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Abstract This study investigated the chemical composition and source contributions of PM, 5 at the Yeongju-dong
monitoring site from March 2024 to August 2025. Major chemical species were analyzed, and source contributions were
quantified using EPA PMF 5.0, along with CPF and HYSPLIT analyses to evaluate source directionality and transport
characteristics. The average PM, s concentration was 15.5 ug/m?, with eight high-concentration days (>50 ug/m?3). PM, s was
mainly composed of ionic (54.5%) and carbonaceous species (38.2%). During high-concentration periods, NO;~ and NH,"
increased markedly, and the NO;™ fraction increased from 13.8% to 28.9%, indicating the dominant influence of secondary
inorganic aerosol accumulation. PMF analysis identified six source factors, with secondary nitrate (30.1%) and secondary sulfate
(23.9%) accounting for approximately 54% of total PM, 5. CPF analysis showed limited directional dependence for secondary
nitrate, suggesting regional formation. HYSPLIT results indicated that high-concentration episodes were associated with air
masses from the west and northwest. Overall, elevated PM, 5 levels in Yeongju were mainly driven by secondary formation,
regional transport, and atmospheric stagnation rather than local emission increases, highlighting the importance of precursor
gas control and regional-scale management.
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Fig. 2. Diurnal variation of normalized PM, 5 concentration at Yeongju-dong relative to the provincial average during summer

(a) and winter (b).
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Fig. 3. Composition ratios of PM, 5(a) and in detailed analysis (b).

Table 1. Comparison of PM, 5 concentration and major chemical species between high concentration days and non-high

concentration days.

Number of davs PM, 5 ocC EC OC/EC NO;~ S0,% NH,*
Y (ng/m3) (ng/m3) (ug/m3) ratio (ug/m3) (ng/m3) (ug/m3)
High conc. days 8 64.8 85 1.1 7.6 18.7 6.8 7.0
Non-high conc. days 418 19.7 5.0 0.5 10.0 27 24 2.0
Increase ratio
(High/Non-high) 33 1.7 2.2 6.9 2.8 35
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Fig. 4. Monthly variations of PM, 5 mass concentration and
secondary inorganic ions (50,27, NO3~, NH,™).
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Z JFol AITAAS BT, HuH =2 0C 4 oA vHEH o2 WA= 7|AA upe] o
=2 it B A 5718 ARt EEF EA @4 IS A ST GAIgh
= Hrget Ao 2 matEth AAH o2 o 8712 oh AR @ AY-2 0Cet K7} F816H] =2 7]
AR ol Ee AR 71X B t7] F 1A AE BEYom Brlol W 34579 HIS ATiA
80,9] 4tst 9 g Fot v AR JA4H 22 o= WA FRIEQI: o]t 2L B A4, @
AR A a%lo = s HET & 2 &7 5 AL 7R viE o] EA A} Hito}
T A e QHe Fa5 ARl FEoHA Ut of A= 4 (Biomass burning) L P2 HF5}
+ 542 Btk 25 (Cr), 78 (Cu), 7+ (Mn), Ark. 59] K= o viEo] dix 222 4
(Fe), o} (Zn) 5°] &L 7]9{E S Hol= " 0C A .25 (Heo et al., 2018), 2 2 G oA XAH5H|
4 F7]0] 20 Hl52 A RIFSIt olgt 24 UEh 2 dEHrE 47, Y AR AN 5 A
257 TR, FRY ST A AR A 9F AA €59 7HeAS Hoeth Bt ocrt &
4 HiE B4 BetetE® A9 &5 (Industry) @ 7l 2 S HQl HE B9 A4 oA &
dHo= BFoIAE 5] Zndt Cues AFF GHl- 2 A AL HiE s B3 G5k ANt 5
- AFolA, Mn-Fes At 2 83 T4 = <F oF 21.8%9] 7]o1&S UEIY PM, ;5 w0l 974
B UEEHE 2902 4#A th(Lee and Lee, 479 FFS v 2oz gRI=HI
2007). TQF Pb-> Zn ¥ Cu®t | 44 37 71T Hj upz]2}t @9l Ca, Mg, Fe, Al 50| 315 =&
ZdoA FRF HEE = A AR 2 2d = 25 Blon 5o HIRHAd 217 719 &5
o] 55 75 & ol 4 BF] 2 Hrgst FO| HIFol E0Ith kA 2 ePYe EY B
£ 0% SfAHL) o] 8219 T £F2 Wk HAFHZ] 7Y sfAstgl on, 7]of-&-2 oF 4.8%
Q]lo] vlof dHjd oz @A yetou, 847 5 = UE 29 v A2 9 UEilth
o] 2/do] Felstal Frjol 7]zt AlgHAl 3 TEH o7 Aol HiFt ERe= 78 748w




