of correlation analysis between ozone and all environmental parameters measured concurrently during the study period

0, SO, NO NO, NOy CO CH, NMHC THC TSP PM,, PM,, TEMP HUM v Solra WS
a. U-RA (DH)

0, 1

S0, -105(**) 1

NO  -311(*%).195(*%) 1

NO, -200("%) 187(*) 486(**) 1

NOy -.334(**) 225(+*) .938(*%) 685(**) 1

CO  -282(*%) 313(**) ALA(*™) 224(**) 4120%) 1

CH, -184(**).048("%) 246(**) 254(*%) 276(**) 258(*%) 1

NMHC -317(*) 320(*) .609(**) A79(**) 634(**) 643(**) 301(**) 1

THC -303("%) 214(**) 511(**) 443(**) 546(**) 540(**) 842(**) 768(**) 1

TSP -.015("%) 188(**) .118(**) 254(**) .178(**) .125(**) .087(**) 076(**) 101(**) 1

PM,, -.067(*%) 131(**) 213("%) 300(**) 258(**) 266(*) .125(**) 109(**) .146(**) 946(**) 1

PM,, -.054(**) 260("%) .188(**) .335("%) 258(**) 303(**) 157(**) .107(**) 166(**) .840(**) .862(**) 1

TEMP .299(**) -.050("*)-.238(**)-.319("*)-.292(**)- 204(**) .042(**) -.058(**) -0.005 -031(**)-.044(**)-085(**) 1

HUM 337(*%) - 195(**) - 242(*%) - 124(**)-.230(**)-.299(**) .072(**) .030(**) .065(**) -.044(**)-044(**) -0.005  .269(**) 1

UV -284(+%)-208("%) .021¢**) -.080C) -0.01 .038(**) - 101(**)-.154(**)-.155(**) 0.002 .OLL(*) .051(**) .221(**)  -248(**) 1

Solra .404(**) .058(**) -.080(**)-109(**)-.099(**)-.155(**)-.109(**)-.109(**)- 135(**) .034(**) .011(*) .057(**) 206(**)  -396(**)  .765(*%) 1
WS 5120+%) .103(") -.085(**)-.160(**) - 119(**)-. 164(**) - 182(**)-.205(**) - 238(**) -.013(¥) -.030(**)-.027(*) -021(**)  -161(**)  .149(*%)  234(*%) 1
b. U-RS (SC)

0, 1

SO,  -I125(%) 1

NO  -235(%) 531(*%) 1

NO, -068(**%) 411(*) 659(**) 1

NOy  -207(*%) B37(%) 979(*%) .799¢*) 1

CO  -166(**) 556(*%) .607(**) A12(**) 598C%) 1

CH, -007(%) 221(*) 319(*%) 236(™) 319(*) 364(*) 1

NMHC -177(%) 255(*) 354(%) 225(**) 344(**) 271(%%) 219(*) 1

THC -159(**) 203(*%) 417(**) 201(*%) 413("%) 414(**) 890(**) .639(") 1

TSP 0.004 .079C™) .092(**) .101(**) .101(**) -034(**) .105(**) .I31(**) .141(**%) 1

PM,, 041(*%) 221(%%) .197(**) 214(**) 215(*%) 129(**) 215(**) .173(**) 238(**) 961¢**) 1

PM,, .085("%) .345(**) 308(**) 372("%) 348(*%) .163(**) 379(**) 351(*%) 414(**) 686(**) .756(%) 1

TEMP .280(**) -239(**) -221(**) -.060(**) -193(**) ~067(*) -.022(*%) -053(**) -042(**) -071("%) -066(**) -034¢**) 1

HUM  -141(%) -102(%%) -055(**) -.179(*%) -093(**) .084(**) .115("%) -064(**) 061(**) -094(**) -065("%) -059(**) 234(**) 1

UV 393(%) .030*%) -022(%) 092¢**) .007(*) .023(*%) -063(**) -077¢**) -085(**) -022(**) 019(**) .092(%) 300(**) -221(**) 1

Solra  333(%) 0001 -045(**) .120(*%) -0.002  0.007 -166(**) -099(**) -155(**) .020(**) .014(**) .063(**) .315(**) -320(**) 896(**) 1
WS .2120%) -044(*) -071(%) .026(**) -050(**) -053(**) -063(%) -210(**) -147¢*) 0120%) .079(**) .024(**) -163(*%) -204("%) 220(**) 285(*) 1

