'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 42, No. 3, September 2026, pp. 526-544
https://doi.org/10.5572/KOSAE.2026.42.3.526

p-ISSN 1598-7132, e-ISSN 2383-5346

EE
TPA| HHATX] QI FAHKX[Y CH7 1= AlSUH HE:
L1 B S 7| 249| e

Spatiotemporal Variations in Air Quality in Residential Areas
Adjacent to Industrial Complexes in Pohang: Influence of
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Abstract The impacts of industrial emissions of criteria air pollutants on residential areas in Pohang were investigated using
time-series analysis, spatial interpolation, and correlation analysis of 2024 data from 13 air quality monitoring stations (AQMSs)
and surface meteorological observations. Primary pollutants exhibited typical seasonal variations with higher concentrations in
cold seasons, but SO, also peaked around midday in summer, indicating inland transport from the steel mill and the port by
daytime sea breezes. O; showed distinct seasonal and diurnal photochemical patterns. Hotspots of PM, SO,, and CO occurred
around the steel mill, the steel industrial complex, and Pohang Port, where the highest annual mean PM, s concentration (22.8
ug/m?3) was observed; only two of the 13 AQMSs met the annual PM, s standard of 15 ug/m?>. Conditional bivariate probability
function analysis indicated that the Daedo station was strongly influenced by easterly winds from the steel mill, whereas the
Ocheon station was more affected by the steel industrial complex under northwesterly winds. Spearman correlation analysis
revealed contrasting patterns between the two stations. At Daedo, PM, 5 correlated slightly more strongly with NO, (0.52) than
with CO (0.48), suggesting a greater traffic influence, whereas at Ocheon, PM, 5 correlated more strongly with CO (0.62), con-
sistent with a substantial contribution from industrial combustion sources. O; showed an opposite spatial distribution attributed
to NO titration, being lowest at Pohang Port (25.8 ppb) and highest at Yangdeok (41.4 ppb). Overall, these results suggest that air
quality in residential areas in Pohang is strongly influenced by the locations of emission sources and local wind conditions,
highlighting the need for site-specific air quality management near industrial complexes.
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Fig. 1. Locations of 13 air quality monitoring stations
(AQMSs), the automated synoptic observing system (ASOS),
and major industrial complexes in Pohang, South Korea.
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Fig. 2. Seasonal and diurnal wind patterns in Pohang in 2024. Meteorological data were obtained from the ASOS (ID 138)
operated by the Korea Meteorological Administration.
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Table 1. Spearman correlation coefficients for hourly concentrations of criteria air pollutants at the (a) Daedo and (b) Ocheon

stations in 2024.

(a) Daedo PM, 5 PM;o NO, co O3
PM, 5 1.00%* 0.80%* 0.24%* 0.52%* 0.48%* 0.13%*
PM;, 0.80** 1.00%* 0.35%* 0.47** 0.36** 0.25%*
SO, 0.24** 0.35%* 1.00** 0.36** 0.17** 0.03**
NO, 0.52%* 0.47%* 0.36** 1.00** 0.68** -0.30**
co 0.48** 0.36** 0.17%* 0.68** 1.00** -0.17**
O3 0.13** 0.25%* 0.03** -0.30** -0.17%* 1.00**

(b) Ocheon PM, 5 PM;o NO, co O3
PM, 5 1.00%* 0.85** 0.33** 0.37** 0.62** 0.16**
PM;, 0.85** 1.00** 0.32** 0.39** 0.59%* 0.18**
SO, 0.33** 0.32%* 1.00%* 0.40%* 0.40%** 0.02*
NO, 0.37** 0.39%* 0.40%** 1.00%* 0.56** -0.27**
co 0.62** 0.59%* 0.40%** 0.56** 1.00** -0.09%*
(6} 0.16** 0.18** 0.02* -0.27** -0.09%* 1.00**

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
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Table S2. Descriptive statistics of hourly PM, s and PM,, concentrations at 13 air quality monitoring stations in Pohang, South
Korea, 2024.

PM, 5 (ug/m?) PM;0 (ug/m3)

Station

N Missing Ml(soz)ng Mean SD Min Median Max N  Missing Ml(soz)ng Mean SD Min Median Max

Uhyeon 8,641 143 1.6 157 102 0.0 13.0 840 8614 170 1.9 294 191 10 250 2260
Jangheung 8,633 151 1.7 159 89 1.0 140 980 8632 152 1.7 382 278 60 320 4150
Jangnyang 8,669 115 13 144 80 20 13.0 740 8595 189 2.1 309 271 40 250 4000

