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Abstract

To improve understanding of the sources and chemical properties of particulate pollutants on the Korean
Peninsula, An Aerodyne High Resolution Time of Flight Aerosol Mass Spectrometer (HR-ToF-AMS) measured
non-refractory fine particle (NR-PM,) from 2013 to 2015 at Baengnyeong Island and Seoul metropolitan area
(SMA), Korea. The chemical composition of NR-PM, in Baengnyeong island was dominated by organics and
sulfate in the range of 36~38% for 3 years, and the organics were the dominant species in the range of 44~55% of
NR-PM, in Seoul metropolitan area. The sulfate was found to be more than 85% of the anthropogenic origin in the
both areas of Baengnyeong and SMA. Ratio of gas to particle partition of sulfate and nitrate were observed in both
areas as more than 0.6 and 0.8, respectively, representing potential for formation of additional particulate sulfate
and nitrate. The high-resolution spectra of organic aerosol (OA) were separated by three factors which were
Primary OA (POA), Semi-Volatility Oxygenated Organic Aerosol (SV-OOA), and Low-Volatility OOA (LV-OOA)
using positive matrix factorization (PMF) analysis. The fraction of oxygenated OA (SOA, =0O0A =SV-OO0A
+LV-O0OA) was bigger than the fraction of POA in NR-PM,. The POA fraction of OA in Seoul is higher than it of
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Baengnyeong Island, because Seoul has a relatively large number of primary pollutants, such as gasoline or diesel

vehicle, factories, energy facilities. Potential source contribution function (PSCF) analysis revealed that transport

from eastern China, an industrial area with high emissions, was associated with high particulate sulfate and organic

concentrations at the Baengnyeong and SMA sites. PSCF also presents that the ship emissions on the Yellow Sea

was associated with high particulate sulfate concentrations at the measurement sites.
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SEOA ot A 20W7t AT AAYE T
Azt di7ledE skt di7lede viEeR
A%t AAL oL Tl Fato]l H FAIZE &
EA40l Jlen, Oz Qs FAA &4 EAS of7|st
71%= 3tk (Richter et al. 2005; Park and Lee 2002;
Streets et al., 2001). E3H, Z{ A2l vj& L Fsshit
ol s A== ARG 282 AR F o= QA
of otFFS A= Aor HuEglon, 2ujAHz|
(Particulate Matter, PM, 5, 2.5 pm ©]3}9] JAHAF E7)
o A% 55 B3 9l & A%o] WSt W9 7]
2 A3}A| 71tk (Baker and Foley, 2011). 12 <l3] o] &
=7FeZ HAIEA (PM,,, 10 pm ©]5He] AAHE E4)
¢ PM, ;9] & 93 di71d 71EL st oot
(Mugica et al., 2009; Oravisjirvi et al., 2003). u]=+ 3}
74X 3 # (United States Environmental Protection
Agency; US EPA)S t)7]2 7|&LS 24A17F B+ 35
pg/m’et At 15 pg/m’ 22 2 st} Fa|star ok
(Khan et al., 2010). T3, A|A| X2 A7)+ (World Health
Organization; WHO)= PM, 3} PM, 9] 24A17F H
(50 pg/m’, 25 pg/m*)2+ AHF (20 pg/m’, 10 pg/m’)o]
sl 7S AAsH t71E #eE ARk e
(Park et al., 2017), $EU&t= PM,, 2} PM,. & Z|
AZFBAA] 50 pg/m’, 25 pg/m’ oJs}, 247t Bt
100 pg/m?, 50 pg/m’ o)3t2 sl= 7|84 7| &S vt
S slck. olafet A B4 5 28 A BAL
30~60% =S AA|5}T 91O v (Huang ef al., 2014),
2 G BAE R hAY ATBAE] B
B Fol AE7) Wl 13} AR Sk Al
Hoz 9o 2717 Atk AT Be ATEE YA
o 2718 H% ARSIt 1um ofste] YA B2
& Sz0pEA PM)E A o, 2717} &

=75 Al 85 fefstthal Bist A (Zajusz-
Zudek et al., 2017; Sanchez-Soberén et al., 2015; Chang
et al., 2007). AT ol A= oF& PM, o et &
7t wol +qEA ggtm 1 @H7IEE uhE ol
UA 7] W] PM, TS 93 7|Zo| BRF A
o]tk

E 4= 2013E5E 20159 71A] High Resolution
Time of Flight Aerosol Mass Spectrometer (HR-ToF-
AMS, Aerodyne research Inc., USA)E &-83}o] HjF
A ejel W zol EAX Al AL ) NR-PM, 2| 3}8t
4 B4 B43n £ Ae) NR-PMo] st 9%
29 of% & SojsE =S Bt

