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Abstract In order to identify the PM;, pollutant sources, positive matrix factorization (PMF) was applied to the chemical
composition data of ambient PM;, samples that were collected at Pyeongtaek in Gyeonggi-do every fifth day from January
2015 to December 2016. Carbon species (organic and elemental carbon), ionic matter, and trace elements of PM;, were
analyzed and the results were included in the PMF model. Nine PM;, sources were identified and apportioned by using
important individual indicators of chemical species on each of the resolved source profiles from the PMF modeling. The
identified nine sources were secondary sulfate (19.4%), secondary nitrate (18.7%), biomass burning (17.6%), soil (12%), sea
salt (9.3%), industry (7.6%), diesel emission (6.3%), gasoline emission (5.7%), and incineration (3.3%). Also, the results of
conditional probability function (CPF) showed that PM,, levels were influenced by local-sources such as industry, incineration
and soil. The results of this study will provide the fundamental information to help regularize the PM,, control strategies for
improvement the air quality in the study region.
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1. A e 231, A2 oBtA7IH, Folle 719 ske] f
A2 F&55 Wil 9J O™ (Zhang et al., 2010;

| AfoflA tHEAQ FHEAZ A4 1 Menon et al., 2002; Seaton et al., 1995), H17]7]4 &
£ UMW Z] (Particulate matters < 10 um, PM o) = Al HIEY #EE Y3 525 T2 WIED Y o=t
A B 7715 (World Health Organization: WHO)OlIA & A+olE PM, & SHA SR BX ZAHE o1t

19879 E 7|4 Zto| =l Foto] welE= A= 20039 U7 Rl e B
7| dEdoltt. 53], AL 7| AEA T PM W AT ) A7 2dEA viES UES T
(Particulate Matter)t= 20160 A|AIRZAZ]G AboRql 2 9F 12} 7] 2418 (2005 95-H 20149742])& 4=
A YA T4 (TARC, International Agency for Res-  5Fo] A3JgE 5, 2005 thH] 20159 $=H2] oA
earch on Cancer)olA] Algtof|7]] dieto] Bl 178 WA H5 (50 ug/m’)= Haf 18%=2 ARtE oz 74
=4 (Group E A=l BHEHT e A HAARE oA5] AA F8 EAETH= A4S 55
otk RIAIA] (PM,p)= Aol FAZQ1 F3Fa 1] o], HZ 2013 FE S EH0] tf7]4d 72 oA
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AT Fde Holil ITH(NIER, 2017). °]°] &
T=do] A B 7] el Higt Bl St
ofl wheh wlAE =] of] ¥t ThefRt A7t RE AL
AAE, @A = At M Aol EE 3
Au 54 oMIES] #Ho] HiF-Zo|th (Park et al,

2012; Lee et al., 2005; Park et al., 2005).

FEA F A7 ke 22 3970 A= 167 Al
oA M E2 mAEA s =E UEolE =
St 7710 miA Aol et At Hile- Tt
Arglo|ct AdB A7|T 299 nlAHA] & 9 bj
ST Ah=el Tt A7 Y=, o= A
TR A A W FA R Hof| A 2] PMF (Positive
Matrix Factorization) 2@ 9 FAEAS AMGSE A
71 i E-E o]t (Jeong and Hwang, 2015; Kim et
al., 2014; Lee et al., 2009; Lee et al., 2008; Hwang and
Kim, 2003). 24 A7| & 2tk 2] 9 u]q|H 2|7} =
) BEEE Aol o] puF =Y 9 A3 B4 @

59 gAoltt tetd Z71% Al mA
A 717} el T8 & Q= 72 AR E vfelel]

floliAE mAE ] A7 EAE 53 S 9] 7]
o}& 4 298 E4S& AFohs 2ol Algshtal &
et
2 A= 20159 B71 5= v|AHR] APt (53 pg/
ol vlel i o AP Tt e w2 3
X553 (2015F AB 70 pg/m’®) A& AFE
Ao g AAsteict. B8 253t FHo
T A o] Z7HATA] o] FFS A
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2.1 PMF (Positive Matrix Factorization) 22!
Paatero and Tapper (1994)°] <J3l] &7H%E PMF

(Positive Matrix Factorization model) 2 &2

oA AAFHT AT &2 TkAAre] di7] e 9
BAslel F9 Ao g7 o WELSo
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g8 %J’%(Hwang and Kim, 2013).
ofel (1) PMF R4S Lehl Ao =,
X=GF+E 1)

