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Summary

Ambient PMjy and PMg2s in this research was taken at 48-h or 72-h
intervals at the downtown of Jeju City from October 2013 through February
2015. In this research, 23 elements and 8 soluble ionic species were determined
using inductively coupled plasma-mass spectrometer (ICP-MS) and ion
chromatographic system (IC). The objective of this research was to assess the
composition and contents of soluble ions and metal elements in PM;p and PM25
and to identify the possible sources of ambient particulate matter using principal
component analysis (PCA).

The average concentrations of PMjy and PMsys in the downtown of Jeju City
were 2645 and 18.35 ug/mB, respectively. The ratio of PM.s/PMiy was
approximately 0.69. This result indicates that most of the PMjy is composed of
PM:5 and these particles may have similar sources.

SO427, NH, and NO; were the most abundant species in both of PM;y and
PMss. These three species accounted for 80.3% and 92.49% of total ionic
concentrations in PMjpy and PMass, respectively. On the other hand, the
contribution of other species (ie, Na', Mg”, Ca*, K', Cl) to total ionic
concentration was very low in both of PMjy and PMojs. From the ratio of
PM-5/PMjy for each ion species, SO and NH) was over 0.5, NOs show the
value of 0.45, and Na' and Cl from sea salts and Mg2+ and Ca”" from Soil
exhibited values lower than 0.3. Based on total ionic concentration, the
contribution of SO427, NH; and NOs; was 589% in the coarse fraction and
92.4% in the fine fraction, while that of the other ionic species such as Na’,
Mg%, Ca%, Cl was 38.8% in the coarse fraction and only 5.9% in the fine
fraction.

It was found that the concentration of elements such as Na, Ca, Al, Fe, K,
Mg, Zn, Pb, and Mn contained in PM;p and PMy5 were much higher than that
of any other trace elements. Based on a simple comparison of the metal

concentrations by their magnitude, the data sets can be arbitrarily grouped into



two categories on the basis of the concentration of 10 ng/ms. The ratio of
PM.5/PMyy for Al, Ca, Fe, Mg and Na was lower than 0.35, while that for the
other elements was higher than 0.5. By setting the arbitrary enrichment
factor(EF) value of 10, several elements such as Sr, K, Ba, Ca, Mg, Mn
contained in PMjpy and PMs5 had relatively lower EF values, while the
anthropogenically—-derived elements, including Se, As, Cu, Zn, V, Ni, Cd, and Cr,
exhibited high EF values above 10.

The results of the principal components analysis of the 18 metal elements
and 4 ionic species were not readily interpreted. Nevertheless, five source
categories of PMys and PMjy provided the explanation for the data. About 71%
of average PMj, was attributed to crustal material, fuel combustion such as
coal, sea salts and resuspension dust, road dust and traffic-related particles, and
secondary particles. Five principal components provided the explanation with
about 72% of average PM.s. These results indicated that secondary particles/fuel
combustion processes, soil dust, sea salts/resuspension dust, and oil

combustion/road traffic might be the sources of PMas.

_Vi_
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Table 2.1. Characteristics of fine and coarse particle

Fine particles

Coarse particles

¢ (Chemical reactions

¢ Nucleation

Formation e Mechanical disruption
¢ (Condensation
Pathway e Suspension of dusts
e (Coagulation
* Cloud/ fog processing
e Resuspended dust
. 50427, NOs NH4, H' e Coal and oil fly ash
e Elemental cabon (EC) e Crustal element(Si, Al, Ti,
e Organic compouds Fe)
Composition
o Water *  Oxides
e Metals (Pbh, Cd, V, Ni, e (CaCOs, NaCl, Pollen, mold,
Cu, Zn, Mn, Fe) spores
e plant
e Largely soluble, e Largely insoluble
Solubility
* hygroscopic e Non-hygroscopic
e Combustion(coal, oil, e Resuspended of industrial
gasoline, disel, wood) dust and soil
e (Gas-to—particle e Suspended of soil
Sources
conversion of NOX, * Biological sources
SOx, VOCs e Construction / demolition
e  Smelters, mills, etc. * QOcean spray
Atmospheric
Days to weeks Minutes to days
lifetime
Travel
100s to 1000s of km <1 to 10s of km
distance

(source: Seinfeld et., al., 2006)
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Table 2.2 Constituents of atmospheric particles emitled of their sources

Species P/S

Major Anthropogenic

Sources

Comments

Fossil fuel combustion

Ammonium sulfate is the primary

component of PMzs5 in the U.S.

SO427 S (energy, industrial process,
Natural source: seaspray, sulfate,
mobile sources)
volcano gaseous sulfur, forest fires
Ammonium nitrate is a major
Fossil fuel combustion
component of secondary aerosol in
(energy, mobile sources,
NO3- S the western U.S.
biogenics and industrial
Natural sources; soil, forest fires
process)
and lightening
Animal husbandry Important compound in nitrate and
. Fetilizer use, Sewage sulfatec hemistry.
NHa4 S
Energy, Industrial process, Natural sources: undisturbed soil
Mobile sources) and wild animals
Na P Sea water, deicing
Cl P Sea water Also vegetative burning
Prescribed burn, Forest fires
K P Vegetable burning residual wood combustion, meat
charbroiling
Mg% P Soil, Sea water
Ca’ P Soil, Sea water

P=Primary, S=Secondary
Chow, 1995)

(Source :
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o] AR o] tH(Kim, 1998; Kim, 2014). kyh
59 Fsl5ol HAsta o gHFoz2HyH &