2.1 EXXA AU =

= ARG WY E Ao MPEr]| e HH
F5744(3796°N, 124.63°E)&}, A EHA] £33
x5t L= AdY 7| S FHZZA A (37.61°N, 126.933
°E)of| Al 2013 @3 E 2015 =< HR-ToF-AMS&
BE ARE 2835t F d9Y NR-PM, 9] E4&
ofetthH(ad 1). WE =+ et 7149 dx
A 7} WA G 2N, Q-G A EAZLR ok
178km G 7l ol 2|5k M3l HET dolrt. 2|7
Hog iy WEL HoA = W= Il U5
ol A IAH 7] 2 dY AHHN FFol F7] wfEol
W oA S ARES 7 TR &8
T S Ent ol S5 Sl WE Abelo 9
(F= AFsHtEoA FHO = oF 180km)ste] = of
719 @Y FFE A g2 T8 ALY olF w7
LES AHA R BET 5 e AdF o]Ho] Q)
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Fig. 1. The locations of NR-PM, sampling site (left=Baengnyeong Island, right=Seoul).
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2.2.1 H| L3I Z=0|MHX| (Non-refractory
submicron particle; NR-PM,) &4

Wz o} Ao 9113 7] e AP FZ A4 High
Resolution Time of Flight Aerosol Mass Spectrometer
(HR-ToF-AMS)S &-&3to] NR-PM, 9| 3}3H4] 22
24184t HR-ToF-AMSof| tgt ApA|3E A2 w2
E=FoM M&EH o (Park er al., 2017; Choi et al.,
2016a, b; Lee et al., 2015; Canagaratna et al., 2007;
DeCarlo et al., 2006; Drewnick et al., 2006; Jimenez et
al., 2003; Jayne et al., 2000), 2 Ao A= 2013WF
E] 20159 F¢ NR-PM, F7]9] u]4YA=E 58 714
S V-modeS AHE-ste] S48kt

HR-ToF-AMS®] A& 2]+ Igor (WaveMetrics
Inc., USA) 7]¥to 2 A|Z+E SeQUential Igor data
RetRiEvaL (Squirrel)& ARE-3}o] Unit Mass Resolu-
tion (UMR) AL2E AJakstgl o, A UMR 225
Peak Integration by Key Analysis (PIKA)S A}8-3}¢
A= (High Resolution; HR) A& 2 HS3tgch A
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SHe Azo] AAE 95l UMR A28 Hejshe 3
# 2o ‘m/z calibration’2 3§35} HR-ToF-AMS
B Yol Sk Qrelol mat gekd 4 Ik olew)
PYAZHE Bt e, FE3 w=AES A6
Baseline 7 o] lojele] Hajat Arsle
AAQste] UMR A5 A4ttt o|g A A4t
UMR ZA2E PIKAS YYAa2 AME-ste] A3t
HR A2 4317 S, 248 AuEde Has
A Aitstz] % HA 9 03 meqa 25 A st
7. 0137 W5l H28 Agsie] AFAA HR A
25 AALHATH AAFE HR AF25 NR-PM, 9] AgF
T2 ZgstA Asr] feiAe oF dES 2
g fof Ett. o] €3} Ionization Efficiency (IE) cali-
bration& F3 Zt 7|17HE2 23449 IE g2 ZEsla,
WED & g AUl AHE RS fske] ‘air
beam correction’& =351t 3 E£E o] 23ka &
(Relative IE; RIE)- A3 ALl o3 4H=4 gk (organ-
ics=1.4, sulfate=1.2, nitrate=1.1, ammonium =4)<
A}E-3HTh (Alfarra et al., 2004). YAF2] AEo|ut pH
of wtet YAE 713HA 71 HE&Rl vaporizer (600°C)
o] mHoA U] |3 Aol TAHY =Y aE
o] AdAsFA] &t} (Matthew et al., 2008; Huffman et
al., 2005). YA2] B wat otE 23 78 (Collec-
tion Efficiency, CE)2 R A3}7] Y3l Composition-
Dependent Collection Efficiency (CDCE) R A HH-&
AN RS 27 Hgotel AT (Middle-
brook ez al., 2012), 201355 2015A7}A] 37t W
Yol o] B7 TY BEL 27 0549 0510
2 AAE A
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2.2.2 NR-PM, & sulfateQ| 7| & 24