B X 0o A2 3 299 mAe] 24 st

Zog YehfjojA Yol nxmel A7 PHolr}.
2, X BEO] F (row)2 ofrte] Az thgh 4] 5}
ShEo] = 2 oln|dle] g (column)S ZH2+e] A%

A& (samples)5-2 2H|ZTh Gi= nxp FHo|M, F
+ pxm POt} o714 p= FEH AR (2
ALY ) E ou|sttt. F FE Y I (row)2 EAL
Aol it @ @Y EF3E (source profile)E LFEHY
™ o]of] th-g-5t= G FEE] & (column)> 575 LY
ol tigt wiE, =, 2 374 713%] digt L Fd
73 (strength) S O]v|§IT} (Lee et al., 2008; Hwang
and Kim, 2003).

121 3§ EX= 242} B (residual matrix)2 2
njst ofef 4] (2)¢ Zo] BAIE 4= Qlt}(Paatero,
2000; Lee et al., 1999).

Eiizxii'z Gin th (i=1~n,j=1~m, k= 1~p)
h=1
2)

PMF 299 £ 57 429 28T (Uncer-

=
tainty) A2E& &85t 715 AT (weighted

=7 EstEIX| M 34 E H 6 &



least-squares fit)2] 4241 &-835}= Zoc}, E3
PMF+= HESHA o]5teo] #tm & missing AzE5 2
A ol A ZF ZAekekEo] E4 @3 el
7S] 19} 485k S F7gsto] AR 4= Q1
mizell, A= dlolg & Aol 4 e &
ol itk = X, 0 BIES LEhdk, 4 (3)0] =
ARE QE2 WHEAR] dare]EE Foto] A3t

(iterative minimization) H T}

of shul, B ATOIHE Bero] 4ES A A
@9 4158 B8t

U =2 xMDL (C<MDL) 4)

U= \/(P x C)>+(MDL)*>  (C>MDL) )

o714, U (ug m?)E &%, MDL (Minimum
detection limit)= AH]e] ZAAETH, C (ug m™)
= ARY FEE Yepdch P 32 23E (Error
Fraction) 24, & oAl o] Ao Alet 2ol
10%= AA5to] AF8-SFA T (Liu ef al., 2017; Tan et
al., 2014; Paatero, 2000). -37]€tA 2 LAe4 0] 7
-, GAaEtAo] ZEEE 5ol fle AR AH|olA
AEo 2 o2 ghS Egoto], Bxg Aot
At

PMF REs] 80 A 7P F83 DAl= IAH (L
Al FE AAshs DA, 7] 7 YR
WoH AA EA61A] ¢ edde] &4 7ol
AAH, QIA}e] 471 LR ZtoH of] Qo] F
Ex]o] Yebd 7Fs/do] qlck QIAt42] 242 5
g 214 0] Q= Ao] oy} Akl A2 (trial
and error) ]| 2J3l] A H} (Hwang and Kim, 2013).
A7} =7 S7FESE QR Aot B4l PM,,

7103&0] e, &2 1% PIREe] 7]of&o] e ?l

DS 01Z3 TE X% PM,2| OB 7|0iS Tt 851

A0 F7HE & Ao itEE e o
2ot o] &3 siAe] 7Hsstal, Be
H, ZH 9 ARE 2] Y5 Algzte Wyoz vt
B Sotglon, HHo] 2708 rEH WsE <l
Zpe] =7F 9= AR |l

PMFolA= QIZHEA] el A EAgshe 179
3 2AIE Alold 5+ A= &4 (FPEAK)O]
2 Aol A= FPEAK g2 -1.59014 1.5717] 054
SAA 0 2 thE FPEAKERS 8ok, ndS Hhe
Fgsto] QEtel SV 27 e wA A=t
A2 o] & HA e 2H o AEson, off
FPEAK#}-Z 0.00]9, Qa2 6864 (012 Q=8253)°]
Ak

2.2 CPF (Conditional Probability Function)
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%)% PMF 29

= g2 Bgstel 840
G UIAL 7 04U K Y IS 77
& 4 9ltk. AIE CPF gho] £248 1 Wge] &
Gelo] £AT 7FsAo] T AL oulshy] whol,
PMF 2932 Folo] 228 7 g Ane 4
Zsto] sgote Fa% BE E72 AHGH CPF

