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Abstract Chungcheongbuk-do has relatively low PM, 5 emissions compared with other provinces in Korea but consistently
shows relatively high ambient PM, ;5 concentrations. This suggests that regional transport may substantially contribute to PM, 5
pollution in inland cities. This study investigated regional transport characteristics associated with high-PM, 5 episodes in
Cheongju, a representative inland city of Chungcheongbuk-do, using hourly AirKorea observations and NOAA GDAS
meteorological data collected from 2018 to 2023. Airflow pathways were analyzed using the HYSPLIT backward trajectory model
and the Potential Source Contribution Function (PSCF), while a radius-based PSCF approach was applied to evaluate the
frequency of simultaneous high-concentration events when trajectories passed neighboring cities. In addition, paired-sample
t-tests were performed to compare PM, s concentrations between Cheongju and neighboring cities under identical air-mass
conditions. The trajectory-based PSCF analysis showed that potential source regions were primarily distributed to the west and
northwest of Cheongju, consistent with the predominance of westerly and northerly winds during high-PM, 5 episodes. Among
the neighboring cities, Cheonan and Asan showed the largest numbers of trajectory passages and high-concentration
occurrences, indicating repeated associations with high-PM, 5 episodes in Cheongju. Paired-sample t-tests revealed no
statistically significant PM, 5 concentration differences between Cheongju and Sejong, Asan, Cheonan, and Pyeongtaek under
identical air-mass conditions, whereas significant differences were observed for Dangjin, Anseong, and Daejeon. These findings
suggest that high PM, 5 episodes in Cheongju are closely associated with regional airflow pathways and synchronized high-
concentration conditions in neighboring cities. Although the present results do not quantify source contributions, they suggest
that Cheonan and Asan were more consistently associated with high-PM, 5 episodes in Cheongju than the other neighboring
cities examined.
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5879, A5 774 T U2 A Tof H|g] @2 Fo
SHEEE A= A& 7k BHY7] F PM,s 2 B IE|QCHMOE, 2019). §HA ti7]| A GAA
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Copyright©2026 Korean Society for Atmospheric Environment

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0)
License, which permits copying and redistribution in any medium or format, provided the original work is properly cited. The License does not permit
modification, adaptation, translation, transformation, or the creation of derivative works.


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2026.42.3.545&domain=https://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

546 iz, oldy

otk T-59] SOx, NOx, VOCs Hi&F =% 242}
1091, 891, 1091= F91dll HERITH(NAEIR, 2018).
F3F 2023 Al 7] F PM, s 98T B
= Ho] 22 pg/m’2 7HY =3k A7 Sdol Z+
Z} 21 ug/m’, FE-0] 20 pg/m’2 73] AYHe 3l
F5FATH(NIER, 2023). T3+ CAPSS 2023'd Az o]l
A F5=2] PM, 5 AZF BIET2 2,515 ton/yr= 7]
6,826 ton/yr, & 4,810 ton/yr S ETt JH35] Fe 4
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&= 22791, 791, 11912 o745] F-9Ae siggtet
(NAEIR, 2023). ©]&{%F k2 2018~2023 7|71
2|52 0 5 YA, 559 PM, s BlET 9= A
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2018-2023). 0]= ZH9] PM, s 115 @Afo] A Hj
STo = AiE]] offa, oJF 2199 JF 74
o] EAT 4= U&= AR
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t}. Son et al. (2021)2 CAPSS 20161 Hi&EH-S
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© ™ (Seong and Lee, 2024), ©]of| HA1Z ol 2]]3t 2]
A} ot A2 A o2 QIS 2 H Rl F, okt oF
7d, A3k, BH, 4, b, AlES vl A = Ad7gst
At 2 F7olA PM, 5 AFEE =P ool
2] oF (www.airkorea.or.kr) ol A A|55F= 2018 1€ 1
Qe 20234 1289 31 ARPE 2 AR E
ZAsto] Agaiolch 715 A2 BAS gie) v
NOAA (National Oceanic and Atmospheric Adminis-
tration)2] GDAS (Global Data Assimilation System) 7 ]
AAtEE 20189 19 195 2023 12 319714
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ZH ZAl2l F

E AX EER=AE FHt= ZEolth(He et al,
2025; Choi et al., 2023). FFE AHo=2 HAs}
o] 20184 19 195 H 20234 129 31974, wj Y
UTC 00412} 124]0] S85h= 24413 AF2E A
Ateklom, AlZF A= A8 H 790 HEdsh]
el 10m2 AAsHATE 7)1/t 5 = GDAS 1(Global
Data Assimilation System)& 2H8-51%1.9™, GDAS 1
7173789 A2l d T 1 holH, 37 d e+ 1° ©]
ok AT PM, s Al 40 TRIE HAA 7o 2]
& mhetstr] €J3ll PSCF (Potential Source Contribu-
tion Function) 4 7|H-& A8t PSCEFE= 24
318 T WA dhE Ao AEshe 1Y
o=, A (DA 2ol B4 ARG, j)E TR 1A A
2 4 (ny) HH] 2% AbEolA Sig AAE FRt
AA 4 (my) ¢] HIEE 9]t (Do and Jung, 2015).
gl 255 g A7k BHE GAl 7lofne 7}

