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Abstract Particulate air quality in the Chungcheong Area, mainly covering Chungcheongnam-do, Chuncheongbuk-do,
Daejeon, and Sejong, is intricately influenced by regional transport from the Seoul Metropolitan Area and long-range
transport from China of particulate matter (PM) and precursors, as well as local emissions originating from coal-fired power
plants, petrochemical and industrial complexes, steelworks, and livestock farms along its western coasts. Consequently,
concerns arise regarding the impact of these local emissions on PM air quality in inland cities within the Chungcheong Area.
However, the relationships within the area concerning the variability of PM between the western source area and the inland
cities have not been revealed. This study investigates spatial ranges sharing local variability in PM, 5 at the five coastal near-
source sites, including the Pyeongtaek-hang site adjacent to Dangjin, and the five inland cities in the Chungcheong Area for
the years 2021~2022. To isolate local variability from regional fluctuations related to long-range transport, secondary
production, accumulation, and ventilation driven by synoptic meteorology, spatial deviation from the spatial mean PM, 5
concentration was utilized. The results indicate that the local variability of PM, 5 in the northwestern coastal sites (Dangjin,
Pyeongtaek, Seosan) does not show a significant correlation (p <0.01) with that of the inland cities. On the other hand, the
western coastal sites (Taean, Boryeong) exhibit some degree of correlation (R>0.4) with the southeastern inland cities.
Inorganic and carbonaceous PM, 5 species at Seosan show little correlation with other sites in the Chungcheong Area, except
for sulfate and nitrate at Dangjin. This study underscores the necessity to treat the western coastal area and inland area of the
Chungcheong Area as distinct entities in future PM air quality management efforts.

Key words: Chungcheong Area, PM, 5, Local variability, Air quality monitoring station, Spatial correlation analysis
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Fig. 1. Geographical locations of the air quality monitoring
stations (AQMS), PM, 5 chemical composition measurement
sites, Chungcheong Atmospheric Environment Research
Center (AERC), and the five near-source sites selected in this
study. The five major inland cities in the Chungcheong area
analyzed in this study are shaded in light red (satellite images
courtesy of Google Earth Pro).
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Table 1. Annual average concentrations of daily PM, 5 and its chemical components at PM, s chemical composition measure-
ment sites in the Seoul Metropolitan Area (Seoul and Gyeonggi-do) and the Chungcheong Area (Chungcheongnam-do) in 2021.

) ) ) PM, 5 SO~ NO;~ NH,* ocC EC
Province City/County Site N Mgm?) gm?d (ugmd) (wgm>) (wgm? (ugm3)

Gwangjin-gu 65 2338 3.2 6.7 35 43 0.7

Seoul Seoul Enpyeong-gu 60 23.7 34 7.0 35 49 0.7

Banghwa-dong 57 222 32 52 2.8 43 0.8

Suwon Sinpung-dong 50 258 33 75 3.7 5.1 0.8

. Ansan Gojan-dong 62 229 34 6.2 33 5.1 0.9
Gyeonggi-do

Icheon Seolseong-myeon 61 237 3.2 6.8 3.6 4.7 0.7

Pocheon Gwanin-myeon 41 17.4 2.8 33 2.1 34 0.6

Cheonan  Seonghwang-dong 42 17.8 24 2.6 1.6 46 0.5

Gongju Sagok-myeon 55 17.4 25 32 1.7 3.9 04

Chungcheongnam-do Dangjin Songsan-myeon 60 25.6 35 44 2.5 5.0 0.6

Taean Pado-ri 59 16.7 2.1 2.0 13 32 0.4

Seosan”  AERC 65" 269 3.0 53 32 43 0.9

TChungcheong Atmospheric Environment Research Center at Seosan
Daily averaged data, of which date were chosen as same as the Gwangjin-gu PM, 5 site
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Table 2. List of five near-source sites and their average concentrations of PM, 5, NO,, and SO, for 2021~2022.

