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Abstract

This study investigated the variations in monthly PM, s concentrations and their characteristics at the sampling site (35.075°N,
129.080°E) around the Busan seaport area for six months (from August 2020 to January 2021). Monthly PM,s concentrations
in the filtered samples ranged from 8.4 to 42.3 pg/m’ (average=19.6+8.2 pg/m’, n=50) and were generally high in August,
December, and January, and low in September, October, and November. The variations of monthly PM, s concentrations showed
similar patterns to those of the neighboring national air quality monitoring sites. The contents of Total Carbon (TC), Organic
Carbon (OC), Elemental Carbon (EC), and OC/EC ratios in PM, s showed large variability during the study period. The OC/EC
ratios ranged from 4.2 to 34.4, suggesting that the relative contributions of OC and EC to the PM,s concentrations changed
temporally and might be related to their formation sources. Variations in the chemical components of and particle size
distributions in PM, s showed that high PM, s concentrations were affected by various sources, such as sea salt and ship emission.
The precursor gas concentrations were discussed in terms of monthly variations and their contributions to PM,s concentrations.
However, further research is needed to understand the characteristics and behaviors of PM,s concentrations around the Busan
seaport area.
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ek mEbA PM, 59 e, 719, 273 elsl= & o
o A& A7} els] Ma=|ar Qltk(Kaufman et al.,
2002; Lohmann and Feichter, 2005; Jacob and
Winner, 2009).

713k HieE o] PM, si= th7 |81} QIXHe] 2174l
el G 7] wEe], ABRE AR

LR aS Belsh] SR Ti|eba71Ee mhel
SHL 21 o7 |8 RS 4, Alalslar ol ole ¢
o glate] 2| AARAZIHWHO)S] Hgifiol]

H ool

A

sh, 71 Fe/d0] FREHA 7|27 ks
ol S2lueks 2ol ofal miAl
A, oFAIZ LS, oilek e, @F, ditelekas, Wil
Fwol oigh di7|eHd7eE AAskal ITHMOE,
2018). 53] PM,s0]l thsfixl= 20155 7 |$Hd7]
8 A B2 25 yg/m’, YBF H= 50 pgm’ 2 A
ZJBIAAITL 2018 AR E= PM, s 57|55 A+t 15
ugm’, Ut 35 pg/m’ 02 738zt vt Qlck. Tt &
A WHOS] 715291 A+ 10 yg/m’, QB 25 yg/m’ o]
H[GHH o] 75] JA3t 7] o th

Selueke] A= w7 e ARAEE PMys
of] Tt d7F R=AL Qlek FARK| A= AR S84
3132004 PM, 5@} 7]EF =8 t7| e =4 5 A
res muEEskal glom, I Aaks skl Qlek
E3F tfgtolut 7ol e AR PM, sof st
of ThRE SHollA AtstaL ek ofE S0l A
PM, 5 550 37H4] /400 tigh d-2 ol A, Azt
PM, 5 “slee GHHA o2 x| Ho] FA%|Hof| H]s}
EUTAL B b Qlef =R B oA FEat
L] PMy s §1= W5 3 A AR HT; YA A9
A A7) iiZoll, PM,s s AN 4K Egol| 2
3 FRS W= A o2 o AX]aL QJti(Jeon, 2010; Jeon
and Hwang, 2014; Jeon, 2020). FAF =A1R]S1Q] o5
ol|A] 485l Aol A= PCA (Principal Component
Analysis), PMF (Positive Matrix Factorization), CMB
(Chemical Mass Balance) 4~8& X @(receptor model)
=9 B PM, s 35120 Z7b7} 3141, Al ofgh2
A Aol 0 91910] lka W] ShickJeong
etal., 2017).

FARK] oA PM, s F-of| gt A HE} Al =
I} AZoll PMys 5=7F w31, o530} 7Rl 5=t 3

N

lo

. AN

i
&
[oZ
¢

o= AekS Hith(Jeon, 2010; Jeon and Hwang,
2014; Jeon, 2020; Kim et al., 2020). PM, s =%=2] 7|
4 7 BAR SkAjefo] EC} 2 ek, o
A FAK| ol A PM, s =0 Al HARF AR 212
Ffshkge] ofgt 22} AAdabrgo] s Loju]
W20 2 S|4 =]t Kim et al., 2020).

AHE 54 2lofl FAMK| Aol PMy s 57 Als
PR o8 Has dufohz Helo R FAk kR HoflA
WSS = nAHA]e] Gk & o AUt (Hwang et al,
2020a; Kim et al., 2020). 1 ] tjF59] 7|& Ao
A FARS] =8 wAHA] e A0 ek
W Jlo® wusta glom), 34 glele] 49
PM, 5, NO;, SOx 5 th7]2@&4 viEgo] A= g
i B 31531 QJr) Wan et al.(2016)-2 FAF 3ITER| S
= o] 3] AR A|Y o= HAIgh £ ooty we}
A FARA] B A A7l A= fRER| o] iRt m
AHA] HAo U FARA] ZA|of] 7]o8}= Rt mIAHA]|
9] 71 5 theFet A7k K18y Folrt.

o] k= FAF RE FHAIS PM, s -5=0] o RIS}
o 71 EAS AHE 5208 $3EQlrk E3F PMys
YRS Tt Al Aol 55 okE HAolt) o]
£ floto] FAF 3k =R S-S sk Ao ow B
A BAEE AR shsliolalslr<(Korea Institute
of Ocean Science and Technology, KIOST)of|A] 2]
3FPM, s A RE S-8313 o, BliE 9J8) F4H
oA k= FARY 1A 470 U B AR (S
5 MER, ddE B SEHY AR
(http://www.airkorea.or kr) & Z-8-51c}

2, ik

2.1, HENE *F R PMys SE ZF

AL G B Ak Gl St
71A(KIOST; 35.075°N, 129.080°E)%] ARA%E
SAollA] PMa s TEIX|R(507)E A31514ck. KIOST
A 41 W5l S1Isk SickFig. ). AR
= PM, s G-UTHPM, 5 size selective inlet)o] F2F o
22F W] AF]7](High Volume Air Sampler, HVAS;
ECO-HVS3000-03, Ecotech, Australia)E ©|-83}%
ok AlEANF Al 52 2F 67.8 m/hour® -HAI51%,
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Fig. 1. Locations of Busan, Korea (A), national air quality monitoring sites in Busan (B), and KIOST site and four national
air quality monitoring sites that were selected for the comparisons in this study (C). The station numbers 1 to 4
indicate Jangrim-dong, Busan north port, Daeyeon-dong, and Tacjong-dae sites, respectively.

