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Abstract

Chungcheongnam-do has various emission sources, including large-scale facilities such as power plants, steel and
petrochemical industry complexes, which can lead to the severe PM pollution. Here, we measured concentrations of
PMio, PMyzs, and its metallic elements at a suburban site in Taean, Chungcheongnam-do from September 2017 to
June 2022. During the measurement period, the average concentrations of PMjy and PMas were 58.6 ug/m’
(9.6~379.0 ug/m3 and 35.0 ug/m> (6.1~132.2 ug/m?), respectively. The concentration of PMjy and PM;s showed
typical seasonal variation, with higher concentration in winter and lower concentration in summer. When high
concentrations of PM;s occurred, particulary in winter, the fraction of Zn and Pb components considerably
increased, indicating a significant contribution of Zn and Pb to high-PM,s concentration. In addition, Zn and Pb
exhibited the highest correlation coefficient among all other metallic elements of PMys. A backward trajectory
cluster analysis and CPF model were performed to examine the origin of PM;s. The high concentration of PM;5 was
primarily influenced by emissions from industrial complexes located in the northeast and northwest areas.
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&o] WA A} WA= gHAol2 34 JE 5o=
TAE o] 7Y w294 4E 2 38hE 24
o] thE E4& Holtl, TAANA t7|Z A ]
E5= 14 YAHprimary particle)2t 471 & AR
=49 £9-33H4 ¥3-g Fof APEE 24 dA
(secondary particle)2 Wt 4& 2719 u= &
71984 A7 10 um olske] YA 24 HAEA
(PMig), A4 2.5 um oJste] E2g ZuAHdA
(PM25)2 EH3I},
FEL AFE0 "EH, 9 EEL A9 A%
< HIES ti71d 2 715 #3549 1A
2] F83t f7]1ed E4& FHIt}t (Booth et al.
2012; Bhattarai et al. 2020; Myhre et al. 2022).
AARZAZIFHWHO)= HIAIHA(PMi0, PM2s)oll et
714 Zlol=gilS 1987WR-E AA Rt 20134
v AARAZIF Atete] =Al ddT4a (ARG,
International Agency for Research on Cancer)°|
A HAERAE ARA 2 FEAE 5 e 1 T
oFER R X A3 v} Q. E3] A AHo] F PMZS-’]

- A7 fisidol PMiEtt H Ate AFEY=
o] AAEFC™H (Feng et al. 2012; Kim et al
2019; Jo et al. 2021), HA] J=}9] Z7|7F 4TS
& ®HZo] F767] el AR LFhoA
Aotle B4 FHAHEE(C, Cr, Ni, Pb ¥ Zn 5)9
F2to] BolsiA, HAHA Y] A7 Ao AopE
o folet S5 Retha Haska gl (Song
et al. 2018; Kim et al. 2020; Choi et al. 2021).
7] F vAEAY $54% s XY 0 ==
thokslA Uebdth Kang 5 (2018)2 = 38 At
FHANA 7] F Sa52 AFIste EAT 23t
ABAdol A= Fe A&ol, BIEEEAONME ZnTt
Pb o], 171 AFAtet B FE54dNAE
Cr#t Ni 489 sZ7F =4 veigchy 23
Cho 5 (2009)2 =l A E4L FHY L&A H}
229 dAste] AR 2 & AES F971
AW, k57 T2t iRl His) 455 £
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PMzs W Fe, Al E¥ ?JX} S AdEl o
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l:-_7} = 7-] oz oh—;q;q erq- Ni& /KJ—EHZ—] oz u-__
=2 b ojgt 2o % "
2999 FFE 5T 5 U= FHHA FAE

