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Abstract
PM, 5 weight and composition data collected in Iksan from July 2021 to June 2022. The air masses to Jeollabuk-do were classified

The purpose of this study is to estimate the factors affecting high concentrations of PM, 5 in Jeollabuk-do using

into 7 clusters using the HYSPLIT model, and the clusters affected by high concentrations were C1 (atmospheric stagnation), C4
(eastern China), and C7 (northeastern China). In C1, the starting point of the air current is near the Korean Peninsula, and high
concentrations occur due to the accumulation of pollutants caused by slow wind speeds. C4 is an air current introduced from the
Shandong Peninsula in China, and the high concentration effect persists except during the summer. C7 is an air current
originating from the vicinity of Manchuria, and the high-concentration effect is concentrated in winter. Nitrate and ammonia,
among the components constituting PM, 5, contribute significantly to high PM, 5 concentrations. By utilizing the EPA-PMF
method to estimate pollution sources within high concentration clusters, the contribution of secondary sulfate, secondary
nitrate, and mobile sources was found to be more than 70% in all clusters. These results suggest that management of primary
gaseous pollutants, including ammonia, is important to control high concentrations of PM, 5 in Jeollabuk-do considering the
regional characteristics.
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Table 1. Occurrences and average PM, 5 concentrations (ug/
m?3) by clusters.

Cluster N Ratio (N/Total) PM, 5 (ug/m?)
C1 1,689 19.7% 255
2 1,422 16.6% 10.5
c3 1,150 13.4% 13.1
c4 961 11.2% 28.6
c5 1,231 14.4% 15.1
(@) 619 7.2% 11.8
c7 1,483 17.3% 27.8
Total 8,555 100.0% 19.6

o] ol ol & o]k 2 A9 e AHo2

2RIt (Park ef al., 2017). H7] A7} @ =H of

7] § LA Fito] o]H YA FAE o] tj7]
F PM,; AsE o= o]ojxitt, & oAM=
olHgt tf7] A9 FFS Lot 1A} olF £k
oJgt Apo|& HIH-E TR A2 AYE o8
6}04 AAAE EFoIh o]% AA 1] fAM L
FH FHEAAESE Q] EAY 7S5 49
ﬁé% PM,s =5 Zeste] 246tk 2t +49]
Y Aot B PM, s S5 & 19 e om, =
SH 94 24 257 A0E 18 10 EASHIT
HYSPLITC 2 7%@ 72 APJ AAHEY] TS
RS A F 7700 o R FREYL 7] HA|
(C1), &3l F (C2), 6H FU(C3), T= TF
(C4), A2l 91 (C5, Ce), =1 F& 1 (C7)
O Ueth o] F PM,s 1 E 9 742 Cl
(7] 84, C4 (= &5 7)), C7 (5= F&F
elqich
C1(H7] A2 71572 AR o] it Q1o =
oF £t -9l o R AA #H F WY W
(1, 689§J)7]- 7P WA I PM, s 5= 25.5 pg/
Ak ASELE= 2] ofd o= Qlaf tf7] AA| 7t
F*é' o] Bfof| Hls 21 o] = QIgF 22} PM, 5 A8/ 7t
573°] =TH(Ryoo et al., 2019)= A Arket L5t

9619J)L Atjd o2

H
HAG F3 ST A2 WAZ] ol $]

c6 1.2% c5
14.4%
e A
e ~>aadlm] s
2 s =7
— o i C2
e — c1 | 166%
k| ¢ 1
197%
C4 11.2% 5
e 13.4%
= ) “a
A -
a AR, B
lon
cluster
ci c3 Ccs5 c7
c2 c4 Ccé

Fig. 1. Cluster analysis results of backward trajectories in
Jeollabuk-do.
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Table 2. Total and high-concentration (36 pg/m?) trajectory
counts, and high-concentration occurrence ratios by clusters.
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Number of trajectories High .
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X ratio
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(@] 1,689 389 23.0%
(@) 1,422 16 1.1%
a3 1,150 35 3.0%
c4 961 303 31.5%
c5 1,231 60 4.9%
c6 619 12 1.9%
c7 1,483 390 26.3%
Total 8,555 1,205 14.1%
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Fig. 2. High-concentration (36 pg/m?) trajectory counts by
clusters and month.
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Fig. 3. Relationship between atmospheric stagnation and high concentrations (75 ug/m3) of particulate matter from long-
distance sources. The blue-bordered rectangles indicate periods of high-concentration occurrences when foreign inflow and
atmospheric stagnation were sequentially linked. Following the high-concentration trajectory inflow from the C4 or C7 clus-
ters, prolonged high concentrations were observed in the C1 cluster.
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Fig. 4. Seasonal estimation of source locations for all clusters.

