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Abstract In this study, chemical characteristics of PM, s collected between October 1 and November 4, 2019 at Chung-
cheong region air quality research center in Seosan, were studied to understand reasons leading to PM, 5 increases. 24-hr
integrated PM, s samples were analysed for organic and elemental carbon (OC and EC), water-soluble OC (WSOC), and eight
water-soluble inorganic ions. Over the study period, increase in PM, 5 concentration was attributed to enhancement of
organic mass (OM=1.8 X OC) and NO5~ concentrations. Relationships of OC and WSOC with EC, K*, CI”, and secondary NO3~
showed good-to-strong correlations, suggesting primary emissions (e.g., traffic and biomass burning sources) and secondary
organic aerosol (OA) formation contributed to WSOC and OC concentrations. Moreover, high WSOC/OC (mean: 0.54) and OC/
EC (mean: 9.0) ratios support the existence of various OA sources at the site. Four PM, 5 pollution episodes (October, 10 (event
1), 17 (event Il), 20~22 (event Ill), and November 02 (event IV)), which exceeded 24-hr PM, s Korean standard of 35 ug/m?,
occurred and were related to concentration increases in OM and secondary ionic species. Based on synoptic weather
patterns, PM, 5 forecast results, and air mass transport pathways, it was concluded that events |, Il, and IV were significantly
influenced by locally produced pollutions, while event Ill was impacted by both long-range transport of air pollutants and
local emissions, with the highest concentration of SO,% (7.3 ug/m®). Among the four events, highest OM and NO;~
concentrations were found in the events IV and lll, respectively. Results from this study suggest that strategies to reduce
nitrogen oxides and organic aerosols in the study region are formulated to control PM, s levels.

Key words: Chungcheong region, PM, s pollution events, Organic aerosols and NO3~, Biomass burning, Synoptic weather
patterns, Local emissions
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FNY, Rl 254, 0lX|0], 0|4, K=, ol4E

JJr 4&6301 ATHY FASFATH(Wu et al., 2020). PM, 5
= f7]€t4 (OC, Organic Carbon), YA4E4A (EC,
Elemental Carbon), A4F (NO;™), 44 (S0,.2), &

Y (NH,") 522 o]Foi7l B4t Egh=olr,

A A GS] a0 S 5
Sttt (Hegdea et al., 2020). EC= 52 &4 33 &
o] BHd dAREE FhHs I g®A 4AE

T3t OCE Tget A4 3404 A viEs
= 1% f7]€t 4 (POC, Primary Organic Carbon)%}
47l % Q914 2 Aasos waE T 271
slehEo] Felet vha-5 Fofl AdH 23 {7lea
(SOC, Secondary Organic Carbon)2 ©]Fo0]#| qlct
(Hegdea et al., 2020; Kim et al., 2015). T3+ PM, ;9]
T8 /4 AE<QI N0y, S0, 9 NH, "2 7 T4y
Al 53] 7= Aol At (Xu et al, 2019; Yu
et al., 2019a, 2018a, 2018b, 2018c, 2015). 22} F7] ©]
L HYHEO &5 /‘\/l-]o] 7&—6}1 IT= 730“_,] gL =
sk, al ARz e] 27], 24 B pHo ¥ v
At} (Cao et al., 2012). T =1} BT Sof| A HAY
7| L EEE T A AP SR - E o
=l ti7 8ol daF2 Xt} (Park, 2019; Yu et al.,
2019a, 2018a, 2018b, 2018¢; Park and Yu, 2018; Park
et al., 2013a). 95 501, T4l 10~29 Afolof 4]
B A}-g0] 2712 ol3] o]l AHLt oFo] $}Ats}
=, AaAkE, nAHA] 5o 71 dEEE2 |l
23} 243t 230 A IS AH 5 23] AbdE
of et o] §Jsle] FAH 0= WD ]
v 29t B SA E o] =] miAR] o] 11

