'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 39, No. 4, August 2023, pp.478-491
https://doi.org/10.5572/KOSAE.2023.39.4.478

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

=
™=

Ho

K2 EHA A D SHV|HS 0I&et U5k OJMEX|
QUEN mof: SLIAI LY LMK/ AR 7
Identification of Pollution Characteristics of PM, s

Using a Geographic Information System and Statistical Tools:
A Case Study of the Southeastern and Southern Regions of
South Korea

AN ) 20|52 AIHR|D AlS||A2
ZHEY, OJA, 2IZEY, LAY, 9157, HaU?, MelH, el 003 68 3
HEMOD z|AME* 239202313 78 26

RHEHQ 2023 78 262

Received 22 June 2023
P shol 3]
e kel et R I g el o R Rl Revised 26 July 2023

Accepted 26 July 2023

Jeong-Tae Ju, Sang-Jin Lee, Jong Hyuk Choi?, Sung Tae Kim?, In Ho Song?, *Corresponding author

. . . . Tel : +82-(0)52-217-2811
Hae-Jin Jung?, Hye Jung Shin?, Jung Min Park?, Sung-Deuk Choi* . dchai@unist sckt

Department of Urban and Environmental Engineering, Ulsan National Institute of Science
and Technology (UNIST), Ulsan, Republic of Korea

VE2M3, Anyang, Republic of Korea

D Air Quality Research Division, National Institute of Environmental Research, Incheon, Republic of Korea

Abstract In recent years, fine particles (PM,s) have become a major environmental issue in South Korea, making it
necessary to investigate the regional pollution characteristics of PM, 5 to establish effective PM, s management policies. This
study employed a geographic information system (GIS) and statistical methods, such as space-time cube analysis and
principal component analysis (PCA), to identify the characteristics of high PM, 5 events and the factors influencing PM, 5 levels
in the southeastern and southern regions of South Korea. The periods in which PM, 5 levels exceeded the very unhealthy
state, as defined by the air quality standard of South Korea, were designated as Pollution Episodes 1 and 2 in the southeastern
and southern regions, respectively. The findings revealed that both Pollution Episode 1 and Pollution Episode 2 were
influenced by long-range atmospheric transport (LRAT) from Asian continental outflow as well as atmospheric stagnation
within South Korea. In addition, local industrial activities and the secondary formation of 50,2~ and NO;~ were identified as
major sources of PM, 5 in both episodes. However, the impact of industrial emissions was more pronounced in Pollution
Episode 1, whereas the secondary formation of NH, and the influence of natural sources were predominant only in Pollution
Episode 2. Therefore, reducing both industrial emissions in the southeastern region and the formation of secondary inorganic
aerosols in the southern region would be practical approaches to improve air quality. The results of this study, which utilized
GIS and statistical techniques to analyze regional pollution characteristics, can be further employed to visually and
quantitatively identify PM, 5 pollution sources.
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Fig. 1. Spatial distribution of PM, 5 in the southeastern and southern regions during (a) Pollution Episode 1 and (b) Pollution

Episode 2.
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(a) Pollution Episode 1
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(b) Pollution Episode 2
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Fig. 2. Result of space-time cube analysis to identify trends and emerging hot spots of PM, 5 during (a) Pollution Episode 1

and (b) Pollution Episode 2.
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(a) Southeastern region
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Fig. 3. Spatial distribution of PM, 5 emissions and polar plots of PM, 5 in (a) the southeastern region and (b) the southern
region.
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Fig. 4. Spatial distribution of mean wind speed throughout the year and during pollution episodes in (a) the southeastern
region and (b) the southern region.
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(a) Southeastern region
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Fig. 6. Spearman’s correlation heatmaps for PM, 5 and its components in (a) the southeastern region (data obtained from the
Yeongnam intensive air monitoring station) and (b) the southern region (data obtained from the Honam intensive air moni-
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cag A 99 B ARS Awd] B2 3.3 57 BAS S5 299 Tjot
SHAt (1Y 5). BHANAE E2go] el I TBE 7S] PM,, AFEES} P A 20 4

o
THol d¥a 4 FAFE Wkt T2y wEd we
T PMys Fes dFAEE FojAolA ol 47 PM, 5 & F NH,", Pb, NO57, SO,7,
O =0T TE PM, 5 HIEZES 7 2SHd,  OC, As®t PM, 5 AREL 9] A (n)7F 25 0.9