HFIAIZE AR 5 2496417 ZHE. 0.2 Al

HVASOA AlzxfjFjol] AgEl= Al ZE|(quartz
fiber filter; 25.4x20.3 cm, SIBATA, Japan)= 550C
oM 6AIZE B2t FL, HAIAOLE] UollA] 418l T AL
Sioirk 2398 WA R wislo] Al B4 H7HA -
2002 WE BRIk AR AT e Ak
3F23)1A] Yof| 4] kAl E(electronic analytical filter
balance; LA130S-F, Satorius, Germany)-2 ©]-&3f] =
arick

uNHR| FEo] HESYHO 2 et (gravimetric
method)T} HEFIS4=H(beta-ray absorption method)
o] Qlc}. SaFHol| 2Jgt PM, s ‘5= HIERIE o] 2]
T PMys 5129} 52 RIS Holw], 275 0] et
7} &=th(Lee and Park, 2019). o] 7ol ZE]
AlEE olgslo] Sl 28l PM, s s=5 S50
o, AT A5-0] A ZJol(ug)E Al=AHF Al
7Fe] & (M) 02 = WO R PMys FFsE

(ug/m’)E At

AlsAfF|et Bagste], FARGAA] HASHE AR
A Befoles FARS 7| o 44
I} QIR v A (EEE, ARt HEH S
Aol S AmE TSI Fig. 1). o] A==
KIOSTolA| =883t Al2A5] 711kt 5t Al7]of sf
Fe= At AZE(PMy s, PMyg, SO,, NO,, O, CO)
o|ch(http://www.airkorea.or.kr/). T7] 2 4
A-eA TEE PMas, PMyy s HlEHS1o
ofsf £ = ek

22 BHAME 2M

PM, s DEJA|RE HAE 0]18310] 1.41 cm® Hlo|=
Zepfio] 2418 Al (subsample) S THEITE 2498 A
=2 Y ekAE 242 OCEC carbon aerosol analyzer
(Sunset Laboratory Inc., USA)E o] 851tk A
H.2 NIOSH (National Institute of Occupational Safety
and Health) 870¢f 2&J3t &332 E=3%(Thermal
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Fig. 2. Temporal variations of PM, s concentrations at the four sites around the Busan seaport area (A: Jangrim-dong, B:
Busan north port, C: Daeyeon-dong, D: Taejong-dae), and they were compared with those of KIOST (E). PM, 5
concentrations at (A) to (D) were referred from national air quality monitoring sites (http://www.airkorea.or.kt/).
The horizontal broken lines indicate annual air quality standard (15 yg/m’). The vertical broken lines show
coincident variations among the sites. The arrows in (E) indicate filter sampling points for SEM-EDS analysis.
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Optical Transmittance, TOT) EAJHHS o]&33ch
(Birch and Cary, 1996; Chen et al., 2013; Panteliadis
etal., 2015; Cui et al., 2016; Xu et al., 2017).

TOT #A4olMs da ti7] Aol 28 255
870C7H] TAA R Sr|x T2t opilaptis
Aghel= oA A% ghadi-2 OC (Organic
Carbon, {75k 2kal HofRith o] TAE Eual 3
Boll AkE AR ti7] AdefiollAl, Ble] Fakgo] 7+
2SR 27| o' Fold 7] [2H T E
< OP (organic pyrolysis fraction, F&3f -3-7|gt4) 2k
a1 Aofiet Wl Fakao] stz AA 8] S7Ist
o] 27| Fakaa} ZolRl= AlE #71%(split point) &
2 sfod, 71 o|gof BA% e85 EC (Elemental
Carbon, ¥4E)E A oJGH(Birch and Cary, 1996;
Chen et al., 2013).

o] ¢oflA ad® EAS fI8l o83t NIOSH
870 WHHE 27| F dAZ FEETE A WA= OCE
ok DR, &5 IF 7] Follk] 310~870CT=
520k S AXTE FAE = OC= 49A 9] 5
& S AR HA BA=ECHOCT 310T, OC2 475T,
0C3 615C, OC4 8700). F+ ¥H#|= ECE 2H45l=¢
AR, AF 98%, A4 2% 7] Sof|A] 550~870C = &
25h= g AZILE ECE 69712 52 IAS AA]
HA BAZEICECT 550, EC2 625T, EC3 700T,
EC4 775C, EC5 850C, EC6 870T). OC #x=
0C1~0C49] Fofl OPE sl golm, EC it
ECI-EC69| Fold OPZ Wiz o= Akkaict
(Panteliadis et al., 2015; Cui et al., 2016; Xu et al.,
2017).