/0] T5 ofnldttt. A4 79k PSCF 25 At
& fofl= ARPE PM, 5 T F HUige 4L HiE
TEE ARSIt B AelMes ALtd 9AdE
0.1°x0.1° A7t Frgsto] A=} 7] pSCFE AHE9
S =M GA 7o) 2 Hg S = mefsigitt
m;;
PSCF=— (1)
1

ohRt n 7} 22 A2}ol| A= PSCF grol H g7t
7Fs/d0] o=, o|5 Helstr] 9l AAbE A4
ol w2 FY 7HEA W(ny)E PSCF Lol Hoto]
HgsAtt. 712 o] dARRS Aol A=
S35 22} (n,>0)8 71202 ARre AR B
A = (nye)E 22 AASFATE 07 ng, 2] 381
aekel Azpo| M EE 47t 2} Aoz wtst
o] AR R 7152 E TAAF T (Polissar et al.,
2001).
1.00 3ng,e< 1y
0.70 15040 < 1< 3N
0.42 Ngye <Ny

0.17 N < N

W(ny) = (2)
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and Mascha, 2018). 7‘4-3’-*43 Shapiro-Wilk 7
ol AESIG O, T2 o] A7} gt —% =517
orok}, Jejut - AAL ATA et vl wA A
gt 710 2 H11%]o] (Rochon ef al., 2012), & Aol A
-eEE -34S A-8sklth Fo2E (p-value)
0.05 PI9HYd ¢ TAA o= {Folgt 2|7} A=
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iwto] 09 7hs /= Al o= glohar siAdskal
JJr RSk /‘}7401]/‘1 L T WSk Aol
& Zo]zke] EEHAE U Cohen’s d, & At
Eﬁ}MJﬂ (Lakens, 2013), 2] (3)]l AIAI5HT. 7]
A Mg 2Fol 48] B, Xgire - 2Holgh X2 3
9 PM, 5 55, X, B EAY PM, s 5k, N2 &
B8 ofuigi, w9 4R T 5 9
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o, g7 A719] HF4-& £ol7] fIsh AHeS
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Table 1. Sensitivity analysis of radius-based PSCF results using different radius criteria.
5km 10km 15km
City
Pass High PSCF Pass High PSCF Pass High PSCF
Dangjin 33 22 0.667 72 48 0.667 112 77 0.688
Daejeon 50 19 0.380 96 34 0.354 168 71 0.423
Sejong 60 20 0.333 129 53 0411 254 116 0.457
Suwon 16 6 0.375 30 10 0.333 49 22 0.449
Asan 66 41 0.621 169 105 0.621 292 203 0.695
Anseong 24 20 0.833 52 37 0.712 101 74 0.733
Cheonan 102 60 0.588 227 151 0.665 336 226 0.673
Pyeongtaek 25 15 0.600 78 50 0.641 137 101 0.737
>X d,ﬂc Table 2. Overall and seasonal frequencies (%) of eight wind-
q71A, Mdiﬁ = Xdzﬁ X1=Xp, df=N-1 direction sectors in Cheongju during 2018~2023.
N NE E SE S SW W NW
Full period 207 6 75 44 144 46 374 5
o Ay
3. 97 3y Spring 152 39 75 43 146 7 441 34
Summer 149 67 98 72 176 46 344 48
3.1 _I.]l:" ~ _E_ M Fall 271 92 91 4 135 34 281 57
Winter 258 44 37 2 118 32 43 6

w
-
e
rs
oX

7|Z0] 2 PSCF pIZtE 24
PSCF 24104 Bl TA] Faf ofF=
(j ]u‘}a]—ﬂa]—;ﬂ s 0101:!_1?[__ 5km 10
km, 15km J%‘Oﬂ w2 1 7|4k pSCF S A2
H|wshich & 19] 275 B9, 5km, 10 km, 15km
173 mof tiol thAl 2 3 Slpet s Al B
T 3 ot AlE AR B2 ATE HoFdrh
T8 o H EAER A8 v o] HRte] whet
A= Bl AE Hofqle) ot 28 Whgo] 5
7¥ghol whet 7} E*]‘i‘éi B St s A
7t F7Voke S Bk upehA] 28 Hhgo] 2 W
LA Tt Ag- % ool A= HAA B& 6]
oF 511, 2.8 ¥hgo] 2o W 7] o]F AIRPE 4
SO F7F A4S 5171 ofg Aol QlojA], 7 A
oA A8 vHES 10km= A AT

3.1.2 7| Ed IYN 24
TH 12 52| PM, 5 A5 Alo]l Higt A% 7]
qF PSCFO| AEE ¥7F 225 vehd Zoloh 19
of|A] Hi=vfe} o] e A A A= 2] A
Z3 52 ko] 294 =2 PSCF 342 Y

Note. Values indicate percentages (%).