Z 2 SFt (Yu et al., 2019a, 2018b).
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SH2 Ha, AP O] ZAAIRY B, 2 57A] A,
= A 2 A 5o vdE 224 5 F4
St QAR 7RI Q1 A e A4 Ftar gk
50 SHE=] A% AL dit e A s
AAE T AL, Afeehtdaz] 5of td
Mool dadstar lof A=A 7 g 7]
e A=de HiEste Ae® UHA AUtk (Lee and
Park, 2019). E3F SEA G2 ) A spEAF

dA199] Aald qHow ste] 23} Bl wA 2]
AFEE Aansiea) %‘rﬁﬂ%ﬂ ol 2t

gokr). AT7L A2 A
+ "AEZ|e 7] HEHo
e pvy.e) 5 o] A%E umum u
5T (Kim et al., 2017).
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2.1 PMys A2 7%

PM,; A&+ w3t S44d di7|ed 4
T4 (FE oAl =4 172 124-1 (126.494E, 36.777
N, S5 25. 19 m, A4 714 ol A 20199 10€
19~11¢Y 497k 1183 AME7 (1000 L/min,
HV-RW, SIBATA Sci Tech., Japan) & ©]-8-5+] 2 F5}
At A= AHFH A2 T 339 34Tt gle
B oe® 57} e 9 A9 Fo] 78] 9loh(1
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Fig. 1. A PM, s sampling site in Seosan.

1). 123 BZ0 = °F 1km A of 22H1 =} A
%0 &2 oF 3~5kmol| A4HA] A A Ho] §F]stal ]
o FU At Aol &9k s AtiEA
2 AQH Faolnh oelzE Al Alg AF
AH8E AR]E A oJ1kA] (Pall Tissuquartz Filters
Filter 7204, 2500 QAT-UP, 8x10 in)2 A& A A9
Aol A oF 550°C2] Shzof| A F /g B ut S &
7] 429 FHor T EES AN & AMES
At Alme G oA 10417 H thd @ 9417t
A oF 23A17F &2t skt AFE A= 2tet
A 22 245 A7 S Ahdstr] ffs) &
FHE SdR TR ] Y¥E (4°C) Hustir.

2.2 EIAME U L8N 0|2ME BA

2.2.1 HAYE 24

3= PM,s AEL 15cm? 27|12 WA &
OCEC £417] (Sunset Laboratory, Portland, USA)E
AFgsto] 0Cet EC B Bt B4 g3
5} E3H8 (TOT, Thermal Optical Transmittance)=
7|§ 0 2 Sl= NIOSH-5040 (National Occupational
Safety and Health) 2 T2 EZof oJs|] Aottt
T} NIOSH Z2EF0| Z} thAH & g e
2LE IA F R ds E P, HA
OCE 310°C (80%), 475°C (602), 615°C (60%) &
870°C(602)9] 4 BAE A% o). 08 @

B AAGA A 550°C (45%), 625°C (45%), 700°C
(45%), 775°C (45%), 850°C (45%) 2 870°C (120%)
o2 6 HAE AXHA ECE AHSIITH(Yu et al,
2019b; Kim et al., 2015). & Lol A AFEH 1-8F
5710l g4 R HrE 7 AAEe] Q1A ot
A A 0Co T AAEY tha HE7HE ]

= Zlo|t}h. OCot EC 74 & Zto] WEE 2557 40
mlLe}t Egsto] &3 & =84 {7] g4 (water-
soluble OC, WSOC)E A=ttt oF 60
Z-2u} A2|3 & 045 um 7|5 2719] AEx] ZE
E ETAA o8- TOC A7) (Sievers 5310C,
USA)E o]-83l Fgatstalct.

