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Abstract

The spacial potential source contribution function (PSCF) method was utilized by considering topography and
height of back trajectories based on the measurement of organic typo matter (OM), NO,", SO,*, and NH," at the
Baegryungdo Super Site (37°57'N, 124°37'E, 135 m a.s.l. (above sea level)) for three selected periods (i.e., January~
April, May~August, and September~December) in 2013. The PSCF were calculated on the contributions of trans-
boundary transport to the hourly mean concentrations using a high-resolution time-of-flight aerosol mass
spectrometer (HR-ToF-AMS). The cluster analysis using back trajectories was performed to identify the major air-
flows to the sampling site. The upper atmosphere in the Tianjin area of China and the lower atmosphere in the
western coast area of Korea can be the major source of trans-boundary pollution to the sampling site during
January~April resulted from PSCF. The area in Lianyungang-city and Liaoning-sheng, China can be responsibile
for the nitrogen related secondary compounds during May~ August, and Shandong Peninsula in China is the major
source area during September~December. In addition, relationships between the cluster analysis of back
trajectories and PSCF were investigated for the statistically significance level for the source areas.
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W3} 7oz 5 AR
< Sastt AR B7] F vlAl
= ekl gt B A £AE
A 71eS EAskAL A gt olofl, rAHAIE
4 EZ2AT 5 Q= 71E2 3A 3k & 287 (func-
tional group) @ T X FAE (molecular marker) 4]
o] A #Aor ERddh 3 A& Z-&7| (func-
tional group) $4] EAHOZ Aerosol Mass Spectro-
meter (AMS) (Jayne et al., 2000), Organic Carbon Ele-
mental Carbon (OCEC) (Bae et al., 2004), Particle into
liquid sampler - Ion Chromatography (PILS-IC) (Orsini
et al.,2003; Weber et al.,2001) 5 @2 B4 7]&o] &
A, w] A A] ZA o] o] &= gt o] F,AMSE
90l = Z4F s F7]) <98t (aerodynamic) #Z (Liu
etal., 19958 7|22 3t} 0|3, 600°Co 2= 4 A
2 & AUA (70eV)oll ol BPE A atH JE
£ Quadrupole 2 Time of Flight (ToF) (Allan et al.,
2003) AFRA71%} Agsto] AN BAL BAle
Atk shATH @Y AES E4317]dl Gas Chromato-
graphy - Mass Spectrometer (GC-MS) 59| I 2ul&
2 w4 ST PR, A Bl 2do] A8
oot W Wl 7k 741 WAkl EAISH (Bac er al.
2007), a4 2ol 600°CoA] aHg Aol dhigt
A o RS 4L o e, 371934 2F
LOpum o) £3& 4% 4 gloke @3o] ok 2
Hol= Eska, 3 o] 24 E (S0, NO,, NH,"), &
7]& (organic matter, OM) ZgF U 37| B BEX &
= AAT B4 OB ez A ARz Fol
o] 81 Qlth(Jimenez ef al.,2003). =3, OM A =F 1t
"ol gt Abas 9 g, A 9 A 5o AR Y
& B4 9 Positive Matrix Factorization (PMF)2] £7)|
2dg o]83le] A oxygenated/hydrocarbon-like
organic aerosol (OOA/HOA) 5 &4 714 - 3}sH#
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St o] AP Qe (Lee eral., 2015).
T8RN BST s 7N, FHAY ol
ol OE LHdEE TAAYGE FA5] AsiAl, 9
A4 Bdol We APAS o8 ol 8Hm Ut
(Stein et al., 2015). 0]¢} Bj&o], 2GR EAF {9
AL =0]7] Y3, residence time weighted concentra-
tion (RTWC) (Stohl, 1996), trajectory source apportion-
ment (TSA) (Lee and Ashbaugh, 2007), Potential
Source Contribution Function (PSCF) (Zeng and
Hopke, 1989)¢} 22 mdlEo| 7fetE gt PSCF &2
99 A9, FeIAE 37 L A 0|5 9
3 0@ AEAGS Y] e FAA PO
Z o] AFE-E I et Choi et al.(2011)0] w2, A
2 71 9 BARR LA A E non-methane
hydrocarbons (NMHC) %=0] 9J3t PMF - PSCF ZA 1}
£ At S AR AR e dde R vE

=
@& B, Park er al. (2016) EiQF 9 7ZHgoll A
23 PM,,, SO, NO; 5=& ©]43 PSCF £4 2

i)