Zﬂ%‘é}_’ Aol 7184 A
|2 4 St

ojojZ o} Amo] WEH M= 17/ A& F 338
2o AR+ A s AEeE YE 3l
o} (KECO, 2023). 33 dkole t+t2 Aetsidsd
A5 ZFoto], AdL, AR3EAEEA 59 dE
HedHe] =0 Qo] AFoA t7] LA=E H)
E7°] 7P €2 ANder I¥A Sl (Lee and
Park 2019; Ju et al. 2020). £3], 20199 ZFAME
25 Y9F7AAA A (tele-monitoring system, TMS)O
A AY A= diEF F F9C1.2%°] 7P =4 o
B, M=o 2 HiIEEHL = HVEEE 5 AT
FS QA s Aog BT (MIS, 2021). Hd
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Figure 1. Geographical location of the sampling site in Padori, Taean (Chungcheongnam-do).
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2.1 PMyo, PM5 &8

7] 5 PMiod} PMzsoll Wt Al&=xF = k=

o SHAGER wod7] G491 TrE 34
(36°73'63.81°N. 126°13'21.68"E)ollAl A5}t
FAEE HUE 4249 ﬂEﬂl ER4E Y F
B fX|sta e}, FHEE ARl A=t 6174
At St 4 F 30709 sEdAATE FEE A
ou, 5o Lutet 3t A58 ©AQl hibAR3t
A7 dtERE RAFE] Stk o]QoE AATA|
S W7LAEL wWiEAHEC] ARSI Slo] =97]
A3t 7Y V1L EEHY] A7z RUE A F
gt A|9oz WAt (Park et al. 2017).

A ZRF= EPA 10-2 methodol @} 20179 9¢¥
e 2022 697 ARER PMyp 2 PM,s AHES
Zzkot tj-&5F WA 2)%]7] (High-volume air sampler,
Sibata, Japan, 1000 L/min)2} 550 €9 1129 10

A7t oA 97158 AAT AdX(Quartz Microfiber

o

filter, 2.2 um, 25.4 cm x 20.3 cm)E ARE3Slo] &
A 10AFE AU oA 10A7FA] 24AX7F 7HEAo07 &
Astgitt. PMio R PM2s9 ZF AEE Aaile+e &
5471, o1& 247K, 7F& 3670, 181 AL 2872 F
14270 SREQ. F7HH 08 A5 3 Alvitt 3
st @4 FA|Z(Field Blank)e}, 494 FAZ(Lab
Blank)E #A45to] 2 Az tfs] EAsI. FA
29 #HEELE Ni, Cd, As, Cu, Pb, Mn2 0.01 ~
1.80 ng/mL #F0F L]-E]-”’jl Cr, Zn, Fe2 1.80
~ 11.56 ng/mL $E2& YEIL, Mg, Al 193.85
~ 241.31 ng/mL $Zo 2 eyt

2.2 PMyo, PM25 24
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Aol (Desicator) WollAl 48/\] 7r o]/}} Hysle] g
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FS AT PMo 2 PMys XY A3k 23 59
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o] grd ARARE HIAE 2.35 cme] ¥FC
2 EFoto] EE WA Y1 SAEE B Ao
A &3 (HNO3:HClO4=4:1) 5 mLe} HF 1 mLE
7¥etod 175 TE 24A17F Edotet. -2 Ak &4

3] 3]A7l & HNO; 2 mLe}F HF 0.5 mLE 7}3}

<)

SU% LrolA 2447 Befelainh. ThA gL Ake
@3] PPAA ATAAT, HE BajE A=l 1%

HNOs; 5 mLE 7Iste] sl4A71 & qeZf S22
ol AFEA7] (ICP-MS, Agilent 785002 F&< 11
% (Cr, Ni, Cd, As, Cu, Pb, Zn, Mn, Fe, Mg, Alol
sl A& £4& Pl