HR-ToF-AMSZ 249 NR-PM, & sulfateS A
ol Wt Q19)E, A, s 71ges BEart.
H =120 At 2AAF sulfate= 3] S E
A ¥l&% dimethyl sulfide (DMS)®] 7] ¥3}= sulfate
£ ujgtth. 2 sgolA 71¥st= DMSE Atsks
E3)] methanesulfonic acid (MSA)S YAl st} (Zorn et
al., 2008; Phinney et al., 2006). Ge et al.(2012)+= HR-
ToF-AMS A2 04 &3 MSAE 4h&ste S
AABEE o=, A (D)2 2ot

mMSA = (mCH,SO;* + mCH,SO,* + mCH,S0,")/0.147
(D

Huang et al.(2016)2 Ge methodZ AFE%E MSA 5
=9} W 48 53 29T MSAS W ZEASY
11, Ge method2 AF&E%E MSA H%7} HE|E} 34|
R*=090) A= F2 A& Bt & =&l A
= Ge methodZ AFE%E MSA©|| Huang et al.(2016)°]
A AFoz =25 scale factor (=3)S F3Fo] MSA
EL 5 A& Th Choi et al. (2017)& 20129¢ 219
M ogelo] Qi BHPelH ZHE HR-ToF-AMS
o ARE 4 12 £ MSAS AHE3IAT. AAH &
GYo] U= BHFF X Po] MSA/sulfate H](0.161,
0.126)2 Byttt APATLES 3 ZIE MSA/
sulfate B ¥o] A4g Foko] A2 793 ghe
MSA 0] Bohed 319571 90] A4 sulfaee] &
AsrhA) 2).

(mCH,S0,* + mCH,S0,* + mCH,S0,")

2+ 2 Sulfate =
ra= 0.147

(Ge et al.,2012)

*3 (Huang et al.. 2017) *7 Q3 (Chioi et al., 2017) 2)

Sea-salt (SS) sulfate= 3Gl 7] ¥ste] HAE sul-
fate2, HR-ToF-AMS©o|| 4] 24 E chloride X 9] sea
water % sulfate/chloride®] -8 (=0.104)5 F35}9
Ar&3}9Ith(Lee and Collett, 2002).

¢19]A (Anthropogenic) sulfate= 3} AR 2] AL
T AHEFol o LA sulfateE &Jn|st F sul-
fate @] oF = A} A sulfate?} | 7] QY] sulfateS A|
QFt o= A=A

2.2.3 Potential Source Contribution Function
(PSCF) 24

g7l eQ B Y oduae] ol EH2E 1}
oFs}7] 8l w)=+afoFol 7] 32| A (National Oceanic and
Atmospheric Administration; NOAA)2] HYbrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT)
2d-g A5t (Stein et al., 2015). ¥} A A A
BHL FZ7HAE 1°x 1° 27]9] Global Data Assim-
ilation System 1 (GDAS1) 7|AJALRE Alg&3lo] wlg
Z(37.96°N, 124.63°E)2} A& (37.36°N, 126.56°E)2]
S00m LES JEHOR s, BN 7]E -39
(= 72X Bt 1AZE HF o2 ALbstSitt. AAbE
vl 9P A BEAxEE vlg o2 Potential Source
Contribution Function (PSCF) 2@ A8 £4=3]5}¢]
W =9 A22] NR-PM, & Organic Aerosol (OA),
nitrate, sulfate ¢] 7|97} 7}53F X 9L EA 5T
PSCF 2dl8 =87 9] 3}8}# BX%}H (e.g., OA, sul-
fate, nitrate 9] 1A17F B AgF Fo)9 vk G414
A2g At #8H 7] Ee] 7]ofsh= vl
of gt YA AGH FEE e £ 2P
24, 7| e dE249 I4Y 4 ol Bol AH8H
3 Qlt}(Lee er al., 2015; Heo er al., 2013). PSCF2] A
A2 Ashbaugh er al. (1985)] ZAFA|8HA A= 9]
o} B A3LoAE EZH (0A, sulfate, nitrate) X2
FH 75% o1&l BE FES 7SR o vl
05°x05° 27|12 FEH AR Y= W= A4t
sholct. vhgro] 7+ ARHE AU WES AL A 43
Ao 37+ BEA AL 35 B Fhse] B
4 (trailing effect)o] BT o)2igt ZRwApe] &
235 A8 AA7FA (Why)E 283t tH(Oh e
al., 2017).