5 55 A9 9 =9 £ A9E e HYe
2 oI5t} ESL, Jeong et al. (2011)-& PM,,, OC,
ECS I L E=4 WA gL 337 stgrlE =
AL T HEFol g FLez 45t

A A= 2ol /= Y S AF LS FH D =
HellA 71908 93 25 2 7HsAde] 27] Wi
of, = 449 EX9 A=A 7]o] & Sy 7] &
7ol tiet FFS Be]| gofstuat, Wiges F4
o g2 FPSAH B4 2000 FREFE] AMS 5
< o] &35t Ex& AT £k Qlvh Ad A
Ao w2, 20129 7E 2013A7HA] PM,, ==
40.2 ug/m’, PM, 5 23.7 ug/m’, PM,, 13.0 uyg/m’2 e}
W o] F,PM,s Ui PM, 9] H|E0] 54.6%2 24 = o]
= AT BRI BA vehgen, AFY FF
& wol ¥z FA PM,, Bt 145ugm’E 7MY &
Al YEbgTH(Choi et al., 2016a). 3145, £4 % SO,™,
NO,", NH,” & OM&] ¢ A o5 w& F3}
hA whgof o3t 22 o] £X W 2 HE&E &
A A o), F=r LA 12} Lade] g ¢
< APFez Agsirld A7 it} =5 St
Ao FotAlotell A 7HE & viEdEo] Xk QL
o] (Hua et al., 2016), = W XA A3 12} 2 F
Edo] A3E FHstAA =3}A4 (aging)ol] T 2



WP = A B5E A £ PM,, 9] FH2 33

A o @BAL YHstel AF FE Fvke WA
©2 %9 Z54el Ak ofd), 8AFNH 23T
2} ogdel 7 BEe] AT FF 14 eddn
o TR R BA /19 Q7o) FA% HHE AFUE
# ATIAE, T 44 224 B T B
4g BHoZ seitt olF A, WY = A

flo
Eh
1

20139 AMSE o] &3] =3 SO0,”, NO,”, NH,*
4 OM9] AAZF 5= ATE olgsto, ¢ 377
THEA 9 1=E w3t A 9H44 245 F6l,
A diFd 2 Rk ), 1=-9%, 1 =-AHE 9
A=-Z=d PSCFs 484t

2. & H

2.1 &3 A

SO F=a 7P QIS ol YX|ste] 2
12F Wgo] o 7] A1 FFol AdiHez A
i, ZAE olF £19 et EAS BAstuA, =
HeE st Wy e 7] eSS H L (37°57'N,
124°37'E, 135 m a.s.l. (above sea level) 2012 1€+
g 20149 129717 HR-ToF-AMSE #=3}4ith 2
Ao AE BE HR-ToF-AMS PM,, 5% 4 3}tE
e BA% A8 At Aak(Park ef al., 2017; Choi et
al.,2016a,b) Z,20134 dlojg& &gt

2.2 HR-ToF-AMS &3

2 o] AR&-H high-resolution time-of-flight AMS
(HR-ToF-AMS)o|| thgt A3 2|9 4, 54 ¥, o
B0 Az BAS 4 G7el A3 Lrepich (Park
et al.,2017; Choi et al., 2016a, b). 7}2Fs|, A o] A&
= HR-ToF-AMSE AlA|7to g2 8.9] B2S 2 m/z
200714 AeF o] &3lato], 58 SAF=R SO, NO,,
NH," 2 OMZ 2435}¢ith 7| 24 2 2 relative ioniza-
tion efficiency (RIE) @ collection efficiency (CE)E 7]
o2 7} ALEE W (Setyan ef al., 2012; Matthew
et al., 2008; Alfarra et al., 2004), A% RIE 9 CE gt
& % 19] aoksiaict.

2 Aol A 20139 S& S E AE ARE R
o= ¥ ue BujE F, 147 U 80% o} §& A&
o theA] HEge Aol BAlslsic.

32: PSCF

)
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Table 1. Values of relative ionization efficiency (RIE) and
collection efficiency (CE) for the target com-

