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Characterization of fine particulate matter during summer at an
urban site in Gwangju using chemical, optical, and spectroscopic
methods
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Abstract

Daily PM,s was collected during summer period in 2020 in Gwangju to investigate its chemical and light absorption
properties. In addition, real-time light absorption coefficients were observed using a dual-spot 7-wavelength
aethalometer. During the study period, SO was the most important contributor to PM,s, accounting for on average
33% (10-64%) of PM,s. The chemical form of SO, was appeared to be combination of 70% (NH4),SO4 and 30%
NH,HSO,. Concentration-weighted trajectory (CWT) analysis indicated that SO,* particles were dominated by local
pollution, rather than regional transport from China. A combination of aethalometer-based and water-extracted brown
carbon (BrC) absorption indicated that light absorption of BrC due to aerosol particles was 1.6 times higher than that
due to water-soluble BrC, but the opposite result was found in absorption Angstrdm exponent (AAE) values. Lower
AAE value by aerosol BrC particles was due to the light absorption of aerosol BrC by both water-soluble and
insoluble organic aerosols. The BrC light absorption was also influenced by both primary sources (e.g., traffic and
biomass burning emissions) and secondary organic aerosol formation. Finally the ATR-FTIR analysis confirmed the
presence of NH4', C-H groups, SO.*, and HSO,*. The presence of HSO.* supports the result of the estimated
composition ratio of inorganic sulfate (NH4)2SO4) and bisulfate (NH4sHSOy).
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MAR717]5-(World Health Organization, WHO)®l|
ostd wid A AlA 179 108 F 9go] e¢dw
715 A Ade] tir]led e <ls °F 700
v o] AMgEle ZoF FH3FaL Quk(Zhou et
al,, 2020). 3 th7] olo]2E A= B HAL
ANUAE FF T Abdete] ti7] FAF el o

2 b A4 P Fos e st
7] dAZ2ES ALH Ee AAdFoRE WA
st ©rAEA, $84 F7] o](water soluble

inorganic ions, WSII), A|4=72 %W Z&E2 5o
2 o]Folx St PM,s #eHA AL AE 2
Aol wel gepA e dnbA o s

T4 A WSIL F S04 FE9F PMysellAl 9]
82 A5H Fa, BHE NOy = AL
< FTES &S BT NHSE T2 AEA
Z>(biomass burning), W AE A} W ST O
e #lZ5 1 (Yin et al, 2014), K'= AEA o
9} ## o] thLiu and Ren, 2020).

A RS dshehA] @AYl ste] {1
Z~(organic carbon, OC)$} ¥ 4~¥t4x(elemental carbon,
EC)Z Tauw, 234 A=A ge net &9
7} (black carbon, BC)¥} ZA &k (brown carbon,
BrC)22 FRFHTh BCY WlEd2 FE I4A
5, vole dn H AEAY E49 B9 Aa
A 2 12 eddoln, ZAe A ZA 2
3 A7 B EAFE FE) vkl BrC
E A= A& A% WE(Chen et al, 2020)7%
BE 12k L GhEN ol ] F A /71
slgEe] 43l A4S FaAlAE A3 E th(Soleimanian
et al, 2020). BC YAre} t=A BrCo FE-+
gk ojEAdo] Aekn 2R ~ FRA R 9t
ALl A o]l Srtgtel met FEF &80
A8 ZrATHKL et al, 2018). 53], BrColl <3}
of ZetA dojvk= A F5E 05 OH, HO,
9 RO, & S GAIFOoEA 23 7] ool&
Lo A o7l F3Er Rkl dFEE F
(Geng et al., 2020). ©]¥ 3 BrC YA 542
st o529 AY HYH AEg5 54 o

B Hor2 Hr
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Park et al. (2020a)> '
S 7] eolzEe] FFF AFE S5

Ao Qg ofzhel] WA s}=

(2018a) FTFA oA 2017 1€~9E7H4]
ZAFeFSIaL, BC Akl BrC YGAtel
Bl ARl bk, 370
BrC7} ApA ok 8

