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Abstract

The purpose of this study is to understand distribution of ozone concentration in the south coastal region of Korea
by evaluating ozone spatial distribution in the upper air using aircraft. Sampling was carried out from May to August
in 2009. The average concentration of ozone in the upper air was ranged from 32.3~90.8 ppb with its maximum
concentration of 132 ppb. When it comes to the spatial distribution of ozone, ambient concentration was high in the
air, 1,000 m and 500 m above the southern sea near the Gwangyang Bay area and emission sources, respectively.
Daily mean concentration of NO, was 6.7~ 24.2 ppb and that of CO was 0.152~0.487 ppm. In addition, the con-
centration was appeared to be relatively high in the upper air of industrial regions and the southern seas. Meanwhile,
the concentration of both NO, and CO was high in the upper air of the emission sources regardless of latitude. As
for PAN, its daily mean concentration ranged between 0.1 and 0.6 ppb with overall mean concentration of 0.2 ppb.
The average concentration of VOCs was 48 ppb, and the concentration of toluene and m,p-Xylene were higher than
other components.
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Table 1. Description of relevant Instruments equipped on the aircraft.

Species detected Technique Range Response time Precision
O, UV Photometric/ TEI (Trace Level 49C) < 100ppb 20 sec (10 sec ave.) 1ppb

NO, Chemiluminescence/ TEI (Trace Level 42C) <100 ppb 60 sec (10 sec ave.) 0.05 ppb

CO NDIR/TEI (Trace Level 48C) <10ppm 60 sec (10 sec ave.) 0.04 ppm
PAN PMT (GC-Luminal) 30 ppt 3min -
HNO; Auto sampler/DI water - 5min -
SO, Auto sampler/DI water - 5min -
VOCs GC-FID/Perkin-Elmer - - -
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Fig. 1. Aircraft flight paths for the period.

Table 2. Summary of flight track.

Aircraft flight ) . ) Altitude
paths Point  Latitude Longitude m)
Path 1 Point1 35°19N  127°10'E 1000, 1500

(Point 1—3) Po! nt2 35c 19N 1270 44E 1000, 1500

Point3 35°19N  128°15E 1000, 1500

Path 2 Point4 34°52’N  127°10E 500, 1000
(Point 4+ 6) Po! nt5 340 52'N 127o 44E 500, 1000
Point6 34°52’N  128°15E 500, 1000

h Point7 34°25N  127°10E 500, 1000

Path 3 Point8 34°25N  127°44E 500, 1000

(Point 7 9) . ; .

Point9 34°25'N  128°15'E 500, 1000
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Fig. 2. Result of 850 hPa weather chart, satellite photogragh and backward trajectory for sampling period.
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Table 3. Meteorological condition at weather station
during sampling period.

6/1 6/5 7/30 8/4 8/5 8/8 89 8/10
Mean Temp(°C) 20.0 20.3 24.1 24.0 24.8 259 259 25.9

Max Temp(°C) 26.7 26.3 29.7 29.1 29.4 31.0 29.1 29.7
RH (%) 65.0 76.3 79.2 755 68.8 80.1 76.1 77.2
Sunshine (hr) 118 86 69 72 97 64 37 08

Windspeed(m/s) 22 16 13 18 23 18 26 21
Cloud cover 12 51 57 65 39 59 67 93
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Table 4. Summary of aircraft measurement data for sampling period ().
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Altitude O;(ppb)

NO, (ppb)

CO(ppm)