pounds.
Organics NO;” SO, NH,*
RIE 14 1.1 14 35
CE 0.5 0.5 0.5 0.5

2.3 AU 24
HR-ToF-AMS 2% shst2 o] 2840) ot 7|
A F ol A U un I X
National Oceanic and Atmospheric Administration/Air
Resources Laboratory (NOAA/ARL)O|A A|&-3l=
Hybrid Single Particle Lagrangian Integrated Trajectory
Model (HYSPLIT) €72 mEL o] 8515t} (Stein ef
al.,2015). AAA ALRE 98] Z7HAE 1°29] Global
Data Assimilation System 1 (GDAS1)9] 7|ARR2E 9]
&3}t HR-ToF-AMS 7% A4 9] 400m o], A4
%= (above ground level)o] o3, 5L (120A]7h) 5<t9]
IAZE A0z A= e v= A-2AR (U.S.
Geological Survey) A A|A] X & 1E=X}=Z 20 Global 30
Arc-Second Elevation (GTOPO30)2+ g 1= S
A A=zl 283t tH(Oh er al., 2017). &, X431
& 7]% 93 1=, GTOPO30 AFEolE A&
=, AA GAF F713 wolE AXtete 1E-9%=, 31
-7 = PSCFEHS A3l

2.4 BEEN

MY 2H22 9 37109 FAY olF LES
4317 99 2REAS ARttt TS &
o 2719 559 fAHS VNoR $A Yoz B
ofFL B4 /WO, B/ U 27 FE 1) 4B
B g 71099 oA 4 5 thp £

f
ST}

}o
ofol| A} H-8E| 31 gltt(Jin e al., 2011). Ko et al.(2015)
£ 20139 AFE TASH a0 A Y] AHF ZEA
A}, FIYE(63%), THE (26%), EEHBEF(11%) <
F3le FRHERE E73M9AL, Cho et al. (2016)= 3=
AL 59, 20139 EHAZ FYE= 371HE F=
TETS 5 A9 (14%), Hol A 2ked A (23%),
ARE AT} AFstol (42%) R FE F& A9 (20%) 2=

25 Ed2 1d~44,59~84,99~12¢ 7|49 &
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Sssich. 24 Aiee) 238, 2UE Y
F 2391 total spatial variance (TSV)2] ¥3}
7513} E]-(Draxler et al., 2014) a9 19 z 7I7J
), 5
U~ 8‘3(5 :v%]) 9‘Q~12‘3(3 :v%])i = vﬁ}i’i
ot Y EY AE vigo g 7k 7|7k 23 9HF
SHAFALE AL AFALE 2 1° e
AE 110°E~135°E, Y%= 30°N~45°N HY Az Y
AF ol5A s} £E2 ol gatel AASIATHLier
al.,2014; Ashbaugh, 1983).

i

2.5 32 PSCF

PSCF £412 A& AJE 5= JRE 0]&35}o,
T&AF BS A7 FHAY olFel A%t 2L HH A
A& e o2 45 Wy olth(Zeng and Hopke,
1989). A3 AtolA Sutet Asficte] gk 53¢
9] Aerosol Robotic Network AR5 0]-&35}o], 1=
Q) =-A = Potential Source Contribution Function - alti-
tudinal (PSCFa)S 24314 th(Oh et al., 2017). & &

. 8}
=

kil

el - vl

I

o 2 dFolAE 49 35% BE FEE VIEeR 1
e AHA MeE 19449, 59~84, 908~ 12¢=
172 Uirol Aitstth 24 BAxRHC R FolE
a2g A Om) & ¥ L= 3500me] =, A
T 110°E~135°E, 9|= 30°N~45°N HYE Hoju=
AR ol F-of thafi A Aol A Al stgict B3 ARE
A 74 AR SR8 BA R g0 wAl
&= ZF A (trailing effect) (Cheng and Lie, 2001)<
Fagpstaat, 7ksA W & A(2) Zol 9A8d 3
@+ NeE 7122 7HAE 0.1057F 1.00714] 51
& 2-8-3H3tt (Hopke et al., 1995). 2 ()9 A4 n,,= %
& JAAA ASLE ou)dith. E Ao A= HR-Tof-
AMS = A B 3t 155 TR ZE B A5t}
Z 47 AR A, sl EZY (MATLAB, The MathWorks,
Inc. USA) T2 1AL o|£5te] PSCF 242 255}
At A 9ot Ao sk Axoleh. 4 (1)
I 4 (2)9] i%} j= 22 1° 744 A= (110°E~135°E)
9 Q%= (30°N~45°N)o|| gttt A= 1° 7+4 7

