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Analysis of PM, 5 Pollution Sources in the Osong District of
Cheongju Using the PMF Model
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Abstract Chungcheongbuk-do shows relatively high ambient concentrations of PM, s compared to its local emissions.
However, studies identifying the causes of this phenomenon remain insufficient. EPA-PMF model was applied in this study to
analyze PM, 5 sources in the Osong area of Cheongju. PM, s concentrations and their major chemical components were
analyzed using samples collected from the Urban Air Monitoring Network in Osong between January 2021 and December
2022. PMF was applied to estimate source contributions, supported by the U.S. EPA SPECIATE 5.3 database. The seasonal
average PM, s concentrations followed the order: winter (37.8 pg/m?®) > spring (24.2 ug/m?3) >autumn (17.4 ug/m3) > summer
(15.1 ug/m?3). On an annual basis, the chemical composition of PM, s was dominated by ions (52.3%), followed by unidentified
components (25.2%), carbonaceous species (21.6%), and metals (0.9%). Among the ionic species, NO5™ (44.1%), SO, (26.3%),
and NH," (24.2%) were the most prevalent. According to the PMF results, the major sources of PM, s were identified as
Secondary Nitrate (32.8%), Secondary Sulfate (21.3%), Biomass Burning (14.9%), Mobile sources (traffic-related, 14.0%), Soil
dust (10.9%), and Industrial emissions (6.2%). In cross-site comparisons, Osong’s air quality showed the highest similarity with
Cheonan, while its similarity with Daejeon was relatively low. For effective PM, ; management, priority should be given to
controlling secondary aerosols, which account for more than 50% of PM, s, and to reducing their precursors (NO;~, 50,27, and
NH, ). To better identify long-range transported sources affecting the Chungbuk region, it is recommended to integrate local
emissions inventories with comparative analyses of other regions that exhibit similar source profiles.
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Fig. 1. Location of the sampling sites.

Table 1. Summary of meteorological conditions in Osong during the study period.

Average
Season Main wind direction
Temperature (°C) Relative humidity (%) Wind speed (m/sec)
Winter 0.1 67.8 0.9 SSE
Spring 129 62.5 1.1 SSE
Summer 24.5 80.4 1.0 SEE
Fall 14.8 80.4 0.9 SE
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Table 2. Statistical summary of the input data used for PMF modeling.

Concentration (ug/m?)

Species S/N ratio MDL
Min 25th Median 75th Max
PM, s 9.0 3 18 35 82 2
cr 6.3 0.0000 0.0069 0.0498 0.5485 2.2060 0.0026
NO;™ 8.8 0.0055 0.4042 2.8529 8.7939 34.1238 0.0110
5042_ 9.0 0.1759 1.6112 2.5414 4.0540 23.5622 0.0130
lon Na* 6.0 0.0000 0.0443 0.0803 0.1132 0.2551 0.0120
NH4Jr 9.0 0.1327 0.8420 1.9308 4.1631 13.2509 0.0125
Kt 7.4 0.0111 0.0614 0.1108 0.2370 0.6332 0.0100
ca*t 6.9 0.0000 0.0237 0.0561 0.0996 0.3717 0.0038
Mg“ 3.2 0.0000 0.0116 0.0221 0.0350 0.1517 0.0100
Carbon oC 5.2 0.4540 2.3952 3.9833 7.0609 12.9358 0.9080
EC 3.9 0.0000 0.1987 0.3716 0.5503 1.3004 0.1250
As 6.2 0.0000 0.0015 0.0137 0.0319 0.2277 0.0010
Cu 4.8 0.0000 0.0026 0.0049 0.0105 0.0586 0.0013
Pb 1.5 0.0000 0.0022 0.0022 0.0089 0.0375 0.0043
Metal Mn 4.5 0.0009 0.0028 0.0062 0.0126 0.0459 0.0018
Ccd 0.0 0.0000 0.0005 0.0005 0.0005 0.0014 0.0010
Cr 43 0.0000 0.0003 0.0018 0.0047 0.1071 0.0005
Ni 1.0 0.0000 0.0000 0.0005 0.0013 0.0577 0.0010
Fe 7.0 0.0000 0.0332 0.0985 0.2028 1.1758 0.0050
o] 28513t} BS #4112 TEA R 2R E 729 5 EPA-Speciate 5.3 U]= S 2 5% (U.S. Environ-
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Table 3. Seasonal and monthly concentrations of each component of PM, 5 during the sampling period.
PM lon Carbon Metal Unknown
Period
pg/m? ug/m? % pg/m? % pg/m? % pg/m? %