Table 3. Monthly average PM, 5 concentrations (ug/m?>) by clusters.

Cluster Jul 2021 Aug 2021 Sep 2021 Oct 2021 Nov 2021 Dec 2021
(@ 15.1 14.8 13.5 214 37.6 39.5
C2 10.5 8.8 7.0 15.0 16.7 29.2
a3 6.7 8.2 5.6 16.4 3.6 -

C4 7.8 14.1 10.4 234 342 39.0
c5 5.6 - - 10.9 10.7 11.0
c6 3.8 22.8 - 9.0 5.2 125
Cc7 —* 25.0 9.4 19.7 28.2 371

Cluster Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022 Jun 2022
1 423 64.9 374 25.1 19.8 222
(o) 171 - 9.9 14.3 10.6 1.2
(€] - - 14.6 20.8 23.0 8.1
Cc4 53.5 50.2 44.8 36.0 17.3 23.1
c5 20.5 12.5 19.1 19.1 174 151
(€9 15.7 14.7 12.2 154 14.6 -
c7 419 357 27.3 22.2 17.9 1.1

*unobserved

Bl ofg D5 7102 §4 F BAZ olo] 2 ol Holulet A 7lo] YA AL
A e FEe] WeEst R olold GFoR A 0PEA FAo] C19] $Er} BoHE & % 9
28 57} e A0 SHTk B F9] fo] o
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Table 4. Average concentration (ug/m?) of chemical species in PM, 5 by cluster.

Cluster NO5~ 50,2 NH,* lon etc* OoMm** EC Metals
(@ 9.8 4.0 49 1.4 9.0 1.0 20
2 2.1 1.8 1.4 0.6 4.7 0.5 0.9
c3 37 3.7 26 0.9 26 0.3 1.5
c4 125 4.6 5.6 1.3 7.1 0.9 23
c5 4.5 24 2.6 14 5.6 0.7 13
(€9 3.1 2.1 1.9 1.3 4.3 0.5 1.2
c7 8.9 3.7 44 1.6 8.8 1.1 20

*lon etc=CI"+Na* +K* + Ca?* + Mg?*, *OM=0C x 1.7

Nat, NH,*, K*, Ca’*, Mg*"), €t4 2% (0C, EC), &
7194 17384, S, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn,
As, Se, Br, Ba, Pb)°|t}. ©]F PM,; d& =5 97

2 BR A APole] 2 12 S4S Fokn

Atk 57184 (OC, organic carbon)= &4 ZHF A
49} AgtElo] Jd Aba, £4 58 A|QJ7H it
SASIER PM, & /dote 7189 5= A
Sb7] ol BAHAIS 1.72 Fote] §71E4 (OM,
organic matter) 5= = A2Fo}ITh(SIHE, 2020). 5
LA PM, s A& 559 3 (reconstructed PM, 5
mass) < A2 G v[A] FJE (unknown) O 2 3 Tf,
T Fo] High vz 479 Hle2 7171€H4(00)
FEE IHE ARER]E 739 (C1 18.5%, C4 16.7%, C7
21.8%) Xt} §71E2 (OM) 5E2 HASH(C1 7.88%,
C4 8.98%, C7 11.2%) 5t o ZAsHTT.

AvtA o2 FL7t =2 38hE2 NOsT, OM,
NH,*, SO, 7ol om™ 9] 3fetEolA PM, 5 5
F =7t 52 Cl, C4, C7 9] Bk =rt =3k

A4 (NOy) e C4 (= 57 12,5 pg/m’
o2 7P = C1 (A 9.8 ug/m?, C7 (= 55
) 8.9 ug/m’ =01k FAEE (SO, C4 (4.6 pg/
m?), C1 (4.0 ug/m®), C73 C3 (3.7 ug/m’), G =&
(NH, )2 C4 (5.6 ug/m®), C1 (4.9 ug/m?), C7 (4.4 pg/
m?), F71E4 (OM)-2 C1 (9.0 pg/m?), C7 (8.8 pg/m?),

dob o T

C4 (7.1 pg/m’) &0 & 57} =1t}

PM,; 57 &= <ol et PM, 5 F/d5h= &
1F-59 vl HeE AHESIT o]2H 0% PM,;
£ Hot= 3lekE s =9 T2 PM, s T Tt
SYafoF shATE E 2letEe] s g SAske A
< E7Vsstth 18 BEg PM, s 4% 5= T
(reconstructed PM, 5 mass)> 5% SR} 210w
TH T A7 T FEHE] Aol= v]A] 47
(unknown) 2.2 9]t} (Yang et al., 2020).