THAIS] PM, 5 @B 2bge] gt JFEet 4 olFe R e &SIt (1| 6a). NH,', NO;57, SO,
HiEo] ofjt gofo]l o & Aoz webdoh vk, o = 23 77] o] 2024 S0, 9F NO; = NH, "¢} 2
TAIS] PM, 5 @2 2Fge] o3t Jgfo] & Aew  Fote] 22F AR E ((NH,),S0,) T E4terE
getEnh FREY] a2 FFAlel AFH 2 (NHNO5)S A/35HH (Pan et al., 2016), Pbi= T2
om, AP Y THFE Al gorh(ad  AdEEel oo BiEHtH(Dai et al., 2015). T3 OC
5b). o]et 2 BAE = Tk 717 PM, s s 229 = 3HAR ALoA siEET 22t g orE A4
At o, At A 0] PM, s QG2 A HlZ = 4= 9lth(Zhang ef al., 2018). PM, 52t 24 (Pb, Se,
o] kS wol W=t} hAS 4= Qth(Kim et al,  As, Zn 5)°] AL HubHo R legfonz =it
2019b). H EE 7|3tols 22 F7] AR E 7] 4R A,

Table 1. Variances for the five PCs and loadings for each variable in (a) the southeastern region (data obtained from the Yeong-
nam intensive air monitoring station) and (b) the southern region (data obtained from the Honam intensive air monitoring
station).

Southeastern region Southern region
PC PC1 PC2 PC3 PC4 PC5 PC1 PC2 PC3 PC4 PC5
Variance 34.2% 19.0% 9.1% 5.5% 4.5% 31.9% 15.3% 9.9% 9.1% 5.6%
S0,% -0.27 0.82 -0.07 0.05 0.02 -0.09 0.18 0.09 -0.01 0.89
NO;” -0.36 -0.77 0.24 -0.05 0.05 -0.66 -0.15 -0.30 -0.31 -0.50
ar 0.74 -0.19 -0.03 0.05 -0.04 0.78 -0.03 0.02 0.18 0.07
Na*t -0.04 -0.12 0.78 0.08 0.19 0.22 0.21 0.54 0.27 0.22
NH,* -0.84 -0.20 0.09 0.04 0.13 -0.52 -0.26 -0.27 -0.35 0.50
K+ 0.20 -0.41 0.23 -0.72 -0.22 0.28 -0.08 0.61 0.42 0.20
Mg?* -0.22 -0.12 0.85 -0.05 0.08 -0.17 0.30 0.76 0.18 0.15
Ca%* -0.19 -0.24 0.77 -0.30 0.02 -0.10 0.89 -0.07 -0.10 0.24
ocC 0.65 0.34 -0.44 0.15 -0.05 0.65 -0.02 0.25 0.43 -0.43
EC 0.36 0.24 -0.09 0.70 0.00 0.79 0.05 0.11 -0.10 -0.27
Si 0.34 0.73 -0.04 -0.11 -0.12 -0.09 0.92 -0.07 0.03 0.07
Ti 0.75 -0.08 0.47 0.04 0.08 0.15 0.81 0.35 0.19 0.03
% -0.09 0.76 -0.18 0.37 -0.14 0.05 0.04 -0.10 0.90 0.01
Cr 0.79 0.14 -0.28 0.05 0.07 0.22 0.32 0.49 -0.01 -0.33
Mn 0.88 0.00 -0.01 0.19 0.03 0.41 0.46 0.48 0.07 -0.21
Fe 0.92 0.05 0.01 0.14 0.11 0.41 0.66 0.47 0.13 -0.17
Ni 0.28 0.67 -0.28 0.36 -0.15 0.28 0.1 0.11 0.84 -0.11
Cu 0.82 0.37 -0.28 -0.05 -0.03 0.49 -0.27 0.70 0.05 -0.09
Zn 0.90 0.04 -0.16 0.00 0.17 0.64 -0.14 0.14 0.29 -0.01
As 0.01 -0.17 0.12 0.09 0.80 0.25 0.01 0.24 0.75 0.04
Se 0.01 0.50 -0.04 0.29 0.40 0.23 0.00 0.58 -0.09 -0.28
Ba 0.24 -0.13 0.24 0.50 -0.43 0.06 -0.56 0.62 -0.09 0.30
Pb 0.27 -0.06 0.31 -0.12 0.71 0.46 0.15 0.18 0.17 -0.03

—
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