Table 3. Overall and seasonal frequencies (%) of eight wind-
direction sectors during high PM, 5 episodes in Cheongju
(2018~2023).

N NE E SE S sw W NW

Full period 314 53 34 19 136 49 331 6.3

Spring 192 29 29 21 183 67 417 6.2
Summer 205 84 24 0 6 6 422 145
Fall 365 66 54 21 17 54 212 58
Winter 375 54 28 21 105 35 333 4.9

Note. Values indicate percentages (%).
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Table 4. Seasonal radius-based PSCF results for each neighboring city.

Dangjin Daejeon Sejong Suwon
Period
Pass High PSCF Pass High PSCF Pass High PSCF Pass High PSCF
Spring 9 6 0.667 38 20 0.526 52 29 0.558 2 0 0
Summer 4 2 0.500 13 2 0.154 18 4 0.222 0 0 -
Fall 21 11 0.524 20 3 0.150 20 3 0.150 9 4 0.444
Winter 38 29 0.763 25 9 0.360 39 17 0.436 19 6 0316
Asan Anseong Cheonan Pyeongtaek
Period
Pass High PSCF Pass High PSCF Pass High PSCF Pass High PSCF
Spring 36 24 0.667 2 1 0.500 30 19 0.633 5 3 0.600
Summer 7 3 0.429 2 0 8 2 0.250 2 0 0
Fall 41 14 0.341 19 13 0.684 68 35 0.515 22 12 0.545
Winter 85 64 0.753 29 23 0.793 121 95 0.785 49 35 0.714
Pass : Passing count
High : High concentration count
PSCF : High concentration count/Passing count
22| PSCF B2 0.6672 Lottt ok 7]  mhRo] Wi Afle] B3t 945 WA H o T4

T} 815 363] 5 243]7F A Aol siESkel
L et sk A7 242 93], 6232 W
o}, Hoke B3t 314 303, AEE A 1932
PSCF #0633 2 UETh AlE2 51 319t
ET A7 242 523], 298] 2 EQLO U PSCF 4k
L 05582 7 o2 UEton oA (383 F
203])9] PSCF 2 0.526 0.2 LEFGTE ofAl At
AlE, 9] 79 Fat Slpet s s A7} Bl A
ol B4 AT PM, s 15 AtelolA] sk @40l
A Aok A7kl & TAIR SfAH B
MY Q0] A AbellE 242} 13], 03] 2 -9 A
It ol= & 39| AF PM, s AsE AL o AE
H FF oA Uehd Biet o], Al B R
o} AF AGL] vig HlFo] OB, A0 BXo|
AARE HT pHoA T AR 9] Bt 47t
Ao R He 7o Helrh
5(6~89)H PSCF 27 HH, M40z
I Sl4eof AFE Abe|7F B Wl *ﬂ* 82]
3‘

10>

30 R 2L oofl
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0.

Oiﬁ of

43)), obih (73] & 33)), X2t (8E] F 23)) &
2 W5 A7 AA Uebg o 54 Oﬂ 45
Zgsle] A=Hog re nAHz] FLE Ho

N lo

Haste s Bk

7+& (9~119)3 PSCF Z3Hg HH, A 7o) 4]
M2 193] B3 F 133)7F sk Al PSCF 4t
o] 0.684% 71 =tk BH (223] 5 123]), B3 (21
3] Z 113]), A2 (683] F 353))2 PSCF 3ol S 4
(0.52~0.55) 0.2 UERGt o, ofAke =i} 5149}
WEE AHElE ZH2E 413, 143]8 v =9k,
PSCF 7} 0.3412 ottt B4yt v\ wslgle of, 7}
S0l Hte] Bt 147t AA F7kekla, Mt
T4 F} Sl FFSHA o] = 3 29} 304 &
QIgh Hiel Zro] 7R H o 55 AF o] vigt vlFol 5
7¥to &2 Qlsto] thg ZAIEO] Hlol AFollA 5&

