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Characteristics of PM, : Pollution and Long-range Atmospheric
Transport in Background Areas (Baengnyeong and Jeju Islands)
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Abstract This study evaluated the characteristics of PM, 5 pollution and long-range atmospheric transport (LRAT) at the
Baengnyeong and Jeju Air Quality Research Centers in South Korea during 2018~2020. The mean concentration of PM, 5 was
constant in Baengnyeong but decreased in Jeju owing to COVID-19. The significant seasonal variations of OC, EC, and NO5 in
Baengnyeong and Jeju with the highest concentrations in winter may be due to the influence of high PM, 5 episodes.
Meanwhile, the concentrations of SO,%~ and NH,™ were constant throughout the year in Baengnyeong, resulting from
regional inflow from surrounding areas. The influence of anthropogenic sources and secondary formation of PM, ;5 increased
in summer and decreased in autumn at both sites, which was also observed at other background sites. The dominance of
NO;~, K*, and CI” in Baengnyeong was due to the influence of combustion sources and LRAT. The source of 50,27, NH,*,V, and
Ni in Jeju was identified as industrial activities with the highest contribution in summer. The secondary formation of PM, 5
with external inflow effects was dominant in Baengnyeong and Jeju. The main emission source area of PM, 5 for both
Baengnyeong and Jeju was East China (Hebei, Shandong, Jangsu, and Anhui), but the chemical composition and sources of
PM, s were different between Baengnyeong and Jeju. The result of this study can be a basis for future monitoring and
modeling studies on the influence of LRAT in background areas.
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Fig. 1. (a) Locations of the Air Quality Research Centers and national background and rural monitoring stations, and the spe-
cific locations and photos of the (b) Baengnyeong and (c) Jeju Air Quality Research Centers.
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Table 1. Summary of the datasets used in this study.
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Period Stations Compounds Measurement
PM, 5 Beta attenuation monitor
Air Quality Baengnyeong lons: SO,27, NO;~, NH,*, Na*, K*, Mg?*, Ca?*,CI”  Ambient lon Monitor
Research Centers and Jeju Carbons: OC, EC OC/EC analyzer
Metals: Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Pb Online-XRF spectrometer
2018.01.01
~2020.12.31  National background  Baengnyeong,

monitoring stations Gosan, and Taeha

Rural monitoring
stations

Sukmo, Doekjeok
Pado, and Jeogu

PM;q, PM; 5 Beta attenuation monitor
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gFe1z}7] oy g4 (Potential Source Contribution Func-
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7t 4= = CWT el -85+t (Nguyen et al.,
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ZAAE E@5H= 2HAlo]n], HYSLPIT S#12] (https:/
ready.arl.noaa.gov/HYSP LIT.php), PM, 5 A5,
N JEEEE dHAR 2 E-85FTt TrajStat =
2713 (Trajectory Statistics, Version 1.2)& ©]-8-5}¢]
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3.1 HHZEX|Y(MHZo} MF) AAE 2M

HHE 718 AFA 0] 3137 (2018 ~20204)
PM,; ¥ Tt 2+ 17.5 ug/m?, 20.3 pg/m’,
18.5 ug/m*0]3 0™ 39 Bt 5 (18.8 ug/m’) 2t
ALstQiTh A+t PM, s =S ©]-85+0] Mann-Whit-
ney Rank Sum testE& 3§50, A PM, ; 5
T SARCE 2tol7} {ISITH(p>0.05). AT T
71 A0 PM, 5 B8 FE= 2018 11.1
ug/m?, 20190 11.5 pg/m?, 202013 8.8 ug/m>°]
139 B S 10.5 pg/m’0] 0™, 2020 o=
201897} 2019\ Kt EAF o7 Ikt (Mann-
Whitney Rank Sum test, p <0.05). PM,; H+ 5=
715 (35 pg/m®) 232 WP oA 2018 27,
201949 45, 20201 0] 27Q 0]} 20194 WHE
o] PM, 5 715 27U 1~3Y (25¢, 45%)°ll A5 5]
o], A&A} B4 FAY olF FFo= mofHrt
(Lee et al.,, 2019a). A5 7| F A4 PM, 5 31
Bt s WPl Hls] 44% F3rom, AT
FHFE gekol A oF 100 km Hol7l 24 2Hog
FEOMAo} RO ti7| e A=A FAY ol FS ¥
7}at7)ol| ol A3tsleh (Lim et al., 2012). AFEA
= PM, s YETF 7152 2018 9] 6, 20190 8¢,
20200 19-& z3}obgint. I 21} 199] JFo= A4t
A&50] 74310 (Zhao et al.,, 2021), 202019 AF=
oflA PM, 5 EE7F ARt ZA 0 & SfAS 4= Qlrh