Flight date Flight path (time) m) mean (max) mean (max) mean (max) Temp. (°C) RH (%)
13:29~15:20 90.8(132.0) 24.2(485)  0.487(0.733) - -
6/1 Path 1(13:37~ 14:10) 1000 83.2(97.3) 23.0(28.8)  0.540(0.662) - -
Path 3(14:42~15:03) 500 109.7 (132.0) 24.7(28.6)  0.490(0.560) - -
10:37~12:27 63.7(77.9) 14.3(27.9) 0375(0.753) 324(348)  16.7(23.9)
AM Path 1(10:37~11:05) 1500 58.9(69.9) 114(15.9)  0.584(0.753) 30.4(30.6) 19.4(23.9)
Path 2 (11:16~ 11:35) 1000 66.1(69.8) 16.6(27.9)  0.376(0.428) 31.9(32.6) 18.6(20.7)
6/5 Path 3(11:45~12:08) 1000 66.4(74.9) 13.6(19.1)  0.244(0.323) 33.7(34.1) 14.4(17.5)
14:42~16:25 67.2(94.0) 7.7(13.2)  0.183(0.318) 31.6(33.1) 16.7(21.1)
PM Path 3(15:12~15:31) 1000 67.7(78.5) 5.6(7.5) 0.171(0.201) 31.1(31.4) 14.5(19.0)
Path 2 (15:42~ 16:25) 1000 69.5(94.0) 102(13.2) 0.149(0.282)  31.6(320) 18.8(21.1)
13:28~15:14 77.8(142.5) 225(61.8)  0.404(1.318) 23.0(25.8) 67.6(74.7)
Path 2 (13:28~ 13:40) 500 66.1(74.0) 27.6(61.8)  0.592(1.275) - -
7130 Path 3(13:49~ 14:10) 500 85.0(93.1) 21.6(29.2)  0.398(0.566) 23.0(23.7) 68.8(72.7)
Path 2 (14:18~ 14:39) 1000 64.0(76.4) 21.7(37.3)  0.393(1.318)  235(25.6)  67.0(74.5)
Path 3(14:48~15:06) 1000 76.7(92.7) 185(21.0)  0.269(0.305) 21.8(22.5) 68.6 (74.7)
13:22~16:35 62.5(118.3) 13.8(69.1)  0.402(1.457) 22.4(25.6) 63.8(77.0)
Path 2(13:22~13:43) 500 60.1(77.0) 27.0(69.1)  0.863(1.457) 23.8(24.3) 64.3(67.0)
Path 3(13:52~ 14:17) 500 65.8(80.5) 10.7(13.00  0.458(1.007) 23.0(23.8) 64.5(67.2)
8/4 Path 2(14:26~14:52) 1000 59.2(74.0) 16.4(63.00  0.390(0.541) 20.9(25.2) 70.9(76.4)
Path 3(15:01~ 15:25) 1000 47.2(63.2) 7.2(8.2) 0.218(0.236)  21.9(22.8) 58.7(64.2)
Path 2(15:33~16:03) 500 76.1(118.3) 17.5(44.4)  0.390(1.107) 24.0(25.6) 63.1(74.5)
Path 1(16:11~ 16:03) 1500 51.8(62.7) 80(11.2) 0.192(0.292)  20.0(239)  60.0(77.0)
12:47~ 1551 57.4(81.4) 11.2(36.7)  0.227(0.808) - -
Path 2 (12:47~ 13:11) 500 57.1(68.6) 19.6(36.7)  0.291(0.511) - -
Path 3(13:20~13:42) 500 61.4(68.5) 10.2(11.5)  0.280(0.325) - -
8/5 Path 2 (13:52~ 14:16) 1000 57.7(68.6) 13.8(35.8)  0.265(0.808) - -
Path 3(14:27 ~ 14:45) 1000 42.2(66.4) 6.6(8.1) 0.172(0.203) - -
Path 2 (14:54~ 15:19) 500 64.8(75.8) 11.9(239)  0.222(0.693) - -
Path 1(15:31~ 15:51) 1500 47.0(51.4) 6.4(7.8) 0.161(0.196) - -
14:41~ 16:55 51.3(87.8) 11.2(69.8) 0.152(0.153)  25.0(28.1)  66.9(77.8)
Path 2 (14:41~ 15:05) 500 55.0(71.8) 19.7(69.8)  0.152(0.153) 27.0(28.1) 64.3(69.2)
8/8 Path 3(15:15~ 15:35) 500 60.3(82.7) 9.4(11.5) 0.152(0.152) 25.4(25.9) 67.1(70.4)
Path 2 (15:48~ 16:08) 1000 44.7(53.0) 105(19.4) 0.152(0.152) 24.1(24.3) 64.6 (68.3)
Path 3(16:21~ 16:41) 1000 42.2(49.8) 7.0(7.7) 0.153(0.153) 23.6(24.5) 71.2(77.8)
10:10~ 13:06 32.3(43.4) 6.7(46.8)  0.354(2.138) 22.9(26.3) 66.9(91.8)
Path 2(10:10~ 10:32) 500 24.9(27.6) 11.0(46.8) 0.885(2.138)  24.0(24.8)  68.3(7L5)
Path 3(10:44~11:03) 500 34.1(36.2) 6.9(8.7) 0.414(0.456) 23.7(25.2) 72.2(75.5)
AM Path 2 (11:14~ 11:37) 1000 35.7(42.5) 5.4(6.1) 0.248(0.278)  22.7(24.7)  66.6(85.9)
Path 3(11:48~12:06) 1000 31.7(42.3) 51(5.6) 0.194(0.213) 23.2(24.6) 62.9(73.0)
Path 2(12:16~12:36) 500 34.5(43.4) 9.1(315)  0.296(0.916) 23.7(26.3) 70.0(91.6)
8/9 Path 1(12:48~13:06) 1500 32.9(93.5) 4.2(5.0 0.158(0.193) 20.8(22.0) 57.5(70.1)
15:09~17:18 38.8(50.9) 7.7(66.4)  0.187(0.509) 24.0(26.9) 72.5(90.8)
Path 2(15:09~ 15:31) 1000 35.0(40.3) 9.0(32.6)  0.272(0.509) 22.9(23.1) 75.5(77.2)
PM Path 3(15:42~ 15:58) 1000 41.7(46.1) 5.6(6.2) 0.157(0.173) 22.6(23.8) 78.1(87.8)
Path 2(16:10~16:32) 500 33.5(37.0) 10.1(66.4)  0.188(0.398) 25.5(26.9) 66.2(72.4)
Path 3(16:46~ 17:06) 500 42.8(48.0) 6.0(7.7) 0.150(0.152) 24.3(25.2) 71.9(76.8)
12:38~15:53 44.0(73.4) 9.1(634)  0.258(1.736) 25.3(26.9) 68.1(72.7)
Path 2 (12:38~ 12:58) 500 35.5(45.5) 10.6(285) 0.413(0.885)  25.2(26.4)  68.1(72.7)
Path 3(13:12~13:29) 500 43.3(48.2) 5.0(5.6) 0.212(0.236) 24.9(25.5) 69.1(70.7)
8/10 Path 2(13:41~14:02) 500 37.2(60.6) 17.4(63.4)  0.460(1.736) 25.3(26.6) 68.2(71.3)
Path 3(14:15~ 14:36) 500 44.4(57.3) 44(5.5) 0.162(0.198)  25.0(25.3)  69.3(71.4)
Path 2 (14:48~15:08) 500 39.5(49.4) 16.5(59.00  0.261(0.915) 25.6(26.4) 68.3(72.1)
Path 3(15:21~ 15:41) 500 40.0(59.2) 35(4.8) 0.152(0.165) 24.5(25.9) 67.3(68.9)
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Table 5. Summary of aircraft measurement data for sampling period (II).

