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Abstract In this study, differences in chemical and light absorption characteristics of PM, 5 between an urban site in

Gwangju and a port site in Gangneung during spring were investigated. Results showed that concentration of NO;™ was
significantly high in the urban site where traffic emissions dominated, while OC was observed to be higher in the port site than
in the urban site. Relationship between OC and EC concentrations at both sites suggests that carbonaceous particles measured
at the urban site were strongly associated with the traffic emissions, on the contrary, they at the port site would have been
affected by the traffic emissions as well as other emission sources (e.g., biomass burning). Results of ATR-FTIR (attenuated total
reflection-fourier transform infrared) analysis indicated that stronger C=0 and v(C=0O) peaks appeared at the urban site. The
peak of amine (NH,), which is of marine origin, appeared at the port site only. In addition, presence of gypsum, calcite, and
syngenite related to dust particles was observed during Asian dust event at the port site. Higher light absorption at 365 nm
(Abssgs) and absorption Angstrom exponent (AAEs3.400) Values were observed at the port site, implying more amounts of light-
absorbing organic aerosols. Measurements of aerosol light absorption using dual-spot aethalometer at the port site indicated
that Abs;;, (aerosol total light absorption at 370 nm) and Absg,c 37 (BrC light absorption at 370 nm) were found to be higher
during nighttime (21:00~09:00) than during daytime (09:00~21:00), suggesting they were strongly associated with biomass
burning emissions, rather than the traffic emissions, or activities of fishing boats. However, increased light absorption in the
morning hours (05:00~09:00) was certainly related with shipping activities.
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Fig. 1. Schematic diagram of chemical, light absorption, and FTIR analyses of PM, 5 collected at an urban site (a) and port site (b).
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Fig. 2. Temporal variations of PM;o, PM, s, OC, EC, NO5™, S0,2", and NH,* concentrations, and meteorological parameters at
an urban site (a) (left-hand side) and a port site (b) (right-hand side) during spring 2021.
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Table 1. A summary of carbonaceous species concentration and light absorption properties in PM, 5 measured at an urban site

(Gwangju) and a port site (Gangneung).

Urban site Port site
Item Unit

Average + std Range Average +std Range
ocC ugC/m3 3213 0.9~5.1 45+18 2.2~92
EC ugC/m? 0.55+0.24 0.16~0.92 0.50+0.16 0.29~0.94
WSOC ugC/m? 1.9+09 0.5~34 23412 0.7~5.0
MSOC ugC/m? 30412 0.8~4.9 43+18 2.1~88
NO;~ ug/m?3 33%3.7 0.4~15.1 20+1.6 0.5~8.0
S0,% ug/m3 21+1.0 0.5~4.1 24+09 1.0~5.2
NH,* ug/m? 1.7+13 0.4~5.2 1.1+06 0.2~2.7
AbS365 wsoc Mm™ 12405 03~20 1.8+0.8 0.7~3.5
Abs365 msoc Mm™ 22+1.0 0.7~3.9 29+15 1.2~6.5
AAE;30.400 (WSOC) - 48+09 2.7~63 52+0.9 2.7~6.6
AAE;30.490 (MSOC) - 47+09 2.5~6.1 55+09 3.4~6.7
MAE;45 (WSOC) m%/g 0.7+0.2 0.5~1.0 0.8+0.2 0.5~1.1
MAE345 (MSOC) m?/g 0.8+0.2 0.5~1.2 0.6+0.2 0.3~0.9
oh 13 29 Bk FolE B T A gA A oglon, 452 0.7, 09, 0.9, 1.0 m/sO] Tk Lt
27} ol R 5] A% EAo] el Gtk A HlwA WL 7]La ¥ RH 2704 Ao
ol B2 Ao S ARloMe dHAAET T F7PF ERIESIH 2y R A= o=
NO,;” 4] st = AT, TAXEI g 2FF 9] Tk 57k} 559 A ddo] YAskA] gkt
2ofo] A2 Ao M= BolstA OC s&7t & (O™ 2 FX). o] ohlke 23} o] 250 54
A Yebgth & o PAHORE"GA R T 0CE A FHAA wiEgd ZAA AT EEES] sehts
T= guAo] =SIAIRE EC whw AR lA  of ofaf AAE Aol o} 2ol A= 7] o
O = et (& 1). 27 2004 49 114,208 FOE FARMCE F A g@A A viE EAS
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5.0 ugC/m*O| It 22} o] 2 J& 5 NO; @k NH,*9] 7 EC® OC FI Afolof| vl 2 S HolF
e DA =0T s0,79] FE= AN 9o}, OC/ECY] 71&7]+= oF 28) &fo| 7} Witk kAl
Aol Al 7F =& 1), EAA-EA NOy ¢ A A= 0C=5.24EC+0.26, R”*=0.90%] HFH
B4 QRS0 5 S A2 of B4 200 of PRk 9] 9= 0C=1040EC-0.67, R*=0.82
HoHA TREo] I8l A& =01, 49 69, 79,19 o|3Uth T AF BHF g4 T glo] g A} A