City/County Site Related emission source PM, 5 (ug m™) NO, (ppb) SO, (ppb)
Dangjin Songsan-myeon Steel industrial complex 24.2 14.3 5.6
Seosan Daesan-ri Daesan petrochemical complex 17.4 14.1 35
Taean Taean-eup Coal-fired power station 17.5 124 31
Boryeong Jugyo-myeon Coal-fired power station 19.6 11.8 34
Pyeongtaek Pyeongtaek-hang Poseung industrial complex 236 18.4 3.0

Table 3. List of five major cities in the Chungcheong Area and their average concentrations of PM, 5, NO,, and SO, for 2021~

2022.
: Populati . _

City (thousoa’:é:tilr?gozz) Number of sites PM, 5 (ug m™3) NO, (ppb) SO, (ppb)
Daejeon 1,441 11 16.7 174 3.2
Cheongju 847 7 20.7 16.2 22
Cheonan 655 4 22.8 174 33
Sejong 383 4 17.9 16.0 3.1
Asan 333 5 24.0 14.8 3.7
%, Aok AE, ot ATk (E 3). oln), 5 3 53] Hrh(E 4). WY FH4E NO,0| WP
Yol BT PM, FEE WA @, 0lE A SEI R e B SYAS F 1Y w3k
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=

Table 4. Air pollutant emissions at each city/county, listed in Tables 2 and 3, in 2021 (NAIR, 2023).

Clyicounty (t:r’:/l;f‘W (t‘fr:vl yr) (toI\S;“) (to':?/;*) (toi?/xrﬂ (totlmijfr”) (to\ﬁcr”)
Cities/counties that include the five near-source sites, listed in Table 2
Dangjin 1,686 2,614 5,542 16,725 10,210 5,903 9,294
Seosan 458 938 2,606 16,453 15,909 5,542 28,129
Taean 374 612 1,240 5,393 3,545 2,339 1,537
Boryeong 427 756 1,796 4,306 3,303 3,484 2,896
Pyeongtaek 634 1,882 4,998 11,608 182 3,186 11,012
Major inland cities listed in Table 3
Daejeon 513 1,589 4,925 11,923 166 1,422 15,452
Cheongju 636 1,934 5,863 10,104 296 2,893 17,011
Cheonan 531 1,718 5,186 8,245 190 5167 12,935
Sejong 288 825 2,450 3,956 65 2,493 5,569
Asan 380 1,250 3,515 5,789 322 2,159 10,875
A 7 AR o] FMEEE wolAl "Hoh & AT YA A7 749 FISEE B 28
b 4 214 9] nAA] we HEd w2 A4 Stk S a=dY 23571 SHAE ARG
e Hole= 37 H9E 4 AFE B4 WA PM, 5 5& 9] BT AAIG-E SH A 80 57
A7) QM s, ZF AE A 2o AAl AT ARESE PM, 5 0] S AAI DY 2
HollAf S A& Edoh= W Gl 2A A AFBATE 7 (R=0.97), F AALY] 24713
SHotE AU TS ot A7t F, o diEel  Hay BEEA A fAfSH (FAE+ = B
ANABE Fote] o] 59 A1 M AATAEE 2T E 71 194+12.7 pg m™, SHE F1h 2011123 pg
{7} ot m™), T BHE S0 o7t TP =
2 AHE mAEA] S AAD x (k9 A1) o BFLS o] AFolA shA] et ot
W} 2ol vehd & Qlrt PM,; NEGE 5&9] B2 A8, 871, 54
_ o] 27 E4a(® 19 & T= AALS Batsto]
(b I=xOT ety W Sasom), ool et zrEAE 249 237
X(= A 2] HHR] AAEESS Bt vl ZRA AT} U] -S| AREA S &
ARz o] FIHEF AL, et, )= ZF AFE & Pk
e A FFEAR A AL LERHT a9 2o yebd S48 9 = B PM,s &
o] Aol BAWAAE AL B I T 2021920224 BFE 194pg m7OE ABF
el YRt 9 HEYSETHY E PMys wko] tiet Ul ti7 18719 15ug mTE
A 5] FFE e 7FsAol B2 Agelnr, ARG ST 7|12 2021F F 149, 2022 F 5
FEAAHA AL T, B KNS, JFd, Y RS LS 2SS Uk S E H =
7Nl AR F 2357] SH 0] PMys s AAl Hat PMys = AAIEA Eols PMy; s
dol TS Tl FHE H e TH= AL T 22 Al A 9FdEe & 4 9leH,
PM, s &=2] 2B+ AAE (X)& P o] {2