2.3. SEM-EDS £4

PM, 5 Al 323He M 220] @ d(image) ) 4
24 5 BEARe] ETisleh] HHEE 7] sl T4
ZAFEU]7(Scanning  Electron Microscope, SEM;
CX-200TA, COXEM, Korea)o] ofju]&] BAkg XA £
47)(energy dispersive X-ray spectroscopy, EDS;
Element, EDAX, USA)7} ¥2k5 SEM-EDS #AH|E
Ol ANFRE Al 507 FollA] 2t dofl thaA|=
17 Ad7ste] & 671 Aol sl wATskih 4]
= A E7F RS 22020 8 12, 9 13, 10

2219, 114924, 12€ 162, 2021 19 130t}
(Fig. 2). EDS® 5475l 914:0] ke Fe(%) 0% %
it

a

3. Znt # nH

3.1, PMys S 5}

KIOSTol|A] oF 67§97K20204 8 32~2021 1
A 149) HF3HPM, 5 Al 50719] 2= 24 8.4 g
/m’, 2|31 423 yg/m’o|QltkFig. 2). AA7171e] Bt
Ll 19.648.2 yg/m’ 0 &, A th7|eE 7159l 15
ug/m’S 23 om, Gt 7150] 2891 30 ygm’S
23ISR S wo| Uelgth 53] 8Yoll= 40 yg/m’
oo Frvt F ¥ UEhsiow, 104 Hat 124 o
= 77k b WA Als v F Ui 94 ol 10Y 5
0lli= PMy s =7 BlalA] Worom, L HSkE Hol|
2= 570] Atk 7REEQ1 90Ut 109olli= PMa s 5
LIt ti71ebE 7|k W Aot wol, vlwE 7Rt
g i718Pg ol ke A|AIRIC

KIOSTOl|A 35t PMy s e Bisiel vl wE £13
A7 Rt A W] AT, FARRS, T
S 544)2] PMy s 5= HILE Fig. 20 3EA|6}
o} AR 0= At 6787 F e HE} e v A
Zhof| vf$- FAFs o, A3 IF Tt Wt A7
3 A YAt Lefuh A2 02 A H A,
FHE0 7= s e o) B AR of
10~20 yg/m’ &2 =5 Bt} KIOSTS} giEth =
A 2ol 5= 27t ufg- 2k BhH, KIOSTS} 7
HE0] A= 5= A7 7HY FA yeRsdth

o] Aol PMys o= o= S5 of
712 Z784 vl AL PMys = HEMIZSH O
2 ZA=|Slc nNHA] 49 Aol 9 AlREE 3
71k 71 AtAtol| oJshH, St Hiek Aol
o3| Z4E PM,s 5% Zjol= ZA] g9tth(Lee and
Park, 2019). =2} HlebAdg=1oll 25 PMys 5
= olefe] TA O & vepd 4= Sk

==

off

= ¥

PM, s(H[EHAE4=1H)
=(0.96 x PM5(Z5FH)) + 3.4 (R*=0.97) (1)
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Fig. 3. Correlation between PM, 5 concentrations at KIOST site

averages of PM, s/PM ratios for each month (B).

9] A& ol8shAl, KIOST Zdeilx] Sl sl
ZHE PMys 5% HSh= 8.4~42.3 ygim’olm, o] &
PM, (B S 22 2t 5t J9h=11.5~44.0
ug/m’o] ek whEkA 5 ol 2Jgk PM, s 5= 2}o]
7h 34| e, o] ¢dof|A o8 FEHel oljt
PM, s ‘Flee AlFe 4= Qe 2l o & skt

KIOST 75t vl A3 BfoflA], 8of atgte
Aol W i}k 9 HollA 10 T Afolof] ¥ 5
L5 Hole 38 540] ieh 25N AelEe
735 1090]| = 7] g 2 he = F gtk w2k
A KIOST 83d-& 3okl gt QITA|YollA PMys &
T o oA el = vEhd Tl & 4= glom, A
BollA] oftte] = Aol QAR FAHH 02 AR
A3} ks Holtt ghH, FAK| o)A AEE PM, s
Fe k= 13 Asol 0L o5t kel A vE
drkar ® 1% v} QIck(Jeon, 2010; Jeon and Hwang,
2014; Jeon, 2020; Kim et al., 2020). o]e} =2 7]
TAIE TRISIHH, o]H A-tAT A PM, s 5=t
7h&ol R Uehs HRRE 71 Ao E dAjskaL
UL} ERE AZol] thar A U Sd= YRRt
3L 3= QIR B TlofEE S85tal QA o] v
of] 2134211 Hlal= g 4= ik, 1A HA|2 0% 7]
& Aol HeiRl Anet FEA o s Al &
4 lom, Sz BIBHE AR WISHE R S0 ol
Hck

t

_l

A2 - @A
1.5
4 (B
= 0.98 ]
S 1.0 oss osa 02 o087
==
T - 0.61
=
= 0.5 —
A
0.0 T T T T T T
Aug Sep Oct Nov Dec Jan
2020 2021
Month

and PM;, concentrations at Taejong-dae site (A), and the

A BMHA] s BAHA(PM0)2F Z2H|AHA]
(PM, 5) 2 F-E5to] mhz FA[51AL 7|27 1200 7+
ot QoA Beste o BeEw 9k g
PM,s/PM,o Bli= 24| nA[HA] 5 Z0|AHA|(PM,.5)
7 SR 18- At o] oAl BT
Aol PETE PMy 99} KIOSTolA st
PM, s 525 28510 PM2s/PMyo BIS 513tk (Fig.
3). 671147 PM, 5/PM; H]:= B4t 0.86+0.29% 01, 7+
Y B]=820.85,9€0.98, 104 0.61, 11 0.84, 12
< 092, 1€ 0.879]%c) AAAo=Z LHHA PM, s/
PM;y Hlz= 10€] 0.612 71 Har, ymjz] Gojxi=
0.84 olde=m #A Utk Fig. 3BoA W2
PM,s/PM,, HIE Hol= 1092 Fig. 29] YERY PM, 5
FEF 2 717t Afdsh=t, o7t 7R PMy s
S e e SRR s e C= e B o

S, 7] dAstAe] ofshd 2015~2018'd FARA|
oJ9] AHF PM, 5/PM, Hl:= 0.58°]2itH(Jeon, 2020).
ol ARt viel Zol offl A} PM,s/PMyy Hli=
0.86%l00 g, 7]& AT} Tha: e} wetbA
FAE A A9 9] PM,s/PMyp H]ETH KIOST A7oA]
PM, 5/PM H|7} 7] LEbsiTh

3.2. OC, EC SE9} OC/EC H
oA Fols B o] f7IEkest Uikt
el 9lem, E3] PMys Wolis gha/dEo] oF
10~40%2 2|3k} ar 2 EQJeiKim et al., 2007).
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Fig. 4. Temporal variations of TC concentrations (A), OC and EC concentrations (B), and OC/EC ratios (C) in PM;5
filtered samples collected at KIOST. The horizontal broken line indicates OC/EC ratio (2.0). The vertical broken
lines indicate high PM, s concentrations as shown in Fig. 2.