of] IR HE, M, ol A 9] Tt 8157t Skl
Ao Heltt,

Ae (12~2Y)20ls A=A LR PM,; AEE A
|7} 2715t wet v EAE0] Bt Sl4 2ot
SkAl PSCF gt 57kt 23S H A 4, o5, 7t
=40 v vl ZA|Eof Hlo] diH o w2 F
T S5 HR1 QL opito] A Holx 77t 1213]
F 952], 853] F 642 = Wl &2 T S5ot iE
T AHE ® 9l 1213 PSCF 3% 2+ 0.785,
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343]), 9 (302] 5 102])°] PSCF 3t 2 4%
H3lom, it 314 thiv] ek AR 23l
3 7 5= JFA Y o]F APERE S Slaeet 1
B At A= YERAL SItk 0~6A17F Rt A
A%t (1613] F 1122)) 7} oFik(1073] F 663])ol4 &
i Sla-of AE . AR7} EdTh o= YARE o] 5t
7)o E sk FEE A7 REEA 0 2 e
< Uit} 7~12A13F PR AR (58F] F 353)),

ol ol fr

oFiF(532] F 292)), BRI (363] T 242]), FH (342]
Z 233))0llA sk AtE7E A&H 02 YEpon,
13~18A17F F1bol| A= Rk (423] F 223]), oFiF(36
3] F 203)), M (2738 F 213))0llA] Bt B4t 1
S A7 ERIESIe ol et AThe A 717 F
Qb 45 PM, 5 Al Atell7E B2 A7E 1] =gt
57 ¢S HojFet

% 2= AA 713t tiste] A2} 7|6 PSCFe] &
RS R Zofoh 9FA 17 19] A PSCF

0.7

PSCF

ro3

ro.z

Fo.1

L—Lloo

Fig. 2. Full-period trajectory-based PSCF distribution.

Table 5. Full-period radius-based PSCF results for the neighboring cities according to transport time.

Dangjin Daejeon Sejong Suwon
Period

Pass High PSCF Pass High PSCF Pass High PSCF Pass High PSCF
Overall 72 48 0.667 96 34 0.354 129 53 0411 30 10 0.333

0~6h 16 12 0.750 48 16 0.333 73 36 0.493 2 0 0
7~12h 36 24 0.667 45 15 0.333 41 16 0.390 7 2 0.286
13~18 h 18 12 0.667 38 7 0.184 44 14 0318 15 7 0.467
19~24 h 15 4 0.267 23 4 0.174 23 4 0.174 12 3 0.250

Full Asan Anseong Cheonan Pyeongtaek
period . . . .

Pass High PSCF Pass High PSCF Pass High PSCF Pass High PSCF
Overall 169 105 0.621 52 37 0.712 227 151 0.665 78 50 0.641
0~6h 107 66 0.617 6 3 0.500 161 112 0.696 19 12 0.632
7~12h 53 29 0.547 22 18 0.818 58 35 0.603 34 23 0.676
13~18 h 36 20 0.556 27 21 0.778 42 22 0.524 23 16 0.696
19~24 h 25 13 0.520 17 1 0.647 32 12 0.375 19 7 0.368
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Table 6. Frequency of simultaneous high-PM, 5 occurrences
in neighboring cities at the time of trajectory passage.

City . High-PM;s _ High-PMys
in the passing city only in all neighboring cities
Dangjin 3(6.3%) 15(31.3%)
Daejeon 0(0.0%) 18(52.9%)
Sejong 2(3.8%) 21(39.6%)
Suwon 1(10.0%) 3(30.0%)
Asan 4(3.8%) 33(31.4%)
Anseong 4(10.8%) 13(35.1%)
Cheonan 5(3.3%) 40(26.5%)
Pyeongtaek 4(8.0%) 6(32.0%)

Note. Values indicate the number of cases and percentages. Percentages
were calculated based on the number of high-passage cases for each
neighboring city.
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Table 7. Paired-sample t-test results comparing PM, s concentrations between Cheongju and the neighboring cities.

Mean difference (ug/m?)

Region N (confidence interval) T P-value Effect size
Dangjin 48 -9.78(-18.81, -0.75) -2.179 0.017 -0.309
Daejeon 34 10.26 (3.93, 16.60) 3.297 0.001 0.552
Sejong 53 -0.07 (-6.55, 6.40) -0.023 0.491 -0.003
Suwon 10 3.35(-15.84,22.54) 0.395 0.351 0.114
Asan 105 -0.86(-4.70, 2.98) -0.444 0.329 -0.043
Anseong 37 -7.15(-14.13,-0.17) -2.078 0.022 -0.334
Cheonan 151 -0.88(-4.15, 2.40) -0.528 0.299 -0.043
Pyeongtaek 50 -4.00(-11.38,3.37) -1.092 0.140 -0.152
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