AN Aol oFHEY EA YEsETh
olg% PMys9 33t 94 FEF 54
Tt B2 ARE 45 & o dAq7A o
&t WO PMps8 M FRHAT 59,
PM,s2] HA4H & skl ] ANEAL FTIR (Attenuated
total reflection - fourier transform infrared spectroscopy,
ATR-FTIR)&= PM,soll EAlete= &87] 2 43 4
BE g 5 Qi uuy BAMer AWw
g3t A Azl Hth: 2R 7 PMsol
©A9E shets] gt} ALE I 9Tk Son et
al. (20200 %4149 PMysE FTIRE #435ho]
AH  WMEAAN Fz EAE
group?t BEA ALEHE WEEE  methylene
group FRIste] K ele] PMys WIEAE 54
T3t Varrical et al. (2019)= Abskel Abed
g %F 713 2% PM10 2 PM,sE FTIR
Aste] Abetel Alteld WHYE HE FE
AL El8t 2™, Corrigan et al. (2013)2
Abzo]l PMysell Wzl @¥& FTIRS o] &3t

k)
L,
Mo

i

carbonyl

AntA o7 o FHLE FHs g ow Qg 24
7] ollo] Z(secondary organic aerosol, SOA) %!
SO0 T FUFE PMysol B2 4TS vA=
AdE, 2 drelxs =4dA49 o5H PMys9
EAS TS EARE o838kl ZAFESITE o]
£ gt FFFAA A PMysE AF SO &4
A, TR T ol AR e 3E der
PMpsoll EAlekE 484 Brcel #3hd EAS
AskaAtE. w3, dual-spot 7-3-  Aethalometer®
PM,s8] #5T AFTE 1% (HFo®E F43te] BC
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ot BrCe #HE&EF 549 AolE: EARIGoH,
ATR-FTIRS o] §3to] ANF S PM,s] 3}8td g7

& 5959,

2. g+ WH

21 PMzs A2 &%

24A17F 71528] PMys AR AF = FFF9A] A
doistue] 1A% 35 AE SAdelA 20209 8
3d9~99 6d7HA FHIUAT AR AF AP O
oF 150 moll 9 43k =27 XS & -H
AlRbell wE o] Frleks S Holv, ¥
WEFe R ok 700 m AR sHILEER UE
o] YAt} wEY FFE Wol W otk
PMys AlEE A& BE(PMS-204, APM
Engineering, Korea)?} 8%  AEZ](TE-6070,
TISCH Environmental, USA)E AF-&-3Fo] =13 3191
ot AL AEHE 167 Lmine HF2E 8§
™ 47 mm F 739 E|ZE FHE|(Teflo™, 2 im pore
size, Pall, USA)E AHE-3I3iTh 183 A& f
22 1.13 m*’min®]™ 20 cm x 25 cm =719 4%
HE(Quartz micro-fiber filters, Whatman, USA)Z
PMLsE AASHT 49 Bel AR AR 4 o
550 °CS] Z7]Z(electric muffle furnace, JISICO,
Korea)Z ©]§3to] ¢k 10 A7+ HoF Al 9w
AME 771 ARy FHor AdE F e &
cEs A At 7 TR AEHE o] &%
A& A3 del=, 370, 470, 520, 590, 660,
880, 950 nm) dual-spot aethalometer (AE33, Aerosol
d.o.0., Slovenia)E ©]&3}o] o|o2ZE UAFo] I
M oRES ASE 1 0Rew S3sdt o2
o] g3 HA eojrE §1xe] FFFel thE BC
o BiC Ak FES RS Hoeeh AR
FAHolE 5.0 Lmin FF02 Al PMys
B S st dAEE ¥ 5.0 Lmin®l &
7 gake % e B spord AUAA ool 2E
QA AAHA7E olFolAm zAztel fEe of
3.8~3.9 L/min¥} 1.1~1.2 L/min®]t}. Aethalometer 7]
715 o] &F corE gAY FFFATY 54
Aol gisiAe 71E A =l FAE &
o] 31 tH(Drinovec et al., 2015).
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ol&% FF EAAY AFH WA 54 93

HEE dHz A AEE PMys A% S5,
8% o]& A¥Na, NH,, K, Ca¥, Mg”, CI,
NOy, SO/) 4 oxalate ¥4]3}%ch 29 ez
AF3T ANBELS 0OC, EC @D F84 H78x
(water-soluble organic carbon, WSOC)E 7 & 3}al+=
o Abgaanh m@, S84 A719%e FES