Holstn(ad ), ol B FAYSEY JFo=
ol2RE AW 55 WAL AAL (2 Totol 7] Gl BH 9

=7 EstEX| M40 B H 1 &
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Fig. 3. Correlation coefficient map of the spatial PM, 5 deviation for five near-source sites of (a) Songsan-myeon site in
Dangjin, (b) Daesan-ri site in Seosan, (c) Taean-eup site in Taean, (d) Jugyo-myeon site in Boryeong, and (e) Pyeongtaek-hang
site in Pyeongtaek. Area of city/county, of which positive correlation is statistically significant at the 99% confidence level, are
unhatched in the map. Areas of the city/county with a negative correlation are not shaded, and data are unavailable in the

gray-colored city/county.

Correlation coefficient

0.7 0.8

ror

o7 [2EstE|X| M 40 E M 15



139

HhR>0.4) (2% 3d). 1

Al Agel dlit, of

Hojzet

2 H O (R>0.6),

)

(R>0.8), 7}l

tH(R>0.4) (1H

510

fiore] Hg, Mg A<

tRCH, A9

S

2olE

Tl oFAFREE: Atelofl Fal &

9]

=9 AR 1%

2~
T

o
J_.mo

o

e HACH (R>06), T

X
=1

T

o)
=

gt Az AR B2 Holed, A

Ho] (R>04), AA|Z o=

o
=

A

1
-

HF 7ol

o o We

1=

z

Agol S AR 2 5 A2

AL BHP oM (R>0.6), ¢

0 39 5

A o] oA, A

S
=

el

ks

T

P A&l

5]

Aot 44

/5}
L SR AR Bollt ¥l A

=]
sy

5

Yout, mAHA] AddeA =

=0
H A

o Wil kg

=
=]

5

fetell 4

9]

Sttt 1@} Hiok, R

o} §Ap

© A (R>08)0] ERTE g 71

HH

o

7}

A|71Zk] o

d

== %

]

el

X
i:u

=31

&

o

fetel 8 trleded viE A

9|

ot A

HY o (R>0.6), =

A0 AL, S ofLjet AT,

Fedata 42 o] A% 2|} o,

J. Korean Soc. Atmos. Environ., Vol. 40, No. 1, February 2024, pp. 131-148



140 MRlE, B2, 2S5, 2SS, 288, oldg, 41g

Holz] gkgrort, B
AF2FPM, 5 5] =4]
= e,

=

5 O

To 34 WEH PPN Am AT APAL
==

=

o

3.2 STU F2 A 7IE PMy 2| STy
=

19 40 o] Aol AAgt oAl o] FH A
< J1Fo=2 HA B/ E 4
g S =AY PM, s HEO| FXHEAk

FA9] 7t AA| Bt PM, 5 5L
FIAGE A /gel AlZtststdct.
A = 2, 9% A
5 93 AAA € F5 WEA
o R>0.6)= H3OoH, A& AlE,
5, Ak, Fojobx AT (R>0.4)2 YERHTH
=