URRIS PM,50| SISIEY S4 2 PME I8t el vlole 37t |1389

100
2 Secondary sulfate 1,,
: oo g
: H . Ju?
5 | =
o = = -120
*® *® I;I . P |:| 5 0
% %, F % S > < =3 N K2 £ < % & & S & &
10° 100
8 ] Industry  Jso0
g 10 ]
& o —60 §
5 107 LI | ﬂ L] 1os
3 10 - " lm L] u ] 20*
10" = P || E— l:‘ = |l_| |_I H + [—I + + I"] ﬂ h H Ill o
% ® & O % % % % f % 2 B © QU % B ¥ T 3 L L & & & 9
= 100
g 10°H E Secondary nitrate  Jso
2 0'H - 1 0§
® 10 H 0%
8 o= . = -2oé2
10 s :
% ® © O T
Y 100
: | m Mobile e
g 10'H = oo s
M - =3
UL P
| - ]
ol 1 0 0 o I Y O Y ™ I < I O ) - e 1 8 Y IO R
%  © 9 % K b K F B S T S T K% K5 F T 3 % L s & B
ol Bl 100
ol — = Biomass burning g0
E'n, 10" H Jeo §
5 10°H - L Jao 2
8 wHm - H - H H ] J=”
10 == ; o - H—a—l——@—-ﬂﬂ—"—o‘—"—ﬁ—#—o—-o
% * © O % K % % f B S B S & % 5 % ¥ S % L & & & 9
— 100
g 1o a Soil +80
2: 10°H ] = = 172
e . ™ H ] —403
£ 1o°H
: AR sl .
lml oy o 1% g o " | - [.] " |_| rl' 18
, © S B K % K F 5 9 5 e # * 2 % F & 8% % %
Fig. 5. Factor profiles of PM, 5 components identified by PMF analysis
o £431 QAR om, YT AlSgkel vm A Sfo] AP 5 S ozt 2 2dle] A
Tof| A &= PMF RE 2] 48 efg/o] Q"JHME}(J 7ofFS AFA o Ashe Hol Gagh 24
d 6). PMF HEZHE =EH PM,; AS3T A4 A7E A5 Ao st
S 2] 2AA (RY)7F 0928572 =2 A
2 Bk ot PMFE Rl o@Ue] U4l BE 3.4 OPF 7|U QYUY HiE waN S4
HEe F2AoR Ads] d9shal &S S 2 AFolM= PMF 24 Ait =25 e GAE Hl
St} (Hwang et al., 2020). TebA] 2 Aol 2385 & J3F WIS HESH] Slol 20780
PMF 242 A ) 28 ulE9< 0Q9EE Be]  (CPRE 8otk CPF B2 7 24919 7o

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.382-394



o
B0

Mass

AL
1o°

wm% m%@o
| < o
X O
™ W 76 /
= ol ﬂaﬂ@
" RC R RT
L I el
EHT_ ﬂm‘_oo
o A Z %
oji o) &= N
2E 3o T
Ll,_.__m.o s larle}
F 5or
= BN —
Wy Be o
ol B2 o BB
W A T S o <
o = CH1E
B ol op o X
dﬂﬁﬂa(xﬂl
oo &S
o R o H A
LI Ko
A vl .
S LIy
" A e N