E
Ad FEHE 279 QA5 GBS A7 Wi AAE oAl Aol o} gt}

N

A%kl %

ISR B

olg3t #elH wjEol 71Uste AAhEIE D AN HEY,
ol g3 7]detE AES diiEe] AYgA G & dvkE AR o]t o
23 Uil Zn, Pb, V, Cr, Ni, Cu, As, Se, Sr 5 & F Ut}l 9714 E73)
Pbe A5 38, A= dx, A7IE &7, e A4 FolA gt n I A
Aom, AR el A= AN, FoREE 283 Ex7] ALbel A @A E o] 7]
To2 fdEta dHA ok 53 1F A FAAR dE ol &Ho $e
d(Cong et al, 2007), A 3F&frol Aol o AFE FASHEA AnHth=
23]y mR(wear)ol A FreEttal B i%7]%= gth(Sternbeck et al, 2002). g
b &, A7 FolA wAsH, AsAke] F4

A2 o] gd F v HiuHr]E PdohXu et al, 2012; Yang et al, 2013). Ni<>

M dAshE Aoz d# A o], Ase Sev AEdAe] F8 F4A

(Querol et al., 2007; Xu et al., 2012). 183 Cde =2 A", &

T Zo] AAaAeA] wAE I, Mne HPA, a8l Mg A
=

olA ol AL ARE AHgIE BFANA WABT Cre 3744 Fe
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Cr(0)¢t Cr(VD2 Ad 2 2445 A7y oA 2k, Cr(lD)e EFolv it
ko] o3k W9} 7k T AATI o5 WA g 18] Cr, Mn, Cu AH
dFozRE 7|Qlsety APgHAHA 2dYe F8 FHA(marker)E -8 ¥ thH(Kim,

1997; Lee, 2009; Kim, 2014).
3 Querol et al.(2007) M = th7]d Ao ZAs] t7] T WA9 wjEdol
st =42 Ui (tracer elements)E ¥3olaAL sk AF7F A AY =&31, w3
£ 7tsd 54 mEYe A YA (tracer elements)E AWdtE AFES U

PR NE 5L OtE AxdAHEHAL ) dig mjEev #E e EA

& FA A= (tracers)o] JHE AHY EEel doiA HlWA ¥ =&
v A& Frolx AA Y=, (1) BB A = Cr, Mn, Ni, Zn, Mo, Cd, Se, %
Sn (W&= Ph), (2) 72133 Aol doJM = As, Bi, Ga 18]aL Cu, (3) o} A
o oy += ZnF Cd, (4) FeFArd H =xp7] AAo| A= Zn, As, Se, Zr, Cs, Tl
Li, Co, 3 Pb ¢ =7t =4 A vt Bagvh =3 Nidt V2 #3143

WS e o Ao FAAEa gty 3 Zn-Ba 183l Cu-Sbhe F&2

)
()
o
re
-
iin)
_E
bt
4z
An)
)
off
b
Mo
02{21‘
=5
o

)

a.
=
=R
o]
e
s
2
o,
a
dp
=
e
=
2
-
o
1o,
off

HE= Cu, Zn, Cd, Sh, Ba 283 Ph¥} £ Yae dAihoA HYyes 239
np 2 (wear)oll A4 2 FAlE W, Cu, Ba, 728]3 Sb+ A& % vl X (brake wear)el
719184 "ot Ao a28al AHASAHlight duty vehicles) 2t S 5252}

(heavy duty vehicles)= Ba2} Sbe] Z&#E sk WEA|o| x| vt Cus= oty et =33t}
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2 Ff X (communality) Wb AW &= B4 Hl &2 dEx A =t 3d W

o = 2] 13| A (orthogonal method)¥} A}1L3] 7 (oblique method) ™R o] Qlth. Al

toby
2
rlo
W o
rO
[t
Y
=2
i
o
o
& o
XN
o
XN
&
rlr
ok
i
o,
A
N
oX,
Mo
Y
lo,
\ka
2
a2
rO
iy
)
i

=
=g oltt, A3 WHyolE Quartimax, Varimax, Equimax rotation %°] &

2AnTs 7 FHREY 54S 9ud e 4% dem 1 BAo UeETEE
WEIA B A 9% F83 A8+ A

Baek et al.(2007)olA &= A AE o=z A APddA e FAAFES A
ato] o] A 4%(Cl NOs, SO, NH'), 924 18%(Al, Ca, Fe, Cu, Zn, Ba, Pb,
K, Mn, Mg, Cd, Cr, Ni, V, Sb, Ti, Na, As), 7}2=4E4 3%(CO, SO, NO), L
i 7] vbgks BAEte] FAAE A4S AAste vl s o A9 H
& AR ol = 57RY] FA e ofs HAA A4S 76.4%7F AR E Ak 2H7he
FATS AHEW, (1) EAVERAGS] ARAFH A (AL Ca, Zn, Mg, Ti, Na), (2) 2
2 A9 (NOs, NHy, SO.), (3) S UAHCI)sh A7kl (Fe, Ni, V, Mn),
(4) AAdel 82107, F%), B) A2k wi7I(NO;, CO)SZ YET FAA o
Mz 579 FAE EEF o] 784%7F AWE Ak (1) o)A AANO;, SO,
NHy )¢ A5 AN, V, Shy) (2) EAN/E=242] A8k WA (Al Ca, Zn, K, Na)$}
=2 A4S yeidlon, (3) Al 8207, T%), (4) As 2k vi71(Ph, NO,
CO), 5) A (ClH I B2 (Fe, Mn, Cr)o.& YElytth F =HA 3 E5oA ¥
AFsre] Heol 7P & 7l E ste A =2/EAS] 4R 38 o] &4 ¢
A%l Ao ® ERRT
Ryu and Kim.(2005)0l4 = #5419 533 o FH| 3¢ DRUMAHHE ©| &
ate] PMps2 3AFol 2(A(25~1.15 pm), B(1.15~0.34 pm), C(0.34~0.09 pm) = &

ato] A2 (19%)s 24stal PCARA S ol &3] wMiEds AL skl 2 2
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8-stage

PCA A¥et vjE<
& (Zn, Ni, Cu), 28] A

J

=

(As, Se) A (V, Ni)o| A4 A

H] 4 F<4(Ti, Cu, Cr, As, Se) 2Fdol 9
149 (Cl, Br), A& AA4(S, As, Se), 7]

ARSI A 2005 590

o

AT
PR o 283 25~12 me]

°©

=

=i
“(Fe, Al, Ti, Ca, Mn), H]

Fol 1959 45

3|

=

°©

S etel

A5
bl 14

<)

o

T
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7 (Cr, Mn, Fe)

J

!