<t

2.2.2 &8
WSOC AE-S AHesta F-o Zr%‘?ﬂ% 0.2 um 7]
& 2719 A2 BHE T/ F, o] 2ARRE
27 (Ton Chromatography, Metrohm 930)& ©]-&
o 584 oleRS AFTHGLL. Fole (Na*)

o=

4 0I2EE 24

NH,*, K, Ca**, Mg?*) 552 Metrosep C4-ZHS
AFE5HY] 1.7 mM HNO,/0.7 mM dipicolinic acid &
e 19] 221 5] AL, $O12 (€T NO-
S0,%7) 3%F-2 Metrosep A Supp 5-ZHS AHESH]
3.2mM NaZCO3/1.0 mM NaHCO; £2] o 274 35}
245 ZgskoIT) Ao iRt AR 8-S of 2
AF=2sol & ZlEHo] Utk (Yu et al., 2017,
2015).
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Fig. 2. Temporal variations of hourly PM, and PM, s, 24-h PM, 5, OC, WSOC, EC, secondary ionic species (NO5~, SO,*, and
NH,*), Na*, Ca*, CI7, and Kt concentrations over the study period.
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Fig. 3. Temporal variation of (a) wind speed and (b) ambient temperature and relative humidity at meteorological agency in

Seosan.
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Fig. 4. MODIS satellite imageries for three PM, 5 episodes (episodes 1, 3 and 4).
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Fig. 5. PM, ; forecast results for four PM, s episodes (http://www.airkorea.or.kr/web/dustForecast).
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Fig. 6. Surface synoptic weather charts for four PM, 5 pollution episodes.
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Hohs 53t FolE ol 54 AR s m?*°]13l, 0OC}F EC Afele]l & A (R=0.71)
ASIT olet T2 Aot e F& A U MA & FRISHITHH 8(a). EC= A= O] A4 7ol
Wk Ae A M HA| ] EAT} 22 A A siEE 0] di7] F WS} A 2] dojutx] kot 13}
4, 181 B2 RE ol LAEHE] A% dAaMEYe ERIchs AXEA Z8E T, 0CkE ¢
sto] WAt 7ot A HiE E= 2HAA wiEHolA HiEE 14 771

ot tf 7] Foll A ARRES-& Foll A 22t
3.2 ELAMEO| 515t EN ZetA 2 FEEo] &85 QI (Shubhankar and
EC QA= ejoF EAFE  Ambade, 2016; Weber et al., 2007). OC2} EC & At

o




d
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T
=2

I Uk
3t Hpo] Qu A A et al., 2017; Fan
et al., 2016; Park and Yu, 2016; Park et al., 2013b) ==
22} f7)ollo| =& 0] S TSt =4 (Weber et
al., 2007)2 &7 WSOCE 0Cet &2 A4
(R*=0.87)2 Ho] OCL} FAISH B &9 FaF2 &
Aoz FAHHELG (Y 8(b)). == UePHA]
YARE WSOCSF EC Afel€] F2 8 (R*=
=75 WSOC %A ECO] HiEd7te ¥
Ao r WAFE dRbA o R T4 29
A ZFE2E HiE7EAe] ©3F WSOC/OC HIE(<0.3)
(Saarikoski et al., 2008; Huang et al., 2006)< A4

>
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2 rlo
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502 =
o] A=
A 9
Hio] QU A A4 v Eof Hlo) W Z o g dHA
t}(Yu et al., 2017; Fan et al., 2016; Park and Yu, 2016;
Shubhankar and Ambade, 2016). 9|& E°], Q1= 9]
T8 4t A} vio] @ufj A A4 E-go] ZHERE 7]
AoflA 7F2Eoll S nlAHA] Y wsOC/OCE
27t 0.472}F 0.4599 T (Shubhankar and Ambade,
2016). A& 2F W77k AN A HlAHZ] W W2
WSOC/OC H|-&-2 tdou} 7k&a) Z-2 A A
=29] AA2HE AT {FIIEY] W Gl uf
Fo]t} (Shubhankar and Ambade, 2016). THhA] &
Ao A BelE WSOC/OC2] Bt HI-&(0.54, H <
0.3~0.7)2 £4% OC 57t Asat w77k

