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Case study of ozone photochemistry in the Seoul
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This study examines the local ozone photochemistry in the urban air. The photochemical formation and
destruction of ozone was modeled using a photochemical box model. For the model prediction of ozone budget,
measurements were carried out from an urban monitoring station in Seoul (37.6°N, 127°E), Korea for intensive
sampling time period (Jun. 1~15, 2003). Photochemical process is likely to play significant role in higher ozone
concentrations during the sampling period. The results of model simulation indicated that photochemical ozone
production pathway was the reaction of NO with HO, while ozone destruction was mainly controlled by a
photochemical destruction pathway, a reaction of H,O with O('D). The contribution of NMHCs to formation and
destruction of ozone in the urban was significant. This was entirely different from remote marine environment.
The rates of net photochemical ozone production ranged from 0.1 to 1.3 ppbv h' during the study period.
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Table 1. Statistical summary of observations of NO, NOx, O3, CO, and NMHCs (in ppbv) at Seoul during the

summer 2003
Date (June) NO NOx 0O; CO NMHCs
A B A B A B A B A B
1 12+17 2 58430 55 30«11 33 499148 502 340+130 300
2 21426 4 73+37 78 3326 36 410£183 414 340100 350
3 30+32 18 05448 9% 2621 17 472325 434 420160 450
4 2125 7 10532 96 28426 19 445%143 411 450+150 440
5 40+£35 23 103+58 113 21+13 22 549+198 597 470+100 490
6 1511 9 59£18 57 3122 34 375£193 425 460170 530
7 23+24 13 68+36 70 48+28 49  433+308 471 290430 290
8 7£11 2 36+25 26 46+16 52 43278 420 N/A
9 53 4 4512 47 22+11 23 576154 562 17030 160
10 4+3 3 27£11 26 157 16 481+96 466 350490 360
13 5+10 2 38+19 33 19£11 17  645+101 620 29050 290
14 5+7 2 36+12 35 514 4 320+£106 828  250+50 240
A: averagetstandard deviation
B: median
800 120
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o 3 1
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- x g > e X | ‘5.,
< ® vy o :ﬁﬁ $B, n . g
2 . % v P T o } % ;8 g
g 300 | % ) e . o x
g Zﬂ 5;3: gijna;.: )gﬁ?x "%?’ i‘;. . innn 1% :
Dl A e R e sy
2 200 | 8 »’g!i -&gé * * &’ " $o r A a 25 d:h%xs—‘o &
1 AT IR * ke o spegl B
e 60, 8 5 3R . o oo - 2
100 b, 08 g P« EUER ¥ A8 o 34 20 g
i mf 45 i 7> 3
S e F Ao ¥ it
61 613 65 en 8/9 811 613 815
Date
Fig. 1. Time series of trace gases (O3, NO, and NMHCs) and UV radiation during the study period in 2003 (Jun

1~15, 2003) at Seoul.
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Table 2. The summary of photostationary state parameter (®gxr)
Date (June) 1 2 3 4 5 6 7 3 9 10 13 14
Drxr 1.01 161 16 153 0.84 112 13 1.74 0.79 0.97 1.64 242
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Fig. 4. Comparison of the observed Os concentrations with those calculated from the PSS. Detailed descriptions
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Table 3. Assessment of critical parameters in the formation of ozone
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Date (June) 1 2 3 4 5 6 7 10 13 14
"NO (ppbv) 2 4 18 7 23 9 13 3 2 2
®Critical NO (pptv) 36 9 21 18 15 25 34 20 22 8 5 2
“NOx (ppbv) 55 78 9% % 113 57 70 26 47 26 33 35
“Critical NOx (ppbv) 11 03 06 11 10 08 08 05 05 04 04 01
°NOx Lifetime (days) 67 123 121 124 208 105 57 43 219 201 132 491
'NO,-Os Chain Length 132 133 87 81 146 215 171 217 134 268 174 120
P (ppbv-O/ppbv-NOx-day) 20 13 062 064 053 10 324 561 072 118 161 027
a’ median—-measured NO level

b: NO level at which photochemical production and destruction of Os in balance

¢ 24-hour average NOx level

d: NOx level at which photochemical production and destruction of Os in balance

e loss of NO» through the reaction with OH

f: number of Oz molecules produced photochemically per NOx molecule oxidized

g’ the change in O3 formation rate (ppbv/day) for a given increment of NOx(ppbv)
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#3544

o N
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73 8 (P(0s)

F(O3)+

550 #5A
A},
HEEF(O),

=F(03)-D(03))
)< 1~9.1x10° molecule

1.0~9.1x10°
D09 & 0.1~7.3x10*

B3 Hd o0& ¥

Table 4. Comparison of ozone tendency(P(Os)=F(QO3)-D(03)), ozone formation Rate(F(Os)), and ozone destruction
rate(D(0s)). Their values are calculated from standard model runs and standard model runs without NMHC

Date (June) 1 2 3 4 5 6 7 8 9 10 13 14
*P(0s)
Standard 74 40 2.2 26 32 22 38 91 15 15 60 1.0
No NMHC 05 06 0.6 04 04 04 06 15 0.3 04 06 0.3
"F(O3) 7.7 40 2.2 26 32 2.2 38 91 1.6 15 60 1.0
Standard 0.6 06 0.6 04 04 04 06 15 03 04 06 0.3
No NMHC
"D(03) 46 11 1.3 04 03 0.3 2.4 7.3 0.8 05 34 0.1
Standard 37 06 0.2 04 01 0.3 06 67 07 04 19 0.1
No NMHC

a: x 10° molecule/cm”/s
b x 10" molecule/cm’/s
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