U2 A (6)°l ofsh ARt 4= St

2 A59] CPF= R Z= 12" 9] Openair 7] 4]
= grgslglon] CPF BElo] Ap E AMZg] 7)o
7 ke ARRARATED) YRGS (R )
of A A&7t degree 31 S-&akct.

m
CPF,y = —2

Npg (6)
7] A, mpg= AB TS (wind sector)of|A] E0] 2=
v @ @Yol B& 7o Fho] A%k (threshold

criterion) o144 W) 54 o FaFo| W 555
oJulate, ny FLGS S| 3 WY 05E o)
= gl o

gt} F50] e @S i Eole
ST} 7] tfiZeo] B4 A Al
stajgh. ZF o HY
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Fig. 1. Location of sampling site.
Table 1. Instrumental conditions for IC analysis.
Type Anion Cation
Eluent 3.2mM Na,CO3, 1 mM NaHCO; 4mM HNO;
Flow rate 0.7 mL/min 0.7 mL/min
Injection Volume 20uL 20l
Column Metrosep A Supp 5 column Metrosep C3 250 column
Detector Metrohm, Conductivity Detector Metrohm, Conductivity Detector

7] 9l 2 AoIAL BARLE 7 049 FlolE o]
60~65th percentileE ARE-5} ME]'(]eong and Hwang,
2015; Kim and Hopke, 2004; Watson et al., 2004).

2.3 MEY XH & M=EMF

B 253 M A8 A7 = W =T
A2 (M, AlS- AntESIH) 9 9HA| tRA Q] &
A Ao, 253 U ti7|eHEd S A
HE7] 9ol & U] Tl A AEHS AAISHA
(2™ 1). Al A3 E 201589 625 EH 20164 12
A7tA] W 2R F Y 57T 24X A o2 A

AlSHATE A& AF Aol A= dRE 7l edEd
W7V AmE A S4cks di7l 45Tl &

F=AL 3

7] & PM,, A== 2297 10 um<! imp-
actor (DPM10/30/00, DIGITEL, Swiss)S &5t 5}0]
E2-54Z ] (DHA-80, DIGITEL, Swiss) =S ©|-&35}%.©.
M, 1130 L/min®] %2 2 PM,, Al 25 ¥ 5t
U= A7 150 mm 2] A Y (Pall Tissuquartz™
filters, 2500 QAT-UP, USA)E AH8-5I3tt Al= A3
A & gA|A o oA 24X 7F TEI S 1A & A
Z}A& (BT 2248, Sartorius, Germany)= ©]-85}1¢] 0.1
mg7}A] Aot

2 4 Alé{ I:IH:H
PM,, A& AH &, 535 B2 A9EH 1/4
2 RAIst] AT @

21209 (A7) F FFE0HIE SARY- G2
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PMF ~ER2ES 0|3 EE X% PM;,2| 2FH 7|0iE E7t 853

FETr=uEEH) Ao uet AR} Fa5
B4 APt & HMAE vro]la =29 0]
H (MARS, CEM, USA) ZH| & o]&<gt nfo] 3 2 upik
EHS H-8s19al, B2 ICP-OES (Inductively

Coupled Plasma - Optical Emission Spectrometry,
iCAP7600, Thermo, USA) “JH| & /\}ﬂ—é}cﬂr/]—
S84 BololeRAL rle

23 25)0] et %i«*dﬂ?lgrq Hemele]
o 7}stel
7

LAY 44
FAH(E
1/4Z Bo]o Yl ot IH
HAN &, 285 15mLE L;?% S N
(S180H, Elmasonic, Germany)& A8t 12087t
o]2& FE35I4th IC (Ton chromatograph, Module
IC, Metrohm, Swiss) JH| S ©o]-&ot & 9F7F2
o]-2(CI', Br', NO;5~, SO,2) 7 %Fol& (Na*, NH,*,
K*, Mg**, Ca**)& 245kt Sol21} Fol29]
AL 9ol 18 AHS Agolalen, o
RETES JEr)

