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Abstract In this study, nationwide air quality monitoring stations were classified into three groups by the hierarchical
clustering method with PM, 5 time-series for high PM, 5 pollution periods of 2018~2019. In this way, we grouped the regions
with similar PM, 5 variations. Then, we allocated the locations of 6 supersites for PM, 5 chemical composition measurements
(operated by the National Institute of Environmental Research) into three clustered groups to investigate the differences in
chemical compositions, potential source contribution regions, and aerosol acidity. For three high PM, 5 pollution periods,
potential source regions contributing to each supersite (and supersite groups) did not differ significantly. However, chemical
compositions and acidity of PM, 5 varied significantly among supersites (even among supersites grouped as the same cluster
with similar PM, 5 time-series). Our findings suggest that local emissions of precursors play an important role in regional
secondary PM, s formation, although PM, s mass concentration variations were controlled by synoptic weather conditions.
Particularly, aerosol acidity seems to be affected by regional ammonia emissions, which has important implications because
acidity affects aerosol hygroscopicity and thus the formation of secondary organic/inorganic aerosols.
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1. M g of 23421Q1 43S =Tt (Shin, 2006; Kappos et al.,
2004; Vedal, 1997; Charlson and Heintzenberg, 1994).
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Ao = H7IekAl QItH(WHO, 2021). ZUAIH A=
A2 AT ] 59 TRt A3 HiEYE 71
I A, F2 WA R718E (VOCs) 9] Ateht
714 (NO,, SO, NH; 5)9] gas-particle Hg 5
O] o|xpgA] o & WS A A 7] 2to] G824 0]7] ¢
of tf7] Foll A7t MEHA 3 km o HA
2 $FE7] % btk (Wang et al., 2015).
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(Surratt et al., 2007; Jang et al., 2002). =3}, &
7 Y| At AL B FUHAP1AL A
& 28 4 Qlo] AT 7%l JFE &
th(Zhang et al., 2007). ¥9F ol A AE o
=AM JATE Aoto =z ARRE S AT ol
A} (SOA; Secondary Organic Aerosols) 2] &4do] 4=
v Z7F8hE AAISE BF Q1T (Edney et al., 2005; Jang
et al., 2002). 53] PM, 5] 7719 A& S NH, "] H]
2 S Asks ol $83% 8409, o= ¢
2 W 7] A8 NH (F2E ol2)7t AF =2l
NO,™ (E4+9), $0. (F11H9) 5= drhd S8kete
Z)of| whe} J2pe] AM7E Eebd 4 917] wiizolt.
AA 2 E2 Aol A 4 golof tigk NH, 9]
ARl & o]gsto] ofojRES] A E FH5t]
PM, ;9] &5td EAJS B4R v 9t} (Song and
Osada, 2020; Pathak et al., 2009; Zhang et al., 2007;
Pathak et al., 2004).
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Fig. 1. Schematic diagram of AIM (URG Co., URG-9000D, NIER, 2020).

Table 1. Locations of measurement sites for PM, s chemical components.

Sites

Locations

Baeknyeong background site
Capital region

Central region

Honam region (Southern)
Yeongnam region (Southeastern)
Jeju

Baeknyeong-myeon, Ongjin-gun, Incheon (37°94'N, 124°63'E)
Bulgwang-dong, Eunpyeong-gu, Seoul (37°36'N, 126°55'E)
Munhwa-dong, Jung-gu, Daejeon (36°19'N, 127°24'E)
Ssangam-dong, Buk-gu, Gwangju (35°13'N, 126°50'E)
Yaksa-dong, Jung-gu, Ulsan (36°34'N, 129°19'E)

Aewol-eup, Jeju (33°20'N, 126°23'E)

Z)SHA] (minimum detection limit, MDL) ¥ QA/QC
of| s = =Hetg et o] Az H i Aof ZpA|st
Al A A1 =] o] QATHNIER, 2020).
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Fig. 2. Schematic diagram of SOCEC (Sunset lab., U.S.A., NIER, 2020).

Table 2. Analysis conditions of ion chromatography.

Type Anion Cation
Eluent KOH (10~45 mM) MSA (20 mM)
Flow rate 0.25mL min™ 0.2mL min™’
Injection loop volume 50 uL 50 L
Column Dionex, lonPacAG18, AS18 2mm Dionex, lonPacCGA12, CS12A 2mm

balance 7]-2719] o 9 EEFHAE 1.03+£0.042
et
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onc(uygm>)=——"——"—
He Slope (Calibration)

Delivery volume
——————— X Sampling time
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Table 3. Analysis conditions of NIOSH (NIOSH, 1996).