2, 209, 18|11 219 S8 NO; ¢} 0Ce} EC9]
TE 57k W 22 S5 (<1.0m/s)olA HERE
th. ol AEAF HiZI7EAE Fol vl A Adwt
Aaitelzo] ggsia] ZRt di7|ght 2304 %4
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3,050 ¥ 1,425~1,420 cm™ T2 NH, " &S UEt
W™ (Anil ef al., 2014; Maria et al., 2003), F=Hct &
R 2 s HAEH(O9 3(a)). 2910 2 2,850
cm™' o] TS methylene group (-CH,-)9] C-H Ak&
E (Zhang et al., 2020; Corrigan et al., 2013; Hawkins
et al., 2010) Hfo] QufA AA4-0] FFof ot Ao g
422 I}t (Medeiros et al., 2006; Simoneit et al.,
2004). 1,715 cm™! Aol 4] H<Ql 13 = ketones,
aldehydes ¥ carboxylic acid®} &< carbonyl group
(C=0)2.% (Shaka and Saliba, 2004; Allen et al.,
1994), ol52 EAIA G| A HiE 59 Q1914 &
Aol oJgt Aoz duA Qlth(Varrica et al., 2019;
Mohiuddin et al., 2016). 1,632 cm™'-2 carbonyl group
o] A= A& (v(C=0)) 2= QA 3 oJr} (Kowalc-
zuk and Pitucha, 2019). ©| & m&ol|A Hel AHE
o] o5 GA AT ETE BTl =4 Uehd=
g, o] 48 6ol FFAIHNN SHH &2 OC
o} EC F&of 71915kt 1,340~1,331 cm™ T2
NO;~ A& YeFH™ (Maria et al., 2003; Allen et al.,
1994), o]'d FFollA SHH B 2 NOy F= 1
woll AEHT FFolA A 2 F558 BTl
tt. 612 cm™ T A YERS T T+ (NH4)2SO4°ﬂ
2]t SO,2 0|t} (Maria et al., 2003; Allen ef al., 1994).
e FUAH B, FolstA FFolM vehd

NH,*, C-H, C=0 % NO;” 9l F714Ql 535
o] Bk 3,5259} 3,404 cm™' 9] 1S CaSO,-
2H,02 /5 Aalof|A] Uehth= o3& oju|shH
(Morillas et al., 2015; Maria et al., 2003), 1,620 cm™ -2
H,0& 2Ju|gtt}t (Varrica et al., 2019). 2121l 700
cm™ 1} 671 em™ THO] I = Z}ZF 0,29} CaSO,
o]t} (Tsai and Kuo, 2006). 49 62 T=H ol
2HEYS £ 27 PM, ;9] 3t E4 9 Afol&
ge}s] Hoj=qd

