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Abstract Chemical and light absorption characteristics of PM, s during winter (Jan. 11~Feb. 21, 2020) at a Seosan site in
Chungcheongnam-do were examined. During PM, s pollution episode (24-hr PM, 5 > 35 pg/m?), organic carbon (OC) and NO;~
were important contributors of PM, 5, accounting for 33 (on a organic mass basis) and 26% of PM, 5, respectively. Correlations
of OC with elemental carbon, K*, CI~, and 50,2~ suggest that the OC measured during the pollution episode was largely
affected by biomass burning (BB) emissions. On the contrary, the OC during non-pollution episode was mainly associated
with traffic emissions. Based on NO3'/SO42' mass ratio, it was found that mobile sources (e.g., traffic emissions) contributed
significantly to the formation of NO;™ during the pollution episode. A conditional weighted trajectory analysis indicated that
PM, s and NO;™ during study period were dominated by local pollution rather than regional transport, but $0,2” was
dominated by regional transport. Fe solubility, expressed as fraction of soluble Fe to total Fe, was on average 5.1% (2.1~10)
and influenced by primary emissions (e.g., BB) and chemical processing of secondary acidic aerosols (50,% and NO;7), but
with a greater influence from chemical processing of secondary acidic aerosol particles on enhancing the solubility of Fe.
Contribution of light absorption by organic aerosols to total aerosol light absorption at 370 nm varied significantly with
aerosol composition (e.g., black carbon and brown carbon). Moreover, absorption Angstrdm exponent values of organic
aerosols estimated in the wavelength range of 370~660 nm were in the range of 2.9~4.8 with an average of 4.2, which is due
to light absorption by both water-soluble and insoluble organic aerosol particles.

Key words: Seosan, PM, s pollution episode, NO;7/50,2™ mass ratio, Conditional weighted trajectory, Fe solubility, Light

absorption of organic aerosols

Ly &8 sta 2442 gzl t7] dlel2F 4AF 5 PM, s
=871 AgHH 270 2.5 mEet A2 A A,
7] & ololzs dAe B ol A 2 715 4@ 9 vy A dgo s gusio] qzke] A%
&, A4 Hi 71 7EA Bl Hto] QU A4 T2 A of] ofdgRe v X v, Sl o] Atet 2 BGlo] TEAA
2 g 219 eddo=RE AT £33 NH;, & 7F4AAIZITH(Liu and Ren, 2020). th7] & PM, 5 &
SO, NOy, VOC 53 22 7141 WAL ti7] & ©i Add wisAo] mje a0, HE ALH PMzs
st} Hhea AXTA] QA= gEs], e Ahol v prrt o AR & UrE’r‘irD} o]H o] f=
= TR Aol tet o] olo]2E AR 3 7] FAo e 7120 Qg @ JEA 9 %&F} 22}

J. Korean Soc. Atmos. Environ., Vol. 37, No. 5, October 2021, pp.759-776


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2021.37.5.759&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

760 | £MIE FAY 01ZY, U5

NO;~ A4 9] S7tell 71915k, §39] A4 it
Ho] QmijA A4 &5 F7F EIF PM, 5 = 57t
£ AQloh= 583 ddo= d4HA vk (Liu and
Ren, 2020; Yu et al., 2015). 13U ASHo|2te 714
Z7olu 273 W3} 5ol wet PM, 50 sk A4
Z# ol o]l G2 &= glen=z PM, 9 &
TESke A7 F7H= B asi

Adr+ S0525H Fo5He 7 9=4
O] gakell Fort AWt =& 7HA L Itk ®
oh Aeretedbd A, AReted, AldAa 5 di7]e
FEAE of iEste di = Ardde] v &4
ste, o] AREES A wAHA] o] s T
fdloz AHA St (Ju et al., 2020; Son et al., 2020;
Lee and Park, 2019). ti2 AFgAro] 2 5h= 2|9
2 AQRHE FYUH= LE=EY o] fARE
717t F2A e @=H ] FEFol AsHA vt
™ (Son et al., 2020), T4 HIEEE H7|LEE
A QT HHET 52 5 E AL dF

F Ao A& Atk (Kim et al., 2019; Kim et al.,
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2017).

e FE FEA e gie TAlolx Etsta,
219 W 7] elloj2F JAret BlE A= el
A|eF& o] It} (Shin et al., 2021; Kim et al., 2020a; Son
et al., 2020; Kim et al., 2019; Lee and Park, 2019; Kim
et al., 2017). 95 S°], Shin et al. (2021)- FHA| S
o] FAGA] 271 AT} AR 2 ] e ¢lgo] &
AskA] b= AR 22 10 AH, T 8 AR A3