-

’d7} ATR-FTIRE ©| &3t PM,59 3183 54
‘1

22 PMps ST U SISHN ME 24

PM,s AF Lt HEE IH A5 AF A
S FAE wlo] ZZWHA(CP2P-F, Satorius, Germany)
2 Zbzh Aetol AAssith oC 9 EC #41>
157F AFE 20 em x 25 em 4 FE A 47
mm 2739 FEE F F HXT T 1.5 cm® A7)
2 Zg OC/EC 47](OC/EC Carbon Aerosol
Analyser, Sunset Laboratory, USA)Z 23}t
OC/EC® #2412 NIOSH Method 5040(National
Occupational Safety and Health)y &% XZEZ 7]
Hpe] <.k lErﬂ-‘ﬁ(Therm.all—Optical Transmittance)
o oaf o]Fojzth. WSOC 412 OCS} ECE
At @ HEE 20 mLe 33k 2EFE 1AL
Sl 281 ME7|(WUC-D22H, DAIHAN Scientific,
Korea)Z F& 2 47045 mm 71¥ Z7]2 Al#A
=z e T F f7leks B271(TOC-LCPH,
Shimadzu, Japan)Z =3}t &4 AT 24
of gt Mg A 71E A =kl & e
Y JthJu et al., 2020).

ol A #A4L HEE ZYHE 20 mLY 3%
Z2ETER D AR B 2359 AGIE FES F
0.2 mm 7% 719 ARA dElel] ofi}ste] o]
ARwET7#H3](930 Compact IC Flex, Metrohm
AG, Switzerland)Z FAEFATE 8F 9 o] AHE
% 9kol2((Na', NH,, K', Ca*, Mg*) 5% 1.7
mM HNO3/0.7 mM dipicolinic acid &2 ZZ A
Metrosep C4- ZHE ARE-3te] A8kl o, 5o]
£(CI, NOs, SO 3%F2 32 mM Na,CO3/1.0 mM
NaHCO; €29} FZolA Metrosep A Supp 5- Z
He o] et BAe FASY. o] AT 4
of gk At A2 7|E AT =&l & Te
Hol ATHYu et al, 2017).
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2.3 WSOC2t PM2s2| #E+ H7

ool=F Sl g FEFFE Bk fd
of & AFNAM= F 7HA WHE AREERlTh A
WA= 5844 Z4AeA(WSOC, water-soluble BrC)
el o)st Wy F WA= aethalometerel] 2] 3]
S olol2E IAe F FEFFAFBC + (7
E+E84) BriO)E ol &3t WHolth

—_

A, FE4 F719AN g9 FEFTE BUhst
71§18kl wsoC wkE E4stl 9 IAE
AFE3to] UV-Vis &3 4l(Genesys 10S  UV-VIS

spectrophotometer, Thermo scientific, USA)= 250~
700 nm g WHLlelA 10 nm Ao E FHEE
Z3klth. 8t 365 nme] IHgelA] wWsSoC U=t
of ot A=FFSa B(mass absorption efficiency,
MAEses)2 B7F8t7] §18ke] F7F2 365 nmol M &
FES =40k HF# <A wsoce] %i’“ Ea
E A7 3}
o} 183 WSOCS MAEssi= A (1) ©|§3)
A4 3 th(Park and Yu, 2016).

He F A5 AHEHS RAYs &

MAEy; (m?/g) = 7 In(10) (1)

714, A¥ 365 nme] FEe)A FHAe &
CE &9 U WsoCe FXE(ug/mL), L& &5 A9
T A 7‘___10](1 em)E WERITH E3 WSOC 9]
el oJgt FEug AT G928 T &
AEZ A ?(Absorptlon Angstrom Exponent, AAE)]|
ol AFFsFE A 2)(Yu et al, 2018a). 9714,
M A AAE #hE Altebr] s o T1E
@ WS 7HI7IHE, beat T AelA
WSOC (& do2F) Aol & FFF AT

o]t}
log( babsﬁkl )
babs.,A2
log| 22
0og /\72

WA= aethalomterS ©] &3 F743 oo]2%
C»’JZ} o AA FEF ASFEHEH BCS BrCo FE
T AFE Brrste d&olth ti7] do2E YdX

AAE=— (2)