7184 (OC: Organic Carbon) ¥ YAEHA
Elemental Carbon)= 7| L ASHT A -4 %]
A (EE 29)°] "t 242 AASHL
870 protocol= AH8-5F] TOT (Thermal/Optical
Transmittance, Sunset Lab., USA)24 7|2 =45}4
o} 2 A9-2 NIOSH (National Institute of Occupa-
tional Safety and Health) 5040 method®]] &5}+= TOT
H4]oln, EC/OC A2 71E A (Choi et al,
2015; Heo et al., 2009)2t 22 & &-g5t9ict. o
AE 2rof ot AGLEE HYA TFAH 7
£ FUE ol8sto] olitslaAg AFSRAI7] AL THA|
HEeto 2 3HA)A FID (Flame Ionization Detector)
2 74546k, A EA 175kl 0CF ECE
#esto] ZA5H At oCce LT EXot= &
ZBolA SAE 25 (315°C~840°C)ol A S,
ECt Atart EA5h= 2ol A eAE 2= (550°C
~870°C)oll Al ST o] & ThA| 9] Ao £
3, BgAaE YREZEDQ 5%°] HE7LA (bal-
ance 95% He)-Z& AHg-oto] At

HagdEM A AL A7 A A Al ARgRE

Ry

=5 o, Zt #2824 78014
Sk Abx] o] mEHEAL 3,148 gkl B Al
of Zt &9 HAHEIA (MDL)E
A ﬁdxﬂﬁm OC/ECE T=&¢&
2 §7eA
(0C) EEEduro] Aol wef, & =gollA9
EC®| MDLZ OC®] MDL# 7} -5 5] A-g-5H3ltt

o A9] A] HFA| & (Field Blank) & 2415132 H,
FAHEMA (MDL)ET} =2 312 viEgas B
Stof AaHE 4HESHITh

O

713 AA ol tiste] 24 d=2] B
(mean), FFH2}(SD), Z{HEt (max), Aﬁ\_%l(mm)
LFERA AT PM, —4 Fre A% 54pg/m’E B4
15 pg/m’, HHZLE 115 pg/m’ 2.
771%9] 20164 PM,, AB+s
T 53 pg/m’T} H]S:FE ol gir) XAFTh o] &
At715 ol A TS5E PM,, 914 ZATH= 20169
Aol 73 pg/m’E Uekt o], A4 44 2
e} sfol 2SR 2 AP B A7 AT} BE o7
BB71E (50 pg/m’) Bk =9k, AdE = Sl

SHo]| B2 =% EAS HYTH(GIHE, 2017;

*NIOF:U

I O
NIER, 2017).
oAz S 22 F2 ol HAadE, v
A 293 AgeE Tt VEHIR R 745

o] Ut} (Lee et al, 2015; Jeon and Hwang, 2014). &
A7) PM,, TR O] F8 AL O] (40.9%),
B (15.9%), BE4E (5%), 123 7| eI E (38%)
o7 ZAREITHY 2). o] A A1 Ae 2 F]
PM,, 2427} (Lee ef al., 2015), Bt o] 2AELS
38%, TAAJH-L 28%, FEEL 9.6%, 7|EHIES
24.5%% TEEL glon, & AFAe} St =
e Bty
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Table 2. The concentration and Minimum detection limit of 30 species in PM;,.

Concentration (ug m™3)