E%(Si, Al, Fe, Ca, K, Mn, Ti, V, Rb),

Han et al(2004)

B (S, V, Ni, Si),
A4, Cl, S &

=

=

=

3w AEAA e BA o] B

& 2 (source profile) & 24
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.
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Aol M AFFA S 230(A18E wbd) I} F=AA G

o3
o

74(056~25 m)l A

H

JAA L, 715
S

7% Al

[e)
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Lim et al.(2010)
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3.1. A=z F

1.1, AEAMF XH

2
-
0%
It

B A7olA mARA = Fig. 31 AFEEAAE A& th7d AeZUEHEY =

g4 (33°29'23.78"N, 126°30'1.38"E)oll A A FskaAth. o AMAAF 2 =4AA G ¢

st FHEZE 3

]_

k]
%o
o
P
>

fl
N
A
ol

rr

AgB el MAsty, wIA% FUA o] wol RE

717 FeE Qo ofulE HAFHFAL ol FEF o]

Fig. 3.1. Sampling site.
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3.1.2. MEAMF 7(2H

Aol A 2013 10€ 5-E] 2014 5¢ 12]al 20149 109 B 20159 2497}
Al vl 25 AA PMiod PMes Al=E sAl AHE st tH(Table 3.1). Al=9

AANEL 4847 i 7243 olglen, 9o nE A% YAS ANAT S

vl

A71ZF T st 7120149 64 H-E 9€)ol= 714 otsket Anje o Qs A

A7F ABE AHEA E3gr)

Table 3.1. Sampling condition

Number of
Month Sampling Period Sampling Time
Samples
Oct_2013 10/14~30 12 day 6
Nov_2013 11/19~27 8 day 4
Dec_2013 12/15~29 14 day 6
Jan_2014 1/8~22 11 day 6
Feb_2014 2/12~26 11 day 5)
Mar_2014 3/10~21 10 day 5
Apr_2014 4/14~25 11 day 5
May_2014 5/17~21 4 day 2
Oct_2014 10/15~29 14 day 6
Nov_2014 11/17~28 8 day 4
Dec_2014 12/15~29 14 day 6
Jan_2015 1/16~23 6 day 3
Feb_2015 2/16~27 6 day 3
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3.1.3. A& F Z[7]

v Az o] 2 FH o= Sequential Air Sampler (PMS-103, APM Engineering,
Korea)E ©]-&33th o] F2= A& A3 A MFC(Mass Flow Controller)7} 52

g A% A2 AAgetel 27%H R A A ASHOE 167 Lmin] # 3o

2 FYstgon, ol 259 gHE Aoz HASIY] LATF FEFY £2% ol
= FAAZAT A5 AFA7 € 2HE oA 47mm petri slideo] 7 253k
S Ao gia Aol A FFA AT

PM9] AFAel Abg¥ samplert= =94 PMy & #3X(PMSL0400)E & 3}o
FHE AET7E 98 fHo] FAste #AH IJdes S ol &35t PMy, 4
55 AT PMys A FH o] AFEE samplerol = PMjp sampleroll F7}2 PMss
WINS Impactor(PMS2000)E A x|&lo] PMosUAFE = H3ste] g ol 13 3R
ot ol PMzs WINS Impactor®] wii-oll= HI9I2A 2d& AHSsle] EHEES

Fol=E o] Avh(Fig. 3.2).
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Fig. 3.2. PMjy and PMss sampler.
1) PMyo Impactor
2) PM>s WINS Impactor
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PMo¥}t PMy5¢ A% w= FE(PTFE, Tish Scientific, 46.2mm with support
ring)E HAAloEll A &aFo] & w7}x] (48417 o] 4) 7 FEAIZI F microbalance
(Mettler Toledo-MX5)& ©]-&3te] A&z AFH H3t $o FAXPo| =N 8131
Yo YA FAoAM= 334 AFS AAste] e S AMEE T ZH 9

A =74 A Universal Anti-static kit(Mettler Toledo)S ©] &3l A A7 S =

H

[e] =

ZAth AREEE 24 AL F AFoR ol v ¥yY o
=

Fig. 3.3. Microbalance and Universal anti—static Kit.
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322 FEd&E &4

7h Az AE

=AY g =584 AES AAsk7l #& FAFIEE(Whatman, PVDF
syringe filter, 0.45um)= o] #}sle] IUZ FE(BD Falcon Conical Tubes)ol| A&

% Jon Chromatography(IC) A& vialel 10 mL %7 o] 24 &S #4353t}

Put a 1/2 filter in to a Nalgen bottle

Add 0.2 mL ethanol on exposured filter in a Nalgen bottle

Add 30 mL distilled water into a Nalgen bottle

Extract for 30 min in the ultrasonic cleaner

Filter the solution with syringe filter

Analyze the solution by IC

Fig. 3.4. Procedure for analysis of ionic species.