ATehE (NOy ol H

4

)

iy
jo°

=
=

A1 WellA

ol
)

ze]

7A
wr

)

"

One-to-one
Regression

FEY PPRTY PRTT P N

avelavus

adiess

65 F

60

55

ales

o

W
S

w o W o W
= * M ®m N

UoI13eJluaduod pajdipal

i
d

n

10F

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

5

0

Aol A 22F it @ d9do] PMF 23 A PM, 5

Observed concentrations

o
=

Fig. 6. Comparison of observed and PMF-predicted PM, 5

mass.

QA PM,; FE F7H 5

Al

i

=7} AL olAte 2 YRt A

oto] Aot o, 2 AoAe Zt

@_

=eot 4

e% ADIA ddid ez

[e]
~

052 A (Mobile)

—

Q2dh2] 75% percentiled ¢

e,

5]

70l AA|

A

T

W
T
iz

B REIETHe 244 0 AN 244

=7 Vet

FaL, 717 23300 w2t 219 vjol A &

/%46

=13
=

=

o

ujr
N

o

2 AgEr|EnE A9 HE, 9

Fo
o
2 A3 4 29 A

o(;:\:l

%

g0l gl o]

o e Al

Nfo

N}
Ho
|

ol

| AgZo A gz ez w2 CPF g

=1
=

O =R
T O 1

fate)

T

=2 CPF 3to]

oM ddiHes

2
=

ol wetA] 2

AL
1o°

Gl

™

22} 7443 ol Al RHg

ol
=

At oh7] % At

Haple

3

4

of At A, FAH AE A, F

AF42H-E (Industry) 2

dstEx| M42H 25

{745t

e=l

o}



ST PM, 52| 2tstxy o 2 PMF 7 22 7|0{= EIt 391

CBPF by factor (>= 75th percentile)

Secondary sulfate Industry

Secondary nitrate

N N

CPF
N

probability

S S

ro4

) ro3

Mobile Biomass burning Sail

N N

roz

0.1

s s

contrib

CPF at the 75th percentile (=1.6)

Fig. 7. CPF plots for the contributor of PM, 5.

21 5l = 2 wiste] s B o= uhet
Anz webEh 5] Alm A5 71z Eet 544
HEE ATolM FAPE AP QG e ae
Sh, AF A2 Q1 mlATA] Gt HZo] SH4
g7 wigte]l whE Ault Gol LT NG I 7t
5730l Atk

FTEorA CPF 24 A3}, 27 e 55 3 A
w5 A DollA ¥lA] F319E CPF gt Y& B
I, A s 2 QU2 A% gl 4] e
Z 9Y 7FsdS Bk v 22 B2 54 B
Foll T35 Fe=A] the 5445 Halon, ol
SHY S A2 Y EY VY eddE B U
o] et viEd FFLR sjAsol= ARt o]
otk of=fet Ak GFAA PM, 7F 54 8
o HiEY YR ARE|HeE A9 HE,
o #9422 A B 2] Al mhE AR 5A

7]

Tt
]

Hoz 24§

=

<

IS AR

3.5 1=k Aol 7|7 EH

oA s B4 9 PME-CPF Ao A 95
A PM, s 5= T SR T AEA uf
7 Tk AT ZA- 58 279 qFE IA e
Aoz YA E QL. olo] & HoA= 717 olF
2ol w2 9] 7Y L AEH] FY THsS R
517] 95l 15T Al Y-S tiArC 2 HYSPLIT &7
A EAE FPokth (1™ 8). A7t B9 WA
S ek At 202419 39 49, 20259 1€ 18,
20~23%, 2025 29 15~16Y & FHEEH AJHE 7]
HE 2tm 4=0] 2ol qrefste] SR AHYS A8
ot2] o A A-e Id= Yeigith sk
Al tiRE AL A=, A4 o