) _ MDL Number of
Species Percentile 3
Min Mean Max (ugm™) BDL
1st Qu. Median 3rd Qu.
ar 0.000 0.146 0.531 1.666 1.081 5738 0.08065 7
NO;~ 0.329 2538 5.851 10.733 7.546 27.675 0.04641 0
50, 0.577 3.345 5.285 10.502 7.485 27.166 0.08227 0
Na*t 0.058 0.255 0.321 0433 0.372 1.294 0.00074 0
lon NH,* 0.093 2.103 3.555 6.354 4.293 12.490 0.00094 0
K* 0.000 0.179 0.278 0.386 0.355 1.988 0.00065 1
Mg?* 0.000 0.093 0.127 0.169 0.179 1.073 0.00137 1
Ca?t 0.055 0.427 0.674 0915 0.692 2210 0.00528 0
Brt 0.000 0.066 0.088 0.128 0.097 0.245 0.03539 9
Al 0.064 0.358 0.523 0.710 0.617 2.295 0.00126 0
As 0.000 0.002 0.004 0.006 0.005 0.016 0.00003 2
Cr 0.000 0.002 0.005 0.008 0.006 0.024 0.00005 7
Cu 0.002 0.013 0.020 0.029 0.024 0.122 0.00064 0
Fe 0.225 0.655 0.878 1.161 0.931 2.168 0.00249 0
Metal Mg 0.031 0.143 0.206 0.296 0.267 1.018 0.00171 0
Mn 0.000 0.030 0.044 0.073 0.057 0.291 0.00004 0
Ca 0.125 0.489 0.621 0.887 0.735 2117 0.00275 0
Ni 0.000 0.005 0.008 0.014 0.010 0.038 0.00004 2
Pb 0.002 0.015 0.025 0.036 0.027 0.063 0.00008 0
cd 0.000 0.001 0.001 0.001 0.001 0.005 0.00001 2
Carbon oC 1.667 4.600 6.074 8.129 7.062 23.070 0.16988 0
EC 0.301 0.799 1.164 1.708 1.539 9.243 0.16988 0
PM;o 15.040 37.946 51.907 67.174 54,017 115.431 - -
3% BDL: Below minimum detection limit
7} o] & H L Zo]Lo] NO, (7.55ug/m?) >  Hopke, 2006; Kim et al.,, 2003). =] IF4 AFY]
0,7 (749 pg/m®) > Cl™ (108 pg/m*) 2] =02 et 2 o5 A o] o] uiE=E AaststEo] o
Hom, Fol2-2 NH," (4.29 ug/m’) > Ca** >Na™> & Wrol 22t QAU NO, 9] 557t =2 545
Kt >Mg?* &0 & UEITH 1Y 2). Hel Aoz Atz Hrt.
a8 3ol WA PM,, A B L olAE  PM, U 84 olRARS F R R g B
(NO;™ ¥ 80,)9] A 5 A4S Yefliglch 2+ A5k Sl S0+ 3 da A4 Sl A
ATAAE NOy 9] FEt 74%%4(12%~2%)0ﬂ% Wi E|o] 55719} Mg ste] Fato] Hl, ol ThA
Bt 10.28 pg/m’2 =4 (6 o) Bt 537pg  dEYol 5 §EgSte] A RE 5 22 nlAY

m* Hop 1.7 =2 58 UrEHH MDP.

At o2 NO, = ASE D B =2 5
e om, o] A+el o] o 5o Hask
UEFATH (Lee et al., 2015). AAtg o] ==

L=

oX m{m i

Hir

©
—

a9 $2 2TofA FAo] A Hel u=t A
LA o] =& EA-L Ho|H (Heo et al., 2009; Steinfeld

and Pandis, 1998), 53] NO; 9] A HE= 7|22
NH, 7 #ao] 2 707 d#A Stk (Lee and

g A=A B 58], 4

AR w2 =T HIloH, ol 4D 3
T8 A2 s0,7 At Bl of gkt

of oJsf YAt= A= o] 7]ofgo] ofFdof| ot A
= Aog I A Ut} (Heo et al., 2009; Lee et al.,
2009; Kim et al., 2007; Song et al., 2001). NH, "2 A|
A2 2 ol 2/d®eln, ¥ T2 4L Hla
AME TORRE HiEEE YRYotzREH 23420

=71 stE|x| M 34 H M 65
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Fig. 2. Composition (%) of ion, metal, carbon and unknown components in PM;,.
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Fig. 3. Variations of particulate ion (NO;~, SO,%7, NH,*) and PM,, concentration.

2 AR, SAYY) Qo] A9 ZUAXL A (NH,),S0,) 2% BAsHA Brk(A](8)). olH B4
AEATL dmjore] 2d wMiEUoR HuE AR FAtRE Sol 23 A4UA @

s
31 QITh(Fraser and Cass, 1998). ZHg 4 IHgollA o}

WA AL R Ao R EAlhe o}

o wrgstel BARENHNO O FER(A (), o (O ®

S0l 14 25 PM,9l J1olES BT %
2NH3 + 2N02 - NH4NO3 + NZ + Hzo (7) o

°]%l.oH, Fe> Ca> Al>Mg> Mn> Pb> Cu> Ni
FE3E oFg7EA (SO, = 5719 BHESE] A > Cr> As>Cd 01911, 21 ZH71 99 Fe, Ca, Al 5
o] H1, thA] et Yo} T} whgote] AR E kb E, Qoo MR fofdr| e dEA
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Fig. 4. Sources contribution (%) of PM; result from PMF.

2l Cd, As, Cr5°] %7

CECERE Zé_‘ﬂr Bt

FAE] .