_24_



L} grol 284

PMio# PMgsoll ¥l 84 o244 S ICE o838t &4 it Fol<
(NH,', Na', K, Ca”, Mg®)& Metrohm Modula IC (818 IC Pump, 819 IC
detector)E AF&3}o] Metrohm metrosep C4-150 #23#, % 09 mL/min , %
#3925 pl, 25 mM HNO; &l =xo= FA3}
K+, Ca”, Mg” ¢l %% AccustandardA}9] 100 ppm ZEF=&4& AH&ske] 0.1, 05,
1.0, 50 pg/mL s== 3143 gos ol&ato] 2t 7171 H &3 Al= Table

3.1 YERH A

R
£
=5
MN
o,
ol
1M
-
rlo
Z,
Q

=)

Ojo

ojl28YN
2-0](Cl, NOs, SO )& Metrohm 881 Compact IC Pro& AH&3k] Methrohm

Metrosep A-SUPP-5 #@l3#, % 07 mL/min, FY4%3 50 pL, 1.0 mM

NaHCO3/3.2 mM NaCOs; &3, 200 mM H,SO4 A Z g A-gde] =

Atk EEAATAL AccustandardAle] 100 ppm TSNS ARESe] 0.1, 05,

1.0, 50 pg/mL s=2 343 A5 o|&sto] A3t 71713 &8 A= Table

3.2 YERH A

o= FAst

Table 3.2. Instrumental detection limit(IDL) for IC analysis

+ +

Cl NO; SO Na’ NH, K Mg*" Ca”

IDL
(ug/L) 0.400 2.604 1.026 1.507 4.573 8.947 5.672 8.103
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B ATl A AAR AadE £49 dAe FHe=2= EPA “Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air (1999)”,
% Method I0-3 (Selection, Prepatation and extraction of filter material)]
Microwave Digestion 4Ft3lH o2 A gtk o] o AF &2 555% HNOs;<}
16.75% HCl¢] &b 10mLE AF&3Flar mlo]azst 4 #3& 73 85 &9
2 FA7] FE(Whatman, PVDF syringe filter, 0.45 pm)& AF&3te] 584 4=
E o stk A& 871 3% HNOs9t 8% HClO] &4t 10 mL= AlH g 5

o1 ooz} Fatol §FFeLANA 2B mLrt HER 2esrE I4FA

Put a 1/2 filter in a teflon vessel

Dissolve the filter with 10 mL of aqua regia
(5.55% HNOs and 16.75% HCI)

‘ Heat the vessel up to 180 C for 60min in microwave ‘

‘ Let hot vessel cool ‘

e Filter the solution with syringe filter
(pore size=0.45 um)
e Rinse the vessel with aqua regia
(3% HNOs and 8% HCI)

\ Mass up to 25 mL with distilled water

Fig. 3.5. Procedure of pretreatment for elemental analysis.
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Ao A9 7]7]1E ICP-MS (Agilent 77009)Z2 4, &4 A ZF8&9S Accu
standard A}F9] ICP€ 1000 pg/mL €S 2559 E4F 9oz gAsle =z
Aar, M gulE AlEe AAE e FUT vl & HNOs? HCl &3 9E& AH43H9

=
o AARA Aol AT EEEANES AR R weh nFE JRES 001

2
o1
(e}
=
=
8
lw
Y
off
k1
oX,
Me
ull
rlo
(@)
—_
2
—_
(@)
=
Sy
8
-
i
Ho
it
BN
2
_OL
s
S
>,
ofo
ol
2
=
re
e

0
FAAE 5 53F9 ARAES YPOZ BHS AESHGT, olF Uk BHS 9

3 ICP-MS9] 717124 % 717173 &3 A1+= Table 3.3¢} Table 3.4°] YEATE

Table 3.3. Instrumental conditions of ICP-MS used in this study

Inductively Coupled Plasma Mass Spectrometry - Agilent 7700S

- RF power 1.55KW
- RF generator 2MHz
No gas mode Carrier gas 0.22  L/min,
Carrier gas 0.30  L/min,
- Gas flow rate He gas mode
He flow 45 mL/min
Carrier gas: 0.22 L/min,
H2 gas mode
Hz flow: 5.2 mL/min
sampling depth 8.0 mm
sampling cone Nickel. 1 mm diameter
- Sampling condition skimmer cone Nickel. 0.4 mm diameter
Nebulizer MicroMist nebulizer
Nebulizer pump 0.10 rps
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Table 3.4. Instrumental detection limit for ICP-MS analysis

Element IDL(ppb) Element IDL(ppb)
Li 0.0000 Sn 0.0392
Be 0.0000 Sh 0.0122
Na 5.3400 Cs 0.0108
Mg 0.1316 Ba 2.2790
Al 0.4165 La 0.0000
K 0.6243 Ce 0.0000
Ca 3.8580 Pr 0.0000
Sc 0.0669 Nd 0.0000
A% 0.0000 Sm 0.0000
Cr 0.0184 Eu 0.0000
Mn 0.0358 Gd 0.0000
Fe 0.0909 Th 0.0000
Co 0.0056 Dy 0.0000
Ni 0.1198 Ho 0.0000
Cu 0.0188 Er 0.0000
Zn 3.7960 Tm 0.0000
Ga 0.0000 Yb 0.0000
As 0.0894 Lu 0.0000
Se 0.0000 Hf 0.0000
Rb 0.0000 Ir 0.0018
Sr 0.1461 Pt 0.0076
Y 0.0000 Au 0.2060
Ru 0.0000 Tl 0.0017
Rh 0.0000 Pb 0.0108
Pd 0.0000 Th 0.0000
Ag 0.0113 u 0.0000
Cd 0.0246
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4.1. PM10t PM2.52] ¥

e 4394 pg/m’, A4S 783 pg/m’oldth. PMasel A
+538 pg/m’olglon, Hue 3385 pg/m’, HAHE 536 pg/molYth B AT
ol 51 PMio} PMysel HiFaol AolA PMasel A#Fs=7F 59 Al PMy
Hoh =7 S489 A7 T 613 T 43] AJTE 2H AR o] A= FEad 4
2 ddstar Aol AAed EEate] aFEt

S PMio?} PMpso Hits e faluetet AFS5EAX RS 7] 84 7]+ 9
A7) FE(PMyp © 50 pg/m’, PMss @ 25 pg/m’)S wHEEa glE Zew wdH
B} X qoA FHE o] AFAH}EF vlustH(Table 42), =7F WiAds%E 574
e
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Zzola, AR el AR Alolglulel= H]Sd BT £ B TH(Naser et al,

2008; Liu et al., 2014).
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Table 4.1. Mass concentrations of PMjo and PM25 measured in this study

PM,y (ng/m°)

PM.s (ug/m?)