KIOSTOA ZJZ3E PM, s AlR9] Bt HEE 19.6 g
/M’ &, 5 A RoA B EL PM, 5 559 OF 17.6%

£ Ashgon], Wk S e WEAS Belch wet

A o] AtoflA] FATE PM, s W B8-S 71E -2
ko] Heloll Felole:. FA O R Ay, AV
F F AA| SRAE(TC=0C+EC)9] & W=
1.22~8.46 yg/m’0]2laL, OCL} ECO] 5 ¥9h= 217}
1.07~8.22 yg/m’, 0.11~0.48 yg/m’o]ick. E3F TC
Bt = 3.4541.49 gg/m’o]glon], OCLECO] F
T B 212 3.21+1.44 g/’ T} 0.2440.09 yg/m’ =2
UERRTHFig. 4).

b ksl AHFRE PMysof] theh Bhadst -
23}, OCLFEC?| itk H9h= 242 0.60~10.8 (%3

o 4.0+2.1) yg/m’, 0.16~4.3 (Bt 1.3+0.8) yg/m’ = L}
EPdti(Jeong et al, 2017). o ATLofjx AR
KIOST 3k A7) 8l g4t ket 742 vl of
AL PM, 5 0] 7|ofshk= OCLF EC w7} v
= &4 A8tk &, OC e HISSSHANEEC e
HAFSONA 8l ol A UERAL glou =, Aikso]
789-= PM, 5 50 gt EC2] 7]of80] KIOST A3
oflA] yehd k= E Aol Elth

aAAA] ol 23R sha/die] B Aol
gt clokst At Ax) Itk (Schauer et al., 2002;
Seinfeld and Pandis, 2012). BtAAE & EC= 34
T} Hjolemi2 44 FollA YApA o7 viEEw, OC

L A s ohe) ) F S S71sKIE
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Table 1. Monthly averages of TC, OC and EC concentrations (yg/m’) in PM,5 filtered samples collected at KIOST, and
correlation coefficients between OC and EC concentrations

TC oC EC OC/EC ratio Correlation
Month coefficient
Average Range Average Range Average Range Average Range (OC vs. EC)
August 2020 (n=9) 279 1.22~8.46 2.61 1.07~8.22 0.19  0.12~0.32 14.67 4.19~34.36 0.17
September  (n=13) 3.03  1.58~5.80 2.81 1.38~5.43 022 0.11~0.37 13.13  6.84~25.09 0.48
October (n=7) 416  2.12~7.62 389  1.92~7.19 0.27  0.19~0.43 14.08  9.04~19.21 0.88
November (n=8) 4.02  2.45~555 3.68 2.25~5.28 034  0.20~0.48 11.29 8.74~19.57 0.40
December (n=9) 375 2.34~5.07 3.53  2.20~4.80 023  0.14~0.37 16.31 11.82~21.08 0.78
January 2021 (n=4) 321 2.36~4.67 3.02  2.25~4.30 0.19  0.11~0.37 1826 11.65~21.43 0.97
Total (n=50) 345 1.22~8.46 321 1.07~8.22 024 0.11~0.48 1423 4.19~34.36 0.51

(Volatile Organic Compounds, VOCs)2] 33}shks-
of 95| 2x}A o7 AYAlEICKSeinfeld and Pandis,
2012). o]2fgt A BPO.2 OC/EC Hlof| gk &+
AE AR, AEA; Adofli] e SR Y
7492 OC/EC H]E=1.0~4.2, Ak dAoA= 2.5~10.5,
Hlo]| @l Aol 7.7 A=) FHokal HarE|Qlck
(Schauer et al., 2002). =3+ OC/EC |7} 2.0 23}5t
Ao ty] ZolA] afahikgo] ojs) 2248 0 2 0C7}
M= Ao 7HEE]AL It (Turpin and Huntzicker,
1995; Lee and Kang, 2001; Jung et al., 2009; Cho et
al., 2016).

KIOSTof|A| 2|35 PM, s A& 50712] OC/EC H]
A 42, A1 34490KFig. 4). AATIE] B
OC/EC B|= 14.2+5.7%, tj7] 2 Bsshile.0 2 ol3)
AYdE 22 0C O] 7] =Tt 8 A o= wekEch 2+ 4
¥ OC/EC H]= 8% 14.7, 9 13.1, 109 14.1, 119
11.3, 12€ 16.3, 14 18.30]%It}(Table 1). o] S04
OC/EC H|2} PM, 5 50| H3l= Fofn|gh Ato] £
SSHA] A9kt 5, Al71ell Wt PMys teo] 7]ofsh=
OC, EC7} kA 21§k Q18-S gk, o 5o,
Fig. 20] Lkepct M, 3557h- 2294l 3 vl = wisy
3]3(2020 8 4%, 20¥)oll4] OC/EC w7} 22+ 4.2
9} 3448 Z 2Jol& B, olgfgt Xjol= PM,s 5
Leof| thgt OCF ECY 7]of%r}t thar] ffizo i a4
ek A HAY 30| M= PMys 50 ECE] 7|74
@ o8 77| wjie] OC/EC B|7} Wopal, & W) 1]

i

Hof|A= 0C2) 7|07} A& o= # 4 OC/EC |7}
EUTHFig. 4). 7178 AF=ol| &JshH PMys 1lEE 1]
= WAL O] TRk A WA w27 RS e EA
2 9 F27H ISt BA1E Ea 58l
t}. KIOSTE 7]&S& AlZol= HHEFX|(anchorage
zone), F&oll= NH} =4, Sl vtk f1A[skaL
Ut A HA =04 PMys Fof] ECE| 7]oi7} 2
22 HHR|of| Ausial Qli= Adlo e st F9F
O & T Al wAel v WA 215220203 104 28
&, 12 2304 OC/EC Hl:= 22+ 16.9, 1742, A
A=t OC/EC H|(14.1)Hc} E3kem, PMys ko
0C9] 7]oy7}F & A o= Tkt