OC+= 7.06 pg/m® (1.67~
23.10 ug/m?), ECE 1. /m3 (1.67~23.10 pg/m*) 2
247y vepg e, dutdom 23 {714 A=
(SOA : secondary organic aerosol) 2 Al OC/EC H]
£0] >2.0~22 0l o& B E1 §It}h(Chow et
al., 1996). & A2] B3+ OC/EC H]-&-2 5928 LE}

sov], 53] ol (698)0] A2 (47700 4l &
° E4¢ Both o]BAE B 20 £
Qeo= Yolah uige] B o] ocel FE

o
P} ATE 02 ol Hlo WaH,

3.2 PMF 2 A1}

EPA PMF 5.02 28501 & 9719] 2 d¢& 2}l
S, @ H 71| % 2t @ HY w3 (source pro-
| T AlSFSA T

A A L 4YL 5047, NH," 5ol &7 71efs}
= Ao2 YeRd 22} 34 (Secondary sulfate) 2
Feoz wetEn, 2 0 F2 PM,°ll 19.4% 7]
Sh= Aoz EAEQY. GAES F= H ol A%

[

54| A= sO,7F Febehhg= 4o 2
2} AArgdo] golgtel whet o F-of =2 42
HolA| Ttk (Heo et al., 2009; Lee et al., 2009; Lee et
al., 2008). “1¥ 6°14 48 7] =5 It A,

7411401] Hlsl A5 (68~8F)ell 71ALT} =2

i

2
ES

A ©FY-E NOy , NH, " 50| F2 7]ojst=
4+ (Secondary nitrate) L FH 2 PM,,°ll
18.7% 7]995l= A2 FH =it 22 Aard2 of
= 5ol AAEE LFHo]”] dizol A

15—4 FFE TS 4 QUrh 53], bi7] ol Ed

NO, 5°] &RUYot 51} Zelsto] A4t o] Fej=
EAste] B R] 9] FEE EolA| Hrh(Lee et al,
2008).

e 25}
7} 221 At B8-S =71 ‘Tﬂ—r"ﬂ —ri A&H
2 EAZ Hol7| Ht}(Heo et al., 2009; Lee et al.,
2009; Lee et al., 2008). 48 7|9 & 2RI%H A1} A
=40 2 548 HATH(1H 6).

Al WA @ JY98 0C, EC, K, 0,2 S5o] F& 7]
of5te =4 A4 (Biomass burning) LEHPCE
PM,°ll 17.6% 7]ol5h= Ao & A= It 59] &
2 0Ce K& a7y gdd 8 F247
(marker species) 2 3 7}&| 11
Park and Kim, 2005; Kang et al., 2004) 3127, A}
Ao 5A B BT o] EAE Ao H7)E,
A, = 147 FO BEE A4t AF dojue
2oz waED Aol BAglel 140z Lol
U219k 19 eollA 4 HIE SRIAT e AE
of Bl A om AL dof 7=t w2 A &
T ek

Y 1A L AL T8 ESF 7Y Mg, Al Ca, Fe,

)
ri
X og
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Hu)
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(Jeong and Hwang, 2015;

Calo] Z& 7]ofsls Aog EF U l—T-_E u| Ak}
TE e ddolH, o] LAY PM,, 71 %= 12%
2 BAEA EYY F8 Fa345-2 Mg, Al, Ca, Fe,

Si9F K& &35 (Heo et al,, 2009), EF2] dA=
T2 Y AdSA @ 2 I oRRE o

St 7| &t
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Fig. 5. The source profiles of PM,, in Pyeongteak-si by EPA PMF5.0.

7] H02 Auit e Ao g wHEth(Lee and B, 2AH5A} &3] w2 ntr Sof o] wijE
Hopke, 2006). Ca** = T 2XEZFA] A3 HoA 2 ofo] T2 X9 marker2 & A U} (Lee et al,
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I 77k AR ARES] PMy, 71908 9.3% 2 EA 5]
Act sfF YA FAES Nat, ClIT, S04, Mg,
Ca¥t=2 g8 91O (US EPA, 1999), 2 79 @

HEFE(OH 5)0 % g el F4Eo] & Yepd

oA A LAY PM,, 719-&°] 7.6%= Fe, Ca,
Cr,Cu7} &2 5% £3ZE5 Ho|1 =gy @
AYo R ARt B9], A2 4 8F2 9 8
Tracers= Fe, Cu, Pb, Cd, AS @ MnS.& &&j#] glo
™ (Watson et al., 2004), FH O] AHAD & Ad L
HE G453 22 35 7FeAIEA e JFer &