2 AFoA FF4 AE AT /e Adl A7) A=
AEAT} ARG HEYAE 7R T Qe ASEFEL
(CRM)Z High Purity StandardsAte] QC-TMFM-C
ZEE o83t AR AA] ¢ B4 whya 5dgt
HHoZ g AES AAS 23t I8 81.6%
~97.2%2 YEhgt. BHAEIAMDL, method
detection limit) #&< 47] ¢oto] &4 A FA 5=
£ 79 B45to] 98% AlF=Fol|A] 0|85, ZF A
B9l A&3AE 0.06(Cr), 0.09(Ni), 0.12(Cd),
0.20(As), 0.06(Cu), 0.08(Pb), 0.16(Zn), 0.04(Mn),
0.18(Fe), 0.34(Mg), 0.43(Al) ug/LE Yebgth &4
ABo] BAzlo] Ak=® MDL 3t Hth @A U2 A
%, A JE2 MDL o2 AHsiyct 5t AR
3 9 FF&% 48 24 IHolA A= 207M0F 14E
o|FARE NS A5t A 237t 5% olH=
ZA=E AT Ao

23 2gH FX Yl

o] weth719] PMiot PMys 719 oo 95
PMio, PMas9] A=Fsk, 3% 4 & A= AWSE
o]g&3lo] CPF (Conditional Probability Functions)
B4 P54 CPF 2d 24 Aoj= Bt A%
et A7 Al PMyodt PMy 59 AFsT+ 1A 3
@+ 71&Y dojzzol ARE ol8stlon (KECO,
2023), ¥F 4 3% A=E 1A B9 7129 74
A N3RS EE (https://data.kma.go. kr/)S] &k
FE ol&sIirh

CPF REe T3 52 195l Ik 294
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AA7NA, my,= LAY EE 7|k Fol A
(threshold criterion) ©°1AY ©, EXYY(wind
sector)ollA19] F3Fe] WY 3l
TLUGGoA 9 FF DA S5E gt} F&o]
e 23S (€ 0.5 m/s)e Bl =Y Wik
o3t ESHETE =7 el EAoA AlLgtt
(Ham et al. 2017; Jo et al. 2017: Park et al.
2022). T3 IS FF EEE BEoHA FESH
7] 9I5te] gHAIEE A8 4 9=l (eong et al
2015), & AR HE 710w 9] 75" Percentiled At
&ttt

37199 719 ¥ olF HAEE A7 fi5te] ti71g
AR EQl w2 Y 7]1H(NOAA, National Oceanic
and Atmospheric Administration)®] HYSPLIT4
(Hybrid Single Particle Lagrangian Trajectory)
2ES o &siqltt. dlo] FRg 714 HolEEA 43
SAE7F 1°Q GDAS 1 (Global Data Assimilation
System)=& A®st1, ot g we] 7] £44(36.736
°N, 126.132 "E)oll =8t 72412F FAHE 6A12F b
ZAog Aiksllh. #8239 F71H9 =ol= 100
mZ A5t (Park et al. 2020; Li et al. 2020;
Ma et al. 2022).

CPF,, =

5% QIS ny,E
A

3.1 PMio, PM2s2| ZaHsE
20179 9¥HE 202249 697H4] A E EiSE PMyo
I PM,s9] AEE Bd AF¥es ® 13 19 29
ettt WA 3717 B9t PMyy B SEE
58.6+51.5 ng/m’, PMys ¥ BHEE 35.0+26.1
ug/m’Z  UeRdth d¥d HE WAE PMe2
9.6~379.0 ug/m’, PMzs& 6.1~132.2 ug/m’z2 %
guate] dBF 71E5EQ 100 ug/m*(PMio), 35
ug/m’(PMy5) S 2IsH=e A57t AA| Ag 59 7
13%, 37%% AAstdoH, drE £33 ALH