T (110°E~135°E)$} 500 m 7H2 0] (0 m~3500 m)=

N

ToAE DE-GE, TEAE U SEASE PSCE 7HE TEAE Azolm, ()7 4(2)9 igh j=
EXE BAstgon, o2t o] ALAlS Uitk ZF Fret sk siggieh ARt A Axf= 10 3F
A X (30°N~45°N)2} 500 m 7+2 9] (0 m~3500
PSCF j =my /ng ey = = °
me TE-9E Azfoln], o] WHE ZHXHL 7]
1.00 2n,,,<ng; FO07 5, A RS o], A (D 4] (2)9] igk
0. 10+(0 90/n,,,) Xk,  ng;=n,,+k, j= ZF Y=o A= et
W= :
0.10+(0.90/n,) Xk,  n,,=n,,+k,
010 n(i.j)gnavg 3. 7E= J-"'I.
k=1,2,3,..m,,— 1 )
3.1 QYUY UG =
A mg = ARG ) § e GAHF AeE Y 20139 HYP= AL ]/\1 HR-ToF-AMSZ &3 %
el n, & ARG ) 9 & A4 A4S ol OM,NO,<, SO © NH,'¢] R JuHs) 5 Ho|
(a) (b) ()
100 100 100
2 80 & 80 & 80
> > >
@ 60 2 60 @ 60
= 40 = 40 = 40
2 2 2 2 2 2
S o S o S o
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Fig. 1. Total spatial variance (TSV) of the HYSPLIT cluster analysis for the period of (a) Janunary~April, (b) May~

August, and (c) September~December in 2013.
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Fig. 2. Diurnal patterns (average + standard error) of (a) organic matter, (b) NO,’, (c) SO,*, and (d) NH," during the entire
sampling period in 2013 at the Baekryung Island Super Site.

£ 29 20] YEPETh E Aol A AHEE AIZHE o]
Bl 20139 AA T584AI17F F, &7 A& =5 5005
NS, o 66% S HOIEE olgdte] BB
t}. oo, AA] Fg OM 11.38 pg/m’, NO,™ 2.02 pg/m’,
SO, 5.18 pg/m’ @ NH," 1.65ug/m’ 2 & byttt 7t
AEE ol YIS AW EY, 0Mo AL dad
o #% 9 1295 ug/m’, NO, o] Z¢ 584 3.11
pg/m’, SO, A% Y 6.82ug/m’, 1231 NH,*
o A9 BRY 215ugm'eE F7F AUS eh
ot 29 AWSE AwEE, OM 9 SO, 9 ¢, 2
A QR o] S Wi W At Ao
E& A0l Uehth NOy 9 A9 A& g4 ¢td
ol o] A H L2 ofztel| =2 F=7t BEEGUS
o, NH,"& NO,", S0, 9] 0] Z3}of| u}2 554 o
HSHE Ul o]of, 229 FFS W= NO; & Al
et Al AEo B add d¥ sE= B F
o3 ol A SAACE AT ghE YEhlA] st
ol A7 S T2 BT A o AAE
T Wol7t w5 Uit E3h, A9 Ao 7
gk dlo] EAst A PS u|tTt. Park er al.
(2017)2 HF = wAED fxH 3EHELS OM
o} SO, & EA3tct. o] #7739 Fek vl
g FFeE yehgrh o]of, 201339 HF 54 7|7t
9] AL OME 36% (89)~40% (119Q) 18|12 504271—‘:‘;
47% (89)~31% (112 =4 vebgoh E3L, vid
NO; ¢ F717F & EHI o F4A & ¥

el AFstet. sHA% HR-ToF-AMS %23 NO; ',
SO 3L NH," 422 23} 20|31, OM E3F 273 4
ng, o] JEEd Bt U

23 ge Aol gl
FHe 3AY o5 WA s tehdrt. o,
A4 715 2R 9 PSCRole] BAYE by

3.2 7|HE AU 2 HEM
20139 Y= SHLE

A ARE o&sto], THEA 5
£ BT ShA] Al upe} o,z 717hE TSV
Wk 7122 23RS 2

TR FEHATG(TE 3 (al~ad)). 19~4L0| 3
Pt AA AAH F 480G R T T AY gF
£ 23t 2 @Dl Agshe A 2271 37%
2 71 A vebgth g2, 553 A9e 2
ot T4 (ad) 30%, w3 (a2) 19%, 123 34 (a3)
13%%=0 2 Yegtt o], 19~4Y & BZ3 Y9
A e e HEHL A WY E AL A
dyos & JFS v £ ok B3 12 4 o F

1%

bs)). HalA ARol Aaae Ersks 2 0ol A
A 494 F 29%2 A4 BA derdeh 28 01
25%% AAYor, 23 (b3)9) BEFE Aolat 7
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Fig. 3. The result of the HYSPLIT cluster analysis for the period of (a1~a4) Janunary~April, (b1~b5) May~August, and

(c1~c3) September~December in 2013.