FTE T FE2 3HAR edlon 747 2
(15 pg/m® ©Jsh), B (16~35 pg/m?), L& (35 ug/m?
Zh o g FEsto] ek PSS A7 HlES 11
& 8o Lt it

PM, s % & ol 24 glo] 7MY =2 vl&&
Aok A2 o] 2olqlH o8] FAHE “Fe”
FEA e 42.0~51.4%, “HE A& 52.0~57.7%,
U M= 56.5~66.3% 5 HO PM,s 57t A%
S5 o] 29| H|Fo] E9UTh ol& PM, s sk W
A Ay or EASHE AF-EAEe] BT 5
Shk-g-of] sl YAF o = Hghsto] AAH 23} ZH]|
ARz 9] H|Fo] AR = Zlo] Yo g Helrh

PM,; 42 5 7P B2 FAHIE AAsk= ol
HAEEY PM, s TF Tl OE vl H2lE 17 9
off Hetlet. 71 22 PM, s “F=" el e &
AT (Sulfate, SO,%7)0] AAMY (Nitrate, NO;™) T} H|
to] H|S5EAMH(CL, C7) B =2 (C4) HI&-2 Bt
qy T =t woHdaE AAAYY Hleol &

-

7¥sto] “U” A7 AE 50.0~55.8% S 2HA]oFAAL

=71 stE|x| M 39 E M 65
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25.8%
25.4%
T
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£5%
12.0% i
: 5.8%
15 ~ 35 pg/m® over 35 pg/m®
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(a) C1 (atmospheric stagnation)

42.0%
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71%
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24.1%
26.5%
29%
6.3% g-izf’
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15 ~ 35 pg/m® over 35 ug/m®
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(c) C7 (northeastern China)

100%
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Fig. 8. Contributions of chemical species by PM, ; weight concentration levels.

15.9~17.8% = 7+A5} T},
Ado| wtet HErt Gebict

99T} o] ofgt o o5

A4

24 571 %—sl:}(Han et al., 2021; STHE, 2020).
P o R SOl 2

d B2 TS Holal AF

ol2fgh AEA gQlof u-&

PM,; 3% FEo} P4t B Aol Hrwsht
B I 4ol UE G A AR vE

= gk
H ARE (Ammonium, NH, ") 23.0~25.3% %2

FF o WA flo] AT +Fo R e
20194 =7 7] @ A= viETF (NAEIRC, 2022)°]l
w2 W R Uok(NH;) 2 79.8%7} H| & AME, 7155
I 59 FH EEollAl TAsH, ti7] FollAl FAE
(H,S0,) 53t §H-§5to] itEo] AyJH Y. Park et al.
(2020)= AFAH Q] R Yo} Fri= sAdo] &
drek olih, A, A5 Tl 2gh FFol A1, FAE]
o]z Xt} th7] Aol ot <

SRS Wt Ao g =A
Sholch. HRE-S A4, At 50| goledt A%

i A—

5to] PM, 5 22 A/ ol oot 20| BR PM, ;5 &
T A faliale A9 diol A EAshs otmyol
RS Eole 1d] T FulEojop & Aoz ot
lEpzl=g
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Fig. 9. Contributions of ionic species by PM, s weight concentration levels.

3.5 82 24 Znt

819 (receptor model)2 48242 PM,; 4
25 S70te] ti7|do] ¥ vAlE LdEE &
QIsta 7 @ Q9] 7o E Z’%}— ‘%‘(Hwang
and Kim, 2013)2.2, 2 Ao = tjEFQd 81
@<l EPA-PMFE ©]-45}o] ;‘(jﬂ’ﬂTE PM,; &&=
FE A e LdEE sk

mlof] AR YRR E AR Aol AR
A7 AF40 42 = (n=8,7607N)E =
st o] g nd FEsto] Tt HITA| (NIER,

2021)E 7@_1_0}0% 2= A", %:l-—r_ 9] Extra uncer-

_"

Ld

=
239 (Ion balance)©] 110.5% x5}
= A= PM, s T Tkt ZF v Bk %
reconstructed PM, s mass@}2] Z}o]7} +50%5
A 22 A|QJSHATH (n=4606). E3F o]-& A Eu} F7]
& o]
K

& R F FEHE FE2 717 = &
A& 1835} §, Ca?t, K= A|9J5H $0,7, Ca, KT S
At

2t A4 B AR FUR 4
i, & 7t 0o]AY MDL "Il H-$- MDLO]
5/6 0.2 A6ty o, 57t MDL oo th& 4
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H2EE Z0MEX] 25E Ly