Winter 378 21.1 55.8 7.9 20.8 0.2574 0.7 8.6 227
Spring 24.2 13.6 56.1 4.7 19.6 0.1361 0.6 57 23.8
Summer 15.1 59 39.2 3.6 236 0.2169 14 54 35.8
Fall 174 8.8 50.9 43 24.7 0.2034 1.2 4.0 233
Jan-21 41.1 21.8 529 8.7 21.2 0.2823 0.7 103 25.1
Feb-21 41.0 219 534 8.0 19.4 0.1495 0.4 11.0 26.8
Mar-21 433 30.8 71.2 6.5 15.1 0.0487 0.1 59 13.6
Apr-21 20.9 10.0 47.7 4.4 20.9 0.1252 0.6 6.4 30.8
May-21 18.3 6.3 346 43 238 0.2087 1.1 7.4 40.5
Jun-21 314 11.6 36.8 6.4 20.5 0.2059 0.7 13.2 421
Jul-21 9.9 3.6 36.9 22 222 0.0839 0.9 3.9 40.0
Aug-21 11.8 6.1 513 43 36.8 0.8118 6.9 0.6 5.0
Sep-21 10.3 5.1 49.3 3.0 294 0.0901 0.9 2.1 20.5
Oct-21 10.3 4.8 46.4 34 33.0 0.1181 1.2 2.0 19.4
Nov-21 11.4 57 50.0 25 221 0.1287 1.1 3.1 26.8
Dec-21 40.6 221 54.6 9.6 23.7 0.2866 0.7 8.5 21.0
Jan-22 27.6 15.9 57.8 4.4 15.9 0.1616 0.6 7.1 25.7
Feb-22 44.7 26.7 59.8 8.9 19.8 0.2362 0.5 8.9 19.8
Mar-22 354 23.0 65.0 6.7 19.0 0.1735 0.5 55 15.5
Apr-22 13.9 59 429 29 20.6 0.0823 0.6 5.0 35.8
May-22 134 53 39.7 3.6 27.0 0.1779 1.3 4.3 32.0
Jun-22 134 4.6 343 3.6 27.1 0.0951 0.7 5.1 379
Jul-22 143 57 40.0 2.7 19.2 0.0523 04 58 40.5
Aug-22 10.0 4.0 39.7 2.1 21.0 0.0522 0.5 3.9 38.8
Sep-22 13.4 3.1 23.2 29 21.8 0.1818 14 7.2 53.7
Oct-22 17.9 8.3 46.6 49 27.5 0.2324 13 4.4 245
Nov-22 41.0 26.1 63.6 8.9 21.8 0.4692 1.1 55 13.4
Dec-22 320 18.3 57.1 7.6 23.7 0.4281 13 57 18.0

3. A7} @ pA HHo g 7]ogo] =2 3714 &5 N0y, S0,7,

3.1 PMys s U ME 2M Zn}

20213 5FF 202287121 9] 23S vigo g 74
g ZAE & 30 Yeiglod, AEE Hd PM,;
FEE AL (37.8 pg/m’) > B (24.2 pg/m®) > 7+
(17.4 pg/m?) > 012 (15.1 pg/m*) 9] <O 2 Leptt.
o] thE Alde| thH] 71 =2 T E Kol

AHed
FHol 7MY W2 Bde HArh

o

PM, ;9] g+t 2 AEE F9 o] A 7]
A58 1% 20 VeI 8 74 ARL ol
ErA (Carbon), &4 (Metal), 9]l A