PM,; AFeee A (128~2Y), 5 (39~5Y),
oA (6¥~8%), 7F (9E~119)°l WP EofA 24.1
ug/m?, 22.2 pg/m?, 14.0 pg/m?, 14.8 pg/m>0] 11 Al S
oA 11.5 pg/m?, 12.5 pg/m?, 9.6 pg/m>, 8.3 pg/m><

2, AL Boll ®11 A5 kel W2 HFA<I
51514 73] QITH(NIER, 2020) (i 2). B Lol A
NO;, OC, EC T+ Ak ¢ FASH A
2 (5.9 pg/m?, 2.7 ug/m’?, 0.6 pg/m’)ol| &L & (1.2
pg/m?, 1.2 ug/m?, 0.4 pg/m?)of] ko, so,> <t
NH," 5%+ 95 (4.5 pg/m?, 2.1 pg/m*) 7 7+ (3.2
pg/m’, 1.8 pg/m?)olle. AB+F (4.1 pg/m?, 2.6 pg/m’)
I FARHEHH (R 2). W9 e S 55, Ae, &
ghtk 747ke Aol fiA|ste] Q1 2] o] 2]&A <l
FFS Hom, HaY AFAE ofF 22 F7IYA
o] 9F {4 7H2 AHEA dFe= S0, %
NH," =7} =4tH(Oh et al, 2017). AlFEA=
$0,%, NO;~, NH,*, OC, EC7} =5 gl Ad A
3HE BH9low, 2020 B+ SO, OC, EC 5%
(2.4 pg/m’®, 1.2 pg/m’, 0.3 pg/m*)+= 2018 (3.4 pg/m’,
1.7 ug/m?, 0.4 pg/m*) 2+ 2019 (4.0 pug/m?, 1.6 pg/m?,
0.4 pug/m®)°f B SAH 2 YUttt (Mann-Whit-
ney Rank Sum test, p<0.05) (& 2). SO,*, OC, ECE
A A0 ko 202089 w7t HorRl
707 A=Y (Pan et al., 2016).

WYL} AT PM, 5 2 & 550 dBt Al
AET AGE vle2 17 20 YERSIE B e
o} A FL9] PM,; AE F X (13.9 pg/m?, 9.3 pg/
m®)E 39 B PM,; A5 (18.8 ug/m?, 10.5 pg/
m®) 9] 74%2} 89%E AA|SHATE WP PM, 5 =
F 520194 3Y0] 48.8 ug/m* 2.2 uf¢ =9ko
™, sig 717kl A=AQl nAHA] EE AR
(20194 29 279~3¥Y 7¢9)7F A=E| AT (Lee et al.,
2019a). 20199 3¥9] sO,*, NO;~, NH,t 5&+= 7}
7} 9.3 ug/m’, 18.9 pg/m’, 9.4 pg/m> S 2 Wi =9FO
™, NO;” 5+ 39 HaF (3.8 pg/m’) ] 58] =k
oh A8 Aol oJstd, mlAHA] sk At Al
NO;™ FLo} Hl-go] Fom, T2 RE A
ol% a2 YENYTH(Kim et al., 2020; Ghim et al.,
2019). 55|, HP = S ST Afo]of $12]5F
A3 203 2h2 \AFo) oJsf FAY olF FIF

< wo] 9Fo v (Park et al., 2018), A5l/d<] F=1Z 1]

Sty |etdsts|X| M 38 M M 4 &
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Table 2. Yearly and seasonal mean concentrations of PM, s and its major components at the Baengnyeong and Jeju Air

Quality Research Centers.