a
o2 FHE ATL AT Ut FHEL
o
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A7 22 50% oL 7|E0 & 20149 1299 5.2 ng/
m'2 7} @A BEE9on, 20139 499 359 pg/
m’Z 7} =4 B=E 9t 2013~20154 34 5919
NR-PM, 98+ == ZHzF 21.7 pg/m’, 10.1 pg/m’,
234 pg/m’2 H=E QI 2013d 3} 2014499 4L 7}
SHO~11E) Aoz F2 =71 HSHU
WP = NR-PM, 9| 3}8H4 2/AH|= 39 25F OA%
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Fig. 2. The monthly mean concentrations and fraction of NR-PM, species (Organics, nitrate, sulfate, ammonium;

BYI=Baengnyeong Island, SEO = Seoul).
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Fig. 3. Diurnal pattern of nitrate in the Seoul during 2013
to 2015.

(Wang et al., 2016; Kubelovd et al., 2015).

20139RE 20159 F<F A& NR-PM, 9] 98+ 5
EE 7.0 pg/m’ 201449 9)ol A 30.8 pe/m’ (20159 5
9) Aol 2 BEEIG oM (1Y 2).3U1H) AWF H=
= 242} 9.7 ug/m®, 9.9 pg/m?, 240 pg/m’=E #=%| 9]},
2014929 &= B 7.1 pg/m*ollA 15 pg/m® o]qt
oz gz Z Ao} glon, 39 F 7HE ¥E T
E HSHAT 201539 B+ T AEHES 50%
o]’hi= 23.8 ug/m’of| A 30.8 ug/m’ Abo| 2 ThE Ao
Hlsho] of 28} oA %A B2 3k 397 A1S NR-
PM, o] BF5H4 242 OA@4~55%)7F A o]gio
™, sulfate (25~35%)%} nitrate (17~26%) =22 A=
5)9ich. A2 NRPM, 9| 3}ot8 2Au|s W ol
o2 nitrate?] H|7} A BSEHSA=T, ol AL
P o HiEHo] 27| gio|th AL Be =&
AFHE9} o] 5 3t wFTol Wr] fio] a7l
o] A4 o) Hj&H NO, (nitric oxide +nitrogen
dioxide)7} R AIZto] F3}ehitg-& Foto] HFH o=
nitrate A F F7toll FFE 7] wZolth(Link er
al., 2017, Vellingiri et al., 2015) (29 3). &3, L}
2= 7] 59 ammoniaZ} F5517] @]l (Ammo-
nia-rich condition) (Lee and Park, 2002) NO, 9] 3%3}s}t
Hkg-of oJ3f AAIE nitric acid7} ammonia®} 2 §s}o]
ammonium nitrateS A= A of A|2Fo] Qict.

3.2 WA= ME2| F7|4 NR-PM;, 24

3.2.1 NR-PM, & sulfateQ| 7| & 24
20139 X g 201549 E<F WM =9} A2-9] sulfateS

A4, 1904, 31 E 719 Al SRE BeElste] 24
A3 o] sulfateo] 7]ofdt= A=E FASHATHIE 4).
WH =L AE BF 191E 7]¥o] oF 85% o) A
stlon, sd7| Y A oF 3% nRte® HEES
ok S 7199 A AR Z717F 2 G H (d> 1 um)
| sjesh=] (Simpson ef al., 2014), HR-ToF-AMS:
PM, 27] o|5}9] H] W3t YA (heater <600°C)SRE
EA57] giZe] AHer ABrt =HE 7ol
et A7) ¥ Q) sulfate’= 2~24% $=ZF 2 2 TEE| Q]
O WP Lo AEe & Atol7} gl

2

3.2.2 ZIA 2x} 27| NR-PM,o| MM
ofst @}

Sulfate®} nitrate= F2 7}AAF AJLEZ o] 338t
BHS i LSS Boiol AT Zheng et al.
2015; Khoder, 2002). 12 Q18) 7}AAF AFEA ] oF
I @A 7] S 77148 vAdAY sEE AL
Folol ARHE A 23 B4 v o
& g2 4 9ow], AL 43T 2t

Gas-particle partitioning = Gas/(Gas + Particle)  (3)

HAA 22 77178 mAldAe] A= ghol 19
TWESE A AFEA Y ol SE3te] FAA
o2 22 57144 nAIgA7E AEE X7 231, ghol
00 7W7h&5E fiok W2 7tA4 AEdo] B
sto] 221 2714 wAldAZE AAE o S et
o} AukA 0 2 sulfur dioxide T+ nitrogen dioxide2]
2 E AFE5HY sulfate9} nitrate?] ZFAZA AWAIEE
ALFSHAI R (Lee, 2007), & =ZolAe AR A=
QI3}o] nitrate®] 73-$- nitrogen dioxide®] &A= 7}
AT A 23 2714 ARk AR seke A
L S