Fotgon, ole JEe thAl 4

Hm

A (Ion),

(Unknown)o.2 £

NH,*, 718} ©]-2(Others) 2.2 Uiro] F&stglc).
PM, 9] S8t ZANA 7P 2 Hl5-S A A
2 o] & AH(52.3%) 02 e o thgo 2 n)gt
QNAJE 25.2%, BHA 21.6%, 55 0.9% 0] ]t o]
B Zof| A= NO, ©] 44.1%= 7P =2 HE-S 2}

o, S0,% 26.3%, NH," 24.2%% 1 F& 9|

ARERE AmHH, A= PM,; W o2
29] H]F0] 55.8%% 7 E=A UERoH A
2 20.8%°] Hl-&S Holal QI 5o o]
NO; 9] H]&0] 52.3%5 2A|5to] AHE F 217k
e SIT o] di7] ARS S7H= Qg AALE

T
o ofN oX oX

B

J. Korean Soc. Atmos. Environ., Vol. 41, No. 6, December 2025, pp. 962-975



Unknown
25.2%

lon

55.8% WINTER

SUMMER X3

Unknown
35.8%

ANNUAL

SPRING

Metal
1.2%

Carbon

24.7% FALL

Unknown
23.3%

Fig. 2. Proportional distribution of PM, 5 components.
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Table 4. Comparison of PM, s source contributions (%) across different studies.

2021~2022 2021 Jan, May, Jun
Emission sources
Seosan Dangjin Cheonan This study Daejeon This study
Nitrate 44.1 39.2 28.6 3238 22.0 35.0
Secondary aerosol
Sulfate 14.6 15.7 23.2 21.3 30.1 226
Biomass burning - - 13.9 14.9 - 16.5
Motor vehicle - 13.1 12.8 14.0 16.9 13.2
Soil 1.6 29 47 109 15.9 9.0
Industry 13.8 5.5 2.1 6.2 5.6 37
Incineration - - - - -
. 14.6
Combustion 12.6 17.1 - 49 -
Seasalt 13.2 6.6 - - 4.7 -

= Ao= ety 119 59 AlAE 24 A3 A
of w2 WFgdo] Wil At HiE Bl /=
V= Hoioh ot thE HlE L uizbrA] 2
A7)0l AR E2 F=7F 1= Ik

oA HA| QA2 22} G4 (Secondary Sulfate)
otk s, NH,* 5ol & 7|oote Aoz 24

SItt. EPA-Speciate 5.39] Profile Code-91181 (Am-
monium Sulfate Production)-& 15}t 22F 3H4E
Aol H=d2 F2 50,79 NH, 2 &3A 9le
o tf7] S22 siEH SO,7F AFalE| o] (NH,),S0,
P2 EA5HA Hrh(Choi et al., 2016). 1 404
B wie} Zho], PM, s A4l 4.62 pg/m® (21.3%) 71
ofste Aoz AU 117 59 AAE 24 2
W 5ol diAlz 71 =7} FrkskAh 23 gt
e A5H F2 st 76 S50 w2 0
o & A== 7]E 7 (Hwang, 2009)2F 5Lt
£/ Herdigich ok, 20229 1199 727 F
L7t &2 ATE Hol7| & skt

H% 05299 U718 54 LA $Istol

-

(Bang, 2024)= & A9 LT 2021~20229 7|3t
of tiste] &4

o]-g5ttt. gt 9] AT} (Han et al., 2021)+
20219 193 5~64 7]7to]| Histe] 2451917 w2
o, 2F2 9] Arts 2021 197} 5~68 7171
tisko] ohA] A 5HAT.

T 40|A B Hpel go), A4k g, Hete] o
A Nre 6~7M2 LEX AT} H|6HA| LrErglt
ok AAE G371, Heke o ¢
Combustion®] FHEH oYU Q&2 Ho| = Lie}
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AAT 72 Sea salt] @ FHUE FAH = T A4,
G2, et oA Hjto] @ Fat @ FE Hl6t,
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2 Secondary aerosol®] &= 7+ x}o|7} H 11 Bio-
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tion and Combustion®] 2 FYo 2 FAHL|7 o4&
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