Program activity Carrier gas Rgg;zrtzz)e t:zg{’?ong)
Oven purge Helium 10 1
1% ramp Helium 70 310
2" ramp Helium 60 480
3 ramp Helium 60 615
4% ramp Helium 90 840
- Helium 30 0
15t ramp 0,/Helium 35 550
2" ramp 0,/Helium 105 850
Internal std. calibration  CH,/Helium 120 0
Cool down Helium 1 0

o] 23} 7tAE FYdte] 4 Co, w=of et =+
A (calibration)S 945ttt FE£Hog A 2&

w9 =7 2490

=

[e)
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Conc (ug m™>) = Mass X Sampling volume (2)
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3] IR} F7]0)& HEE 2] o]-& ¥ (ionic balance)
2 E5] 71dA o2 =Aslo] ] B2 AFESH
T} (Pathak et al., 2009; Zhang et al., 2007; 2] 3).

H},,=2%X[S0,*]+[NO;]+[CI"]-[NH,"] (3)

4714 Hp = &9 371 Fo3 2ol EAfsh=
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— =NH,7(2X [SO,~ ]+ [NO5 ]+ [Cl"])
NH4 neutralize

4)
NH4 measured/NH4 neutrallze7]— 1+0 10 U:H% ]Z]-

7} &3} 717t 2, 0.75+0 ©]5td TE AtetE 7]
7+o 2 A o]ttt (Zhang et al., 2007). 91714 o= A4
off AR o] AEel tigt 54 EGEEE YEY
™, B2 NH, neasured/ NHa reuralize ] 4% 3=
o]t} (Zhang et al., 2007).
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ZF-2 NCEP (National Centers for Environmental Pre-
diction) oA Al 55l= F7IANE 1°9] A 2|+ 714
Zt= GDASI1 (Global Data Assimilation System)-2 A
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2.6 Joint-PSCF (Potential Source
Contribution Function)
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Fig. 3. Clustering results for PM, 5 time-series. (a) dendrogram of each event, (b) distributions of three groups of AQMS (red
circles denotes Cluster 1 group, yellow Cluster 2, cyan Cluster 3), and (c) the time-series of the average mass concentrations of

each cluster).

Table 4. Selected PM, ;5 pollution periods and number of
data in time-series.

Period Data #
Event 1 2018.03.22 07:00~2018. 03. 28. 14:00 152
Event 2 2019.01.09 16:00~2019.01. 16 01:00 154
Event 3 2019.02.18 19:00~2019.03.12 21:00 531
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Table 5. Allocation of six supersites (for PM chemical composition measurements) into three classified groups and the mean

PM, s concentrations (+ 10) of each cluster.

Cluster Region Average conc. (ug m™)

Cluster 1 Seoul 66 + 25

Event 1 (E1) Cluster 2 Baeknyeong, Daejeon, Gwangju, Ulsan, Jeju 43+16
Cluster 3 - -
Cluster 1 Baeknyeong, Seoul, Daejeon 64+32

Event 2 (E2) Cluster 2 Gwangju 56 +32
Cluster 3 Ulsan, Jeju 3618
Cluster 1 Baeknyeong, Seoul, Daejeon 56+30

Event 3 (E3) Cluster 2 Gwangju 5737
Cluster 3 Ulsan, Jeju 34+19
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Fig. 4. PSCF results for each event (left panel: Event 1, middle panel: Event 2, right panel: Event 3). (a) Baeknyeong, (b) Seoul,
(c) Daejeon, (d) Gwangju, (e) Ulsan, (f) Jeju supersite as a receptor. Red color denotes the potential source regions.
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Table 6. CAPSS emission inventory of 2018 and 2019 per unit

area. (units: ton yr™' km™)
Year Region PM,s SO, NO, NHs
Seoul 6.6 1.8 1459 57
Busan 34 103 64.9 2.1
Daegu 1.5 29 29.8 1.9
Incheon 25 14 51.7 6.7
Gwangju 1.1 03 245 19
Daejeon 1.2 0.9 29.7 1.4
2018  Ulsan 2.2 40.5 46.1 14.3
Jeju 1.1 1.9 17.7 7.8
Gyeonggi-do 1.0 0.9 17.6 4.7
Chungcheongnam-do 2.2 85 13.1 6.5
Jeollanam-do 1.1 4.8 8.6 36
Gyeongsangbuk-do 1.2 2.0 5.5 19
Gyeongsangnam-do 0.4 2.1 6.9 2.6
Seoul 4.5 16 1173 59
Busan 33 11.8 63.1 2.1
Daegu 15 26 313 1.9
Incheon 24 10.6 49.8 6.3
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Chungcheongnam-do 1.9 7.6 11.8 6.5
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