WY} Age) B 24 T 0AARY A
A AAH O Z sulfate= 0.6 0|4}, nitrate= 0.8 ©]
AEFEE 201349 3~5Y Ao B BSEHUTHE D).
ol Zt A HoflA 22+ F71A4 mIAIYAF Aol Badt
7k AFLEZ Q] sulfur dioxide (e.g. SHA AR Q] A}
£ 5)9} nitrogen dioxide (e.g. AFs2} B}7] 7k € U
Q7B Ak 5o HEALS HGIT, A AT
EHES 7] T W& vt o|gA W&

= sulfur dioxide®} nitrogen dioxidex= FAAFSH =
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Fig. 4. The monthly mean concentrations of total sulfate and fraction of sulfate species (total sulfate =anthropogenic +
natural + sea salt; BYl=Baengnyeong Island, SEO =Seoul).

Y3lehut-2-S &3} sulfuric acid®} nitric acid=2 A&+
T2 ammonia®} ¥H2-3}e] =& © 2 ammonium sul-
fate?} ammonium nitrateS AYAJste] 7] F olAY
2ol EEE AF5A|7ITH(Wang ef al., 2016). wheha B
F L9} 4129 NR-PM, 9] 5Ei AR 2oz 23} 27
A BlAIIAe] A4S Eate] o okl 4 3] ulE
o 7kA4 AFEAS &St WEYEY He7t 2
Q3S AABIT} AL wE = H} sulfate@}t nitrate
BT A 22t mAYR A= A AAEEHAE
g, o]&= A&o] Wy =R} sulfur dioxide®} nitrogen
dioxideE A4st= S EHARY A&, A2}
< 5)o] W] wjEolth(Yu et al., 2018; Park et al.,

o713 A A 34 A A3 &

2013).

3.3 WEEe M2 9714 NR-PM, B4
3.3.1 OAQ EM U M3l

2013EEE 201597H2] MHE} 4120 NR-PM,
% OAQ] A= E improved-Ambient methodS AR
3Fo] BA15}9th(Canagaratna et al., 2015). OA2] Ars}
= EX4-L Organic Mass-to-Organic Carbon (OM : OC),
Oxygen to Carbon (O : C), Hydrogen-to-Carbon (H : C)
9] HE 7}A 2L OAS] WA 9 A A=, Atgt A=,
speha] EAS 75T o oA g2 dFE0A &
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Table 1. Gas to particle partition ratios of sulfate and nitrate.
2013 2014 2015
Month Sulfate Nitrate Sulfate Nitrate Sulfate Nitrate
BYI* SEO" BYI SEO BYI SEO BYI SEO BYI SEO BYI SEO
1 0.75 0.88 0.82 0.96 0.79 0.98 0.78 0.86
2 0.70 0.82 0.86 093 0.80 0.98 0.71 0.89 0.81 0.98
3 0.76 0.35 0.90 0.97 0.64 0.85 0.78 0.94
4 0.67 0.23 0.55 091 0.77 0.98 0.63 0.80 0.86 0.94
5 0.68 0.84 041 0.98 0.78 0.87 0.88 0.97 0.62 0.73 0.89 0.95
6 0.59 0.81 0.99 0.69 0.81 0.83 097 0.54 0.68 0.82 0.95
7 0.78 0.80 0.90 0.90 0.99 0.45 0.77 0.83 0.96
8 0.84 0.87 0.78 091 0.48 0.70 0.85 0.95
9 0.95 0.74 0.95 0.98 0.81 0.89 0.97 0.99 0.53 0.86 093 0.98
10 0.38 0.85 0.98 0.85 0.86 0.97 0.99
11 0.82 091 0.89 0.97 0.90 0.95
12 0.82 091 0.96 0.94 0.97