PM, ]

Month Mean SD Range Mean SD Range M 0]
Oct_2013 28.94 9.09 18.83~43.94 12.48 7.11 5.36~22.91 0.43
Nov_2013 16.99 5.90 8.33~21.22 12.52 3.96 7.86~15.98 0.74
Dec_2013 27.11 7.20 16.40~ 36.06 1312 3.72 8.51~19.10 0.48
Jan_2014 29.74 6.95 20.92~39.90 24.32 9.27 13.24~33.85 0.82
Feb_2014 26.25 5.98 21.62~33.98 17.42 4.21 13.16~22.18 0.66
Mar_2014 26.58 7.94 17.94~39.38 1712 6.11 9.69~24.95 0.64
Apr_2014 31.17 6.09 23.60~37.56 23.18 6.11 18.44~33.73 0.74
May_2014 36.11 2.81 34.12~38.10 29.55 0.96 28.88~30.23 0.82
Oct_2014 1754 6.68 7.88~27.14 15.57 5.04 8.52~23.60 0.89
Nov_2014 17.30 9.47 11.42~31.28 13.36 6.20 6.52~21.43 0.77
Dec_2014 23.44 9.21 11.67~39.17 18.76 10.00 5.83~33.19 0.80
Jan_2015 29.61 1041 20.06~40.71 23.90 6.48 19.04~31.25 0.81
Feb_2015 33.12 9.18 25.48~43.30 17.31 5.36 13.96~23.49 0.52
Mean 26.45 6.12 7.88~43.94 18.35 5.38 5.36~33.85 0.69
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Table 4.2. Comparison of PMjy and PMzs concentrations with those of other sites

Concentration
. 3 [PM, ]
Site Sar:rlia(ljlgg Area (ug/m’) A;'o] Reference
P PMio PMa2s 0
Jeju city 2013~2015 urban, downtown 26.45 18.35 0.69 This study
Hyeon et al,,
Gosan 2012~2014 coastal, background 345 15.3 0.44 2014
Busan 2006 ~ 2008 urban, coastal area 32.1 20.1 0.63 Jeon, 2010
Joa-dong
_ Winter 48.0 35.0 0.73
Gwang-ju 2013 urban ] Lee et al., 2014
Spring 37.0 23.0 0.62
Pohang 2003 urban, residential 40.9 30.6 0.74 Baek et al., 2008
Suwon 2011 urban, residential B55.7 35.8 0.64 Lim, 2014
Beijing 2009~2010 urban 187 92.6 0.50 Liu et al., 2014
) Winter 28.0 23.0 0.81
Saitama 2004 urban, background Naser et al., 2008
Summer 33.0 27.0 0.82

_31_



(a)PMy,

40.0 -
35.0

& )y
o Y TR T
5 & M EEEESNy
5 © S
5 W %//////////////////////

5 © OO, Oa

¥ MTTMTMTlTlTlTIIa,,E_ s, *
> 7//////////////// & %,
IS o %

—T T— —T —T :\’b‘. —T —T — —T T— -
<

II,INN ¢ %

.0

< < < S
= i = w3 =
M ~ = -

cW /81 ‘suonenuasuo)

o =] a (=] =] [=] (=1
= [Cx]) = w1 = wl =
= lag] m (] — —

cWw /31 ‘suonenuasuo)

5.0
0.0
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Table 4.1914 PMypol g PM2s® Hl&(PM2s/PMio)& A4 o® Fo 0.69%
dehd, o AFA mAXGeE WA A Bol AAaw: e AL
F ootk ol @ Adke slet A9 A9 AFEe] nAAGRTE 4YE B
Aom VAW, EAA9 Tgu FUns 0Ed 7S 2AY ok AR
AATL ol Folxl Aol AFAL FAA

ojow
1A Bl BomE s PMasel HlFe] kobd Aoz Azt

0x

4.2. PMiot PM2s2 =&

PMio# PMysoll e ko] 23} S-o]2 9] akn](Scation/>anion) S Aty H
PMo?}t PMosoll A Zh2b 1.17+0.19, 1.17+044 o2 o229l =] 1Ht tih 2
He HYomA ol HYd FE(S, Foleo] FHT AHDE YEwth PMy
AAA R 0=61) Tl o gho] 1.0 B}y AA vehd A5 2702 A9 3.3%¢°]

=¥k glen], PMpsoll A= O7HEHA Al Al8(n=61)] 148 % A=A o|AH <&
ol Yl FHE tEue 212 COsT 9 HCOs 7 22 ol ARES &

AatA] ekok7] WY AHo]th(Noguchi and Hara., 2004; Wang et al., 2005; Park
and Lim., 2006). Lol% &73tal ol ol 1He A#aAAE EH(Fig.
4.2), R* %ol PMpel A& 093, PMusol A& 0912 =4 Yebwth ol2fsh Zats »
of & AFlA FE&A o2 digh FAHolH = HlwA Aol e A

dats bl gl Aes Ak

it}
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Fig. 4.2. Relationship between X[cation] and X [anion] of PMiy and PMas.
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AFA ZAA A AHHE PMpd PMasoll dolA o] 2(NHL', Mg, K', Ca”,
Na')#} 0] 2(SO,”, NOy, Cl)9 ¥E43<S Table 439 et FolA B
PMyol A SOS 7F 7H4 =4 desten, tgo2 NO; > NH, > Na' > CI
> Ca® > K > Mg”'9 o= vehyt aela PMyselAE SO > NHy >
NO; > Na' > K" > Ca” > Cl' > Mg”'¢] £2% PMjp#E thh zolE Hrh
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430%°] 3k Aem vEhEa, NOs o 4 BifsErh 286+1.29 ng/m’ o2
MoAA o] & Eo] 21.0%E AA ATt 183 NH & 2.22+1.11 pg/m°o2 A A
oled®el 163%9 Adate FEIAE olAY 24 AN feE HEo