OCe} EC 7te] A= gha/d s 7199 A
ojB2 ksl o) ARR-E] T QT Streets et al., 2003a;
Jung et al., 2009; Cho et al., 2016). ©] S|4 HA|A]
Fof gt OCL} EC 7Fo] AlakA|4(Pearson correlation
coefficient; r)+=0.51, -3-2J2+5(significance probability;
P)L 0.00010]9]cKFig. 5). GoI8kE Zhe b ow
3 8El= o) (significance level)?l 0.05 F=
0.01%t} 2oz OCet EC FA = o3t 4
PAE B3I ARG 05191 4L 09 EC 7H
of B o] 7]} EAshAl 1/2 e A= Aol
Qo 1/2+= o] §itk= A onfghct. of ¢+
A 8ol ARAPE Rk (1=0.17), 10, 12, 1€
ofl=/d8Al710.78 o Fo s fou|gt e Haltk
(Table 1). OC2} EC 7+ AF=7} W2 8Yojli= OC}
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EC7} /o3t i = oIt Ao g ke 7]l
Si9irhe 24 ojolaie). whel, OCe} ECo] Ak} iz
£10, 12, 192 OCS} ECO] H = Hs]o) GALS} uj 29
o] A= = AAIRICE

A OC F F2fshkgo] olsf A/d== 22} OCE
4517] 918), OC/EC Hl olgah ofele] 418 A5
K Turpin and Huntzicker, 1995; Kim et al., 2015).

OCsec = OCiot — OCpri (2)
OCpi = EC x (OC/EC)i 3)

OCgeer= 22} OC (secondary organic carbon), OCiy
+= %A OC (total OC), OC,i= BIE A 2H vllE
H OC (primary OC), (OC/EC)yi= HIEHolA 24
& OC/EC Blofth. (OC/EC)yi thAl (OC/EC)min®]
AEE7 %= ShH, (OC/EC)mine 578%¥ OC/EC H| &
7V 2R groltiCastro et al., 1999; Kim et al.,
2015). o] &LollA] (OC/EC)min, Z (OC/EC),r ZE
8ol 4.198 W1, 12¢of| 11.828 =S)t}. 8of| %A
OC % 22} OCE 69.3%2 AXFEIATHOC, 2.61 ug
/m’, OCye 1.81 yg/m’). T3} 120l AA OC Z 22k
OCE 22.9%= AXFEINCHOCy 3.53 ugm’, OCi
0.81 yg/m’). WA AR OC 522} OCE o} E(8Y)ol
69.3% =11, AL(129)°] 22.9%= k). B35t
HEgo] Zhligh ofF4of| 23} 0C2] A/do] 71t A
2 ek

10.0
r=0512,

8.0 < p:G.OOO]
E 604
b i . —
" . '.- }J__.F-“"f
o 40 I g
° e

200 T

0.0 +————1——7——
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Fig. 5. Co-relationship between OC and EC concentrations
in PM, 5 filtered samples collected at KIOST.

FAE 9] A of| A AfFgE PM,s A& W OC, EC 5%
EARE 7| e} o ¢ite] BAETE H]
shoct A HollA gk PMys AR W OC 5=
£ Aol £3U6.57 ygm’) o5l WHOH(3.07 ug
/m’), EC 5t 710 3=31(1.23 yg/m’) o8] Wk
TH0.49 yg/m’) (Kim et al., 2015). KIOST ol 4] 2
F2HPM, s Al W) OCE] Y+t 5= 10~19o] =01
(3.0 ygm’ oA 8~9Yo] 2.6~2.8 ygm’E HgLom,
ECO| Yt = 1190 %£31(0.34 yg/m’) 8ol &
TH0.19 yg/m®). OC %= KIOST A&}t thz#] <]
ol F5AHOZ Aol =il ofFof ¥ekow, EC 5=
= 7Fol =1L ofFoll E3kth &, OC, EC 5=9] Al
Hek= F oA vl AsE Eick ey
KIOST 732}t =] HellA] PMys Al= W OC & 22
OC7} 2RA|ek= B2 Aolslgict. KIOST ZoflA
OC 322} 0C=22.9~69.3%=, AR 2I(15~58%) 1.
o} =30tk 2ejue o7 & dsRkg-o R Qs A
% 22} 0C2] 7|oJ == KIOST A7 o] thaz| o] vla)
A Utttk

FAL 9] ofE A|99] 7]E AtrAntE, | YofA
F e PMas Al= W OC, EC F=0] A Hw-> 27t
9.4+5.7 yg/m’, 1.5£1.0 pgm’E JEPGTHCho et al.,
2016). =HA|Hollx] ZFHTE PM,s Al&=of| thgh OC2t
EC9] A4 0.74=, KIOST AAof|A] OCSt EC
O ZFAIE0.51) et =S)kth KIOST #3dellA OCet
ECO| A7 12~14e]l =81%(0.85) A} mixr
A2, A YolA OCL}EC 7H A E Asoll =
A(0.93) Hrepstom, 71 AbAlas gro] KIOSTe] vla
=9t} wieha] 31798 OC, EC ull&a asfiA] ull
So] FARR| ATt ThshALY, 7| o] B ok
S AABIE A0 PM,s 557t At 34.6 g
/m’ 02 -golw Bslal, ulq|HA| F e E uiE
o] Tt th718hg 0 2 sjAlElch ¥hd, KIOST 44
oxi= OC, ECY] tofgt viEeE 7HAH, o]&0]
PM, 5 ol 7]of8lal Ql5-& oujgict. 1eju siEs
gt ofu et WEA| Yl =3t sfigkR|HQl F4tke] 7]
FEA Aol a1 tiido|BE, OCet ECYJ HijE¢o|
PM, 5 -gt=0f| of= Hwo] Foke -4 AgH o= &
a17]= ofHT