49 1140 B#EH AHER (19 3(b) oAM=, &
F EAR-¥2 NH, Y, C-H, C=0,v(C=0) ¥ S0,
o] 37} Ko, 5 IRAHAAE NH,Y,
C-H, C=0, amine (NH,), 18|31 sO,> 9] I|E7} 1}
et A of| ATk 5 amine (NH,)-2 3,400
T} 1,635 cm ™ 0] Tl A LrERR=T (Dokmaisrijan
et al., 2010; Gilardoni et al., 2009, 2007; Coury and
Dillner, 2008), ©]Z-2 gRtx]| 3 o] vt} Qof| $1=]s}
7] BEY oIt Hawkins et al. (2010)°] 2Jo}H
amine®] §71&4 7]oj&2 Y 7€ (8%)°] d=
Azl O3t 71 ¥ (3%) ot =2 o= Huskgich
Frossard et al. (2014)©] 57} S| 2|4 =55t
= AHEH, s di7] clolzF dAE 5=
f712kHE 2871 T 6%7F amine©] 310 H, o] i
& O3, o, 7|EAN W SR FAM RS0
Ot Ao g HAISHIT EF, A} ol ofloj=2E ¢
2ol M= ek AslelE 2871 5 amine©] 13%2
7191&-& ZHA]Re Amine®] T H= 49 11 9]
T 2 =2l UER AL X A]et 49 49, 59, 190
7Ll EA ST

49 1692 752 oA Uit FAte] 9=
HolFe A"EHo|th O7] 28 B ZAFolA £
AY BEE G2 49 169 224] (PM, =126 pg/m®)
HE 179 184 (PM,= 117 pug/m*)7HA| Gt} o] 717t
% PM, 9] HlEsEE 49 179 1149 TFZE[QC
™, 342 pg/m*]| o|2F[t}. BHAo| FFo| A= FAL
ledoll T=5]7] ehgto, 179 11A~154] (PM,,=
110~200 pg/m’)ol] T=H & LH= I whehA

ot
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0.96 l i 1632,
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5 = _v/ /
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Fig. 3. ATR-FTIR spectra of PM, 5 samples collected on (a) April 6, (b) April 11, (c) April 16, (d) April 20, and (e) April 21. Black
line indicates spectra for blank quartz filter. Red and blue lines indicate Gwangju and Gangneung, respectively.

215 2] ALl o3t ztolE HolF7] 9Iste] 4¢ 16
do] ~HEYS TI7 3(c)oll HEtH . F59]
ATR-FTIR 4 A¥}= NH,", C-H, C=0, v(C=0),

=2
NO;” % 80,>°9] =7} upehgeh. whael, e 9
Ato] ogko g upgEt Eok 7] YRR FAEE

AR50 EA7F FElsHAl vEhd L glo, 35
Al Kol gttt ZdaelA UERd 3,693, 3,620,
1,682, 181! 1,620 cm™ 9] 13+ H,0= (Varrica et
al,, 2019) 3,6937} 3,620 cm™' = A E 2o A5}
-OH I A3o] Sl Ao & daiA] Stk (Varrica
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et al., 2019). E3F 3,5259F 3,404 cm™ T A 2] 4
119} 1,786 cm™ oo A1 9] NaNO; (Allen et al.,
1994) = YEFHTE NaNO; 0] 7-$+= i oflof=2Z4]
NaClZt HNO, 9] §H-g-of] &]5to] 3-8 ==t (Dasgup-
ta et al., 2007), FALS] FFS T2 49 1697} 179
T HEE ATk 1,435 cm ™ O] TS CaCOs 2 TAH
w4 o] 2212 YehdTH(Zhu ef al., 2021; Siciliano
et al., 2018). 1,435 cm™ 2] T2 NH, Y& fAg 4
Qo dubA o 7 NH,Y AEL2 32352 3,050 cm™!
o] o] FAlol UEhof EAJst= A o= dHA
ATt SEARE, ATR-FTIR +4] ZAte] oohH 3,2359t
3,050 cm ™ ©] opFo] LERA] Qkgheh E3h 49 16Y
5ol A NH, Y HEE 0.96 ug/m’ 22 Yrop]
1,435 cm™ 9] oS WA o2 weksiqih Tear
8759} 780 cm™'9] W= CO,> 2 o] ol A e
FZ 7)Zbell SAR PM, 5 1A Ao AR FURE
o F7} ettt (Varrica et al., 2019). 7003} 671 cm ™!
of| A K<l ZFz}e] m A= 0,79t CaSO, (Tsai and
Kuo, 2006) % 645 cm™' 2] 1319} g7 F& £HSI A
AL E (syngenite) oAl Yeh= o8 dafA] 9l
T} (Morillas et al., 2015).