Sfo PM, 5] B4R, o] 24, Yoy RS BAs
2|

& QITONA 7P Eokod, =AY = oC
y 5
7 7P Eokth AR ] A=, AEA 9 51
T4 QI 2] oflA] Fe, Zn, Mn®] F%7}F =401,
A3kt AhdeA] Q1 213 ol A= V, Ni, As9] 5%
7} =7 EFATE Lee et al. (2020a) 2] 712 A4F 2]
o PM, 59 314 9 4t e E4 Aol ost
H, 0C2t NO; 7 PM, 5 &&= 57He] a3 1o

®)

(organic carbon), EC (elemental carbon) 9N

o X =
AA1SH2 ] HlA Atshakgel ofs) ATt she

Agtsto] HiEA9& F4sh= =7 (Con-
centration Weighted Trajectory, CWT) 40| t}Fs
A AHEEIL JATH(Ly et al., 2021; Kim et al., 2020b;
Park et al., 2020; Ham et al., 2017).
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A B AL (T A Pk
124-1) S730llA 20201 1€ 11L45H 2 21
AHem (FAHRE 19 119~2295 149 30
U249 219), 23 9A]of A2ste] oF 24417 Bt
TParaltt. 14 232 ~29¢0ll= 2 ARE ¢dste] Al
7 A7} ol 2ol AA] 9k PM, s AF AHE =
A, S B AE A9 58A<l g 54de Kol

o, ZARE W82 A Aol 2 AgEe] At

Sh=i7 | EstE|X| 37 B M 5 &



(Ju et al., 2020; Lee et al., 2020a).

PM, ;&= HIZZ ZE]| (Teflo™, 2 um pore size) S ©]
83t 2t} 9] #-g7F AE2] (PMS-204, APM engineer-
ing, Korea, 16.7 L/mln)ﬂ Ao -y (Pallflex Tissu-
quartz 2500 QAO, Whatman)E ©]-83F 1T 9] Alo|&
& (URG-2000-30EH, 16.7 L/min) A1E# 2 5131
t}. PM, ;9 Al=AF 2lellk, 7343 (370, 470, 520,
590, 660, 880, 950 nm) dual-spot aethalometer (AE33,
Aerosol d.o.o., Slovenia)& ©]-85}9] PM, 9] g
AE 147 S92 S5k A9 T A A
oF 550°Ce] Sk oA A 25ttt 12| Al &A%
T 717t Erell 9% oC fAre 54 »
25 2| &9sl7] 918l PM, 5 Aol 2B B H HAfo]
of ©F 25 cm Zo]9] B4 %Y (activated charcoal
impregnated absorbent surfaces strip, Sunset Labora-
tory)E At 2719 HIEE TH F 1=

PM, s A5, 852 84 o] 24 E (Nat, NH,1,
K*, Ca**, Mg, CI7, NO;~, SO»), oxalate & 484

A (Feg) & BASHAT, e 1719] BElE 2189] o
A/ (Na, Mg, AL Si, S, CL K, Ca, Ti, V, Cr, Mn, Ba,
Fe, Ni, Cu, Zn, As, Se, Br, Pb)= —‘?‘—*‘16]-—‘: g AR5
Ht. PM, ;s A% s AuAF] A5 HEE T
£ vfo] I 2WHA (Satorius CP2P-F) = &5t 4
Jotsint. A "ol AF3 PM, &= OC, EC 2 &
24§78t 4 (water soluble OC, WSOC)E A5}

ATt

2.2 EtAYE 3 0|2EE BN
g7 & OC % ECE 1.5em” 272 2 4G
[ex]

ZE]E NIOSH Z2EZ?] d-38 £ (Thermal
#Fshe OCEC £497]
(Sunset Laboratory, Portland, USA)E ARgsto] 24
sttt wsoce OCQ} ECE 24t H-2 AY 2
BE 20mL 25858 X TEO]'J—, FE2HZ0.25
um®] A2 HEE -14'/‘] 71 & TOC (total organic
carbon) 247 (Sievers 5310C, USA)= A =Skt

. 8%5:9] o] 2 & Y oxalate= 17]9] HIEE ZUHE
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24 20 mLS}F BT 227 55 F o 2az0]
E 1] (Metrohm AG, 930 Compact IC Flex, Swit-
zerland) 2 B4t TE FE2H L2 24 7 0.25 um A
d2] EE olgsto] 2 ol EAIsh= &84
BREES A B3 g H 84 o2
A 20| B EEE PM, 5 A58t EUT
slol Alsio] 4% 508 Bkt
d /JE (Fes)< Inductively Coupled Plasma
Mass Spectrometer (ICP-MS, NexION®2000, Perki-
nElmer, USA) 2 245F3t}. 24 ofl= -84 124
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> EE AT r
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ox HU