ST Hd L7l PMyy, PM2s9] S84 vk A 719 #8447 115

ASE A

AR ¥ EE PMiollA & 83.0 ug/m® AL
63.6 ng/m® 7F2 35.7 ug/m® 5 32.2 ug/m’s&
oW, PM;s9 A% & 45.6 ug/m’ AL 43.5
ug/m’) 7H& 22.8 ug/m’) 9% 19.4 ng/m’ £°0F
et AAGolA= PMipd PM,s 25 B3 7
Z =1 oFdo 7P 1otk gt oE FHd=
FAb 59 R /%) Il wol wAIHAY 5=t
LA YyeRdth (Cha et al. 2019; Shim et al. 2022).
W, o§EHde &8t Eof di7]9 ik 5o
73 Bt oplet ek AHIErt JASHLEHN
ed" F71E ARAZI= &7t Slof HARAY &
L7t Wolxs Aes A Atk (Wu et al. 2017;
Han et al. 2021; Dhaka et al. 2022; Kim et al.
2023). & AFIAE FAE AT o 453
=2 Ad B34 5EE Holx o, oEHo| nA
WA L7t 7P Wob Ay A7 2aE9 AdE 5
= AT & gASs AoE YEEt

9 33 Zo] PMyodt PM,59 5L E#o] Z3
H AEY AF szl Hs AT B 3 1
g 3& B9 & & A%l PMig= PMzs @ PMas-1o
T At ¢ A AL itk PMiod} PMas Aol

o] ABAGE 0.828 PMas-10% PMiso A#AS
(0.48)5t}t A Yetstt. ol £ AFA 99 PMys
7F PMygoll B o] 7]ostal qlom, PM;e2] ¥sk=
FE vA AR PM,s9 S0l B3 Wt A
2 AARHY} (Janssen et al. 2013; Zhou et al.
2016; Huang et al. 2020). w&hA & AFLA oA
o] A7 ARE AsiAs PMysoll B &7t 28
3t Aoz g

L

3.2 5345 48 sk&E% &4
7] F 5% 482 EXolu "R 5ol 2%
HAY 2-3% 2ge g 7] SO AFsHH HEEA
=l (Choi et al. 2004; Oh et al. 2019; Jung et
al. 2023). o3t S84 v Exs A9E EA4T
744 0] 9l thFstAl YERdth (Sung et al.
2015; Zhang et al. 2015; Baek et al. 2019;
Wang et al. 2021; Zhao et al. 2021; Lee et al.
2022). PMip® PMysoll Z3Hd Sa5& AH29 A4
B 5ot A% sEE X 19 AASHACE WA
SH71T S 1159 FE5 HARS BHEHeE
PM;02] 10.8%, PM,s9] 2.3%Z2 AA|sta Q= AL
2 Yehgouw, Si, K, Na, Ca § AZHEY #4448E
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Figure 2. Seasonal variations for the PMj; and PM2s mass concentrations during September

2017-June 2022.
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PMeol 23E S35 HE8Y == Al (3979.0
ng/m®, Fe (3237.5 ng/m’), Mg (1120.0 ng/m’),
Zn (161.5 ng/m?), Mn (106.0 ng/m?, Pb (62.8
ng/m?), As (21.1 ng/m3), Cu (19.3 ng/m?, Ni
(12.7 ng/m?), Cr (11.6 ng/m?), Cd (2.7 ng/m’) &
o= Ueigth 1139 F54% 4% 5 AZd4 Al
(45.0%), Fe (37.3%), Mg (13.0%) < A 552
95.3% % AAoh= F23 JEOE BEAEH (Jeon
et al. 2015; Kwon et al. 2020; Choudhary et al.
2023). AEYE Ft seoAE AL E B 4
RO =7 A& Al, Fe, Mn A&0] A7} HIMgH 2
Aol 7 #=A Uebdth (Liu et al. 2006: Lee et
al. 2013; Nishita-Hara et al. 2019). ¥, A4
71991 Zn, Pb, Cue ALHI 7MY &2 5% &=
Helow, E9] Zn, Pbe FE A7 AT 4Y F
oA wiE=AY (Yatkin et al. 2008; Lin et al.
2020; Wu et al. 2021), °ols L@HNA Hi&E=+=
250 2UHA At (Cao et al. 2009; Samek et
al. 2021).
£ AFAGY PMysoll ZEH Fa5 AE2.3%)2
FF (2.2%)D (Lee et al. 2019), B4+ (3.1%)2 (Park
et al. 2014), AF (1.5%)3 (o et al. 2018), =4
(1.4%)9 (Byun et al. 2018) 5 EIXNIET} H| W5
< 4 T4 AGET HRT £E0 2 YERTE PMas
W $8%9 s&=t Fe (231.4 ng/m’), Al (715
ng/m?), Mg (52.0 ng/m?), Zn (44.4 ng/m?, Cu
(18.5 ng/m?), Pb (16.5 ng/m?), As (14.1 ng/m?),
Mn (12.6 ng/m3), Ni (4.5 ng/m?), Cr (3.3 ng/m),
Cd (1.1 ng/m’) «22 Yeylth PM;solE Fe
(49.7%), Al (14.3%), Mg (11.0%) ‘30| A &
9] 75.0%5 HAot AJRA, Zn (9.7%), Cu
(4.1%), Pb (3.6%) dE°] 17.4%=Z PMio°ll HI5f &2

