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Abstract

We examined high ozone episodes observed during the intensive measurement periods (11 May ~ 21 June and 30
July ~ 11 August 2009) in the Gulf of Gwangyang. During that period, there were afew events(or days) in which 1 hr
averaged ozone concentrations were greater than 100 ppbv. The analysis of ozone budget and photochemical char-
acteristics related to the ozone production was carried out using a photochemical box model. Ozone sensitivity to
NO, and VOCs was aso examined in the study area during the measurement period. Diurnal variation of ozone
during the episodes was similar to that of odd hydrogen radicals (HO,, CH30,, and RO,), suggesting significant
correlation with photochemical production of ozone during the episodes. In general, ozone concentration in the study
area during the measurement period was sensitive to VOCs, whereas ozone was sensitive to NO, under certain con-
ditions. Ozone sensitivity assessment using a radical budget analysis and NO,/\VV OCs-control strategy was consistent
with that using indicator species (H,O,/HNO; ratio).
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Fig. 1. Sampling location.
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Fig. 2. Diurnal variation of O3, NO,, peroxy radicals, VOCs, and meteorological parameters averaged during high ozone
episodes.
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Table 2. Statistical summary of the pollutant species (ppb) and meteorological parameters during the measurement period (11 May~21 June and 30 July~11

August 2009).

Met. Para.

Pollutant species (ppb)

Month

NO/NO  WS(ms™)

T(°C)

NO NO, NO, NO, BEN TOL EB MPX
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(0.4/3.1)

126+86 17.4+105 22.4+136
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244+3013 4.8+39
(151/2279)

455+19.2
(45.6/125.2)
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o
N
NS
S o
N
~ &
S ®
[Te)
HH
23
o
N~
© N
N ©
HI
[LINE
g':,
2o
S ©
—
H3
)
o
N @
S o
H
© S
S
~ S
Inge
©
a2
L &
S
'y
S s
o
0 <
a3
Hd
o9
o N~
—d
o)
[9V]
28
© ®
oS <
=2
o<
- ©
H3
oo.
< 9
- ~—
< &
79
+
©®
o
N ©
+H
n &
©
=
@ o
58
o R
o
g2
[{e]

226+15
(22.4/27.3)

0.8+0.4
(0.8/3.0)

05+03 0.6+05 10.7+196

(0.4/1.3)

05+06
(0.4/3.3)

+4.9

6.7

11.8+82
(9.1/56.5)

111482
(8.4/55.9)

75+45
(6.6/31.6)

3.6+5.3

369+548
(154/17418)  (L.4/44.0)

21.3+1458
(17.9/63.2)

Mean+ Standard Deviation.

(4.2/217)

(0.5/2.3)

(5.9/28.4)
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Table 3. Ozone budget analysis for the selected model simulation days.

High ozone episode

Base case

Ozone budget
5/25 6/1 6/5

6/16 5/18 5/22 5/29 6/2 6/11 8/2

HO,+NO 445 51.8 13.2

FO)(ppbv hry) ~ CHkOztNO 52 42 10

19.0 28.2 19.2 80.2 133 17.7 454
0.9 23 18 10.6 0.9 15 2.0
7.4 115 10.7 434 6.1 8.2 18.7
27.3 42.0 317 134 20.3 274 66.1

0.34 0.12 0.22 0.20 0.15 0.34 0.20
0.11 0.11 0.09 0.33 0.06 0.17 0.13
0.29 0.05 0.03 0.32 0.05 0.50 0.30
0.74 0.28 0.34 0.85 0.26 101 0.63

RO,+NO 230 302 46
Total 727 82 188
O(D)+H,0 023 031 035
OH+O 021 028 009
-1 3
D(Og) (ppbV ) i, 40, 017 021 006
Total 061 080 050
P(Os) (ppbv hr ) 720 85 182

26.6 41.7 314 133 20.0 26.3 65.5

Formation rate of ozone: F(O3)=[NOJ{ Kno-0,lHO2] +Kno-cry0,l CH302] +Kno-rolRO}
Destruction rate of ozone: D(O5) =kolD,H20[O(1D)+H20] +[Oal{Kon-o0)/ OH] +Ko,-0,[HO,I}

Net production of ozone: P(O3)=F(O3z) —D(O3)

skt 7] 373 813 R] A 26U A 25



200049 3, o158 Fo A 220 F3hapy

Wind speed (m/s)
[ >=50
[ 40~5.0
W 30~40
I 20~30
[J 10~20
M 0510
Cams: 23.96%

Wind speed (m/s)
[ >=50
[ 40~5.0
I 30~40
I 20~30
[J 10~20
M 05~10
Cams: 15.97%
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Table 4. Analysis of photochemical parameters for the selected model simulation days.
High ozone episode Base case
Ozone budget
5/25 6/1 6/5 6/16 5/18 5/22 5/29 6/2 6/11 8/2
%0, (ppb) 50.3 59.2 44.8 447 34.1 36.7 58.0 53.7 62.8 30.7
(105) (104) (107) (97.1) (545) (50.3) (745) (751 (77.3) (545)
5NO (ppb) 4.0 4.4 5.6 0.9 4.7 49 46 4.1 0.4 1.0
°NO,/NO ratio 26 23 34 14.4 17 2.2 31 2.8 6.0 6.1
INO, loss rate (daytime, ppb hr-%) 4.8 4.2 3.7 3.7 39 29 6.8 24 12 3.7
®NO, lossrate (nighttime, ppb hr™?) 1.3 17 19 45 0.8 13 2.0 15 0.6 0.9
'NO Lifetime (day) 15 0.5 18 11 1.0 24 11 16 0.4 0.6
9INO,-O; Chain length 17.9 222 6.5 9.3 134 9.4 144 12.7 28.6 251
"P (ppb-O4/ppb-NO, hr) 45 52 1.0 23 28 17 6.9 17 7.7 6.6

a Oz median (the max of 1 hours average); b: NO median; c: NO,/NO median; d: NO, destruction rate of gaseous reaction with NO, and OH during the
daytime; e NO, destruction rate of reaction with NO; and N,Os during the nighttime; f: Day and night with a gas reaction of OH with NO, and NO; and
N,O5 through the night in the main destruction process of the NO, calculations assumed Lifetime; g: The number of ozone molecules produced per oxi-
dized NO, molecule, CL={k[HO,] +k[CH3O,]+k[RO,]} [NO]/{ klOH][NO,]}; and h: The change of ozone production rate per NO, (ppb) concentration

change(=CL/A[NQ,])
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Fig. 6. Ozone sensitivity based on radical budget method on 1 June 2009.
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Fig. 8. Ozone sensitivity based on NO, and VOCs control
(25% reduction) during all model simulation days.
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