J; HE

Ho sty Yo =02 0|85 BA A4 =
29 10 mL]l 60% HNO; 30 L= F5ke] f7]4 5

o olgh 7He | Astetoltt

2.3 HAHE 2M

2189 YAAJE-2 X-A FFEE (Energy Dis-
persive X-ray Fluorescence Spectrometer, ED-XREF,
ARL QUANT’XEDXRF Spectrometer, Thermo. Inc.,
USA)E olgalsich, ARl H% 4 2AE 9
& olui7] 2 2 240 2 TS Lee et al
(2020b)] 0] ool eoleLon], Hagiel
A 9 A= A2 AUt MicromatterA} (http://
www.micromatter.com/) 2] EFHEE o] &5}t

T AAABE O] BAZZSHA (method detection
limit, MDL) E&} ; E‘]_o:] _E_/\-]__q /\]QA—]Q. l_-:—Oﬂ o
U, MDLE A5 A8 73 AHRAE 24 gke] &
FUACE AR n-19] 22 3l 3,145 F5te] At
J5toiet. ZAH MDL Si, Al, Fe, S, Na©]| tisiA =
10.6~16.5 ng/m>, K, Pb, Cl, Ti, Mg, Ca°ll tialjA=
5.5~8.4 ng/m?, 12|11 V, Cu, Se, Br, Ni, Cr, Mn, Zn,
As, Baol] iA1= 0.4~3.0 ng/m* & LFERGTE BAH
QA RS o]gsdto] x| ZH=4 (crustal material) 2
0]3FY A (trace metals) 2] 55 ZAASIATE A=
Aol Bk 461E Pelol AessS Teistl
Malm et al.(1996)] ¥ Jsto] AFgakeck 712}
S (ug/m?) =220 [Al] +2.49 [Si] + 1

63 [Ca] +2.42
[Fe] + 1.94 [Ti]. P& ¥ 4= Na, Mg, CL K, V, Cr, Mn,
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Ba, Ni, Cu, Zn, As, Se, Br, Pb ‘5= 9] g©
o

o2 et

2.4 PM,5 & Al ot

AethalometerS ©]-83] oAER2 =23 PM, 9]
A FET A (b= A (DAE =
carbon, BC)1} ZHAHELA: (brown carbon, BrC) 2] 4&
& 7:"4\—(173@\9]' bBrC,)L)—’] Stog AT 4 Ut

baps,n = bper o 1)

01710141 BCol| 25t} Aok FES (bye, )t 880
9 950 nmellA] T oflol 2 Zo] ©lg FE4TH 1
5 ol JshAR WAtk sk At

(Park et al., 2018). ©]2} -2 714 7|HT S 2 880 nm
ol} ml Mo BC BEF Adt A (2% Boto]
APPSR (Yu et al., 2018).
_ babs,880nm + bul)s,{){i(}nm )
bBCA - f
A —AAE,,
X{(880+950)] @
2
o714 BC QA9 E4-8AEZ]4 (AAEgL)= 1.0
S Zg519om, ofo]2E 9 BrC YAkl 25t AAE
2 Z¥7to] FE At Aol o] AsBAE
o]-g-ste] A (3)xt Zo] Antstaint.
(bubs‘A, j
log
babs,)\2
AAF= ———— 3)

A
log()\l)
A (3)0A A, T )= 5 Q] 7] oS oulshd,
bahs,/\% TL]-X(;— Aoﬂ/ﬂ °ﬂ°1§—7r§ %X]'O” 94@' @iﬂ %—g—
= Algroloh

2,5 CWT 24

CWT 2e2 8215 9] 7|eha o 2%

11401]*1 3= 2‘%—21 ‘94 T ol detsto]
AR

(]
—=

of

sfof T o] AFS F 0 A9
4= QJth(Kim et al., 2020b). WahA] & A
g 717 BAEE PM, s E 27} o] AR
(NH,", NO;™ % 50,59 LAAHZ F4s17] 9]
5to] CWT 245 S5l CWT 242 #1dto]
22 0 F Global Data Assimilation (GDAS) 42}

1y
o Ml
_[I)h ms-]‘(’