A ' S 2 252 HAE OC, OP, ECO| i

[ =A T
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Table 2. Monthly averages of individual OC, OP, and EC fractions (%) on TC in PM, s filtered samples collected at KIOST

Month 0OCl1 0ocC2 0ocC3 0oCc4 oP ECI EC2 EC3 EC4 ECs5 ECo
August 2020 (n=9) 32.08 8.63 9.12 20.83  20.15 295 10.19 13.73 1.68 0.20 0.17
September (m=13) 32.11 14.66 10.83  21.08 12.89 1.46 4.88 10.12 3.72 0.69 0.20
October (n=7) 28.61 12.35 7.60 1599 2645 5.59 15.18 12.25 1.58 0.29 0.16
November (n=8) 28.12 12.78 6.56 13.82  29.73 6.55 18.90 11.43 1.03 0.23 0.16
December (n=9) 26.90 10.23 6.72 1520  34.55 8.62 19.55 10.32 1.59 0.27 0.16
January 2021 (n=4) 25.41 9.46 6.90 1640 3591 8.58 20.59 9.40 2.13 0.49 0.20

Total (n=50) 29.49 11.75 8.32 17.69  24.57 4.99 13.45 11.28 2.10 0.38 0.18

AAHES ol A 0 & W g9t Han et al., 2009;
Lim et al., 2012; Chang and Lee, 2019). 9|5 £9],
OC19] ggo] o}54e| S7Isl= @2 OCl& 4
= HIS]HEA G718k (semi-volatile organic carbon)
o] ko g wHErh OC4= A3k 771 olol=E
(oxygenated organic aerosol) = A=, 77| ofloj=
Zol APt go] dofd 4= Q= 2418 o501 0C49]
o] =t} OP= -2 Hlo] ufj A axo] oJ5f) /4%
RO R SJEIE BT o Foll= Hiol e
ujA0] AA7E Aol A E Adol 23 Ffe] A7
ool 6154 OPY] =k Wtk EC49}L EC5+= Al
s Aaxof Ofsf FAdH Tt m A E o] glom,
oj20] ZIPl= A HEQtKLim et al., 2012;
Chang and Lee, 2019). KIOST|A Z{F3EPM, s A=
9] 7% OCl, 0OC49] ke 8~9Ye] &=3ITHOCI
32.1%, OC4 21.0%). OP2] F=Ee 12~1Yo]
34.5~35.9%= =431, 9do]l 12.9%= W3t} EC4,
EC59] &R 9o -2} 3.7%, 0.7%= =3tK Table
2). wjEbA] Fik g Qofli= A, = U 7]
g Bl plaghao] 7] do] GER|HA PM, s =0 7|
ofgl= A o= sfjAlEch

3.3. PMys ZEAIR L] R4 70t 2F Hat

PM, 5 59k oflg], PMys YA Hdske i
2/ B AT e AR o] FAdabdolu 7
KRof] w2} D2l 4= 9l Hwang et al., 2005; Jeong
et al, 2017; Hwang et al., 2020b; Ha and Park,
2021). 2HFE AR = oA A 67] Aol thsh

o

SEM-EDS 248 AAJ3k 2}, 7t Al 744
ol A T=3151 2Jo|S B Yr(Fig. 6, Table 3).

B} 4659 Qv BREgon, ey
21 Siet O& Alefsld 67 AlmollA] 55208 S
SR 15.143.6%)0] =7 LFERGTH Table 3). 20131
Rk olRgol A ZARE 71 A7) SISk PM,
A 0] Yadw 5 SO ool At 16.3% = LiEh,
o[l AAmel fARE Fhe HitiJeong et al,
2017). wepx] AR Aol 3E24 22 S7F PMas
5 Hisjo] RS T 9SS ofulich

HNHARE ok Yae TRt 719 7tk
B 4= Fe, Ca, Al, K, Mg 502 oJAX|H
(Hwang et al., 2005; Jeong et al., 2017; Hwang et al.,
2020b; Ha and Park, 2021), 3871 ¥4+= Na, Cl
(Jeong et al., 2017), Alvtda 7] ¥4 Ni, V
(Jeong et al., 2017; Hwang et al., 2020b)2 573 4=
UL} o Aol PMys Alm W axAdS 71
e} SLEsto] AR Aa), ol Yazddo] 2A gt
ZCHTable 3).

B ¥49] SR Fet+CatAl+K+Mg)2 14 A
=2IA 7H = (34.9%), TS Zoll HIgl 1.6~8.4
HiGIEE. PMy s w27t =819 1ol BE971 94
120] PMys 52 710l FFE T35S it B
719 ¥4 Z7F0) Rk A R Ca, Al K, Mg7h &
FA R 1o UL, Feol 739 9t 1€of] =& 9
THZZE 17.0%, 10.9%)2 EFHTKTable 3). 7]& A+
of| 2J5HH Feo] 9= =9 7]yt ok 4k o ¢
5 A9 v FaF= W] wizoll(Hwang et al.,

oot fr
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Fig. 6. SEM-EDS images for PMj; s filtered samples collected at KIOST in September 2020 (A, B) and December 2020 (C,
D). The shape and size of particles were identified by SEM. The elemental components in (B) and (D) were

identified by EDS.