449 2090 F AN SHE A=E2] ATR-
FTIR 2HER-2 49 6] £AH A ER T} {A
SHATH 1| 3(d)). =AA%H-2 NH,*, C-H, C=0,
v(C=0), NO;” ¥ 50,779] =37} EAfstler, 3
T2 -2 A 3 (gypsum), NH,t, C-H, C=0, v(C=0),
SO,%, 12|11 CaS0, 9] W A7} Uetst £7] o] 24
259 A9 o5 & £ HI5HA B4
oA st & E55= HoH, f71E49
7895 0Co F& 7t RHAIA (9.2 pgC/m’) 0] A A
A (5.1 pgC/m) Bt =4 SAE Y-S0l od
T5(C=0,v(C=0))2 Zo|7} 2] 3ktt. o]
A2 ot OCE sk aFoha] 24871 A+
o] ztolof| oJRt Ao = FAECE obA AFGTt B4
Hol FHAHE T 252 v 7] 7k2ef et o
o Ath= & 126y, ol B EAAR 9] oC
Tt S A EY SRt ZeF HiEe] 9

s

ol ol ook

Ol

r{}o

=

=
H|Z5H et 2o & A &, o34 4R
T+ U2 OCT7HHIEE F LAY TF
2hA] U 1 32.0] 27171 ohE e 2RIE 4 9l
o} 49 219001 B9t AeelA 25 NH,S, CH,
C=0, v(C=0)9] 137} EA5t9.on, EolotA &
Foll AT S0, 9] W =27F LRt (T1E 3(e)). HE
SHH, 5 21ollA G A &S] ATR-FTIRS] &
HEY B4 Aol ostd F 23N A
PM, 59| 314 /9] afo|& HelolA] HoFirh
AEA 0 & EHAH]] FFoll M= 25T v sl 7t
2HY JF5(C=0% v(C=0))°] 5 A5 A=
om, £3], 49 2047} 21¥9f v(C=0)2] T37}
o9 ZobAl Urebstth. 2513 ] Afolle BAte
o] EA5HA] AdA 49 697} 2080 E A,
SO5>, 1831 Cas0,9] 127} FelE Qi) o2t
A= 7350 Al AF A3 1ol EAsk WA
Zrol Jgo 7 FHHL

3.3 F X|H PMy 52| HEF £4 Rl0|

I¥ 45 F A 9] 245 (water-extracted, WSOC)
HEhE (MeOH-extracted, MSOC) & §92] 7§
o AHEHS HojEth WSOCe MSOCe] ¥
s EAX Eo} Rbx oA =] Urebetth
1). AT} ek oA wSOCeH MSOC]
T OC 5X9] 57% (42~72%) (WSOC vs. OC,
R?2=0.93)2} 91% (76~99%) (MSOC vs. OC, R*=
0.98), 49% (26~70%) (WSOC vs. OC, R*=0.89)%}
95% (0.86~0.99) (MSOC vs. OC, R?=0.99)5 2|5}
Atk 19 45 HH SR R BE oflof
2 A2 FE4= AP A ZAERA: (brown car-
bon, BrC) YAe] F55 EAS HoFal . &,
o] -2k A (~300 nm)7HA] Aol wet of o]
2% JAY e G4 Fkoke AEFE B
Qiet. Bh o], pgo] -2 Q)4 oo g FIRte] wt
2t B A9 dojuA] it 2% % MeOH

