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Abstract. We analyze 2011-2022 trends in wintertime fine particulate matter (PM, ) and its N i g h tti m e n itrate rad i Cal C h e m i St ry i n S eO u I h aS acce I e rated W i t h N O
composition in South Korea using data from the AirKorea and other surface networks X
complemented by machine learning. PM, 5 concentrations decreased nationwide by 1.2 yg m-3 . . . . . . NO, has declined over the study period, with nighttime means dropping just below 30 ppb by
em ISSIOnS CO ntrOIS, Incre aSI ng n Itrate and Organ IC P M25 2022 (below). This remains in the regime where decreasing NO, continues to increase

per year during that period after correcting for meteorology. However, Seoul PM, 5 starts to
P(NO;), and indeed P(NOs;) has steadily grown over the 2012-2022 period (below right).

Trends In nitrate radical production

decline only after 2019 and shows a shift toward particulate nitrate (pbNOj3") and secondary
organic aerosol (SOA) which have been resistant to decrease. Trends in the concentrations of
PNOs, organic aerosol, nitrogen dioxide (NO,) and ozone (O3) indicate that nighttime formation
of the nitrate radical (NO3) from the NO, + O3 reaction is a key driver of pNO3~ and SOA
formation. Increasing O3 as nitrogen oxide (NO,) emissions decline has increased nighttime
NOj; production promoting pNOs- and SOA formation. As NO, emissions in South Korea
decrease, we see a crossover from NO,-saturated to NO,-limited conditions for both NO4
formation and pNOj;- gas-particle partitioning, explaining the pNO3- decrease after 2019.
Further NO, and volatile organic compound (VOC) emissions decreases should effectively
reduce pNO3; and SOA. Our works shows that the transition between NO,-saturated and NO,-

: Such growth in P(NO,) increases the nighttime production of pNO5-, SOA. As NO, declines,
growing P(NO;) makes more NO, available to react with VOCs and form SOA, which may

A NO, emission threshold is now being crossed in Seoul where further [ Eat=-rrrtes
em|SS|On COntrOIS ShOUId effeCtlver decrease PM25_ DJF diurnal cycle in Seoul If NO, emissions decrease by another 20% they will

clear the 25 ppb threshold, and P(NO;) should decline.
Iimited conditi.ons for nighttime pNO5- and SQA format.ion in urban areas can be readily . 451 N02
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