2 Agstol AtsHc,

V(0.1 < Conc)? + (0.5 < MDL, (3)

ERES/N H] 9] gho] 0.2 o]shel a2
ol5tlom 0.2~2 mIREQl =3} PM, 5
weakZ B0t ESIEE =91
£ 20%= AAsHAT

AT A= E o]gste] ek I <l C1
(7] A, C4 (F= &), C7 (= F&Hell Hist
of 717t fgmdee SasaT gelde RU
AIE = E5p] I5to] 09U £ WrekAA A
S}l EPA-PMF 5.0004] Al36l= @& 5
esttimate) 'H <! Bootstrap¥} Displacement& 5]
313 R34 (rotational ambiguity)d} SE 2} (ran-
dom error)E HESIYT} E3t 3| ETZ Fpeaks
O] (Kim et al., 2018)5F9]. 2™ FpeakE -1°]4 17}k
2] HSA|A HHesto] HESIA £]249] Ppeak -2
-0.1¢ w2 5}t

o/ BRE 7 219 299 BF i
ZF &4 (Marker species) 2} @7 I 50f A 2|51%.C
+HE QY BRI (source profile)E 1 10~12

off AL 7h @ F¢lof] et ¥+t 71oee 111 13

2|4 A

g Tee

ofN

Extra uncertainty

A (error

A

1o

==
T

HE

off AstATh

TERdge o detRko] I3 nAle o
P& 22} B4 (Secondary Sulfate), 22 A4 (Sec-
ondary Nitrate), 0]%5 2 J<Y (Mobile), AFFTH (Ind-

Table 5. Source classification results and marker species.

997

ustry), 123} SHUAF (Aged sea salt), E%F(Soil), Cl-
rich, A% ¥4 (Coal Combustion), 715 ¥4 (0il
Combustion) 5] 97f¢]t}. o] & 715 14 (0il Com-
bustion)= SH T @ F0 2 rojz|x] ¢kt 23} 3
AME E= 22F AL S ERE QLo H, A A
€} Cl-rich= 242} C1 (7] A, C4 (F= & F)°llA
A gk

AetEro] 92 nxle A ¥ 94 22t
BHi+ (Secondary Sulfate)2 SO,* ¢t NH, 77t F2
7|of5he e FYe R, g7]F SO,7t AFSle & NH,
eF Aelsto] (NH,),S0, (NH,);H(SO,),2F &2 22}
A7 R A7 A EH, A= 7]20] &2 A5
dof ti7] F 50,9 F2tehi-3-= T ¥4 (Hwang,
2022)5= Aoz 4 Qloh AE 7]o4&2 C7
(31.4%)7 C1 (30.6%)°] H]S=SHAAITE C4 (15.3%)=
T 3ol vlel @& 7]ol&= YEpiTh

T A7 2 AYQ 22} A AT (Secondary Nitrate)<
NO;, NH," 5°| = 7]oJst= Z 0= ti7] & NOx
7} Atsksto] NH,9F A%e NH,NO; FH=E £
(Hwang, 2022)5H] o}, b2 Hita T b 224
A7 mIAAR] o] FaFe oFPor I 2h
oA & FAE Aol il =l & =9 Aaqt
SHEo] Atetsto] @AHTH (Park et al., 2022). ZAMY
o] 7191 &-2 C4(36.9%), C1 (25.8%), C7 (17.2%) = C4
(F= &I 7P #A e 22t Atk o
2 FEE ok

=
=z 1
.

@

c4 c7

Source Marker species (atmospheric stagnation) (eastern China) (northeastern China)
Secondary sulfate 50,2, NH,* © © ©
(with Oil comb.)* (with Oil comb.)
Secondary nitrate NO5~, NH,* © © ©
(with Cl-rich) (with Oil comb.)
Mobile OC, EC, Cu © © ©
Industry Cr, Mn, Fe, © © ©
Aged sea salt Nat © © ©
Sail Si, Ca, Ti © © ©
Cl-rich cr X © ©
Coal combustion As, Pb © X ©

©:: classified, x: unclassified, *Marker species of Oil Combustion: V, Ni
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Fig. 10. Source profile using C1 (atmospheric stagnation) data.
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Fig. 11. Source profile using C4 (eastern China) data.

w4 ECe] Hl-go] OCETt =4 Wb OA ZF (20.7%), C4 (17.8%) 2 Al A v 502
5210] 9 (Heo et al.,, 2018)0] Hrt & Zlo=z gk Lepyth
Hrt. o]z d e Hit 7]ol&-2 C7(23.2%), Cl Yl A= AP (Industry) LGP 2 n|Fe.
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Fig. 12. Source profile using C7 (northeastern China) data.