mean 0.73 0.84 0.51 0.98 0.81

0.90 0.90 0.98 0.62 0.77 0.85 0.95

“Baengnyeong Island, *Seoul

£ 5] %1tk (Canagaratna et al., 2015; Zhang et al., 2011;
Ng et al.,2010). MF =2} 482 OM:0C,H:C,0:C
H[S 2% 5o UetRlch #Ey =9l OM:0C% O:C H]
o] B 717 1.95,0.61 (2014)of| A 2.14,0.75
(20139) +EL 2 BSHJUL, e 35 42 185,
0.52(2013¥)°f| A 1.90,0.56(2015¢) =502 H=5)
Aot MH =] OA7F AEHTh JiF ez o 438Hd
ALoE BEEHET, P =] AL AA|F QL BE
o] Aol uls| 27| wjZo] OAY] A7 WP ETt
QRN FAEE T ABtEE OAR Iste] A
o7 Agle 7} =t} (Choi et al., 2016b; Park et al.,
2015). L9 AL 0AQ] 7}AAF AFLEZQ] Volatile
Organic Compounds (VOC,))9] uj&o] 7| wjo
Falehk-go] ol AA Az BPE OAY o] =
PR goba FjFos igtert We Ao o
2= Itk (Lim et al., 2018).

3.3.2 PMF analysis
20149 WFHE=9} A& NR-PM, & OAE PMF &
AL E3}4] Primary OA (POA)®} Secondary OA
(SOA=00A)E LE3}YTH 20149 WP w0 OA:
PMF 2418 E3lo] A 72 2491 POA, Semi-Vola-
tility Oxygenated OA (SV-OOA), Low-Volatility OOA
(LV-00A)Z EF3FTHAE 6). POA= Tl A

Aoz wjEH OAE YusiH, A4 wiEd W
7] F =EAIZto] SOA HREch 7] w&o] 4kst
HA] & Ao] EAo|t}(Canagaratna et al., 2015;
Zhang et al., 2011; Aiken et al., 2008). 12 213} SV-
0O0A¢} LV-OOAXET} OM: 0C¢} O: C H|7} A& o
2 Rk POAE d¥tdo g SRS Aol o)
YR Hydrocarbon-like OA (HOA)S} FH AR50 A
YA 5= Cooking OA (COA), A A A2Zro] o)) dHAY =
+ Biomass Burning OA(BBOA) 522 73 4 3l
ARk, 2 =ZoAE POAE AlESIsHA] ¢hgttt POA
9 8 #4 H&2 CH,,,, CH, ® CH;" (m/z
27), CH* (m/z 41), CH,* (m/z 43), C,H, (m/z 55),
C,H," (m/z 57), CH,* (m/z 69), CH,,* (m/z 71) S0]
=59t} (Sun er al., 2011). SV-00AS} LV-O0AL
SOA%L At o] glem, POA] H|sto] Arjze=
A7k JEE o] CH,0,,CH,0,9 JE50] #5HH
d®xzxoZ C,H,0" (m/z 43), CO," (m/z 44)7} it}
SV-00A9} LV-00A9] }o]= SV-00A7} LV-OOA
Hoh g AgtE o] Aoz OM:0C,0:C 8|7 &
I 39t o] =t} (Zhang ef al., 2011). E3F m/z 449}
m/z 439] 1]7} LV-00A9] ul3| e o] Sgolck
(Ng et al.,2011). 20149 WFH =] POA, SV-00A,
LV-OOAY ABWF B8O 15%, 28%, 57% 2 A2
ALY 6). OOA(SV-O0A +LV-00A)Q] H]-E9|
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Fig. 5. The OM:0C, H:C, and O: C ratio of OA (monthly mean; BYI=Baengnyeong Island, SEO =Seoul).

85% 2203 =7 BEEgon E3| LV-O0A7} 4]
ujEo)gliu], ol WHE AR 2 02 WAL POAR
o elRolx $UEE Sk AEHE 0A9 Qo] 2
Ao WerEth 13 70 20149 WHE OA) U9
shele Uebuich. 27 wiEe] ofs) WA E POA
L A4Sl BEL ARE oA 8ANH 7159
om, WA A&H Q] Feetukge] o AetE
E3] POAQ] %7} ZF43H LV-O0A7} Z716t= A
2 =T 5= At o= Lee er al. (2015)0] Ri13}k
20113 5U5E 11970 T4 BHE 0AS] A
wish sjelat fArstet.

o713 A A 34 A A3 &

20149 A& OAQ] AXHE PMF £4& £33t
POA, SV-O0A, LV-O0OAZ TEIATHIY 8). A&
o] XA A9 POAE 23% oﬁ%, 6~79)~32% (&, 3~
5¢) 2zoz /=T, WG oF 28% £FoR
WPz O] AR POAEE} oF 13% &4 BZEIE=
o), ol Al&o] HYP=RTE QA H o2 wjEEE= OA
9] oFo] wy| wj&Eo|th(Choi et al., 2016b; Park et al.,
2015). A&9] AF4E (6~79) PMF Zi}= o2 A&
o H|5le] WS POA (23%)9] H]&T} =2 SV-00A
(35%) v]&o] TEFE o, o] 59 AL tE A
ol vjal] dAatge] @] wigel] Aoz Asist
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Fig. 7. Average diurnal trends of POA, SV-OO0A, and