) o VOCs(ppb, PAN (ppb HNO; (ppb SO, (ppb
Flight date Flight time mean ((rﬁgxg mean 221‘;()) mean3((rggx; m e;\n ((rrr)\gx;
6/1 13:29~ 15:20 30.8(64.9) - - -

6/5 AM 10:37~12:27 61.2(127.1) - - —
PM 14:42~16:25 23.8(33.9) - - —
7/30 13:28~15:14 65.2(130.2) 0.6 (1.0) 2.7(27.9) 1.9(5.5)
8/4 13:22~16:35 30.1(54.4) 0.4(0.9) 0.8(2.0) 20(5.3)
8/5 12:47~ 15:51 38.7(79.1) 0.2(0.4) 27(5.4) 3.1(7.4)
8/8 14:41~ 16:55 66.7(93.9) 0.3(1.0) 3.2(38.2) 11(7.8)
89 AM 10:10~13:06 75.4(324.1) 0.2(0.3) 1.3(43) 14(3.8)
PM 15:09~ 17:18 34.7(74.8) 0.1(0.5) 1.0(7.1) 1.4(5.3)
8/10 12:38~ 15:53 56.2 (166.1) 0.2(0.4) - -
05(500 m) 05(1000 m)
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90| ot [ o - 92 o
(3452N) (3452N)

Path 3 Path 3
(34.25N) oot l:l:l b oomo 0 @ @00 @3425N) mm

0 30 60 920 120 150 0 30 60 920 120 150

Latitude
Latitude

O3 concentration (ppb) O, concentration (ppb)
NO, (500 m) NO, (1000 m)