71 &7 233 @A A% Be BAZK 7R FUel

>

0, oM,

il
C

— 0

bl

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.382-394



392 x|, 9

ik

NOAA HYSPLIT MODEL
Backward trajectory ending at 0000 UTC 04 Mar 24
GDAS Meteorological Data

—
Q
f=

w -
«

@

=]

o

z [

o

«

8

®

*

[

I

=

o

0 -
(b) NOAA HYSPLIT MODEL

Backward trajectory ending at 1200 UTC 17 Jan 25
GDAS Meteorological Data

Wt

® 7

©| P b TSt 1
@D H H

SE

z [~

& |a

< |

™|

|

*

8l

3

o

7}
(C) NOAA HYSPLIT MODEL

Backward trajectory ending at 0000 UTC 15 Feb 25
GDAS Meteorological Data

= i

3 i

o i

& i

z [

o

it 116

A

.

*

g

3

o

%]

Fig. 8. HYSPLIT backward trajectory analysis for high PM, 5
concentration episodes in Yeongju: (a) 4 March 2024; (b) 18,
20~23 January 2025; (c) 15~16 February 2025.

FEA O ekt
202490 39 49 T Aol A 157 E3 o

] (Anhui) ¥ Z4¢ (Jiangsu) 2|92 AA F
At} ASiE wet St 2 {olE= A2 E

;[6‘_

H

T L
k. A=) Bato] 37 b vwA A
I s

)

A

T

o M
oo

ol B4& Hol, s A719] As=E Fe

2025 19 18, 20~23Y 9L T AEAE

T -1}
oo
pa)
rH

ro
rH
>
o
o
<
o
=
=1
2
B3
lo
o
of
ol
l
ok
o
N

4
du of

=i
N
it
N
i
K
3L
A
9
rr
or
>
rol
o2l
N
o
R, 1N

HL
i)
rr
fu)
N
ok
R
e
)
ok
it
EN
Y
2
X
I
ot
N

AURN
o oo

o
o

fr o

K
x
1

B B

LU

—

o
N
O
of
o9
)
o?‘: r
L
2
o
fu
to
i,
oft
o
R}
A
%0,

/d (Shandong) A%t} AFEHIE EE Sl|9S AA A
o5 A7t $
A5 Uhersteh, u]E A si7ke ko), A2
£ A1719] sk Aol = S5 ALt A5
G5t R A1 o5 A7} Ao gt
the FolA &fm|7t .
Z9le] AWEE PM, 5 Al 54
ogﬁtg r /\1& T

ro
o,
1
r

e X of i

Ir

r I 30
E)
mor
N

==
iy
o
L 2 o o
Ar o
uics
i

)
)

H

it
e

N
1o
ofd

=

o

N

)

18 18
oglh

z=
o17]

o2 QIR 7R AA 543
5]

lo o
My
91(4
i

ki
By
4> o
A
2
% =L
HL
ro
i
N
o
iRt

I'O _H)ll
X
oglt
off
1

qm
ox N,
re
o,
Y

A oox 44

ok &L N e
off X

HE

1

o Az o

>

T

i) i |

[\®)

Y

o

N

o

[

N
[
)
El Ar
o
£
i
0
=
M
iy
i)
o
H1
e
r -]

=

4 &

2 Aol A= 20249 3EFH 20259 897HA]

S IstEx| M2 E 25



BRX|% PM,50| S5t

F& SALCMA AHE PM, s 2 ARE 7O R
steta] 24 543 B 25 L4381, PMF 4
82 gl CPE HYSPLIT 974 #4& 5f ils=
T AYGS TEH 22 QeSS

=
PM,; &% WEo] & 221 A4 1ol oo =
=T Qa3 AALRITE.