=2 ol0] BES AG BaHow A 7|70l

el

ERCTLT
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Fig. 4. Spectral dependence of water- and MeOH extracted samples at an urban site (a) and a port site (b).
o] mju|ek 3yt Xl%joﬂ*i EARAEET A 54 BAG (Absygs vs. WSOC (= MSOC)) (ZLH 5(b)),

¢T-‘2‘r MeOH F&9 9] 74] = 47 1L 34
23 Mm™' 2 PR oA 0154 J*&é Ag=] of
73%%} 83%°1 SHESHA . MeOH FE0] 5
FEHET FF57t E2 olf= MeOH 87} 4
84 f712 A olg} vlo| euj 2o} shajl ol
A4 Al HAISH= F=at e oSl HiekE ERgle A
SIHEE 5517 8EA17]7] WZolth(Kim ef al.,
2016). =3+ TAT} P AN Btk 244 W
MeOH FE9 9| F-52EFA4 (AAE; 07000 2T
7} 3559} 3.25, 4.107} 4.25% A Q] AAE o]
AR AR =9kt) o] 2 T AR A B} k] A
o] 7] dApell Hl& F5shs 718 S (FsAr
H|7] 7k + Hpo] @uj A A 4)o] ol EAFHE o
gt

PM, ; Ul EAISH= BrCo & =
A} -grPd 2 365 nm IHgOA SFEE S5t
T ASE AXSIA 365 nm TN FEH &
FEO] FAL At dRRer 22 Hl-frlsketEe
ZHdS =& 4= 917] w&Eo]t} (Hecobian et al., 2010).
a9 5= =A] 2 eIl AFRt AlmEol o
A1 365 nm T A S8 WSOC (Absses wsoc) 2t
MeOH FE (Absses msoc) @l F&4 A4 (149
5(a)), WSOC® MSOC®] 5=} 335 Alsrete] 4

6‘/\

> r

12137 WSOCE} MSOC 7152] AAE;00._490 (300~400
nm T4 gh (T2 5(c)) ¥ AHFETEE (MAEsqs) (L
d 5(d))9 dHetE HAAFE. Absyeswsoct
Absses msoc] FET Al FUAFHANA =AAH
Hrp #9kTH(E 1, 219 5(a)). F A3 1AM MeOH 5
09| FEF Al WSOC FEHET HiH o
2 27y 1.8 (1.2~2.7)819} 1.7 (1.1~2.5)4] =94t} &
A e A A A Aol 244
LI=4 (water insoluble BrC)°f| 2|t 354 ufj 7o
Hghs 35N F5r At o w4 2AE A
FItHo 2 It ]quﬂ/ﬂ aethalometers ©]-85}¢]
370 nm 9| oA B7IE BrC 4AF9] 24 A1 B+t
F54 Al (Absgc 370)E 6.2 (2.1~14.9) Mm ™ 0[O
o, S FEH9] ’6}%"/15 ﬁ]ﬁk—(AbS%s,Msoc)y—q’
oF 2 28] ot} EI = HPHS Eg 1 r}sl
Absg,c 3702t Absses msoc AHO12] AT (R?)+= 0.81
& e FHojlth 2oy 7 Wl o9t g A

Z}O]Q]'&”H F= ] %Q"Jﬁuﬂoﬂ Iq'~ ﬁﬁﬁﬂ%?

