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Abstract Fine particulate matter (PM,s) in Seoul has decreased substantially over the past decade, but the behavior of
particulate nitrate during high-pollution episodes remains insufficiently understood. In this study, we analyzed hourly PM, 5
chemical composition and gaseous pollutant observations measured at the Seoul Metropolitan Area Air Quality Research Center
from 2012 to 2023 to examine long-term changes in PM, 5 composition, with a focus on nitrate during high-pollution days (daily
mean PM, s > 35 ug/m?3). Over the study period, both PM, 5 concentrations and the frequency of high-pollution days decreased.
The sulfate fraction declined markedly, from 22% to 13% on non-high days and from 21% to 9% on high-pollution days. In
contrast, the nitrate fraction decreased on non-high days (from 16% to 11%) but remained high on high-pollution days and
showed a slight increase overall (from 20% to 26%). Although observed NO, levels declined over time, nitrate concentrations on
high-pollution days did not show a commensurate decrease. Ozone concentrations increased during the same period,
particularly in spring, suggesting that changes in the oxidizing environment may have contributed to the limited decrease in
particulate nitrate. These results indicate that future PM, s mitigation in Seoul should consider not only precursor reductions but
also changing chemical conditions associated with nitrate formation.
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Table 1. Number of valid daily observations (>18 hourly measurements) for each species by year (2012~2023) and by

month, along with overall data completeness (%).

Yearly
Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Overall
NO, 363 361 358 357 353 358 361 345 362 363 363 355 98.1%
SO, 362 363 329 361 355 354 361 345 366 363 365 330 97.1%
PM, 5 355 352 302 362 347 356 358 356 355 344 341 330 94.9%
oC 296 294 281 144 324 178 319 314 316 312 308 310 77.5%
NO;™ 282 287 229 213 228 280 320 322 314 306 260 257 75.2%
Total 366 365 365 365 366 365 365 365 366 365 365 365 4,383
Monthly
Month 1 2 3 4 5 6 7 8 9 10 11 12 Overall
NO, 360 329 363 360 368 360 356 360 352 370 358 363 98.1%
SO, 366 335 336 355 369 356 361 365 352 370 357 332 97.1%
PM, 5 369 328 362 344 358 347 346 321 315 361 349 358 94.9%
oC 309 281 309 304 285 254 239 237 257 310 300 311 77.5%
NO;~ 289 257 295 280 261 279 302 264 265 276 263 267 75.2%
Total 372 339 372 360 372 360 372 372 360 372 360 372 4,383
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Fig. 1. Temporal variations in daily PM, ;5 concentrations in Seoul during 2012~2023: (a) annual probability density distributions
and (b) monthly distributions shown as violin plots. Black dots represent outliers. The red solid line indicates the daily PM, 5 stan-
dard (35 ug/m3) in both (a) and (b).
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Fig. 2. Frequency distribution of daily mean PM, 5 by concentration bins in Seoul during 2012~2023: (a) annual frequency and
(b) monthly frequencies.
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