Path 1 Path 1
(35.19N) (@519N) ] ano @'—E:'_h”mm °
i [ S 22l
(3452N) (3452N)
Path 3 Path 3
(34.25N) "I:D o @425N) °° H:I:H"’

0 20 40 60 80 100 0 20 40 60 80 100

Latitude
Latitude

NO, concentration (ppb) NO, concentration (ppb)
CO (500 m) CO (1000 m)
Path 1 Path 1
(35.19N) (35.19N) | D
8 8
S Pah2 S Pah2
T @8N I —tme o o oo ° T ®nN] [ Hme 00 °
- -
Path 3 Path 3
(3425N) El:""' ° ? (3425N) ] 'D:H'"

0.0 05 1.0 15 2.0 25 0.0 05 1.0 15 20 25
CO concentration (ppb) CO concentration (ppb)

Fig. 3. Latitudinal and altitude distributions of O;, NO,, CO concentration.
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Table 6. Rank of VOCs concentration for sampling period (ppb).

6/1 6/5 (am) 6/5(pm) 7130 8/4
1 Toluene 21.0  Toluene 36.3 Toluene 149  Toluene 345  Toluene 7.2
2 224-TMPT 36 224-TMPT 11.9 m,p-Xylenes 20 m,p-Xylenes 47 mp-Xylenes 6.0
3 n-Butane 31 234-TMPT 4.6 Propane 1.0 224-TMPT 38 Hexane 29
4 m,p-Xylenes 20 m,p-Xylenes 1.6 224-TMPT 0.9 234-TMPT 30 Ethane 13
5 n-Dodecane 1.7 |sopentane 14 n-Dodecane 0.8 n-Dodecane 30 2-MTPT 1.0
8/5 8/8 8/9 (am) 8/9 (pm) 8/10
1 Toluene 111 Toluene 415 Toluene 289  Toluene 117 Toluene 20.1
2 m,p-Xylenes 4.3 m,p-Xylenes 53 224-TMPT 7.8 m,p-Xylenes 4.6 Hexane 6.0
3 Ethane 21 n-Dodecane 21 Hexane 6.0 Hexane 23 mp-Xylenes 5.7
4 224-TMPT 1.8  Ethane 21 m,p-Xylenes 4.7  n-Dodecane 19 2-MTPT 2.2
5 2-MTPT 15 224-TMPT 19 234-TMPT 38  2-MTPT 18  224-TMPT 21

% 2,2,4-Trimethylpentane: 224-TMPT, 2,3,4-Trimethylpentane: 234-TMPT, 2-Methylpentane: 2-MTPT
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Table 7. Rate of ozone creation contribution of VOCs.

A5d - oM -

B o7y

6/1 Rate (%) 6/5 AM Rate (%) 6/5PM Rate (%) 7130 Rate (%) 8/4 Rate (%)
Toluene 56.1  Toluene 80.0  Toluene 59.7  Toluene 61.3  mp-Xylenes 411
m,p-Xylenes 106 mp-Xylenes 7.0  mp-Xylenes 16.0 mp-Xylenes 164  Toluene 24.7
Cyclopentane 69 124-TMB 42 124TMB 137 124TMB 47  123TMB 8.6
Isoprene 6.2 Isoprene 21 Propane 14 Ethylbenzene 17 Hexane 8.5
n-Butane 38 | sopentane 13 | sopentane 09 135TMB 1.6  Ethylbenzene 29

8/5 Rate (%) 8/8 Rate (%) 8/9 AM Rate (%) 8/9 PM Rate (%) 8/10 Rate (%)
Toluene 36.3  Toluene 68.1  Toluene 51.7  Toluene 383  Toluene 425
m,p-Xylenes 27.6 m,p-Xylenes 174 m,p-Xylenes 16.6 m,p-Xylenes 29.8 m,p-Xylenes 238
1,35 TMB 50 | sopentane 131 Hexane 9.1 Hexane 6.4 Hexane 10.8
1,2,3-TMB 46 124TMB 11 135TMB 46 124TMB 45 124TMB 338
Ethylbenzene 38 Ethylbenzene 1.1 1,2,4-TMB 3.0 Ethylbenzene 25 Ethylbenzene 2.2

% 1,2,3-Trimethylbenzene: 1,2,3-TMB, 1,3,5-Trimethylbenzene: 1,3,5-TMB, 1,2,4-Trimethylbenzene: 1,2,4-TMB
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