LV-OO0A in Baengnyeong Island, 2014.
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6. The high-resolution mass spectra of three OA profiles determined on the basic of PMF analysis of the HR-ToF-

2 Y NR-PM, 9] &0 IS F= Y 7|99
sbolstgith. 20139 197 4129 NR-PM, % OA,
sulfate, nitrate 2] PSCF2] Z1}9} ] A g H(VOC,,
SO,,NO S 1% 99f Yelth 2013 A& OA, sul-
fate, nitrate®] PSCF B4 A3}, Audta o2 Asjet A
Qe Be JlolE she Rom ARt A

(Bek 23 5) ool AT ARITA] B SEAe
AUA TRS 9% sEUAasl 9 (9T 67, %

2 87I,EHC& 8717153 871, A3 27])= o] glolA 71e
o2 Ao vjg diFez @2 ¥ Hrled &
do] vjEH Aoz A3t A9 sulfated] %L
TEd @ ZAAY, Aot A © Aol A Eol
719& 3 AR EAES=H, ol AsidelA 24

Stz AEke] WAz oA A sulfate7} AF= B
I ALEE §9% Aoz FFEcH(Wan et al., 2016).
Wan ez al.(2016)2 thy g olq - (FAE T &
e, ', Asto])o 4] uj& == nitrogen dioxide}
sulfur dioxide2] oFo] A A FLol| A v& &= nitro-
gen dioxide®} sulfur dioxide %2] 20% &2 B
sttt 3 T si/doll Al Aukel 2L flsf 4]
He AR ote] BiEEHE PM,s= AAF R
0.2~1pg/m® $£F0 72 7|03t AoR BHIEQTH
(Wan et al., 2016).
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Fig. 8. The high-resolution mass spectra of three OA profiles determined on the basic of PMF analysis of the HR-ToF-
AMS data in Seoul, 2014 (a=Mar ~ May, b=Jun ~ Jul, c=Sep ~ Oct, d=Jan ~ Feb).
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Fig. 9. Potential Source Contribution Function (PSCF) map indicating the conditional probability that an air parcel
passing over a region arrived at Seoul with a high concentration (>75 percentile) of (a) OA (b) sulfate (c) nitrate

measured during 2013.

a9 102 20159 93 = NR-PM, & OA, sulfate,
nitrate®] PSCF Z3ksh 37 29) A 2 AL EAeH
Aot WE = OA, sulfate, nitrate 5E=2] F8 7)o ]
A2 I Asigt doiet F= FF AT e
4 WEA YA FAA, 2123 F= FF S

o713 A A 34 A A3 &

Aol AA (Frte-AJstel) 23 = FUA
oA HiEd 2 FEdS] UATS B AAE o]
e 3 W= 719 Ao AZHUH(Guo er
al.,2017). Lee et al.(2015)%= 2011 5Yo]A] 1149 7]
Zt 3 W= NR-PM, 9| PSCF 245 F3to] $=0f
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ent regions clustered by the pathway of airmass.

A vi&E OAS} sulfate”} A7 T o] 5o o3 WP E
2§99t R ustgt. Park e al. 2017y F3

A fdE d 7P 22 A2 2 YEgTH(aE 11). ]
€ 5 AR Al AR FRA AN ARk

ofl A EAYRE AHE B A7 AR oA AP E bio-
mass burning-OA (BBOA)7} HA|ZFo| 23] MZg==2
o s BSSHTh & A9 PSCF 23 U
o] ujF Al WP oA AP B2 A AFLEL
== F5Y FokA gl AAstL g7 wZel F
FEAD) A H2bd S04 TAE 79l =

