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Abstract: The PM (particulate matter) concentration data sets exceeding the Daily Air Quality Guidance Levels (ie.,
established by the Korean Ministry of Environment) were selected from 31 air gality monitoring stations in Seoul from
1990 to 2000. (For reference, the 24hr environmental standard values of PM,, and TSP are 150 and 300ug/m’,
respectively.) When the data sets were compared between land use types, both PM fractions were exceeded most
frequently in residential areas. However, the highest TSP concentration was measured at industrial areas (351.0+359ugm’),
while the highest PMy; concentration was measured in residential arcas (182.9+424ugm™). When the temporal
distribution patterns of the exceedance data sets were compared to those measured routinely (without any discrimination
based on exceedance criteria), large differences were present. It was demonstrated that the occurrences of exceedance data
sets increased rather significantly in recent years.
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Table 1. The site locations and target periods for the measurements of TSP and PMI0 exceedance level in Seoul city.

TSP PM10
Stn. No Site Code Site
Start point End point Start point End point
1 GR Guro 90-01-01 94-12-31 95-01-01 00-12-31
2 HG Hwaguk 92-01-01 94-12-31 95-01-01 00-12-31
3 NGJ Namgajwa 90-01-01 00-12-31 99-06-01 00-12-31
4 GU Guui 90-01-01 00-12-31 00-01-01 00-12-31
5 GD Gung-Dong 90-01-01 00-12-31 00-01-01 00-12-31
6 BP Banpo 90-01-01 94-12-31 95-01-01 00-12-31
7 SS Seongsu 90-01-01 00-12-31 00-01-01 00-12-31
8 BH Banghak 90-01-01 00-12-31 95-01-01 98-12-31
9 BI Bangi 90-01-01 94-12-31 95-01-01 00-12-31
10 HN Hannam 90-01-01 00-12-31 00-01-01 00-12-31
11 EH Ehwa 98-06-01 00-12-31 98-06-01 00-12-31
12 CH Cheonho 98-06-01 00-12-31 98-06-01 00-12-31
13 SD Sadang 98-06-01 00-12-31 98-06-01 00-12-31
14 SH Siheung 98-06-01 00-12-31 98-06-01 00-12-31
15 BD Beon-Dong 98-06-01 00-12-31 98-06-01 00-12-31
16 SJ Sinjeong 98-06-01 00-12-31 98-06-01 00-12-31
17 SG Sanggye 98-06-01 00-12-31 98-06-01 00-12-31
18 GHM Gwangwhamun - 00-01-01 00-12-31
19 MM Myeonmok 90-01-01 94-12-31 95-01-01 00-12-31
20 SS2 Sinseol 90-01-01 94-12-31 95-01-01 00-12-31
21 BG Bulgwang 90-01.01 94-12-31 95-01-01 00-12-31
22 MP Mapo 90-01-01 94-12-31 95-01-01 00-12-31
23 ML Mullae 99-01-01 00-12-31 99-01-01 00-12-31
24 DC Daechi 90-01-01 00-12-31 99-01-01 00-12-31
25 IS Jamsil 90-01-01 00-12-31 99-01-01 00-12-31
26 SM Ssangmun 90-01-01 95-12-31 95-01-01 97-12-31
27 CH City Hall 90-01-01 00-12-31 95-01-01 00-12-31
28 GAS Gwanak San 90-01-01 92-12-31 - -
29 GE Gireum 90-01-01 00-12-31 00-01-01 00-12-31
30 OR Oryu 90-01-01 00-12-31 00-01-01 00-12-31
31 YJ Yangjae 90-01-01 00-12-31 95-01-01 00-12-31
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Table 2. The maximum allowable leve] enforced by the Korean Ministry of the Environment since 1993 for the regulations of

atmospheric criteria pollutants.