],

o

ro

S

4a). TR A=A ) 2] BAZ] 9718 @

A EAE 1HPES o o5 A9 5AH 7dx
0] PM, 5 &2 AH BFel AR 9% F
Q7] W Eo = A7t AdER AL} 5o ¥t
ATEE = A 7170 B4 Ael fAFsHY, ol
o =2 AASE Hedlen, 7Hdle Aadol
E2 o] Fd Aaligtell JIHE B4, B, A4,
4%, Fol7tA] S ST o= oA HEo]
45 7|F0= T PM,; Tk FHEARS] AT
o] =2 FHo] kol S 2 FH A HFA
A7) S E A A YRS LE 3d)

T BEZ 0= QIR HFY PM, s T Xt
A= HER QIS AlF, At A =2 AT
(R>0.6)& H3low, A5 S0l §H4 oF 50
km Wje]e] Gl sigsh= ofih A, 5, tiA,
£4, 95, 4 SATE AT R>04)S Bt

(1™ 4b). ¥ 7R &2 A52] PM, 5 5=9)
A2 HE JA S At 2 wiEd &4
A2 ST QuIdE SR HolA ¢dgte
5 WsA9Te dudS
ot AdERzE A ¥ Bl Az &2 &
FHde Bt

Q] PM, 5 T FHHAR= A%0] opil BE
o] STt =2 AT (R>0.6)02 HoH, T 2]
it &1 A, Bt 8 (R>04)8 B
oy Aol vHlsf w2 A
H| w2 FRrom, Apegata 4hz] 2]

%
o]
HEE Uelel] T A, BT gl B8 S

d

s %
Zpol g FEoH| HAFIH. Az Aol
e AT 2 aed gRel

o
A S BHolFal 9o, 7k

(L9 4b) 2} FAFSHH, A& SH 22 §H °F 70
km F & Wofl sigsh= thd, A5 A =2 4
FR>0.60S, Heh JH, 24, A4 &4
B, A, =4 357 AT (R>04)=
(R>0.4) (L% 4d). L2H AlEAICL S 55 As
Qko]l T8 HiE Y AR A1 A4E, G Afolof
PM,; =9 522 W54 7t ou|Ql= Addol
LFERLEZ] ofotom, ol A FIMI TR oA
T FYste, AlEH olF A 7t PM, 5 BE IH A
S Al HES L A

oMt PM, ;5 T

a1
[e)
= A V1o o SRR E i (T 40)
=]
A%}

;
T RARSRE, g AR W BRo] 20 iEY A
o el o e FUTBHL Bk obite B
2 g7, oL, AT, Wt & AT R>06/2,
o5 Aquict oz Wold F4, 8, AT




B PM,s ZRIR SN0l By

0z
HI
1z

(a) Daejeon
Total Winter (DJF) Spring (MAM) Summer (JJA) Fall (SON)

Total Winter (DJF) Spring (MAM)

o

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Correlation coefficient
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Fig. 5. Correlation coefficients of (a) PM, s mass concentration, (b) sulfate (50,4%), (c) nitrate (NO3"), (d) ammonium (NH,*), and

(e) organic carbon (OC) between Chungcheong Atmospheric Environment Research Center (AERC) at Seosan (denoted by X)
and eleven PM, s measurement sites.
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Fig. 6. Correlation coefficients of spatial deviations of (a) PM, s mass concentration, (b) sulfate (5S0,%"), (c) nitrate (NO5"), (d)
ammonium (NH, %), and (e) organic carbon (OC) between Chungcheong Atmospheric Environment Research Center (AERC) at
Seosan (denoted by X) and eleven PM, s measurement sites. Large circles represent the sites, of which positive correlation is
statistically significant at the 95% confidence level. Sites with negative correlation are shaded in gray.
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Fig. 7. Schematic map of the two individual regions in the Chungcheong Area: the emission-related area northwest of the
Charyeong Mountains (orange-color shaded area) and the inland cities southeast of the Charyeong Mountains (blue-color
shaded area) (satellite images courtesy of Google Earth Pro). PM, 5 concentrations in each region are highly correlated within

the region but not very correlated with the other region.
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