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Abstract

Status of photochemical air pollution in the Greater Seoul Area (GSA) between 1990 and 1995 was assessed

in terms of frequency distributions, number of days exceeding standards, average concentration and meteoro-

logical effects. In Seoul compared with other areas in Korea, daily maximum concentration was higher but

average concentration was not so high due to lower daily minimum from April to October. The top 5th per-

centile was high especially in summer season. Average number of days exceeding 100 ppb at monitoring
stations in GSA was highest in 1994, the hottest year, but it was only 4 days a year. Mean meteorological pattern

of high ozone days could be summarized as low wind speeds, high temperatures, strong solar radiation, and low

precipitation. Westerlies were more frequent on high ozone days and at Pangi station located in the eastside of

GSA, both number of high ozone days and average concentration were high. Effect of precursor transport on the

rise of ozone concentration was, however, not consistently important on the whole in GSA.

Key words : photochemical air pollution, the Greater Seoul area, ozone standard exceedances, ozone average

concentration, meteorological effects
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Table 1. Number of exceedances of selected short-
term standards for 5 criteria pollutants at 20
monitoring stations in Seoul.

Wind Speed (m/s)

Wind Direction
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Fig. 1. Variations in ozone concentrations at Kwang-
hwamun and other stations in the Greater
Seoul Area, together with wind speed and
direction measured at the Seoul Meteorologi-
cal Station from August 23 to 24, 1994.
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Pollutant Standard 1991 1992 1993
SO, 1-hr average 250 ppb® 936 178 0
TSP 24-hr average 300 pg/m® 124 62 38
CO 8-hr average 9ppmP 87 30 1
NO. 24-hr average 150ppb* 43 15 40
O: 1-hr average 100ppb 157 222 63
2 Enforced from December 31, 1993.
b Enforced from January 1, 1995,
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Fig. 2. Monthly average concentrations with mean
daily 1-hour maximum and minimum concen-
trations for Seoul and nationwide from 1990
to 1995.
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Table 2. Collect-ion of data from surface ozone
monitoring stations®.

GSA Nationwide
Average Average
N:{ggggs(gf rate of data Nslégi?ggsf f rate of data

collection® collection®
1990 34 77.7% 71 79.9%
1991 35 88.3% 77 79.0%
1992 35 83.3% 78 83.3%
1993 35 91.8% 80 93.1%
1994 37 91.7% 84 91.4%
1995 37 83.8% 92 88. 0%

* Not followed by systematic data validation procedures.

b Total number of stations operated including closed and
newly opened stations in that year. Stations existed,
but completely not operated in that year, were exclud-
ed,

¢ Effective rate. Opening and closing were taken into
account on the monthly base. Stations existed, but
completely not operated in that year, were not count-
ed.
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Fig. 3. Air quality monitoring stations in the Greater
Seoul Area. Open rectangles indicate monit-
oring stations, and a solid rectangle indicates
the Seoul meteorological station. Dashed line
represents the boundary of Seoul.
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(a) Boxplot comparison of trends in annual second
highest daily maximum 1-hour ozone concen-
tration. Each box represents the 5th, 10th,
25th, 50th (median), 75th, 90th, and 95th per-
centiles of the data. The mean values are joined
by line.
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(b) Average number of days exceeding ozone stan-
dard of 1-h average 100 ppb with 95% confidence
intervals.

Fig. 4. Trends in annual ozone concentration in the
Greater Seoul Area.

Table 3. Number of days on which daily maximum
temperature exceeds 30°C at the Seoul
meteorological station.

Ozone (ppb)

Temperature (° C)

(a) Ozone concentration represents the greatest

Ozone (ppb)

value of daily maximum concentrations measured
at the monitoring stations in the Greater Seoul
Area.