Daedo 8,647 137 1.6 165 95 20 140 1050 8,631 153 1.7 409 280 50 350 3750
Daesong 8630 154 1.8 149 93 1.0 13.0 93.0 8629 155 1.8 311 251 1.0 260 3910
3rd 8618 166 1.9 186 11.1 1.0 16.0 119.0 8,681 103 1.2 394 299 1.0 320 4280
Industrial
Complex
Songdo 8,588 196 2.2 193 11.0 2.0 170 209.0 8,663 121 1.4 387 265 6.0 330 363.0

Ocheon 8,487 297 3.4 200 108 1.0 180 840 8626 158 1.8 373 274 1.0 310 393.0
Cheongnim 8,675 109 1.2 188 115 1.0 160 1050 8665 119 14 478 283 20 420 3670
Yeonil 8,634 150 1.7 176 111 1.0 150 990 8671 113 13 345 268 7.0 290 4240
Jecheol 8,666 118 13 196 127 1.0 160 1090 8646 138 1.6 396 302 3.0 320 406.0
Yangdeok 8,677 107 1.2 169 102 1.0 150 920 8675 109 1.2 309 262 40 250 3700
Pohang Port 8,034 750 85 228 143 00 20.0 99.0 8,056 728 8.3 558 368 10 480 3970

Table S3. Descriptive statistics of hourly SO, and NO, concentrations at 13 air quality monitoring stations in Pohang, South Korea,
2024.

SO, (ppb) NO, (ppb)

Station

N Missing Ml(soz)ng Mean SD Min Median Max N Missing Ml(iz)ng Mean SD Min Median Max

Uhyeon 8,625 159 1.8 26 1.1 15 2.4 23.1 8,661 123 14 177 105 28 153 764
Jangheung 8,608 176 2.0 34 20 08 2.7 229 8550 234 2.7 141 67 20 124 709

Jangnyang 8,683 101 1.1 23 07 14 2.1 21.0 859 188 2.1 85 49 0.2 7.1 37.6
Daedo 8,663 121 1.4 29 27 15 23 46.7 8,663 121 14 113 65 3.0 9.4 61.5
Daesong 8,621 163 1.9 28 14 10 24 19.8 8,624 160 1.8 109 55 3.0 9.5 57.8
3rd 8,660 124 14 28 12 06 25 189 8590 194 2.2 102 6.0 0.2 86 639
Industrial
Complex

Songdo 8,638 146 1.7 27 16 11 23 199 8603 181 2.1 106 64 27 87 602
Ocheon 859 188 2.1 32 11 1.0 29 16.2 859 188 2.1 135 93 26 108 921
Cheongnim 8,609 175 2.0 46 28 16 3.7 337 8658 126 14 163 69 39 150 539

Yeonil 8666 118 13 28 24 13 2.1 393 8,635 149 17 107 57 30 9.1 48.7
Jecheol 8,648 136 1.6 37 27 13 2.8 46.7 8457 327 37 156 74 39 140 527
Yangdeok 8,680 104 1.2 22 07 14 2.1 154 8,656 128 15 56 34 14 46 363
Pohang Port 8,450 334 3.8 57 34 06 4.8 52.1 8473 311 35 239 106 32 227 835
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Table S4. Descriptive statistics of hourly CO and O3 concentrations at 13 air quality monitoring stations in Pohang, South

Korea, 2024.
CO (ppb) O3 (ppb)
Station - Missing . . . Missing . .

N  Missing (%) Mean SD Min Median Max N Missing %) Mean SD Min Median Max
Uhyeon 8,662 122 14 499 162 160 480 2,460 8657 127 14 319 163 13 324 1078
Jangheung 8,470 314 3.6 616 344 100 530 4,120 8609 175 2.0 331 155 01 322 1154
Jangnyang 8,662 122 14 450 141 80 450 1,680 8648 136 1.6 396 154 3.0 385 1191
Daedo 8,658 126 14 499 225 20 460 3,100 8663 121 1.4 382 157 17 374 1232
Daesong 8,598 186 2.1 559 232 200 530 3,660 8623 161 1.8 324 176 0.1 318 1178
3rd 8,659 125 14 495 250 140 440 2,830 8659 125 14 36.7 151 02 356 1174
Industrial
Complex
Songdo 8,624 160 1.8 512 214 50 490 3,060 8,507 277 3.1 372 140 21 369 109.1
Ocheon 8631 153 1.7 451 165 60 440 1,800 8597 187 2.1 359 173 05 357 1253
Cheongnim 8,655 129 15 561 263 80 500 2970 8629 155 1.8 308 144 0.1 303 1226
Yeonil 8648 136 1.6 496 230 70 470 2,960 8666 118 13 349 150 26 340 1211
Jecheol 8,650 134 15 582 267 150 520 2,740 8,635 149 1.7 299 151 03 295 1147
Yangdeok 8,679 105 1.2 500 138 220 470 1,910 8,685 99 1.1 414 166 25 407 1304
Pohang Port 8,438 346 3.9 666 502 40 540 6,300 8476 308 35 258 143 0.1 250 1027
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