29 5 982 A

o

3.4.2 ZHEM0| M2 3t5t 24 E4

A
AA Q) NR-PM, 9] S8HE] FEE IV 790

1o B

st AR}, FAA GOl AHGEl= I AR o3t
Aoz BAEcHGuo et al., 2017). T3 IV Fo] 11
T V F9RY A EH oz wygret I 9l
ol A AT olF 1t ti7] FollA F7] A 34 7Hs
o] AR o R 7| fiof th2 Fof ulste] W
Frof| B2 JdFE = Ao Huit. Sulfate : OA
(S:0)9] vl V 73 VI T4 ThE A gut
A FEEAC V F9L FF 3 aujabto] $ix] 5}
T 9, VI 1YL BEaxdor = 2do | 1, I,
IV 70| ujste] Aojd o2 st A7 9| AHgo] A7
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ool St ARl 93 viEE = sulfated] FETF A
A azolt AR oz WEEE 0A o] A
o7 ¢ 37| gl&o|th I F+99] 7S sulfate : nitrate
(S:N)€] H](4.4(20159)~13.4(2013Q))7} A 7o =
oA 7HE EA FSEHUT T 792 4 AubofA
W& =)= sulfate®] 2 AR, nitrate S AY/dof| ¥
she 7hadk AR NO,9| HjZ o] §17] ulge]
nitrate®] =7} ok 22 Q3§ I 1+499] S:N v|7}
O Fof Hlg =2 AZ At

4. 2% U A2

2013dRE 2015717] 37 HH =g 7| e HHF
S8 AE 2375 AT SEANVLGRF
22 20| 4 HR-ToF-AMS & =4 NR-PM, 2] 147
A7E &8st F EH NR-PM, 9 54 7Hotshgl
t}. 347 W2 £ o] NR-PM,& 9HF 52~359 ug/m’
2 oA BEEHAen, A& A9 7.1~30.8 pg/
m'g2 FZE Ik NR-PM, 9] 3}8H3] 2/du|= g =
9] AL OA%} sulfate”} 36~38% +~-FO 2 EE3IH
1, A9 3}shA 2/AdH]&L OA (44~55%), sulfate
(25~35%), nitrate (17~26%) =22 HE3E35}¢ch Wiy

£ 3712 o5 R0 A WL oA 4
g A4 A PAE= sulfate7t A o], A& &
Aol LY AFoziE wiEE oY NO7}
FaehheE Fof AAF ez AFAYE nitrate7} A Hj
A BxE Ueith

WMH ol &2l 7|4 NR-PM, £ sulfateE A}
94, i 71des 2 BAS Ay} gzt
Mg B QIH 7)ol 85% o]Fes B|ESEHUN
U R BEL AR 7]eo] ATt Sulfate@}
nitrate ] A2 22} F7)4 oA YA A= 7
Z+ 0.62~0.81 (sulfate, M =), 0.77~0.90 (sulfate, A]
<), 0.51~0.90 (nitrate, B8 =), 0.95~0.98 (nitrate, A]
9= AEHgon, 7ty A7 gol FE3
of ZAH o= 23 B4 MU} 27t A of
A7t ADE NRPM, S5 F4F 94 had 2
T2 whE A T gerel Basie

3UZE W ol 429 OM:0CE Z+2 1.95~2.14,
1.85~190 2208 W21, 0:C L 27 061~

o713 A A 34 A A3 &

CUEA MY BT G4 olUE - olR - U4 W AT - 018 - o]efE
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9] OA°] Hste] H AStE e, MHF =Y FL, &
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OA A3t 7h We Aoltt. B3t PMF 23, g 7|
9] OA % O0A(SV-O0A +LV-00A)9] H|-&0] 85%
FEOE A5Eo] WYL 290 OAE HEE 413t
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o] oF 75%, POAL 23% =202 (HHo R wj&H
S o] MY ERTE LAt AS Yu]eit.

AEA o B2 FFE T T8 AW A9 g2
AfArg TR 9 AT JAEE At gl
Al 71ofstar, P o] AL Fo AHeA AQ (FRA
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(OA, sulfate, nitrate)o] HAZo| 23t &AAF] o]
o FUES SISkt A H o Wy eof Zp
AFE F= A A oA wiEd d7|edEe] o
BEA Y FUAYTE B, F2 HAFSE A
OE AgEtt Mg B TS vzl Ao o
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2 dAoAe wiE A G M=o} 4R A
LoflA 20139 EE 20158 7|7+ E9F HR-ToF-AMS
2 Z3E NR-PM, AR E vl o= 7 A9 ohofst
A& APstatt. =W A7) 5 PM Y 5= A
A= ket Aot Aot SFHE fYE= 5
= 4 FAY olF LEY BF TF 9 #Y A5
Za3rE AAg 283 2 =79 ket 242
= =Y PM, #EE AT YRR E AFAER
284 5 9l
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o] =22 20179 = FR (HP7 &R EFAIT, &7
5, BAEAR) Y AYoz dxdFATE-rAIEA

7L ZAEAIA Y] 2| o} =35kl
(2017M3D8A1092015). =H 37 75t o] “HAH
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