GEZQ] Cr, Mn, Fe 5°] &2 H-&(NIER, 2021)&  FYH C4ol4 7H =2 719 & Bk
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S E ROIMHX| I5E 2

Agroto] HCIR 4F8t=™ 4R 5 o] Na*Fto] &2 7]
o] (Song et al., 2001)& Hol& Q@Yo R 7t 3o
A €] 710382 C1 (6.2%), C7 (5.9%), C4 (3.7%)= Lt
EFetTh

AR A @ FL2 EFlA fefishe HE Si,
Ca, Ti®] H]-&°] =2 (Han et al, 2021; NIER, 2021)
EF(Soil) L FHo =z FA Y, FARAY 2 k2
A ] Aulatat FH0] Qlom C7 (5.9%), C1 (5.7%),
C4(3.7%)°] 719&S B4t

AF A @G YL Cl-rich2 Fg3tct. v o
o] Z2 0 FYUL NHUA (Sea salt), BE2A 4
(Biomass Burning) 9 47} (incineration) 5] 1o}
Z}7F Na*, K*, OC, S0, 5 & A5 7|of&o]
=7 ol EA oo AT 4 3101 Cl-rich2
WHsiylon] Hakst Has o) 23 17l Wa
Stk Cl-rich©] 7]o]-&-2 C4 (15.7%), C7 (10.4%) 1.2
o, C1olA= 22t Gt A 275 .

og HA Y2 Aetsted oA 7| Ysh=
Aoz dHZ Ast Pbe] H|E0] =0} (NIER, 2021)
Aet ¢4 (Coal Combustion) LFHP SR ERSIA
&2 C13} C791A 22t 4.6%%F
3.6%% e O W C4ol A= EE] ] edoteh

npzEto 2 SR oo s EREA Aot
B-CH 59 A4 oA uiEE= Zow el v
FJr Ni9] H-&0] =2 5% (Hwang, 2022)S Eo 7|&

4 (Oil combustion)= FH5}AcE 5 A A=
£ o]gste] 8 RUFES & A4S ek 5Hed
dog EREZIoR *@%‘%E}.

I8 130 el e 9 FHEY 4 o
of thet Bt 7= E B, HE 22F b, 22
At} o] 52 F 9 7]ol& A= C1 (H7] HA)
77.1%, C7 (= BE55F) 71.8%, C4 (5= FF) 70.0%
& 7] F 7t B0 Ao R Aol A4
= 22F A4 w|AHR| e} o] 5@ Yo H|Fo] = A
< & 4 Stk E9] di7] BAR ERFE C1ollA] 24
Sh= Hl&0] 7H ot Shito] ol AA 7oA
221 A37d o] sHA dojt Al o2 Hlrt,
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Fig. 13. Average source contributions by C1 (atmospheric
stagnation), C4 (eastern China) and C7 (northeastern China).

THEE 7MY 2 719EE Uil LY Cl
(@71 A C7 (F= B2 22k FAbdolsl
U C4 (T &)= 22 it o= Ve
7] e AEH WiEF2 20118 oufz] £x
Zsto] Z ol 2] AH|ERS F7loht Mgt B2 2
Aotal HAZkA Bl e oflvz] AR F7kskal
UTH(NIER, 2022). 53] & o] A2 da=9]
Ag 4 FPAE SO & SHo], A4 5ol /AgHF
299 S0, HiEFe] & 3:*7—0—3 7‘:]' 25k} W
e r dm FFol ot o N
SO,°f H|3)] vi&TF T4 Zo] 7‘401( 00 et al., 2018)

L
N
%lo

C4(F= &7 AN 22 BAF ] 77t &2
702w

AEr 4 (Coal Combustion)+ 24 A 225 ol A
E2 7]o&S HolR+= SUAT C1 (4.6%)eF C7
(3.6%)°14 FF eFYoE EFREUCY C4 (=
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sholME LA99e s UehA] ot o= At
B0 BXof YRR S G0 Mgt 2 PM, ; Hi
Z0] 9,513.5 kton/year® HZHE e ASfite] $J2]gH
T4 (47.1 kton/year) BT} 208 A& =9 (NAEIRC,
2022), 5 B 52N B9 5= R Hxd
Ao B350 JAAE 71 0] o} HE Tt
A B3 (KIEP CSE, 2020)°f &J3t ko] oAl vt
Aoz Witk 17 149 2 A48 CWT 23 £ 2
b ANEE T RO, 22 FAEL T e

oA F= 7| Y5kl Qa2 HolFal 9

Z} o Fdol izt AAE 714 =S 19 159 HE
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