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Abstract
urban air quality monitoring network spanning 2016 to 2022. We also examined shifts in the Air Quality Index (AQI) from a health
impact perspective. Over the seven-year period, national average concentrations of SO,, NO,, CO, PM, 5, and PM;, decreased by
41.1% (1.9 ppb), 27.4% (6.2 ppb), 19.4% (96.6 ppb), 32.9% (8.6 pg/m?3), and 32.8% (15.4 ug/m?), respectively. However, O;
concentration increased by 6.4% (3.1 ppb). After excluding the impacts of foreign emissions, the impacts of domestic emissions

In this study, we analyzed changes in criteria air pollutant concentrations across provinces using data from the

resulted in concentration decreases of 24.8% for SO, and increases of 5.1% for CO. O; concentrations rose in most provinces,
particularly in cities with high NOx emissions, suggesting reduced NO titration due to lowered NOx emissions. From the AQI
perspective, the most significant air quality improvement during the study was for PM, s, followed by PM;, and NO,. In general,
PM, 5 showed the highest daily AQl in winter and O; in summer during 2016~2018. However, with worsening O3 in 2020~2022,
O3 determined the highest AQI on more days. Notably, O increase was pronounced in densely populated areas like the Seoul
Metropolitan Area, warranting further research on health impact changes, including the population-weighted concentrations.
Based on AQI assessments, PM, s and O3 require urgent reduction efforts. Considering the nature of secondary air pollutants,
future air quality management in South Korea should prioritize gaining scientific understanding of their source-receptor
relationship to develop cost effective control strategies, alongside precursor emission controls.
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i AGolA PMyy B A FAOIL, A,
G, Art 5 R AGolA= 20004 ©]F F
7He Btk olef o] A8 Aol M = 71E4
71 dEd 5= Hel FA= A= R golsH]
LHERA T of2(3h Holl A ti7] e d=d o] Ha} FA]
=l A 2o tisf B2 o= o]fHof &
12893t d4t= T2tk 22 7 S1al
oA g2 o] HolR AL Gl ZARAHA]
(PM,5) Al A& 5 dF ks tiifoes B
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o A% AQIE ol8ste] T Aol H7]
of ofst 77 AakE Hasket] Slal Fslor & AE

o= ISt Sltt (https://www.airnow.gov/aqi/aqi-
basics/using-air-quality-index/). EgF, Os4+ PM, 5 &
of s /iAo = A AQIE Sl A7IZE FA
L 20 24 5ol &85kl it o] Lfol: ml=
o 8 =AIE0 tis 0,9 PM, 7t 782 o T
= o= ti7|ed7 |2 2k Yol dish
wAshE 5 97 Tl st i e s flsf o
&t HJHE ATt ATt (https://www.epa.govi/air-
trends). WA= AQI o FAISHA FEEE 714
4= (Comprehensive Air-quality Index; CAT)E 7]9tS
= O71d AEE AFstal Utk (https://www.air-
korea.orkr/). TWHAAE O, PM, s 5 E452] t7]
e gzdol jF A HofA FAll 7 E= ofRlEA
AR g2 o R 5= WgkE Hol= A7t 8
ong gt 2199 di7|d W2tE A% SHoA T
Ao g HrlelE Bart itk t15ol, 20154 o] F 7
717kl A PM, 5 T Ak 9] F2 0] o] =X Al
A =W ZARAE 7124 di7l e dEd ko] Wt
2ae GF ) o) Zuod 302 5 9)

£ AT 2016~20229 9] U} 714 71 e
d FEO] 7] HskE Al=EE 2451, o5
o FWl ZAIN 7SS A=z 94 skl
T, AdE e AnHEgton, 7t A= 7
s HgkE Hlwsloirh B9, 2 U783 A5
Artstal AR FR7|eg 245 d7dsk=
10] Wolet t7]d Fi4do] Al Hi7] &
L olRt B4 ZF A2 E bl

d = 9ol 2 ast S ofH up
A A 2R R o] & 4 Q& AR J|HH

1_,
ny

re 4o o

-

N
o
of
o
i

2.1 ThA7IZH L B8 X1z
£ AT AR o7] G2 A0 S Wete

=7 Ists|x| M40 E M 25


https://www.airnow.gov/aqi/aqi-basics/using-air-quality-index/
https://www.airnow.gov/aqi/aqi-basics/using-air-quality-index/
https://www.epa.gov/air-trends
https://www.epa.gov/air-trends
https://www.airkorea.or.kr/
https://www.airkorea.or.kr/

oH7 [ 28X

A7 7ol il A5 7] Qs SR A A5}
A= 170 Axe] EARYEAY B A5 E o]

&5ttt 7148 t71 2 EEE<] SO, CO, NO,, 05,
PM,(, PM, 55 A2 S19l.0m, PM, 5= 201595
B I=E 90, 2015 9] F¢- B4 o] Qs 2tg
7} FEotA] G2 Ao R wtoto] 2016 FE 2022
A7tA] 798 B4 7|t 2 ARkt sk B4
Aol 1A17F Bt B8 71222 B5L0] 75% ©]