(PM, s, ions, and carbons: pg/m?3, metals: ng/m?3)

Baengnyeong PM, 5 S0,% NO;™ NH,* 0oC EC Metals
2018~2020 18.8 4.1 3.8 2.6 2.1 0.5 198
Winter 241 4.2 5.9 3.2 2.7 0.6 231
Spring 22.2 4.6 5.2 33 2.5 0.4 219
Summer 14.0 4.5 1.2 2.1 1.2 0.4 124
Autumn 14.8 3.2 2.5 1.8 1.5 0.5 206
2018 17.5 3.4 24 1.8 2.1 0.5 163
2018 Winter 234 2.8 3.7 1.8 2.5 0.6 205
2018 Spring 209 3.7 2.3 1.7 24 0.3 192
2018 Summer 14.0 4.8 1.1 2.1 1.7 0.6 105
2018 Autumn 13.6 2.7 2.3 1.6 1.6 0.6 139
2019 20.3 4.8 4.8 3.2 2.3 0.5 218
2019 Winter 24.9 4.0 6.2 3.2 3.1 0.7 264
2019 Spring 26.7 6.6 9.1 5.2 2.7 0.5 256
2019 Summer 13.2 49 1.2 23 1.4 0.3 127
2019 Autumn 144 3.4 23 1.8 1.8 0.5 235
2020 18.5 4.1 4.2 2.9 1.8 0.4 150
2020 Winter 24.0 5.6 6.7 4.1 2.6 0.6 181
2020 Spring 19.2 3.7 4.2 2.9 2.3 0.4 164
2020 Summer 14.8 3.7 1.4 1.8 0.9 0.3 110
2020 Autumn 16.3 34 2.7 2.1 1.0 0.3 148
Jeju PM, 5 Nk NO; NH,* oc EC Metals
2018~2020 10.5 3.3 1.8 1.7 1.5 0.4 116
Winter 11.5 3.9 2.6 2.1 1.8 0.4 115
Spring 12.5 3.7 2.7 2.2 1.7 0.4 153
Summer 9.6 3.2 0.6 1.4 13 0.3 69
Autumn 8.3 1.9 0.8 1.0 1.2 0.3 116
2018 1.1 3.4 14 1.7 1.7 0.4 112
2018 Winter 144 4.4 3.0 24 2.0 0.5 129
2018 Spring 12.2 4.0 1.9 2.2 1.7 0.5 163
2018 Summer 10.2 37 0.4 1.6 1.8 0.5 48
2018 Autumn 10.2 1.9 0.7 1.1 1.6 0.3 108
2019 11.5 4.0 2.5 2.1 1.6 0.4 107
2019 Winter 11.6 3.9 25 1.9 2.0 0.5 130
2019 Spring 14.7 43 3.8 2.6 1.8 0.5 155
2019 Summer 10.8 4.2 1.1 2.0 1.4 0.3 49
2019 Autumn 7.9 24 0.8 1.0 1.1 0.3 110
2020 8.8 2.4 1.6 1.4 1.2 0.3 78
2020 Winter 10.6 4.0 2.5 2.1 1.6 0.4 70
2020 Spring 104 2.7 2.5 1.9 1.5 0.3 103
2020 Summer 7.9 1.6 0.4 0.6 0.8 0.1 58
2020 Autumn 6.9 14 0.8 0.9 1.0 0.2 84
AAZ) 7 P L oF R 2 {9 x= Zo] HAE gl 5] AASHEE (Guo et al., 2018), NO; = Yy C
TH(Oh et al,, 2017). NOxi= A2 SHAR Aho] & A&} w0l w3l o5 W2 ALNSE it
A th=F 8iE= 1L (Nguyen and Kim, 2006) 7]-2°] ¥ (Son et al, 2012). ¥ oA NO; ™= PM,; 8 4
2 271004 NH,¢} §hgoto] A4 (NHNO,)= Z & 5 A (5.9 ug/m?, 33%) 7 & (5.2 pug/m?, 31%)°]l
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Fig. 2. Monthly trends and seasonal distributions of PM, s components in (a) Baengnyeong and (b) Jeju during 2018~2020.