2.PMF 24 21} F 6719 e o] E&EEL
22} AAEE (30.1%) 7 22} H4F (23.9%) 0] A2
oF 54%E A}A|oto] 22t BAE FAH9] 719 X
7} ER1= itk £5] 22k At a<lo] 7P =2
7101 &S BloH ol sk AtEollA Hitd-

A T 7t et 24 B4

o2
wo, M
rJ
it
%
>
[o
2
oK
e
A
r
rg
r
i
m I
ofn
o,

AT g o
ox
o
re
B
e
it
o
N,
e

flo ke

e
HT oy
filo
i
Aul
)
2,
]
o
i
o,
e
s
o,
off
}_ﬂ
rE U

=
she FEE ol R0 wekd,
291614 A3t

°T3
:
f

Rl

@]

rg
LA AN

2
2
lo 2

3o

ofl EL
i,
Tlo

oLt\

1
W

)
N
2
o m
EX
™
=~
o
of o
il
i)
]

; rr
o 1l

B’ =2 9
S ooy m
Mo of m
oW g
lo 4d Jr ¢
oyl Ao
_O'lll
N
N ofg oot

)
)

o,
L 2L N ol ox

r
%

N

N

rok

4>

= 0}.},
o

o

< rr

1

1%
o
ic)

k I
ofr

H
>
i
ne
=
rr
o)

Z

)

12 i
rr

lm

L oox
)

B

H

rr

N -HE

o)

fr
ﬁ‘ _]

o

N

Ju

L

H
o o F

N
i

o
=)
2,
I
H
il
oglh
oX
_o'lg
I
o fo

=]
il
)
ol
i.ﬂ
N
o3l
i
Il
rr

r
oo
e

4

EX

2

Am

ox o
AN ox

HE

£

HN

fiv)

S GFA A PM, W B4 24 WiE
9] FAG F7hte 394 0 @B 447 A
o W A L 27 Y ol AT 1Y FRR

0%
am
0x
ne
el
=
m
N
[
n
0x
rio
~
2
|.|-|
Ol
N
8

% olek. wfebd] FE GFA

E HlEAE P ohd et At

of & A= A AEA ZA =4
S ?E]. o

&
=
F9 gre] gio] Wapslolo}

B A7 Ao Aete) Ao =g

23
+210] 2] (NIER-2025-01-03-002)& Hto} =34

References

Comero, S., Capitani, L., Gawlik, B.M. (2009) Positive Matrix Fac-
torisation (PMF) - An introduction to the chemomet-
ric evaluation of environmental monitoring data
using PMF, Joint Research Centre Institute for Envi-
ronment and Sustainability. https://publications.jrc.
ec.europa.eu/repository/handle/JRC52754

Health Effects Institute (HEI) (2013) National Particle Compo-
nent Toxicity (NPACT) Initiative: Integrated Epidemi-
ologic and Toxicologic Studies of the Health Effects
of Particulate Matter Components, Research Report
177. https://www.healtheffects.org/publication/
national-particle-component-toxicity-npact-initia-
tive-integrated-epidemiologic-and

Heo, JW,, Kim, CH., Min, YK,, Kim, H.J,, Sung, Y.G,, Kim, J.S,, Lee,
K.B., Heo, J.B. (2018) Source Apportionment of PM10
at Pyeongtaek Area Using Positive Matrix Factoriza-
tion (PMF) Model, Journal of Korean Society for
Atmospheric Environment, 34(6), 849-864, (in Korean
with English abstract). https://doi.org/10.5572/
KOSAE.2018.34.6.849

Hopke, PK. (2016) Review of receptor modeling methods for
source apportionment, Journal of the Air & Waste
Management Association, 66(3), 237-259. https://
doi.org/10.1080/10962247.2016.1140693

Hwang, 1.J., Yi, S.M,, Park, J.S. (2020) Estimation of Source Appor-
tionment for Filter-based PM, 5 Data using the EPA-
PMF Model at Air Pollution Monitoring Supersites,
Journal of Korean Society for Atmospheric Environ-
ment, 36(5), 620-632, (in Korean with English abs-