Particle and Aerosol Research #] 17 @ A 4 &

o] AA FEFFE BC, BiC ¥ EF YAl e
FErY #do® Tt BE EY AAheg, F
Ahell gt FEFw WA FE7F BC YAk
TR ok 100u] o EAE wl 2nz} 917 ul
Toll(Magee Inc., 2005), th”7] T wlA|HXA 7} AL
o] o3 o] gl Aol ol FAY &
o S, 7] C2E dAe] 2 WA FEF
(babs)= BC (becp) St BrC (becp)oll &8t F&5<]
Foz Yeld 4 Atk @))(Yu et al, 2018a).
ATFoNME ZE YA AA FFFolA BrC
o] FE5E HUhsty] f13 BCE AAE #S 1.02
2 7Pget = o)it epsivk el 3 Wstel] wE
BrC(\)9 #&% 7A5E 2 4)(Yu et al, 2018a)
o] A¥sl A () o)t e BrCo
AAE #2 2 )l ol&l A3tk

X

bassn =bpey Thpcn (3)

BC, =

880 + 950

bavs, ssonm T Bavs,9500m ) « A
2
2

— AAEg:
] (4)

24 CWT 24
CWT (Concentration-weighted trajectory) 5.2

o FAG & AR 7R Y AN A
A 29 EAS sRE A¥s odd AAE
FE& A U3 FES s BAR X2dT F
om, olg Fild uFT A 4TS F
29 A9s F4F 4 AtkKim et al., 2020). o
ZA] E AFeME 4 71 AAE PMys Y
S04 29 AYdE FA37] flste] CWT #4

[¢)

o sasdt cwr BAS dad Sagew
Global Data Assimilation (GDAS) 7143 A&
(National Oceanic and Atmospheric Administration,
NOAA)% Trajstat v1.2.2.6 (Wang et al.,, 2009)Z ©]
st FETh FE 2L 78§ AP 1=
500 m® skglow 72413 Fee] AAA A
o] AlZbebeh BARERQITE 1§ FEE ARE
g Asel oA=Z EHsk] FAE PMys ¥
S0/7¢ FEE WEAA YET F R TR
openair 3 7] A](Carslaw and Ropkins, 2012)Z CWT
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2.5 ATR-FTIR 24
ATR-FTIR 4] FTIR (FT-IR/NIR Spectrometer
Frontier, PerkinElmer, USA)2 ©]4-3}th. dwukA <l
FTIR- infrared beam®] LA, A, 714 52 A&
£ A3 Foste WHeE E4EAT, ATR-
FTIR infrared beam= ATR crystal WollA] ZHEA}
NA NE Edol Bg W AR WE FHen
o) I AsE S s A9F e
g 47 m 479 A9 AH F¥E F¥s] A
k3l FTIR 7]7]°ll A *]¥ Diamond/KRS-5 crystaloﬂ
<% ¥ deuterated triglycine sulfate (DTGS) detector
2 olgael ARAE FASIT FTIR 7171 U]
ol gxlﬂ beam splitter®] A& KBrz -4 % o
3l A& Air cooled Ceramic®]T}. A& 2] o
PerkinElmer Spectrum ZZ 1307 F7 v%
3 4= 22 4000450 cm’, 4 cm!'E A AT}
of wAaslth Tl FAe 7} Ame) &
o

AEYe Filg Fitsetel EAsho,

3.1 PMys2| 25 E4

9 12 AT 7] % 4%+ PM,s, OC, EC,
SO.%, NO5y, NH,", #4ts& 4ksln](sulfur oxidation
ratio, SOR), ZAAAF3}E  AF3}H](nitrogen oxidation
ratio, NOR), A7 0, ¥ 71 QR1(7]&, A&
T, F4)9 dW3tE WolFErh SORY NORE 7t
ZF SO&/(S044+S0,) 9 NO;/(NOs+NOy) = A 9] 3t
t}. SOR¥} NOR Alxtel AM&¥ S0,9F NO, 1%
I 0; T 54 AFANA < 1.5 km oA F
FFAA BT FURAAL g5 P Air
Korea; https://www.airkorea.or.kr/web)l A =73k =}
5o, 71 AEe FAH AR FAZKORE o
1.5 kmoﬂ 9] %] & ll—leﬂ}j]/ﬂ—%oﬂ}\-] A 27
otk I¥ 1914 PM,s8 334 A= A7t
AE Ee g2 AR QA A4S FYsA &
TH PM,s9 A FEE 16(4~33) pg/moll o,
PM,59 1 5t 82 2190 #=Ho 33
pg/m’o] itk OC, EC, S04, NOs 3 NH,'9] Hif
FEE 27 3.1(1.1~7.4), 0.2(0.1~0.4), 6.1(0.4~17.7),
0.3(0.04~0.8), 2.1(0.1~5.3) pg/molgloem, o]Eo]

rij

>

L

YA

g o8 YF =AY o4 BY 2ulAMAL 54 95

ml

PMysoll Al A8k &2 27 23.9(4.5~46.6)%,
1.8(0.5~4.4)%, 33.2(9.6~64.0)%, 2.7(0.1~11.9)%, 11.8
(33~19.60%C1 ATk PM,s8 #H1 sEE Hel 84
21965 SO&Y E&E 446%E WS¢ Egrh