()

2018; Wang et al., 2016). SO,
7t GARE S5 (4.1 pg/m’)S BEH2H, PM, 5 A
B 3 50,7 st B o5l 242t 4.6 ug/m® (27%)
9} 4.5 pg/m’® (45%) 2.2 =4t o] OH =]}
SO, 7t ¥-g5te] SO 7 A== Btektgo] 7|
o] H5 uf &gt Aoz APt 4= It} (Pilinis and
Farber, 1991). 2018 SO,> 5= AHAIAE F o} 59
48 pg/m’ 02 7P EQITH(& 2). o] A= o 54
H 2] 22 %% 9] 50, (20181 AHH 2.0 ppb,
5 B+ 2.2 ppb) et SISt FESREG 0] JF o =
AT} (Li et al., 2017). 20208¢] A2, SO, HE=

AL (5.6 ug/m’)oll 7H =4 o
+F $7H0 dF= B2 Ae=w
T A& (3.2 ug/m®) T & (3.3 ug/m?)] Eqkot,
PM,; AEH= AEERZ (AL 21%, B 19%, *15:
18%, 72 18%) fHAFSHITE SO,°” 9 NO,™9F 23 7
7] o|o] 2% (Secondary Inorganic Aerosol: SIA)S A§
AJoH= NH, M= 80,72 NO; 9] FAIE B4 §F)
st A E4do] ESHA] ekt 0CeFECY] B¢
ol Aol whg Bl&9 Atol= flloH, B T
£ A& (2.7 pg/m?, 0.6 pg/m?) 0l =31 5 (1.2 pg/m?,
0.4 pg/m’)ol]l F2 AEHE Bl dutAos
ocet ECE ¢ 5 st A= AMg 37kt e
o|Fe] JFoE MFARI FasHA A= Btk
(Park ef al., 2005). A|FE2] PM,; & & 5% (9.3
ug/mys M (13,9 pg/m?)el W3] S, A8 A
eJekal &, o5, 7Faoll MR ot ARt ARHIE B
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Fig. 3. Box plots of (a) PM;, and (b) PM, 5 concentrations at background and rural monitoring stations during 2018~2020. BY:
Baengnyeong, SM: Sukmo, DJ: Doekjeok, PD: Pado, GS: Gosan, JG: Jeogu, and TH: Taeha.
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0.30, XﬁLﬂ R=0.28, Ei5te]:

R=032)& W& /EF AgE Bk AlFro] 94
g e EHae Zﬁal (R=0.51)%} Hiote] (R=
0.53) A4 H|w A =2 JASE B, 24
A7} FARE 4 7 B ATAS B
PM, 59| /34 Ao Az BE 2 FofA FAA
o7 FOR S Hlo PM©ll Hls| W&

A4 249 oatol 2 AR ABRAE Hof
£ A frolg ATAE Bgon], 244 9]

A7k FesE Aol Stk webA W
29} AFE PM,; AFRE SHsH Ashel el
BRG] oA 0 AL A o)F FFL A
BH02 WAkE 4 gle.

3.3 HHAX|Y(MHERl MFE) 2LEH FH

oA 2] 2 Ao ATt 2| 2tol g fetsly]
915, 2018'3~2020'F PM, ¥} PM, ;0] A+t A=
o5t AHEE 245t BeAe s 7AlS et
WSATH(LH 4a, b). PM,7 PM, ;0] o] 20 W
PM, 7} PM, 52| @ A9I0] FAFSITHAL 34 4= Qlct
(Gao et al., 2015). HHEQ} AF 5 BT AL =&
A3 AEASE B7] el ALH 12} H
29| 9Tl Fth(I™ 4). PM, 5= T2 A9A WS