Hl&Z AASIAL A, 53] A&l Zn, Pb, Cus

1) Pb, Cr, Cu, Mn, Ni, As, Fe, Al, Ca, Mg, Zn, K, Ti, V
2) Pb, Cr, Cu, Mn, Ni, As, Fe, Al, Zn, Cd

3) Pb, Mn, Ni, As, Fe, Al, Zn, Ti, V, Se

4) Pb, Cr, Cu, Mn, Ni, As, Fe, Al, Zn, Mg
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E Ad 9 AB e E59] =2 55 E Hof A
ARl = 3 9 7ot AE YA 2F9
o] AIgt Aoz FWHHTH (K. Juda-Rezler et al.
2020; Samek et al. 2020).
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Bt PM2s9l AFEEE PMys < 20 ug/m?, 20
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80 ug/m?, PMas » 80 ug/m’9] 477to2 ER7sho
AmEgitt (3" 4, FAL AQ). 2 728 Al A
$E 22, 30, 13, 5702 tiREL] AJ&EE 20 nug/m® <
PMzs < 40 ug/m’ 9ol A& Aoz It
A OZ PMysjioe W71 & 24422 A= v
Alz9] H&E 7HHH o2 AAshHs AHE AMEE
=8(Won et al. 2010; Xu et al. 2017), Z 72
PMzs/i0 BlE&Z AT EH AsLoi sk #7108
Z4E PMy59] Hl80] Z718kaL Qltt. £3], 20 ug/m’
{ PM2s5 < 40 ug/m>*2] 7oA RE PM, 5109 HlE
2 0.66 ooz yehta Sglo] 2 A4
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Figure 3. Relation between PMjy, PM3s-10 and

PM2s concentrations. The solid line

means regression line of PMjo and

PM325-10, and the dashed line means
regression line of PMo and PMys.

(Regression equations: PM1p=2.0+1.6%
PM2s; PM2s-10=2.0+0.64PM,g).
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between (a) PMys < 20 ug/m®, (b) 20 ug/m® < PMys < 40 ug/m®, (c) 40 pg/m® < PMys <
80 ug/mé, and (d) PMzs ) 80 ug/m?.

PM;s sk +1E S55 489 HeL &
ot (2 4). Al, Mg, 123 Fe AELS A9e U
A 8%9] Trace metal AETE vt ABE
oA 1k Ftog Z4E Zn3t Pb B F7t

siotA Uehytth BE 7oA 7 a8 RO

BASH  E UBhte Zn AR 36.4%(1F 4()°lA 46.2%

@" 4d)E A F7rskele™, Pb HAEE 11.8%
(33 4()°1A 19.3%(F 4(d)E Z71shict. Hha,
As BEL 15.6%(Z 4(2)o4 3.0%(2H 4(d))fé
A Zrastch & 29 YERH PMys W 24

H

pun

Table 2. Correlation analysis (Spearman’s rank) among metallic elements concentrations in PMzs