PM,s% SO./9 ¥%7F A sk= H]Eo] >40%<]
SR F 280l 1220019000, >50%8] =7
L S U Ol ol Pl e

W ke RS oust Au
Aoz th7] F s059 E“ B o EA}oﬂqu
- At ofF-el =3 AE&H| EAS

RHolm 7] FA 0,7t SO E WEHE 14

o] SOZQ,] /I\l—i].ﬁ_l‘—toﬂ 217<47H o7 Oﬂs}:o %7] Lq]
Fo]thPark et al., 2006). ¥FH] NOsE= o] 2o =
T7b w3 7]o] e Age FEVF B AN
& Holm ojd AU V] Ro] &L oF A
¢ OEE 7l AHHNO;9F NH) o2 =435t 7)
0] W2 Aol AAFNHNOy) S Z EA37)

o) THPark et al, 2005). FAFIA  TAIG
PM,s8] 24A17F Ht 71EAQ1 35 pg/ms =73
e F4 VI Fb uEhubA ekskARl, He
SO/ 9 W NOs9] 5 9 g dFH o

5 EAS BoFa Qh

B Ao ZASE SORY NORS ZHz} 0.36
0.06~0.71)2} 0.02(0.00~0.06)ATF. =34 713+ 5 7]
=, AdsE W F59 IS 47 27(20-3
0)°C, 87(73~98)%, 2.2(0.8-4.4) m/s®] AT} o]
Toll 98t H2 0; FEv FAHOE W&
S0,°| #3}st wkgo| 7]ejsted S0 BE S
A7, W 57 =2 Augie 2 7
218 7 ed sl FHo= Qg S0,9 A
W07 S0.9 AAol F7 stthPark et al,
2006; Yu et al, 2018b). 1% 1914 SO.*2 %9}
SORO] "¢ U 88 3UF} 499 A9+ TH
FA(~3.1 mhis), 03 FE7F ¢ $E2(10 ppb)
Aol ol HAZAo= wWigd dEHL
Ptol Etelal 80,9 #3e AbENbgS
S0 9] Ao EEe 2o F HX7<Ql s0f A
ARG RN 53 XWEE Y=ol so”
9] =% Z717} YERd oz shgEch g8y 8
4 199, 21¢ 9 2299 %—i—%
e W F45(1~14 m/is)T 2F Ao Hi 0,
FE(70~90 ppb)E LW HAAHo=m wEE
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Figure 1. Temporal variaton of PMys, OC, EC, SO4%, NOs, NH,", SOR, NOR, Os, temperature, relative
humidity, and wind speed during the study period.

Particle and Aerosol Research #] 17 @ A 4 &



sara- o,

¥ 2% oce wAde detstr] $1gke oC
FE 12 &9 EC, KW ¥ bpesn, 223 U
1 = 22k B9 A% oxalates}o] F¥ FAS
Aatolth. EC F2AHE 0Ce] At w7
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Aol oJgk Fis Aty Aol tk(Yu
2017; Wang et al.,, 2018a). H=3F, 370 nmol| 4]
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ZAETH NHSE SO S ¢4 £3471 F NOy
£  FTIAIIM NHNOsETE  (NHy,S0, &

NHHSOs & WA FASthDu et al, 2010). YA

(NH4):S049 NH,HSO,°] &%= Z4zE 2] (5) ¥ 4
x

©)F o1 83ko] AT & 9lor] NH'Y HF 3

9} Mwd 5 Qlvh(Possanzini et al., 1988).

(NH,),S0, = 038 X SO~ +0.29 X NO;  (5)

NH,HSO, = 0.192 X SO}~ +0.29 x NO;  (6)
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otk el s A e (NH4)zSO4 TEE
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Figure 2. Regression relationships between OC and other chemical species, and BrC light absorption at 370 nm.
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