2020b; Ha and Park, 2021), Ca, Al, K, Mg} Alolgt
A W3} kS Ul Ao SgETh

A7 o] FHNat+Cl)2 8 Aol =%
©1(8.7%), T ol B]l 1.88) oFo|$ArK Table 3).
PMys F7b #30% 8¥ol= 7]l HadEol
PM, 5 52 5710l GRS 52 oJugit). 71& A+t
of| oJaH, FAF AAkEollA ZHFRE PMys Al 5 S
AR slEke AW 2.4+43.8%%THJeong et al,
2017). o] AoA= Na+Cle] §12fo) 67 A& Hat
3.243.1%=, 7]& A7-A3E ) tha A YeRTh

Aol 7]9L0 8 of ARl Nie] Slake 11-19] A
=014 0.04~0.16% 2|31, 8~10Y A|=of|Af= e}
U] glgtef. Vel gk 129 ARSI 0.01%SL of
2 dofli UehhA) I9ieHTable 3). 71 2i20] ofs
H Fit dhksollA HFRE PM, s Al 5 NitV S
A 0.049%R31, Ni =S AFEHF 0.017%3ch
(Jeong et al., 2017). ¥ ¢ALojjAl= Nig] ghefo| 671

AR Hd 0.047%=, 7|& A8 A+ Ni e
of vaf| oF 2.8uj3l o, 7& ArATe] A4t NitV
Sl vl wabe Ak IRk TR N, V7 At
QA olole] 7]9lE glor, HHow Ukt phe
Ni, Vel glepo] Aluto zie] ujaE AelAs ekeh
7] o,

SR ¢4 T Q1912 71l ofal A dEl= mIAl
wAkE 21740] 1.0 m oJ8e] A7} e Aoz b
E|IthLee et al., 2006; Yin and Harrison, 2008). &
A 671 PM, s Al=20] QA=) 325 Fig. 7] 3EA[S}
Ak 7o) 1.0 um o]l QAR Tk |4~ 38%0]|
A 231 70%744) Wsksigich e AR o R B
AR 11, 12, 1€of] 3F2 02 60% oV H3rh 7]
& pasiel gol, 10 pm oJ3iel A7} 191 7191
T} TR AR HolERIthd, o A5te B4
AlZOA] 1.0 pm ofs} YRR glgo] ol A2 A
W Qo] wE SHAAR AR STl ofet Ao
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Table 3. Elemental components (weight%) of the representative six PM, 5 samples collected at KIOST

collected month and corresponding sample (1~6)

Element " > : " p 5
(wi%) Aug( 3020 éei} (()c)t I\(Io)v I()e)c J an( 2)021

Si 39.98 29.94 27.66 28.12 25.45 18.49
(0} 22.77 17.05 15.75 16.00 14.44 10.53
S 9.98 14.64 13.26 14.70 18.43 19.87
Fe 1.42 17.01 8.48 11.73 8.14 10.89
C 7.60 3.29 9.90 8.64 7.30 6.68
Pb 0.00 12.62 9.33 0.78 0.00 0.00
Ca 1.23 0.00 1.35 4.43 5.22 8.48
Al 0.69 0.00 2.88 2.15 4.11 8.01
Na 6.57 2.10 0.06 0.76 1.93 1.54
K 0.20 0.00 2.64 1.55 2.98 497
Mo 0.98 2.92 1.62 2.26 2.56 1.60
Cl 2.17 0.00 0.40 0.57 2.92 0.22
Br 0.00 0.00 1.12 0.47 1.12 3.30
Mg 0.62 0.00 0.41 0.68 1.53 2.50
w 2.81 0.00 1.03 0.20 0.23 0.59
Lu 1.79 0.00 0.98 0.75 0.51 0.00
Zn 0.67 0.00 0.37 1.71 0.48 0.27
Ba 0.00 0.00 1.16 1.17 0.33 0.31
N 0.21 0.43 0.28 0.68 1.00 0.26
Ti 0.00 0.00 0.13 0.59 0.34 0.55
Cr 0.27 0.00 0.15 0.58 0.23 0.13
In 0.00 0.00 0.32 0.25 0.06 0.26
Zr 0.00 0.00 0.51 0.15 0.03 0.06
Cu 0.00 0.00 0.18 0.14 0.06 0.02
Ni 0.00 0.00 0.00 0.16 0.09 0.04
Etc. 0.06 0.00 0.00 0.81 0.50 0.43
Total 100 100 100 100 100 100

% Etc. : Sum of As, Au, B, Cd, Ce, Co, F, I, La, Mn, Os, P, Pd, Pt, Sb, Sn, Ta, TI, U, V,and Y.

sfafet o= Ak

SEM-EDS Z4jo] =34 Al=7F A do] 3
71378 ApmollAl 213 At 20201 8 12 HAIE,
90 13Y B =55 10921 BA4F 11€24Y
53 B B4 129 169 A%, 2021 14 13
SO0 8Y A== 671 AR T FdsHA 98] B
< ke, 89 AlRolA Na, Clo| o] 9k
KIOST 4& 7o =2 d&ell= Bithrk X8kt 9l

o

om, %] o 89 ARelA 71 Aol &
2po] 7 Lheheh 5102 Webick 1119 A2 A%
of S Wkon), ofS AR AR 7|9 U
Q1 Nie] ggo] 71 e, 1.0 pm ofs} o] &
0] 60% o0 2 $9lrk. KIOST 4448 7|20 A
ol WA} SIS 9] whel, 11~19 Az
o] At Gl Alho 2 e vl g
°7l0% e,
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Fig. 7. Particle size distributions of the representative six PM, s samples. The contents of small particles less than 1.0 gm

vary between 38% and 70%.

FARA] = A 9Q1 3Rt R0l PM, 5] -4
‘Jo] AEA 02 stk 212 A vAHA] 7]
o] tharh= Z1& onfRith o] =2JsI3iARt 94
Tof|A 10 Zofli= PMys 557} Wokon & B0l
UUHFig. 2). PMys g7} 9 Hof| Rolxl A2 5
717 Sobl 1.0 pm o3} Jxke] et welo] Q= A
o2 sAETh 989 1.0 um o5} YA} FH38%)=
Qojd el ozt re] 1A r(baseline
concentration) = 7FggF 42, 11€9] 1.0 pm o3} ¢
Al FFg(70%)-> 9dol| vsf| 28 F= ok o=, 11
o]l R Aot AHte2RE Y b= 5 Q191A
719 = QIZE PM, 57} oF 2uf 7170l STk E= A
Algttt. oo} -2 ulfEa Q1 Q]ofl= 1.0 um oJs} Y}
SRS QAR 718 gl m o) 5 Sk
2 5 cfafsl 7143t 24lo] ofs) i Aew w
31 %]QJtHJeon, 2010; Jeon and Hwang, 2014; Cho et
al., 2016).