AFAZ LEE hebiih. ol 5U~8Y F. 28 (b3)
B 0 GRAY JHFE YHoR A we 4
QT 9~ 1280 374) TPOE UekgTh(aY 3

(c1~e3)). R (DT 2 ()NA 2 4299 46%F
AR ST B FHEAL vl o R PSCF 24 23
9 WA BAH D% 59 BB AT PSCF
B4 A @ 0 GRAY IFE 9Y HEL A
Arstsiet.

3.3 7|7t 32 PSCF

7] A 24 di7] F B35 4R = WHol
of I F wWiE S oot § B2 AFAE 9
3 o] 8= gict. A% PSCF 37+ A+ A, 37t
PSCF kel izt A4 vli= E71538H5TH(Oh et al.,
2017). stAgF 2 AtZAH= AA XA (0 m~3500 m,
9% (30°N~45°N) & 7= (110°E~135°E)) Yo A ¢

= 7% 9 Az 7% 37 PSCF 22 A&slach.
79 4= HR-ToF-AMSe| 93] 1904 48714 AT
N7 F A9 35% B2 HES J|§e= PSCF 37
2 A7E Yehd Aol , OM, NO,, SO,
NH,*9] 7<% 23 3(al~a3), (bl~b3), (cl~c3)
@I~d3)9] w02 244 712 AE 9 Fdow
702 37 W9 AL et B #3717 5

AN 1= i)

7|3 A] A 33 A A4 &

OM, NO,", SO,”” ¥ NH," PSCF Aah= wj$ fAS}
A Yebgth A9 35%, & =T o4 E-Ar ¥
7t BxE AREY, 34 F AFdoR ERE 4 9
gzl A9, 12
I T AEF X Foltt. o]
TS Eol st 8 SR
ol =t & ° AAIE] SH 4 7]
PSCF 435 AHEH, A9
T #ESAHANA HodeE F
&= 500m oA E E=A
PSCF9| ¢, 5= WollA &4
A ARHUA AFHA Ho
2 528 45, 51 5 F
JH 22} A Eo] 7HEESUT. ©]= Oh et al.(2017)0] A
UeRd F=F T8 22F 8] A& 700 m~1400 mo]|
A AFE 7l tigh Azt Uit v,
=9 AX-1% PSCF o] EXZ7} 0~500m Afo| 2 &
Al vebstt ol e Asfieh X Hof A7 Atk
LS HRE 1A 2FdYolA 719% Aoy,
AW A=-3% PSCFe| H|3} Adjzoz g2 tf7]
AFATL R A3f, FFoZ FUEA @2 AefolA
S aoA BSEG. ol AxHE 2FE A
oA & PSCF 25 vetillch 23}, 2013 19~
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Fig. 4. Results of Potential Source Contribution Function (PSCF) for (a1~a3) organic matter, (b1~b3) NO;", (c1~c3)
S0,%, and (d1~d3) NH,* for the three spacial ranges (latitude-longitude, height-longitude, and height-latitude)

from January to April in 2013.
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Fig. 5. Results of Potential Source Contribution Function (PSCF) for (a1~a3) organic matter, (b1~b3) NO,", (c1~c3)
S0,%, and (d1~d3) NH,* for the three spacial ranges (latitude-longitude, height-longitude, and height-latitude)

from May to August in 2013.
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Fig. 7. Averaged and maximum Potential Source Contribution Function (PSCF) of each height for (a1~a3) organic mat-
ter, (b1~b3) NO,", (c1~c3) SO,*, and (d1~d3) NH," for the entire sampling period.

Table 2. Relationship between cluster analysis and PSCF (>0.4).

January~April May~August September~December

Number
of cluster Cluster analysis HYSPLIT # Cluster analysis HYSPLIT # Cluster analysis HYSPLIT #

(%) (%)" (%) (%) (%) (%)
Cluster 1 37 537(60) 25 277(19) 42 617 (44)
Cluster 2 19 144 (16) 18 210(14) 46 667 (47)
Cluster 3 13 72(8) 29 503 (34) 12 124.(9)
Cluster 4 30 141 (16) 14 225(15) - -
Cluster 5 - - 14 251(17) - -
YNumber and percent of HY SPLIT related to cluster analysis if PSCF is higher than 0.4.
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