** denote number of observations and the significance at P < 0.01, respectively.
* denote number of observations and the significance at P < 0.05, respectively.
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Table 5. Results of statistical analysis of ozone concentration data at each site

a. ANOVA
U-RA (DH) U-RS (SC)
Model ; .
SS d.f. MS F Sig. SS df. MS F Sig.
Regression 3.81E+06 14 272450.21 2406.29 .000(a) 2.99E+05 14 21369.08 547.60 .000(a)
05 Residual 3.22E+06 28404 113.224 1.31E+06 33480 39.023
Total 7.03E+06 28418 1.61E+06 33494
b. Coefficients
U-RA (DH) U-RS (SC)
Model Unstandardized  Standardized ¢ si Unstandardized Standardized ¢ si
ode Coeff. Coeff. g Coeff. Coeff. &
B SE Beta B SE Beta
(Constant) 32.088 0.579 55.398 0 4.27 0.349 12.232 0
SO, 0.202 0.023 0.042 8.649 5.4E-18 0.031 0.01 0.017 3.028 0.002
NO -0.104 0.002 -0.288  -41.966 0 -0.01  0.001 -0.11 -14.784 2.6E-49
NO, -0.304 0.005 -0.372  -59.419 0 0.017  0.002 0.055 7.839 4.7E-15
(6{0) 10.103 0.321 0.278 31.504 3.8E-214 -0.129 0.087 -0.008 -1.478 0.139
NMHC -2.351 0.441 -0.038  -5.331 9.8E-08 -6.009 0.285 -0.214 -21.102 3.3E-98
THC -2.465 0.22 -0.072  -11.184 5.6E-29 0.901  0.149 0.063 6.042 1.5E-09
05 TSP -0.036 0.002 -0.219 -16.132 2.8E-58 0 0.001 -0.007 -0.426 0.670
PM;, 0.022 0.004 0.092 5935 3.0E-09 -0.007 0.002 -0.072 -3.641 2.7E-04
PM, 5 0.119 0.006 0.199 20.989 4.5E-97 0.063  0.003 0.195 22.004 1.5E-106
TEMP 0.507 0.008 0.328 64.897 0 0.163  0.004 0.249 38.112 0.0E+00
HUM -0.252 0.004 -0.293  -58.156 0 -0.012  0.002 -0.038 -6.51 7.6E-11
uv 1.264 0.273 0.03 4627 3.7E-06 -1.18  0.426 -0.033 -2.769 5.6E-03
Solra 0.019 0.001 0.243 34916 1.5E-261 0.011  0.001 0.181 15.002 1.0E-50
WS 1.082 0.052 0.092 20.783 3.1E-95 1.868  0.106 0.114 17.563 9.7E-69
a. Dependent Variable : Oy

Significance (Sig.): Under 0.05

Note: B (Unstandardized), SE (Standard Error), and Beta (Standardized Coeff).
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Table 6. Factor analysis of ozone and all environmental parameters at each station

U-RA Component

U-RS Component

1 2 3 4 5 1 2 3 4 5

NOy 0.94 0.087  -0.088 0.146  0.007 THC 0944 0205 0.145 -0.098  0.091
NO 0879 0.013 -0.073 0.135  0.004 CH, 0859 0116 0.153 -0.152 -0.014
CO 0.869 0172 -0.147 0.162 -0.053 NMHC 0.809 0261 0.099 -0.008 0.194
NO, 0769 0225 -0.092 0.124 0.012 SO, 0331 0317 0211 -0.064 -0.286
NMHC 0648 -0.036 -0.046 0.482  0.035 NOy 0.266 0912  0.102 -0.09  -0.137
SO, 0515 0212 0129 -0.016 -0.354 NO 0.268 0.87 0.081  -0.147 -0.131
PM,, 0.128 0.97 -0.009 0.046 -0.017 NO, 0.181 0.784 0.142 0.13 -0.117
TSP 0.065 0958 -0.009 0.025 -0.042 CO -0.016 0524  0.086  0.008  0.214
PM, 5 0192 0928 0.017 0.044  0.083 PM,, 0105 0114 0.962 0.013 -0.048
Solra -0.021  -0.037 0.894 -0.048 -0.187 TSP 0.047  0.098  0.944 0.01 -0.081
uv 0.001 0016 0.862 -0.114 -0.001 PM,; 0348 0241 0.764 0.117  0.001

(0N -0.436  0.029 0.653 -0.046 -0.133 Solra  -0.055 0.039 -0.019 0.907 -0.207
CH, 0.109  0.082 -0.084 0.909  0.058 uv -0.032  0.036 -0.02 0901 -0.173
THC 0.437 0036 -0.083 0.886 0.058 (0N -0.141  -0.088 0.117 0.516  0.055
HUM -0.06 0.047 -0328 0.019 0.755 HUM -0.031 -0.077 0.013 -0.298 0.713
TEMP -024  0.013  0.468 0.17 0.671 WS -0.359  -0.057 0.142 0.162 -0.712
WS -0.388 -0.006 0.175 -0.007 -0476 TEMP 0.028 -0.1 -0.036  0.565  0.661
Eigenvalue 5.486  2.688 2.136  1.647  1.082 4855 2734  1.888  1.842 1121
% variance 32.27  15.81 1256  9.687  6.368 28.558 16.081 11.108 10.837  6.597
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