2 o H

X
+ 1r

& (ftp://arlftp.arlhq.noaa.gov/pub/archives/gdas1) =
Trajstat v1.2.2.6 (Wang et al., 2009)& ©]-&5to] =
sttt & 202 48 A9 A =L 500mEz Sf
Fom 48AI7t Fke] A1 A= E vl Atuiot 2
Afstltt. 11 & 2 ARPE A=) HH= X
Astol 243 PM, 5 B 27 o] 25 FE o
SAA YIStk cwT BAE AzE AR 3
2@ SIS hEAAN BAShE 1 2
= B 71 20470 S Slstol A7h FEE
243 ks ot A

atgick Alzh 24 7549} ] 915t 59

o ARPE PM, 5 5% x}i—g— 01%63 BAE S}
Fom Aol Z 2ol= Atk A 4 Ame
Rstudio?] openair 7] 2] (Carslaw and Ropkins,
2012)2 CWT REL2 43451900 =4 7|7t = =
W PM, 52 24A17F Bt 71E2]<] 35 pg/m*S X35t
YR AR 27) 2 24 & saskolc

7h} sk 7] PJ 5= RNA AR PM, 5
o] 24A17F Bt 7]1E]Q0 35 pg/m*E 2= 4
sk 7|1k, I olate] 4& Ak 7Iitez &
Fothom F 34359 ZHYL F PM,; sk AH]
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Fig. 1. Temporal variations of wind speed, PBL height, RH, and ambient temperature during the study period.

£ 158 Yepstth 17 12 72, 345, S E (rel-
ative humidity, RH), @713 415 (planetary boundary
layer, PBL) °]°] dH2}E HojErh 15k 7|71
712, %%, RH, PBL =°|9 4@+ 717 3
(-2~8)°C, 1.5 (0.9~2.7) m/s, 71 (51~88)%, 390 (118~
921) mP o™, AFkE 7|7+ 9= 1(-7~8)°C, 1.9
(0.8~4.2) m/s, 68 (52~98)%, 617 (166~1286) m S t}.
IEE 717He] Wt F453 PBL =0l AEk 713t
of| v}
o}, o9} 2 71 212 71 dEE e 247 2
2f oflo)2E YA S ZXTCEA PM, 9] &
T Z7HE 7RSS Aotk

E 17 19 20 &3 717+ PM, ;2] 3FeH2] HRE
L= A5t OM (organic matter) 9] =

213 o)A HIRSHA] A6l Hho] @ mj 4 9]
i%‘ P9 W2 ocol 1.8 A8t AAsFATH
(Turpin and Lim, 2001). &% 717} PM, ;2] B+ &
£ 36 (11~103) ug/m>°]31T}. OM, EC, SO,*7, NO;,
Z18]31 NH, 9] §%7} PM, solA AFAoh= B+ &
228 717} 37.1 (20.3~51.4), 2.5 (1.2~4.3), 12.8 (6.2~
23.2), 19.3 (4.9~44.5), 12.3 (8.4~17.8)% At 12t
A5k 7|17F B2t OM, EC, SO,*, NO;-, NH,*, |2}
£9] T PM, 5 =9 32.8(20.3~
48.8), 2.2 (1.2~3.7), 12.7 (7.4~23.2), 26.0 (9.3~44.5),
13.5 (9.3~17.8), 4.2 (2.3~7.8), 5.1 (2.5~6.9) %S A}

oo E36] PBL &0l oF 37.8% WSk

JlNr 1o
_L4 OH"

=4 9 v

5ol OMT} NO; 9] &5 5717} PM,5°] s 57}
o] 9 @loliek. Hido| AE = 7|7+e] PM, 5=
OM2] 55 (40.5%, 27~51%) Z7to] 7]1Q1515]ct. o]
o SO, ¢t NO, 9] 55+ PM, 514 2HAloH= E-&
o] Z+7} 12.8 (6.2~22.6) 1} 14.0 (4.9~27.9)% 2 2 i}o]
+ AUk T 2014 = 4= 9l%ol, PM, 59 F1L
T2 #HEH 29 14%9] PM, s SEE 103 pg/m3o]<zi
om, o]uf NO; 5E= 46.0 ug/m>2 PM, ;9] 44.5%
£ 2}A|5Fct ¥, OM, SO,2 W NH, "9l 5=
PM, 2] 21.1, 12.9, 16.2% S 22|53t}

PM,s 155 7|7t &2 7]ol&2 HolE NOy 9
HPgS ot 7] 98t NO5 /50,79 A7 5
HE 2Alslglth dEtE o2 NO, /S0, HEH=
ti7] eflol2F Y] o] 5 H Yt 2 F L] At
& 71045—‘“‘— H7kol7] floll AFg-sHH, ghol 245 o]

QAL (AEAF w717k o] o] AXH 1H T
ﬁ% 73 Add (Ae AAa 5)9 FFe] Aot
22 QIthH(Wu et al., 2020). TS =9} %% 7|7F
2] NO; /S0, A& HkH|=
(0.7~4.4), 1.3 (0.3~4.5)0| It} T3 PM, ;9] 11 &
T8 HQl 29¥ 1499 Aol 352 YUERTE 1E
o & FkHl= F 342]9 4L T 249 YERY
AA &4 717 F 70.6%E AHA|5kA). o= st At
2 gdehd &4 717E N0, Y] AAEE] A
AeHE] HiEol= ol E AU F7Fe]l E Aew

BHO R 242} 22
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Table 1. A summary of PM, 5 and its chemical species concentrations.