oA 12} BiEEAY 22 AP EERE PM, 5/PM,,
Hlgo] wOo™ 192 wiE&da} 22t A/ ] Fol
o= AL 9Jm)§t}(Zhao et al., 2019). B Zo} A
FLoA PM,5/PM,, Hl&-2 o150l 7FE &1 tha
o= Agol SITHE 3). F, A91A HiEdTt 23
273 e] daFo] ool F-3lsHA Uebg o Aol
S FFol F7ISHATE PM, 5/PM,, Hl&-2 WP =
oF AlFe BT 7Rl 7P Watom, o= Akt
T2 AAA 7198 Jol FUR Ao g ST
QT}H(Choi et al., 2012). ESF, PM, 2} PM,( 2] T
A2 Aol oJshd, w8 WP oA W 2]
A 712718 Eol= A7 )lglem, 7ol e
EoF AlFE B 2] 71&7|7F W3t 2018~
20201 A ‘?e”ﬁ%l% = (0F: 9¢, 45%, AT 3¢,
23%) 7t 71 (WG 9, 45%, AT 94, 69%)°l HE
=o] glo], St 7]7} kLo JgFo] =alsliTh 2020
A AFE PM, 5 & (8.8 pg/m’)= 39 53 7P &
O™, PM,s/PM;, Bl (0.47) % 313 H(0.55)°]
H|5j Wtth £, 20208 AF = PM, s B A
Z3 22 A Aae] 95k Hhe 71 0 2 H oItk (Pan
et al.,, 2016). OCS} EC2] 4TS mtelsto] ehak
20 121 viE 22 A4 o 5 zpefed 4 qlok
Yot AFEAA 0Cet EC Aol A&l 7
=ong A7 A4 avt V15 Ao
AETHIE 4c, d). ERL oAEolle Felehigos
O|2}F3-7| €A (secondary organic carbon)7} &o] A3
d=]o] 0Ccet EC g0l 7HE Wgtth

AR A47]H 2481 50,79 Pbo] AT

Table 3. PM,5/PM;, ratios and correlation coefficients (R) of PM, 5 components at the Baengnyeong and Jeju Air Quality

Research Centers.

Parameter Site Annual Spring Summer Autumn Winter

B 0.49 0.49 0.56 0.40 0.53

PM,.5/PMq ratio aengnyeong
- Jeju 0.55 0.54 0.64 0.45 0.56
Correlation coefficient (R) Baengnyeong 0.39 0.50 0.20 0.33 0.59
between S0,> and Pb Jeju 0.70 0.79 0.49 0.61 0.80
Correlation coefficient (R) Baengnyeong 0.88 0.89 0.87 0.81 0.71
between Niand V Jeju 0.80 0.84 0.95 0.86 0.52

Sr=ri7|12tsts|x| & 38 K| 4
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Fig. 4. Correlation between PM,, and PM, 5 at (a) Baengnyeong and (b) Jeju and between OC and EC at (c) Baengnyeong, and

(d) Jeju.

WA o} A FLoA £ (0.50, 0.79)7 AL (0.59,
0.80)°]] =¢rom, WM (0.39) Bt} AFE (0.70)°]
A 2 A BATH(E 3). AlFolAe A
=l A= A4 FAY ol F3Fol F7HHS
o, MP Lol A= R 52 Q13 A 9] v 9
o7 o] Wolxl Ao 2 At (Jung et al.,
2018). 4R gol viEE o] Afalehitdat A

HhilE 5] AR E8E= vt Nio] 4TS
u}o}stEITh (Corbin et al., 2018) (& 3). Ml oA v
T} Nio| A= 2(0.89)0f 7 ko, o2
(0.87), 712 (0.81), A2 (0.71) =l 3Aek AlFLoA
O] A= 15 (0.95), 7F=(0.86), w5 (0.84), A=
(0.52) <=0 ATt Eolli= MF Lol 4] A o) ¥
o] F7FYL A5l AFEA= 71dxe wet
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Fig. 7. CWT plots of PM,,, PM, 5, and PM, 5 components in (a) Baengnyeong and (b) Jeju during 2018~2020. Ten Chinese
provinces are presented: (1) Heilongjiang, (2) Jilin, (3) Liaoning, (4) Inner Mongolia, (5) Hebei, (6) Shandong, (7) Jiangsu, (8)
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of CWT value is ug/m® and ng/m? for PM, 5, ions, and carbons and metals, respectively.
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