2 dE o] Al AEES S48 AA o2& 803%E AASE Aow

kv
o

ot aga gEAdd ddviYd ARes 43 Na 9 Cl & 129%, E471d 4

o

=

oz d4Ex Ca’'d Mg’E 50%2 AAs Uk L3I SO o B
nss-SO;” o] Hl&o] 95% oo ofF & pEhuk

PMzsol A SO 5 B o5 Ert 4794184 pg/m’ o2 AA| o] 24 H ] 553%
2 A slE Aoz eyt NH = Hirs 7 1.9340.65 pg/m’ol i, A o
= A 223%° Adele oo el NOs o Agede Bds=Ert
1.28+1.11 pg/m’o 2% AA o] &R 148%F A st AATh o] =M o5 A
A AA o] AT 924%E A= Ao® yEd 28 a 9
7Yooz 48 Na'9 ClI' e 38%, EX71Y dRro=z Adejzl Ca®' 3 Mg+ 2.1%
Aoz UEbTH PMid vRE7FA R PMosell M SO 9] 98% o] 4
o] nss-SO& 91 Ao Z e

olgj gt A& HW, PMpol Al HTh= PMasoll Al 23 A YA Ao vl&o] A

A F7ksks vl A7 e HE2 o= AS & 5 ST
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Table 4.3. Concentrations of ionic species contained in PMjy and PM2s

PMio (pg/ms) PMz2s (ug/mg)
Mean SD Range Mean SD Range

Mass 26.45 6.12 7.88~43.94 18.35 5.38 5.36~33.85
Na’ 1.02 0.29 0.08~3.26 0.24 0.15 0.03~1.23
NH, 2.22 1.11 0.32~5.28 1.93 0.65 0.29~6.15
K 0.27 0.11 0.03~1.00 0.15 0.08 N.D.~0.46
Mg* 0.18 0.06 0.03~0.52 0.04 0.04 N.D.~0.20
Ca” 0.50 0.24 0.11~1.89 0.14 0.12 N.D.~0.68
Cl 0.74 0.37 N.D.~3.37 0.09 0.13 N.D.~1.16
NOs3 2.86 1.29 0.44~12.71 1.28 1.11 0.01~8.45
(o 5.86 2.63 1.05~17.05 4.79 1.84 0.92~11.83
Nss-S04" 5.60 2.65 0.84~16.52 4.73 1.84 0.89~11.76
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(a)PM,,

(b)PM, 5 Na+

Fig. 4.3. Composition of ionic species contained in PMjy, and PMss.
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aela Zb o] AEESd e PMas/PMpel HE ®WW(Fig. 44), 53] SO ¢
NH, ol 2 32 vehla ot ol ZA3E Hole AL SO & Ad wydo
SO, 7F27F th7) Fol A 83hkgol ola] SO = AEEo] wAl G
o FEHom FAGy] wEolm, NHy & NHs 727t 7] FolA AAa AbshE,
FakstE, 2 waEek wbEEtAl W i Ade] NHUINO;, NHHSOu, (NHy)»SOsS
gagstel wAdA FHE EAS7] "oz dHEt(Cho, 2010). NOs =
PMzs/PMi HlI7F 0452 mlAlddat Zojed el nlszgk vl&<2d 3oz vy
NO; o A% mAYgzret Zoiga BFolA dadrta defx gk 5, ZdidAt
AME F2 HILAY Na'9h wh-g-38te] NaNO; &A skl &A1k, vl =l A
T NHs9F A3l NILNOsel Hel= E£As7] wio=z d#Ad  th(Yoon,
2002). ¥ AT dFAGE Ao dFoRRE AFERE FUF flE AFH 5L
2 3 olys A¥E xH< e AT K2 vuAgA Jodores 2 A
A A2 (biomass burning)®] AAZ} 2AYL st de o] gxE Wi
o} sl 5 AAH AU A 7|AstE F2 2P Aol EAGE AR AP A
Atk 2 A A Kol g PMas/PMiyy Hl7F 0.57
AFA Aot o] AU G A WA o] FolA = A A=

22 A7 dFe vwy w24 B s Aoz A4 Et(Huang et al,

Foueg B 4 o ok dvlder 2elr Nad Gl YA gojolA
CAEtER QF e HL&S B o AzHET EG)Y AR Mgr# Ca¥
= 7b7t 023, 0272 we gk t}. o g’ Ca¥'e EFAlol A falgol

kA doid ez ZuigAtd wol Bxde 5EAS AYr] "oz HAU
(Stelson et al., 1979).
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27 AR 7198 7l

Atk 22 AR YA 7199 SO,

Table 4.4°1% PMasoll &H49
& dia] AeHez v Aq7 nlwste] ek
NOs, NHy = Al8AE #4 @43 759 $A30oz 483 5 7] wiel 7]
T3t A g F Q3 FskS st} (Park and Lim, 2006). FolA HEo] B FAL
Al AFA =AM E 223 AYYR 71U ol 5e] PMysol A A shE
Hlgo] 4362%°]1Uth ol & the Ao Aol vus] B, YA (39.1%), ole]