. . . . . Non-episode
Unit Entire period Episode period petiod

Observation 34 15 19
PM, 5 ug/m3 36(11~103) 50(37~103) 24(11~35)
EC ugC/m?3 0.8(0.3~1.6) 1.0(0.5~1.6) 0.7(0.3~1.2)
oC ugC/m? 6.9(2.1~13.7) 8.7(4.8~13.7) 5.5(2.1~8.5)
oM ug/m?3 12.4(3.9~24.6) 15.7 (8.6~24.6) 9.8(3.9~15.4)
K* ug/m? 0.3(0.1~0.9) 0.4(0.2~0.9) 2(0.1~0.3)
NH,* ug/m3 46(1.6~16.8) 6.8(3.8~16.8) 8(1.1~4.6)
NO;~ ug/m?3 8.0(0.5~46.0) 13.5(4.6~46.0) 3.8(0.5~7.7)
50,2 pg/m?3 45(1.6~13.3) 6.5(3.0~13.3) 0(1.6~5.6)
car ug/m?3 0.7(0.8~2.1) 1.0(0.3~2.1) 6(0.2~1.8)
Na ug/m?3 0.18(0.07~0.41) 0.17 (0.07~0.40) 0.18(0.08~0.41)
Mg ug/m?3 0.06 (0.02~0.15) 0.07 (0.03~0.15) 0.05(0.02~0.14)
Al ug/m?3 0.13(0.05~0.23) 0.16(0.08~0.23) 0.11(0.05~0.23)
Si ug/m3 0.28(0.09~0.61) 0.34(0.19~0.61) 0.24(0.09~0.54)
cl ug/m? 1.1(0.3~2.8) 1.4(0.6~2.8) 0.9(0.3~2.1)
K ug/m?3 0.4(0.2~1.1) 0.6(0.3~1.1) 0.3(0.2~0.5)
Ca ng/m?3 63(10~168) 77 (21~168) 51(10~139)
Ti ng/m? 11(4~30) 14(8~30) 9(4~18)
% ng/m?3 0.30(0.09~0.56) 0.36(0.16~0.52) 0.26 (0.09~0.56)
Cr ng/m? 5.1(0.4~37.3) 6.1(1.0~34.4) 43(0.3~37.3)
Mn ng/m? 17 (4~53) 23(9~53) 13 (4~36)
Ba ng/m? 6.5(0.3~21.1) 9.7 (2.0~21.1) 4.0(0.3~6.9)
Fe pg/m? 0.19(0.05~0.51) 0.25(0.11~0.51) 0.14(0.05~0.31)
Cu ng/m?3 2.3(0.4~8.4) 3.1(0.9~8.4) 1.6(0.4~3.3)
Zn ng/m?3 43(14~163) 61(29~163) 29(14~58)
As ng/m?3 45(1.5~11.5) 5.2(1.9~11.5) 3.9(1.5~7.4)
Se ng/m?3 24 (0 5~8.8) 3.5(1.1~8.8) 1.5(0.5~3.2)
Br ng/m?3 3(5~29) 17 (8~29) 10(5~25)
Pb ng/m?3 28(8 75) 33(16~75) 23(8~64)
FAEH, E5] Ik 7|t o]lsHAUCRRE  WSOC Ato]e] ATAS (R)E 0.922 F HEEY]
HiEE aiehe] t7]sehe2 B9 Noy b ke E A wPgo] e fARE SloR 49
HE & PM, 59 B= 57HE 7HASES Aol t}. 0Ce} EC, 1831 WSOCS} EC Ato] 2] R2S 242}
0.713} 0.572 252t vi7]7FA71 0Cce] Aol 54
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Cl_‘— /\]E an

w7123} 22 vl orls0] o

aof osto] HiEEE Aoz A . ocet
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0|21 2™ WSOCE= 0.801} 0.44 2 HFo] QufA 14 o
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A
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Zelt}. ol %
AANA G712 0] 277 QT A
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