A ol Q5] 7191t Ao 2 |t @ E3t actha-
lometer= -84 4 B84 471529 AA 55
7h W7t o] F0 ZolH, ] 544 ZE 7
SAollA 2= 2 (thE Alet 2 43} T1”1Zh 2} BC

ro

o w2
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Fig. 5. Temporal variations of light absorption properties of water and MeOH extracts at an urban site (left graphs) and a port

site (right graphs). (a), (b), (c), and (d) represent Abssgs, Abssgswsoc wsoc) Vs. WSOC (or MSOC), AAE;30 400, and MAE;gs, respec-
tively.
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Holo] §7)Ee] o7 QIjt FF4 FEo| BAY
32 235192 Aotk (Kim et al., 2016). 1811
T 214l A WSOCS2t MeOH &N oJgt F54

A2t o159 AdEk Ato]e] uj¢ =2 R* gH(&
A2 7: R?=0.81~0.84, FTHAH: R?=0.86~0.88, 1
& 5(b FE2H FFE F4 0| A=Al

o

;‘(LZ)Q

-

o= |
MeO
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o
Hr 2
EIO

i j>

E rgh
o

% ] ”] AAE330 400 H/]\-% =
*111 Joll A oFF = A Yehutth(E 1
I3 5(c)). 1L 1Z4°1W %24 9 MeOH F
=N 718FS] MAE¢s+= ZH2} 0.77F 0.8 m%/g, 0.8} 0.6
m?*/g= F 2|7 B5F gufjo]| w-E 2}o|7} A et
2] FATHLH 5(d)). 2 A72] F A A 528
FAbE 254291 MeOH $E 90 9] AAE 2 A& (%
£ 6.4, MeOH: 5.2) (Kim et al., 2016), 335-(5.3/4.8)
(Park et al., 2018), Z&=2] WA (5.8/5.0) (Xie et al.,
2020), 12]1 EJHEC] Lulang (6.6/8.4) (Zhu et al.,
2018) 1} H|SESHAL WA A= Q). d¥ba] o 2 vp
o] A4 HlE PM, ;9 2559 MeOH FE9 9]
AAE FHE2 HigFdo g g~99f =ty STt
(Park et al., 2020; Fan et al., 2016; Park and Yu, 2016;
Hoffer et al., 2006). B9t ofij2}, Hlo] Quj A 414 A
719] FFe wre tf7] A 59] 25249} MeOH &
Ho] AAE 3t 9GA] 5~82 2t Aoz A ‘il‘?‘r
(Kim et al., 2016; Liu et al., 2013; Hecobian et al.,
2010). o]=f3t =1+ €] AAE ghe] Apol= SHAH +
WO 2peF 298, Hio| Quj A A4 T e 13 HiE
A3} Breo] ti7] F 22k A3/ 9] 7]oi7t ohE 4= Q7]
oot Ejh 254 W MeOH 59 0] AAE
Atoli= MeOH F&0] dupgolA o 46kl o
o] Z7sts B27) AAG] Aaste] Bl TA Fe
AAE7} ¥E7] mjZolth 53] EHE L] Lulang®]
7350l EAIAH T 2ol & B ¢l=H ©]+= Lulang®]
;qﬂ;g EA—]/\T-J—H:H ]—/R]—a OE—,—H o 015]‘— /lﬂ‘:’ o]—
A oolzEyt e F=H ] A olFe] g T

2 7o 2 oAslIthH(Zhu et al., 2018).
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9 62 370 nmo| mAoA HA ofoj2E
(Abss;0) 2 BrC YA} (Absg,c370) 0l 13t AIZF B+t
B4 Ags 1247 71F 0C 5= (29 6(a)), 122
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(18.5~30.4)°] 31t

29 6(b)oll A A w4 W elol A FLet
AAE370 s30nm 1A 2157 A~E AlZbol] tisfiA] 2}
F & 29Ul BC YAl 2§t ~1.09] AAE F
(Laskin et al., 2015) 20t =X Z AAE;70.500m A e
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Fig. 6. Temporal profiles of (a) hourly absorption coefficients at 370 nm by aerosol and BrC particles, 12-hr average OC con-
centration, and (b) two AAE values (AAE370.950nm and AAE370.520nm) at @ port site.
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