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.382-394


https://publications.jrc.ec.europa.eu/repository/handle/JRC52754
https://publications.jrc.ec.europa.eu/repository/handle/JRC52754
https://www.healtheffects.org/publication/national-particle-component-toxicity-npact-initiative-inte
https://www.healtheffects.org/publication/national-particle-component-toxicity-npact-initiative-inte
https://www.healtheffects.org/publication/national-particle-component-toxicity-npact-initiative-inte
https://doi.org/10.5572/KOSAE.2018.34.6.849
https://doi.org/10.5572/KOSAE.2018.34.6.849
https://doi.org/10.1080/10962247.2016.1140693
https://doi.org/10.1080/10962247.2016.1140693

o
Ral
02
Tk
08
Aol
0x
08
1z
o
>
rok
i=4
[ol:3
T
oy

Il
H>
i
rjo
g'l_l

tract). https://doi.org/10.5572/KOSAE.2020.36.5.620

Kim, J.Y,, Jung, Y.S,, Ha, KT, Lee, G.C,, Kwon, S.K., Kim, T.B. (2024)
A Study on Estimating the Source of PM,; in the
Yeongju area through Component Analysis, Journal
of Gyeongsangbuk-do Institute of Health and Envi-
ronment, 37, 99-112, (in Korean with English abst-
ract).

Lee, H.S., Kang, B.W. (2000) Seasonal Characteristics of Elemental
and Organic Carbon Concentrations in Fine Particles
(PM,5), Journal of Korean Society for Atmospheric
Environment, 16(2), 103-111, (in Korean with English
abstract). https://kosae.or.kr:50010/sub6-3.htm

Lee, K.M,, Lee, CK. (2007) An Effect of Harmful Materials During
Welding Work, Transactions of the Korean Society of
Machine Tool Engineers, 17(1), 43-49, (in Korean with
English abstract). https://www.dbpia.co.kr/journal/
articleDetail?nodeld=NODE00962413

National Air Emission Inventory and Research Center (NAEIRC)
(2023) Clean Air Policy Support System (CAPSS). https:/
www.air.go.kr/capss/emission/search.do?menuld=33

National Institute of Environmental Research (NIER) (2017) An
estimate of internal and external sources contribut-
ing to ambient particulate matter and a guideline on
the application of air quality receptor models (Il),
NIER-SP2016-422. https://doi.org/10.23000/TRKO
201700008054

National Oceanic and Atmospheric Administration (NOAA)
(2023) HYSPLIT User’s Guide. https://www.arl.noaa.
gov/documents/reports/hysplit_user_guide.pdf

Park, H.Y,, Oh, G.Y,, Park, H.S., Kim, H.R, Lee, B.R,, Park, C.O,, Lim,
H.S., Park, G.H., Park, J.S., Bae, M.S. (2021) Assessment
of Regional Source Contribution of PM, 5 in the Gwa-
ngyang Bay Area, Journal of Environmental Analysis,
Health and Toxicology, 24(2), 62-74, (in Korean with
English abstract). https://doi.org/10.36278/jeaht.24.2.
62

Pope, C.A., Dockery, D.W. (2006) Health effects of fine particu-
late air pollution : Lines that connect, Journal of the
Air & Waste Management Association, 56, 709-742.
https://doi.org/10.1080/10473289.2006.10464485

Seinfeld, J.H., Pandis, S.N. (2016) Atmospheric Chemistry and
Physics: From Air Pollution to Climate Change, John
Wiley & Sons, U.S.A. https://www.wiley.com/en-au/

Atmospheric+Chemistry+and+Physics%3A+From+
Air+Pollution+to+Climate+Change%2C+3rd+Editi
on-p-9781118947401