(***: p{ 0.001, **: p¢ 0.01, *: p{ 0.05).
PMys Cr Ni Cd As Cu Pb 7n Mn Al Mg Fe
Cr 1.00
Ni 0.61™* 1.00
Cd 0.38** 0.39** 1.00
As -0.05 -0.01 0.34™  1.00
Cu 0.08 0.03 0.50**  0.17 1.00
Pb 0.55™*  0.66™*  0.64™* 0.03 0.20* 1.00
Zn 0.68"*  0.32*  0.66™* 0.04 0.27* 0.91**  1.00
Mn 0.69*  0.75* 0.57** -0.01 0.12 0.89™* 0.91"* 1.00
Al 0.19 0.27* 0.07 -0.01 -0.12 0.31"* 0.32** 0.45**  1.00
Mg 0.45* 0.19 0.14 0.01 -0.06 0.35** 0.33** 0.36** 0.40**  1.00
Fe 0.46"*  0.59%*  0.41** -0.03 0.07 0.69™ 0.7U™*  0.87** 0.58* 0.19 1.00
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Figure 5. Backward trajectories and cluster analysis

in Padori, Taean monitoring sites.
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A= B K] PMio, PM2s9] 8% 5% 543 719 FHAF 119

THOR BRY & Ak

Cluster 1€ 17%= #% skl 4 welste] sfet]
g WM MrEth} drAdon SUHE VR,

S Bt Cluster 25 12%E 539 SEAGo|x
dsto] AEeke Bae) 2 5% NG9S AA AT
gog 7157t UYL}, Cluster 32 34%= 7}
@2 A8 7L B3 AN SEAY ZANA
dste] B2 NEoA M| AFAgeR {H
= FARE Bt 3 F PM2s9 5%(46.6+33.7
ug/m’)k PMasjo H1€(0.74)°] 7H8 A vehd, &
AFAGY W= PMys TS S04 HLskAY
FH-7UWE AAL B7100 93t dFo] & ACE &
A=t Cluster 4= 21%E Aot wristo]
e wEA Aoz FA=E A o5 A
AL BAth T Cluster 55 16%E B-Zoj|A g
Yoto] WHANEE B AFA|Go R EAeh= F
71HE PMzsio HIE©l 0.572 W9 BA UehEth
53, PMpo Wl S5 dF°l 24.0%2 "¢ =7
Uehgon, Fa% 482 F2 EY 7Y 94 Al
(11.4%), Fe (6.8%), 181 Mg (3.8%) 2.2 e} ¥
Aol #ol Q= Ao g wEh (Kim et al. 2014;
Song et al. 2016; Byun et al. 2018). AA =%7|
7r EoF WSt FARo] ZFtEo] Qi FHog R
ARGl ZFA7|H9 AAF olF Lol FFE
F= 20 Hojr,

T
FAH dFe Wl s e A 5

P}

)

Table 3. Statistics for PM1g, PMys concentrations, and other parameters for each type of air masses arriving in

Padori monitoring sites.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Fraction (%) 17 12 34 21 16
PMio (ug/m?) 32.9(13.8) 36.1(14.8) 62.3(43.0) 52.3(28.4) 85.1(78.8)
Metals/PMio (%) 11.0 8.2 10.8 11.5 24.0
PMz5 (ng/m’) 21.8+11.3 24.8+10.2 46.6+33.7 26.0+13.8 43.0£26.3
Metals/PMz.5 (%) 9.6 2.0 1.4 7.2 2.1
PMz.5/10 ratio 0.66+0.14 0.70£0.11 0.73+0.13 0.55+0.21 0.58+0.14
Temperature (C) 17.8+7.1 17.24£6.9 12.0+7.4 9.3+7.3 10.7£6.2
Relative humidity (%) 90.6%6.1 77.1+£12.8 78.3+11.4 68.9+£12.0 75.2+£11.0
Wind speed (m/s) 3.1+1.6 3.1+13 3.2+1.5 3.0+1.1 2.8+1.0
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