Standard

Experimental method*

+ 0.03ppm (an annual average)
SO, + 0.14ppm (24hr-average)
* 0.25ppm (1hr-average)

Pulse U.V. Fluorescence Method

* 9ppm (8hr-average)

co * 25ppm (lhr-average)

Non-Dispersive Infrared Method

* 0.05ppm (an annual average)
NO» * 0.08ppm (24hr-average)
» 0.15ppm (1hr-average)

Chemiluminescent Method

+ 150mg m™ (an annual average)

TSP - 300mg m™ (24hr-average) High Voulume Air Sampler Method
- 80mg m™> (an annual average) .
PM10 - 150mg m (24hr-average) B-Ray Absorption Method
* 0.06ppm (8hr-average) .
Os U.V. Photometric Method
* 0.1ppm (lhr-average)
Pb * 1.5mg m” (3 months average) Atomic Absorption Spectrophotometry

*For reference, the common methodologies used for their determinations are also provided.
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Table 3. A statistical summary of 24hr-averaged, PMI10 and TSP data that are measured fo exceed the environmental standard,
For the purpose of our study, the data exceeding environmetal standard value of 150 (PM10) and 300mg m™ (TSP) were used

for this comparison. All study sites are classified in terms of land use type. (Unit: pg m™)
Class Station# Mean SD SE#+* Min Max N Rel freq.(%)
A. TSP
Industrial areas GR* 351.64 4723 822 302 557 33 1.81
GD 366.00 60.29 15.07 303 534 16 0.40
HG 343.00 20.70 7.83 327 373 7 0.64
NGJ* 367.07 54.29 8.09 302 538 45 1.12
GU 364.13 2413 63.55 301 460 8 022
Bp* 35247 4124 7.07 301 445 34 1.86
BH 337.63 20.53 7.26 316 369 8 0.20
HN* 34397 38.08 397 301 493 92 2.29
EH 376.10 62.40 19.73 304 476 10 1.10
A CH 367.33 57.24 16.52 305 453 12 1.31
Residential areas
SD 37320 39.01 17.45 320 428 5 0.55
SH 342.67 3336 13.62 310 387 6 0.66
BD 360.11 37.15 12.38 312 429 9 0.99
S3 344.38 34.88 12.33 307 403 8 0.88
SG 380.88 57.23 20.23 306 473 8 0.88
JS 328.75 20.53 593 304 375 12 0.30
SM* 35237 4248 7.18 301 455 35 1.60
OR* 362.20 5146 8.70 301 485 35 0.87
YJ 358.52 41.08 8.22 307 455 25 0.62
Commercial areas SS* 363.87 52.89 6.28 301 494 71 177
Grassland BI* 34478 33.16 5.86 301 426 k) 2.19
Commercial areas GHM 210.33 38.89 2245 175 252 3 0.82
CH 191.00 16.87 8.44 167 206 4 0.18
Grassland BI 178.00 2546 18.00 160 196 2 0.09
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Table 3. Continued.

Class Station# Mean SD SE** Min Max N Rel freq.(%)
B. PM 10
Industrial areas GR 181.00 36.05 7.36 152 314 24 1.10
GD 179.64 30.60 9.23 152 251 11 301
ML 22120 44.44 14.05 164 285 10 1.37
HG 190.11 39.96 9.17 153 291 19 0.87
NGJ 187.07 37.15 9.93 151 256 14 2.55
GU 175.60 22.64 7.16 151 223 10 274
BP* 179.16 40.84 733 151 316 31 142
BH* 192.18 53.92 7.55 151 395 51 13.97
HN 200.14 2845 10.75 166 236 7 192
EH* 198.38 53.16 851 150 384 39 4217
CH* 190.85 44.12 707 153 293 39 427
SD 21246 50.79 14.09 151 315 13 1.42
Residential areas SH 192.92 39.25 8.01 151 279 24 2.63
BD* 202.65 54.06 7.80 151 378 48 526
Sy 190.30 39.98 6.32 151 303 40 438
SG* 199.17 48.75 8.24 151 345 35 3.83
MM 17725 20.19 10.09 156 195 4 0.18
SS2 184.29 31.27 11.82 151 233 7 0.32
BG 204.25 27.68 13.84 175 237 4 0.18
MP 205.56 45.99 1533 157 289 9 041
DC 191.69 40.15 10.04 151 272 16 2.19
IS 178.33 21.55 1244 154 195 3 041
SM 176.83 25.74 4.78 151 269 29 1.32
SS 177.18 26.36 6.39 152 252 17 4.66
Commercial areas GHM 210.33 38.89 2245 175 252 3 0.82
CH 191.00 16.87 844 167 206 4 0.18
Grassland BI 178.00 25.46 18.00 160 196 0.09

#For the full information concerning the name for each station, refer to Table 1.

*Sites that exhibit the exccedance data more than 30 times are all marked.