202wk

AEAE 2 EC X 9 Ca, Cu 50 HIEET (Lee
=]
=

Ni, Cu®] Z$E 715949 marker24,
B-C 59 940 o5 vigHe Aor d=A qle
™ (Lee et al., 2008; Lee et al., 2002; Song et al., 2001),
TR A 719 E BEV w2 EA4S HolF
2 Qlo], A ol ot Fde A Pt (L
o). Bt 2 A2 F8 L2} /e, &

e g4 Uk

ofgl M7 QYL PM,, 719180] 5.7%E OC,
Ca, Cu, Fe, NO;7, SO 5°] =2 7H&d 7|9o] 4
Aot PHE eddoz AT 72 EColl
Hls OC7t =2 5% 545 Kol (Heo et al.,
2009; Lee and Hopke, 2006), Ca:= 2 28§ 12
1 Cut= Bo]= utito] &Jsj (Lough et al., 2005),
Fer= SH1d2] A2 7HER 2ol A vlEd e
oA Utk (Schauer et al., 2002). SFATF 7H&E 2}
o] Aol A Uiy AR @94 EAS Hojof
Sk, 2 PMF RE2 7= @ 2ba-2 AP 4= gl
o] ot QA& AFESte] EEEE AlASHleH,
ojuff AAE Eg= Fed 0] HAE 7HA AL Qleh

mp2Ero & ofg WA @ ¥ ClT, 0C, SO, ¥

Sl S5 (As, Pb, Cd) o] 37 2 47A1E 59

gro 2 wot "t 50,2 ¢t 3 Cl, 0CE &7F &

(Watson et al., 2004; Chow, 1995), 73l S54 &
2 Rme Ueht a7 of¢ Aol ZAeRe
Ao = WE

5 DA S5l b e Hof
g 71w Al 2 B E S WA 7.6%9F 27

Table 3. Comparison of source contributions (%) for PM, in Korea using the PMF model.

a) ) Yiand
Study NIER (2006) Leeetal. Lee et al. (2009) Limetal. tan Hwang et al. .
(2008)? (2010)? ';szg (2008)") Tr:j'sb)
Sampling Seoul Incheon Yongin  Hwasung Paju Icheon Deajeon (SZOU)| Gumi study
site

Soil Dust 359 26.9 254 32.8 26.5 26.3 16 349 5 12.0
Combustion/ - 39 169 7.2 14.9 184 37 49 10 109
Industry
Motor Vehicle 138 143 17.7 1.1 15.2 16.2 21 16.6 26 12
Bi

.IomaSS/ . 7.2 18.3 - 11.0 10.5 12.1 3 6.0 3 17.6
Field burning
S d

econaary 154 17.3 344 262 26.5 202 23 255 56 38.1
Aerosol
Natural source 3.8 23 - 11.8 6.1 5.1 - 6.2 - 9.3
Others 259 17 5.6 - - - - 5.8 - -

a) Sampling location (Land use): Residential area, b) Sampling location (Land use): Industrial area
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A& sAstgor], 1 Avke 27 79 dehiglck
22} 414 (Secondary sulfate) L B U2 T2 FAZ
@Oﬂ*ﬂ oL Aoz WrlET) 23} SHatedo] A
Fopelire Sot e o 0 9BR &
5%011/\1—4 ggFo] 2 Ao g wtE ), E thE 23} o]
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a1 Qlo], o] Xo] e FI o, &

o] 2 Zoz wotEnt 7k&d 71 v
Al 5852 IHER (S E779) A
SR (ARAHH oA d5e] A4z 2
km oHfe]l 912]) £ FUo] FF& &
Q1SE 4= QT AZMA|A oYL
& 7 T ASE Yo,
15km Bof3l 3ol 4|71 & 4
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695 2016 129714
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o FagE, oledl U F35 AR dolHe

— e

PMF ¥ C = |de 7o
TE Fotazotglen, o3 g2 2ES 4
= A3k

4 oA 2] JF e A 7t 9r EF
=931, 22} FH4TE (Secondary sulfate) 2 22} A 4H
(Secondary nitrate)2 PM;,° 7]o1-&°] 19.4% %
18.7%%, 221 A/dEdo] A5k W&ol 38.1% %
PM,, T=o B &S A Aoz A
o} 71 o] ol B/ A4 (17.6%), EFTT 2HY
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