£ &Y (e.g, Aol Hio] QU A A4 B0l
L 221 /g 9] ol et o] yehd Axt=
Hr}

OC/EC Hl&-& HiE&dnitt th2m Ad2 Zol&
Hol7] mjFof] & Ao E &Aadwo] vHiEd &
AL 4317 913 OC/ECE AME-35Itt 2 A5
2t v E 0] FFS @ol Hh= EAA 1 A3t i
AloflA] 7HE ol £33 rIAIA] W] OC/ECE 2+t
2.22} 3.80]%1 2 W (Kim et al., 2015; Kim et al., 2007),
B Ao A AT OC/ECe] HH g2 9.00]%dt}
ol 7rasiA oce] HiEel thsl dget AA
g Ao A& =8 OC/ECE A5} vl 7] 7k
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2017; Park and Yu, 2016; Park et al., 2013b; Huang et
al., 2006). WEhA OCSF WSOCE] HEo] @ Hj A ¢ 4]
Ot FFS Wst7] flste] 17 8(c)¢F (d)efl OC,
WSOC, K™ 9 CI™ Afe]9] A3t oA AiE He]
k. 13 8(c)ollA K= 0C 2 wsoce} 242t 0.74
€+ 0.809] FHAGAGR)E EAH, 1 8(d)°ll

ol =
A Cl'E OC @ wsoce vz =2 AfA

0%
2,

oN & Jlﬂ*
oL O
l-i S

N
—-
=2

1

oJsf] A§/d% ECSt POC (primary OC) Atolofl=
SF AAA 7T Sl H T} (Castro et al., 1999).
OC/EC gte] &ttt 7Hdshd A4 OC F&kof w4
£ SOC (secondary OC)2] 9 AT 4= 3l

(Shubhankar and Ambade, 2016). ©]9} 22 74
A2 OCeH ECY] F & Hl&-& ARESHo] soce] 2
715 o Aol os AR AT 4 JUth
POC=EC X (OC/EC) pin, SOC=0C-POC. 7| A
(OC/EC) i ME 713t &<t OC/ECY] F|4-g)o]
o, POCE F4H 12} OC H&E°] 1, SOCE 22 OC
o] A SR o)tk 2 Aol A (OC/EC) in
=592 AFEs] FAH SOC X+ 2.8 (0.2~7.1)
ugC/m30]31 1, & 0C =2 53 (21~61)% S A5}
At 22k 0co] A AAAR 4] wsoce] &
T SOC et w2 AT (R*=086)S &
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Fig. 8. Regression relationships among OC, EC, WSOC, K*, and CI™ over the study period.

o™ POC= 0.529] R?7E 714 e} Bt ofy 2,
WSOC% =221 NO,9 AtettA-& 5ol A
A AR FAHEE NO;~ (24417 HH NO, vs.
NO;~, R”?=0.45)9} & A4 (R2=0.59)2 Ho
AUt olet T2 AREL A
WSOC?] YH= S0AS] B/ e TAZL 9l
== O]'/\]6}‘:1r(Weber et al., 2007). Z2F o2 XAt

2190l A IS FHAFATA] Yol 1A
214 9] ulAEA] Y OC (8F WSOC)2] 24
12F Bl (A vl 7|7, Hiolem A A
)ﬁr SOA 2373 9] 7kell 71N ek & 4= e
PM,; 5% Atgl Al (A= 1~4) OC, EC ¥
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Table 1. Comparison of carbonaceous and secondary inorganic species concentrations among four episodic and typical con-

ditions.

PM, 0oC EC WSOC NH,* NO;~ 50, ssich
classification (ngC/m3) (ugC/m3) (ngC/m3) (ng/m3) (ug/m3) (ug/m?) (ug/m?)
Episode 1 8.4 0.9 3.8 3.8 9.4 2.2 15.5
Episode 2 9.3 0.7 4.6 4.8 14.6 2.1 21.5
Episode 3 83 0.7 4.1 5.1 11.3 52 21.6
Episode 4 11.6 0.8 4.7 6.6 14.7 5.2 26.4
Typical 57 0.8 2.7 1.9 2.8 2.5 7.1

SIC indicates secondary inorganic components.
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