Stein, A.F, Draxler, R.R., Rolph, G.D., Stunder, B.J.B., Cohen, M.D,,
Ngan, F. (2015) NOAA's HYSPLIT Atmospheric Trans-
port and Dispersion Modeling System, Bulletin of the
American Meteorological Society, 96(12), 2059-2077,
https://doi.org/10.1175/BAMS-D-14-00110.1

Stull, R.B. (1988) An Introduction to Boundary Layer Meteorology,
Kluwer Academic Publishers, Netherlands. https://doi.
org/10.1007/978-94-009-3027-8

United States Environmental Protection Agency (US EPA) (2014)
EPA Positive Matrix Factorization (PMF) 5.0 Funda-
mentals and User Guide. https://www.epa.gov/sites/
default/files/2015-02/documents/pmf_5.0_user_
guide.pdf

Whiteman, C.D. (2000) Mountain meteorology: Fundamentals
and Applications, Oxford University Press, UK. https:/
doi.org/10.1093/050/9780195132717.001.0001

World Health Organization (WHO) (2021) Global air quality guide-
lines: particulate matter(PM, s and PM, ), ozone, nitro-
gen dioxide, sulfur dioxide and carbon monoxide.
https://www.who.int/publications/i/item/9789240034
228

Authors Information

AR AR ERARA AT t71 27 BT
(kjy535@korea.kr)

EIT(ARERATFATY 7197k $3 A7
(syh0807@korea.kr)

HGH AR ERARAATY BRA Y B RAT
7 A2} (abedel2345@korea.kr)

(yibk21@korea.kr)

ARE (BB ERAE AT AFd |2t AFd Hl=ahh
(khskorea@korea.kr)

uhest R Het AT A T4 BAR
42 A7) (eunha0514@rist.re.kr)

)
e
-4
.}
(]



https://doi.org/10.5572/KOSAE.2020.36.5.620
https://kosae.or.kr:50010/sub6-3.htm
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE00962413
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE00962413
https://www.air.go.kr/capss/emission/search.do?menuId=33
https://www.air.go.kr/capss/emission/search.do?menuId=33
https://doi.org/10.23000/TRKO201700008054
https://doi.org/10.23000/TRKO201700008054
https://www.arl.noaa.gov/documents/reports/hysplit_user_guide.pdf
https://www.arl.noaa.gov/documents/reports/hysplit_user_guide.pdf
https://doi.org/10.36278/jeaht.24.2.62
https://doi.org/10.36278/jeaht.24.2.62
https://doi.org/10.1080/10473289.2006.10464485
https://www.wiley.com/en-au/Atmospheric+Chemistry+and+Physics%3A+From+Air+Pollution+to+Climate+Chang
https://www.wiley.com/en-au/Atmospheric+Chemistry+and+Physics%3A+From+Air+Pollution+to+Climate+Chang
https://www.wiley.com/en-au/Atmospheric+Chemistry+and+Physics%3A+From+Air+Pollution+to+Climate+Chang
https://www.wiley.com/en-au/Atmospheric+Chemistry+and+Physics%3A+From+Air+Pollution+to+Climate+Chang
https://doi.org/10.1175/BAMS-D-14-00110.1
https://doi.org/10.1007/978-94-009-3027-8
https://doi.org/10.1007/978-94-009-3027-8
https://www.epa.gov/sites/default/files/2015-02/documents/pmf_5.0_user_guide.pdf
https://www.epa.gov/sites/default/files/2015-02/documents/pmf_5.0_user_guide.pdf
https://www.epa.gov/sites/default/files/2015-02/documents/pmf_5.0_user_guide.pdf
https://doi.org/10.1093/oso/9780195132717.001.0001
https://doi.org/10.1093/oso/9780195132717.001.0001
https://www.who.int/publications/i/item/9789240034228
https://www.who.int/publications/i/item/9789240034228

	영주지역 PM2.5의 화학조성 특성 및 PMF 기반 발생원 기여도 평가
	Abstract
	1. 서론
	2. 연구 방법
	3. 연구 결과 및 고찰
	4. 결론
	References