Temperature (° C)

Month 1990 1991 1992 1993 1994 1995 (b) Ozone concentration represents the daily maxi-
5 0 1 0 1 0 0 mum concentration measured at Kwanghwamun
6 0 2 0 0 5 0 station.
7 7 2 55 2 22 10
8 19 12 7 0 29 8 Fig. 5. Daily maximum ozone vs. daily maximum
9 2 2 2 0 3 0 temperature between 1990 and 1995. Temper-
Sum 28 19 14 3 52 18 ature was measured at the Seoul meteoro-
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logical station.
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Table 4. Mean meteorological pattem? of high ozone days® compared with other days in the Greater Seoul

Area from 1990 to 1995.

Months Number of Wind Speed Temperature Solar Radiation Precipitation Most Frequent
0 Days® (m/s) C) (MJ/m? - day) (mm/day) Wind Direction(%)
34 7 (high) 2.22+1.66 16.33+4.16 17.60+4, 34 07 .19 w (20, 2%)

_______________________________ 359 . 2.73+1.69  8.88+552  12.64+558 191+ 590 w (18.4%)
56 47 (high) 2.09+1.38 22.96+4.08 19,17+2.86 .56+%,2.51 w (26.2%)
319 ‘2. 524+1.57 ‘ 18,85+4.40 14,33+7.12 5.38+14,83 w (18.2%)
7~8 84 (high) 1.77+£1,16 26.95+3.89 16.284+4.19 2.401£10,68 w (18.1%)
R L. 28 . 2.28%£1.44 24854313  10.5046.33  13,99+28.07  ne (23.1%)
9~10 23 (high) 1.53+£1.08 22.09+4.33 14,34+2,08 1.04% 4,98 w (23.7%)
343 1.88x1.30 17.33£5.09 11.224+4,38 4,03+18,.44 ne (21,2%)

® Represented by meteorology at the Seoul meteorological station.
> ‘High ozone days’ or ‘days(high)’ means that ozone standard of 1-hour average 100ppb was exceeded at any

station in GSA on those days.
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Table 5. Correlations between ozone peak time and
TMX coordinates on high ozone days* com-
pared with other days in the Greater Seoul
Area from 1990 to 1995.

Months Numbear of Correlability
Days Average Minimum Maximum
34 7 (high) . 302 -.101 .586
359 . 086 -.523 .927
56 47 (high) .224 -.511 .839
319 . 104 -.612 .824
7~8 84 (high) .156 -.504 .784
288 .088 -.608 .843
o1 23 (high) 116 -.356  .803
343 .031 ~.716 .803

(Y

‘High ozone days’ or ‘days (high)’ means that ozone
standard of 1-hour average 100 ppb was exceeded at
any station in GSA on those days.

200 -
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Fig. 6. Daily maximum ozone vs. comelability between
ozone peak time and TMX coordinate in the
Greater Seoul Area from 1990 to 1995.
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Fig. 7. Number of days exceeding ozone standard of
1-hour average 100 ppb vs. average concen-
tration from 1990 to 1995. Blot represents
total number of days exceeding standard,
which varies from 0 to 49. Open circle with
vertical bar represents average concentration,
which varies from 9.4 ppb to 17 ppb.(S indi-
cates Silim; K, Kwanghwamun; P, Pangi.)
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Fig. 8. Monthly variations in box plots of 1-h aver-
age ozone concentrations at three distinct
stations in Seoul from 1990 to 1995. Each
box represents the 5th, 10th, 25th, 50th
(median), 75th, 90th, and 95th percentiles of
the data. Monthly average values are joined
by line. Pangi is where the number of days
exceeding ozone standard was the largest
and average concentration was also one of
the highest. Kwanghwamun is where the
number of days exceeding ozone standard
was large but average concentration was low.
Sillim is where average concentration was the
highest, but days exceeding standard were
not observed.
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Fig. 9. Monthly variations in box plots of 1-h average ozone concentrations in 10 cities in Korea from 1990
to 1995. Figure in the parentheses indicates the effective number of monitoring stations in that city.
Each box represents the 5th, 10th, 25th, 50th (median), 75th, 90th, and 95th percentiles of the data.
Representative monthly averages of the city were obtained by averaging monthly averages for stations

in the city, and are joined by line.
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