$(39.04%) HUl= thah =3, FakA o] T Al FAA9(43.92%), Akl EA] FAZ

ofo

>,

o,

rlo

>,

M

£ o

NS

A (44.07%), 9= F311(41.36%)¢k= P32 Btk olAd ol& 23 A

gdapel 71918k ol &Eol PMpsdl A A Mgl 40% ol FoR e £EL
wolv], s e 23} AU /1AsE ol L9 FHE Pl AFFEE F71
AAE 2 98e e Aow A,

Table 4.4. Concentrations of ionic species in PMss measured at other sites

' Major ions (ng/m’)
Site Mass . References

T

Na~  NH: NOs SO K

This study 1835 024 193 128 479 015

Deokjeokdo  20.10 032 166 091 529 0.27 Yoon, 2002

Coastal Han et al,,
Teodo 2180 024 159 066 626 025
area 2013
Hyeon et

Gosan 1940 037 205 104 564 015
al., 2014

Chuncheon 2961 021 302 207 715 033 Lim, 2013

Urban
Busan 2470 036 245 280 560 020 Park, 2014
area
Kang et
Iksan 3540 021 3.61 432 767 030
al., 2008
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Table 45% 2 A9} g AfoAe NO; /SO FEHE Hlwsle] e

- 2,
T e dFs "ol ¥ JAor deAd Unh SO = MY, dw 53 2

SpAdRERE FE, 14 edde] ¥l Z Acw BuHo t(Yao et

al., 2002; Shen et al, 2009). Z#|2& NO; /SO FEHS Hlwshd o9 9 Y

nHe AR 9T A=E F4T F ol NO; /SO 7F 1.0 olstelwl A4 o=
AL AL Azl g LAV = F Aoz 4T § vk aRAY
Pk e mFdgela hg el A e FAela FrjHow Wggel
SAS Hol= Ak o] Mo A= 83 FFaer & 5 dtt(Minoura et

al., 2006).

E ATl NOs /SO 7F PMidl A1 049, PMysol A= 0272 vpebton, )
T A o]ojx o] AHfolx: 1.0XTY 22 #e HAYH(Lim et al, 2010; Han et
al., 2013; Ko et al, 2014). =A< £33 $U, T Ho| A Aol A

+ A (Baek et al, 2008; Lim, 2014; Liu et al.,
2014). ol&= F#yetrt E3FEO A= FHOFAOF A A GtsES Fo &
B T A5 Mg ALgFo] Horg ¢

FHoRE gAY olFel & o Hi 9

>
Q

=)

i)

D

)
Q’i‘
(\)
(@)
—
C
o
>
)
3
H
o
-
>
=
o)
AN
o,
o
Y,
B
et
T

H(Kim et al., 2000),
PMj2 1.83, PMys= 2222 108 =2 #& BRIt 2 A5 g v+ 45
A& Fu BAss s vAEA AbEelA Fo o] 2R NOs &2 A}
HAaow, FH WEAdE FAAGY EAALSY AsA 2gar 23 AAdAR] A

o® Wuxo AFA A I Zol7k AATHChow et al,, 2002; NIE, 2009).
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Table 4.5. Ratio of NO3 /SOs~ in PM;y and PM5

PMio PMo2s

Site(Period) NOs N INO;] NOs SO INO;] Referense

(ng/m’) (ng/m”) 0> (ng/m’) (ng/m’) (SO 7]
This study 2.86 5.86 0.49 1.28 4.79 0.27
Gosan (2007~2008) 2.50 5.81 0.43 1.23 5.64 0.22 Lim et al., 2010
Gosan (2013) 2.68 8.96 0.30 0.80 5.95 0.13 Ko et al., 2014
Ieodo (2004~2008) 0.66 6.26 0.11 Han et al., 2013
Pohang (2003) 4.20 8.65 0.49 Baek et al., 2008
Suwan (2006~2012) 6.40 7.40 0.86 Lim, 2014
Beijing (2009~2010) 14.1 181 0.78 9.73 14.6 0.67 Liu et al., 2014
Anaheim(1995) 9.40 4.54 2.07 6.00 3.79 1.58 Kim et al., 2000
Los Angeles(1995) 11.55 5.19 2.23 847 4.63 1.83 Kim et al., 2000

_42_



7} o] RS9 QAW BIPANS dolry] 9§ 25 ymE 7|Fow Zugdd
(PMas-10) 7 W] A1 9 (PMys) 0.2 F-E38te] Hi YA24S Fig. 459 e 2
oA NHy ¢} SO & o] vla] wadger 953 2o ¥LF:3S 1
9lS oF 4= 9t NOz o ASolle o] naldder] Hr} thah 2o wrsf
S RolAuk Aol H|Ze ottt 1Elal &l WAL 7]2dstE o] LAdRE
(Na', Mg”, Ca®, CI)e =% mAdge nla] zjddolx] A3ds = ¥
B

50
= PM2.5-10
PM, s
. 40 -

£
b
-

S 3.0 1

®
£
Q
E 20 S
Q
(]

Ma+ NHa+ K+ Mg+ Ca'+ ck NOs 504%

Fig. 4.5. Concentration of ionic species in PMass-190 and PMas.

Fig. 4601% zodods mAgodo) olA A oled®e e d#&S et
Wk 2FelA B SO, NHy 9F NOs & 2ol Af8o] 589%<1H 18|
nA g el A= 924% = 2 FolA B E4 HFE&ES HIdS & T Ade W
W EA A 719 AEQ Na', Mg”, Ca”’, CI' 2 wAddoAeE 1 HH8so0

=3 59%<1H vls] g o= 388%E AA TS & 7 A
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(b)PM, Na+

Fig. 4.6. Composition of water ionic species contained in PMss5-10 and PMoys.
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2l) o|R2ME ZEHE =™
oA A= o A 22k A ARl AR NO;, SO & NHy 7o o)L ZA3 gy =

gtotalz] QA & TaE FElel (NHy)2SO0s, NHHSOs, HSOs NHNOs 3
ik EA8 ke 7H4 shell NOs, SO, NH, Zu| 24 Axrsich Al 744 23 3
HZ5FE thad 2 F 7HA 7H-el o8 ol E2¢te 7E ¢ A=, AA= vA
A2 F NO3 & =% NHNOzol i, SO & EF [NHiLSOs= o] Folx 9tk 7h
Aate A(NH, 1= 038 x [SOL T + 029 x [NOsDolx, EdAe wAga &
NO; & E% NHNOzoli, SOf &= RF NHHSOZ o]Fojztta 7t43sts 4
(INH.'1= 0.192 x [SO4 1 + 0.29 x [NOs )E 23 tHChow et al., 1996).