& Z‘—ZH??}% ol diste] LBt F=E AR vt

ol il 2264742 11
Asksiet. Z+ 2 o] EEFEe 111}111 el $1=15}
= SHAE PTdto] o] 8ot

713 5 20209 ©]F 31 FQRS COVID-199}
2] Foll ofsfl o] 7Xh= FEE= HiE
F A7 A= ]I A E Eol, FHE HIRS 55
o} 2| ol A= 20201 ZHE COVID-199] GFo 2
It AFS]A A= F7], A o W3l o= <5
N91A HEFe] et Ao HAET Qlok(Kim
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Fig. 1. Annual trends of (a) SO, (b) CO, (c) NO,, (d) O3, (e) PM;,, and (f) PM, s in South Korea from 2016 to 2022. Daily maxi-
mum value was used for O; while daily mean values were used for other air pollutants. Areal plots depict deviations of provin-
cial mean concentrations. Data from urban air quality monitoring stations are utilized to calculate the annual average.
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Fig. 2. Scatter plots between observed provincial concentrations of (a) SO,, (b) CO, (c) NO,, (d) Os, (e) PM,,, and (f) PM, 5 aver-
aged for 2016~2018 and 2020~2022. Acronyms for the provinces are as follows; KR: South Korea, SO: Seoul, GG: Gyeonggi-do,
IN: Incheon, GW: Gangwon-do, DJ: Daejeon, SJ: Sejong, CB: Chungcheongbuk-do, CN: Chungcheongnam-do, BU: Busan, DG:
Daegu, UL: Ulsan, GB: Gyeongsangbuk-do, GN: Gyeongsangnam-do, GJ: Gwangju, JB: Jeollabuk-do, JN: Jeollanam-do, JJ: Jeju.
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=l Hls PM,, B& H4 Fol 4
I3ksto] A7 g o]5%gFo] =11 (Kim ef al., 2017a,
2017b), 55|, FEHo] -5 WAF I stollA &
& A el YRR F=2] PM, s WSt B R
SHA| vhg Ao 2 o FEch webA, FAR -S4 A
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A2k o vl o] oJRt A o & wETh
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Fig. 3. The spatial distributions of AQIs for (a) SO,, (b) CO, (c) NO,, (d) O3, (€) PM;, (f) PM,5, and (g) the total averaged for
2016~2018 (left), 2020~2022 (middle), and the difference (right). The value at the left bottom corner represents the average
AQl in South Korea.
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Supplementary Materials

Table S1. Variables required in calculating the AQI".

Description Good Moderate Unhealthy Very unhealthy
| 0 51 101 251
Values o
Ini 50 100 250 500

Concentration BPo BPy BPo BPy, BP0 BPy, BPo BPy
SO, (ppm) 1hr 0 0.02 0.021 0.05 0.051 0.15 0.151 1
CO (ppm) 1hr 0 2 2.1 9 9.1 15 15.1 50
O3 (ppm) 1hr 0 0.03 0.031 0.09 0.091 0.15 0.151 0.6
NO, (ppm) 1hr 0 0.03 0.031 0.06 0.061 0.2 0.201 2
PM;, (pg/m3) 24 hr 0 30 31 80 81 150 151 600
PM, 5 (ng/m°) 24 hr 0 15 16 35 36 75 76 500
DKMOE (2006)

_ o _
T x(Cp=BP)+1o  (ST)
Ip: the index for pollutant p
Cp: the truncated concentration of pollutant p
BPy: the concentration breakpoint that is greater than or equal to C;,
BP_o: the concentration breakpoint that is less than or equal to C;,
Iy: the AQI value corresponding to BPy,
l,0: the AQI value corresponding to BP
m SO, mCO mNO, " O; mPM,, mPM,;

20

»
S o

AQI(2020-2022) - AQI(2016-2018)
A
(=)

&
3

Average: -38.8

LETFSFE

LFFF e

Fig. S1. Changes in provincial AQls between 2016~2018 and 2020~2022. The blue dotted line represents the national aver-
age in South Korea. Acronyms for the provinces are as follows; SO: Seoul, GG: Gyeonggi-do, IN: Incheon, GW: Gangwon-do, DJ:
Daejeon, SJ: Sejong, CB: Chungcheongbuk-do, CN: Chungcheongnam-do, BU: Busan, DG: Daegu, UL: Ulsan, GB:
Gyeongsangbuk-do, GN: Gyeongsangnam-do, GJ: Gwangju, JB: Jeollabuk-do, JN: Jeollanam-do, JJ: Jeju.
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Fig. S2. Radial graph comparing changes in provincial average AQI of criteria air pollutants between 2016~2018 and
2020~2022.
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