**SE = standard error
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Fig. 2. Seasonal mean concentrations and frequency distribu-
tion patterns of TSP data exceeding the environmental guid-
ance level are compared among data groups divided on the
basis of land use type.
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Fig. 4. Temporal variation pf PM10 and TSP over monthly
scale. The sites that recorded the concentrations above the
guidance level for more than 30 times were selected for this
computation. Frequency is compared using bar chart, while
that for concentration is made by triangle.
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Table 4. A statistical summary of seasonal mean values for those exceeding PM10 and TSP environmental standards. The data

sets are sorted into land-use characteristics. (Unit: pg m™)
Total Spring Summer Fall Winter
A. TSP

Industrial areas 351.0+359 (49" 359.5+£524 (13) 351.8+32.9 (3) 32791131 (D) 354.61:28.1 (26)
303-437° 303~437 329~375 313~340 325~402

Residental areas 348.1132.1 (360) 35581426 (72) 336+10.6 (23) 348.8+354 (121) 34791203 (144)
305~463 305~463 326~351 309~430 315~3734

Commercial areas 34851335 (23) 354.3+392 (14) - 350.0£37.7 (24) 343.1429.2 (33)
302~435 315~435 - 302~394 304~397

Grassland 333.6+23.1 (32) 311.2+59 (3) - 332.7£26.0 (15) 343.8£20.3 (14)
301~371 307~318 301~371 312~369

_ B. PM10

Industrial areas 17551204 (45) 174.4£25.5 (20) 186.7116.0 (13) 163.31+13.1 (3) 175.0£21.1 (9)
152~211 152~211 172~209 153~178 153~199

Residental areas 182.9+42.4 (442) 174.4+18.0 (147) 180.0£12.7 (114) 1634£8.0 (72) 207.0+69.3 (109)
151~386 154~209 164~196 151~175 156~386

Commercial areas 1764£18.7 (24) 192.9+2.6 (15) 167.3+21.7 (7) 161.5 2) -
152~194 191~194 152~183 - -
Grassland 1781255 (2) - - - 178+25.5 (2)

160~196 - - 160~196

A denotes mean and 1 SD with its frequency in the parenthesis.

B denotes range.
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Fig. 5. Comparison of seasonal distribution patterns of
PMIO and TSP for stations with data exceeding the guid-
ance level by more than 30 times.
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Table 6. Results of correlation analysis between the criteria pollutant data sets that were exceeding the environmental guidance
level for the period between 1990 and 2000.

PM,, TSP NO, 0, SO, CcOo
(1) All stations
PMI10 1
TSP 0.306 1
NO, 0.148 0235 1
05 -0.306 0112 0073 ]
SO, - 0.220' -0.251 - 1
Co - 0.532" 0043 - 0.06 1
(2) GR
PM10 1
TSP 0.986 1
NO, - - 1
03 - - - 1
SO, - 0.766™ - - 1
Co - 0.858 - - 0.356 1
(3) NGJ
PMI0 1
TSP 0516 1
NO, - 1 1
03 - - - 1
SO, . 0.049 - - 1
Cco - 0.509" - - 0.066 1
@) Ss
PM10 1
TSP 0.794 1
NO; - -0.763' 1
03 - - - 1
SO, - 0.480" 0.947 - 1
Cco - - - - - 1
(5) SM
PM10 1
TSP - 1
NO, 0271 - 1
0s - - - 1
SO, - 0.191 . - 1
CO - 0315 - - 0456 1
(6) HN
PM10 1
TSP - 1
NO, 0.969 - 1
0; 1 - - 1
S0, - 0.138 - - 1
Cco - 0.896" - - - 1
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Table 6. Continued.

PM10 TSP NO, 0
(7) BH
PM10 1
TSP - 1
NO; 0.242 - 1
O -0.581 - - 1
(8) BD
PM10 1
TSP 0.501 1
NO;, 1 - 1
(o} 0.100 - - 1
) SG
PM10 1
TSP 0.796" 1
NO, 0451 - 1
0s -1 - - 1
10y SJ
PM10 1
TSP 0.881" 1
NO, - - 1
0 1 - - 1
(11) EH
PMI10 1
TSP 0.096 1
NO, 0213 -1 1
0; 0343 - -
TSP 0 SO, CcO
(12) OR
TSP 1
03 - 1
SO, 0123 - 1
Cco 0.835" - 0.150 1
PM10 TSP Oy
(13) CH
PM10 1
TSP 0.804" 1
0 - . 1

*II Correlation is significant at the 0.01 level
IT Correlation is significant at the 0.05 level
I Correlation is significant at the 0.1 level
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