34, 7tAY 7 |2B=Ee| S

PM, s 512 15} taket 2.2l] ofsl) 2, ol
] ofel kiR, Eof 9l il 719 ¢ S} o]
Pt Ap| e BEAE FHH 0 PM, ;s 20 7|9
sl Wby o] elolx] AHoR ZA RS ook
A, Sk Rl 7l e 2 vl Aol
AR 53 Bolzl SO,, NO,, 05, CO 5% ARE
H| 1 A=tk Fig. 8).

SO, 35120] A1 g7k BAL 89, Bl The
0] B8] oF 1.3~2. 14 7] ehitth Fig. 8A). 55
R AT FAEe) 89 MRS ] aslgS v,
PM, s St 4o Eakahurt okt 7] vl
Ak SO, et Ao Al Eurt 26 A %9k
o}, webA] AR SO, S PM, s 5iE0] 27
7lestan gk seheck olo e Ak R
9] SO, Hl&0] MR o) 2919, Z qix|elo] Alu}
0] ofsl) 7]ofEck= a4 AAIFIEKim et al., 2020).
5} 33804 0]t Hhe} o] PMys EAR %
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Fig. 8. Monthly averages of SO,, NO,, O3, and CO concentrations at the four comparison sites. Concentrations were referred
from national air quality monitoring sites (http://www.airkorea.or.kr/). The station numbers 1 to 4 indicate
Jangrim-dong, Busan north port, Dacyeon-dong, and Taejong-dae sites, respectively.

SO] gffo] Bt 15.1%= 2o A yehston
2, AR FER0A t7] 5 SO, = Sk
PM, 5 ‘&%0]| afe okl ek

77 W FARRS S04 IS5E NO, 5=
= TR 7oA BSEINO, =0l BIsf 2[) 3.084
EUT B3SOl = FAI 11~1H NO, 5=
7hgoM = kS HAHFig. 8B). AR ol A NO«
HiS-2 B2 o] F 2¢¢o] 52%, =& olF 2ol
29%E ZpAJste], Al Ao g Q1% vigo] Wil
HuEciKim et al., 2020). 0]} & 7|& A4}
£ ME3ITH, NO, 529 A57H] Wslk= viEd =
gt Tdo] Q= Ao & S, 3t Alsat A
EaolA AAA o= Tt 58 PM, s w9 TSI

0; v U5 Y| AxollA] 352402 991t 10
ol EUTHFig. 8C). 05 F=7F &2 9€ 1042
PM, 5 ‘FL7} HRE Al7]Het Holrl 717ko =, Ha A 7f
215t di7jgbdo] fAlER= 7IKtel| sigsisict 71 o
ol &fehH @& AAkeHEe] TSRl wFgolAl
AnEl= 7Aeko] QtiLee et al., 2014; Hwang et al.,
2020a). 8HFE| 10471A] FARER; S04 BS5H
0; =7t HhE S7g oA U5H 05 ol Hlsh W

22 NOZFNO, = AR )= IgolA] O37F A% 817
o E0 2 ghohEch

712 S vl ARelA] BSE CO == 35
Aow 8YRE 197A] w57 At woRle s
Holal glom, 5d] s 74404 5% CO 5=
= ok S8 40lA WS5E CO g0 vlsf A7 11t
7} 7go] TRt AHE SN H5E 1Y
9] CO Fe+= 89| CO “s&=of H|sf| oF 2uf Folxrt
(Fig. 8D). 7]& ¢ito]l &JshH 7]:20] Wolx|= 7h&att
AZoll= AR ARge] 718l 7] So= viEs
= BAAEY] U} oAtk Streets et al., 2003a;
Streets et al., 2003b; Kim et al., 2015). Z18{=2& AL
717t W CO =7} A3} S718ke B3 A=d
ol W SPIR AN 27k SR 4 Gk o]
FollA] CO 5127} 501 2 PMys 527} 12-1900]
s pe 2} s} o] slol, A2 shal
A1 271 Qe gare e

4 22

B} A7) KIOSTol|A] HVASE A}8310] PM,s 2
HARE AFekaL, TEHeE S4E PM, 50 A



AL FHA S PMy s w5=2]  Hoh 3 54 859

FEF EAE F S RAISIITE T3 PMys Al W
At A7 B4 o2} gl FAk it
FHAY 7| ed S84 Y AHolA WSt AEE
28310, PMys 50| d Wigjel 11 EA3S ARGt
o} B3F PM, s YARS] 401 /R Aol 5= &
Sk3ic

1) oF 67§47 KIOSTOlA] ZJ33EPM, 5 Al22] e
= YR LS Holon|, Ho} e otk R
o vlarg ol doizl TS Apmet & A5Gt A
AHoz= sHAR 8t A 12, 1o HBt
20.8~22.9 yg/m’ & =9kar, 41219, 10, 11€o=
it 18.3 ugim’ o5 Wkt S A 7F PMys 5
Let= KIOSTof|A] vlaLd wgkow, Aels S7aoA
£ = o KIOST o] ul3f 10 yg/m’ o]} %%

-

o

2) PMys A& U] REAJES PMy s 5529 ©F 17.6%
£ AABIL Qlom Tt e HEAS Btk M4 ©
AR =10, 11, 1290]] LB 3.8~4.2 ygm’=E
B4, 8, 9, 1] Y 3.2 ygm’ ofskR Wik
2020 84| PM, s sk =34 A HiAjel &+ v
T F0A] OC/EC H|= 77} 429} 3448 2 2jo]S W
et A WA T T A= PM, s Fieo] EC2] 7]oi7} A
o2 310w, o|o} Rith= & Hnf 3| T o= PMas
sl 0Ce| 7197F Ziek 202049 1093 1249]
PM, 5 1% 5] =20]4 OC/EC Bl= 712} 16.9, 17.42,
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