9 T A A2 71Agste] AstE olE3ky AFE NH, 9 3 vlawstd Fig.
473 2o} PM2 3 WA 7Hd el A= 112582 HZ AAY 114 v &+
A FelE 1o, 7 WA 78 AS ALY 71=717F 0723384 71717
A 903 NHy w%7F #4871 Qe 3e & F v

o
W A e 7 NHy & NHAINOs9F (NH)2SOsZ A o] o] F

ogh

PMys2 A WA 7FA el A9-9 3AA 71&7)7F 1.03322 4 11143} w]g- ZF 3
FJHE B, F WA 7S AL 7177 06522 LB A 9l

PMjo2 22 NH, s=7F 3297t 5o obs Aoz eyt ol PMasoll A
NH/ 94 NHNOsSt (NH)SO:Sl @82 Aol olFold gk & 4 9k o
ZA mA AR Tl TR 2 50427, NOs, NH; & NH/NO3¢F (NHy)2S048] 2

& FHE 2 dva oAdd 5 Sl
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Fig. 4.7. Relationship between the measured NH; and the calculated NH, .
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2 AelEs PMiod PMesell tisiA & 53F9] Aol sl gZFsision, ofF
ZI71AZ 3 oldte] sk Fdol 70% ol o= YEhd 309 dinE Aled 23

PMpoll A= djde] d&s wi= Aoz Az Nazt 1090.61 ng/m’ez 714

Hir

EYgoly AR 42 Ca, Al Fe, K Mge &%
7v7} 558.17, 490.67, 488.63, 364.97, 274.74 ng/m’S. & =7 ekt Zn, Pb, 18]
3 Mn: 7H7F 5479, 14.99, 14.00 ng/m’o & vehgth ymA 94258 10 ng/m’
olate] FEEM, Ba>Cu>Ni>V>Sr>Cr>As>Sh>Sn>Se>Ce>Cd>La>Y9 <ol

th o]5 23F 9 dAaAEEC] PMy 2ds=e] 128%E AFAstal At

rlo

PMysoll %= Al Nazb 34041 ng/m’e.2 7} =
7 &g K7F 27074 ng/m’ez T WAE = S yehith thgo @ Ca, Al
Fe, Mgol z+z} 137.62, 132.34, 16822, 71.31 ng/m’S. = EbSEIL, Zn¥} Phbe 242t
3118, 1270 ng/m’e] HFEFFS Bt U 94E 10 ng/m’Et He sew
A Mn>Cu>Ba>V>Ni>As>Se>Cr>Sn>Sh>Sr>Cd>Ce>La>Ye o2 YERGT

#e HYal, o502 PMy

PMys¢] A #ollA ol5 23F9] Wiaso] AAsts A7 £&2 65%=2 PMpol H|

t= ub2 e Bt ol AdA HiEdddA vWisHe AEs

rlo
BN
=
o
X
o2
12

of Wol T3t g7 wWiEo R Rt

T PMas/PMpe] HI7F 05 ooz & #& 7 9428 FodA ¢4
Se, V, Pb, As, Ni¢] A$E EW, 4 Pbst Sex di7ldA] dojue A
(deposition)oll 1ol 714 Fa3 &AL Aek Aho]M(Xu et al, 2013), As9} Se

aga SE AEE ko] 7]edlttax: 3o (Chueinta et al, 2000; Lim et al.,

2010). 53] As, Ni, Se 18|31 V= A8 A (fuel combustion)o] 7]<¢lsl= Al &<l
g, Vet Nie d¥dze] A #3 FAYA(marker) 24 AR&HTHL ot



(Chueinta et al., 2000; Vallius et al., 2005). ©]#]3F o]d ¢ AFAH}E ZAE X
W, Se, V, Pb, As, Ni& 89 dAio 7]9s=d, 53] Ass Sed Aeds o
23 Vol Nie oY dzxo 7|dste dihgtn ddst 4= Aukli et al, 2004;
Ryu and Kim, 2005; Querol et al., 2007).

0o ® Sh, Cu, Zn, Ba, Sn¢l 455 BW, o5 =AA A H
FES Hole 94E9d, Cu, Zn, Sn ¥ Sbi AF A &3 (road traffic)2] o %4
ol A2 YAiolH(Amato et al., 2009; Pey et al, 2010), Zn¥} Ba:s A&

oo} 1g]a Cu$t Sbhi= E#o]A wlE(brake abrasion)® §Fo= Hig n} 9t
(Sternbeck et al.,, 2002; Querol et al., 2007). %3+ Ba, Cd, Cu, Ph, Sh, Z1g| i

< HE Wl odojZFolA dAHA FHSHA dEtdar, o]5o] dojmEo] =A%t
of 9lojA AE =} vlEo]l A+ A (resuspension dust) ¥ th= A ¥ Fasith
I B 3¥ w¥F Qk(Sternbeck et al., 2002).

oz B Aol Cdet Crél 4-Fol%= PMas/PMi Hl&ol =4 Webtal =
d), Cd¢} Pb 18]a Cr¥} Cux #H7]E AZH(waste incineration)el] 7]¢l3tthE=
o] A}

Wt

e

0{
o

17} dth(Kulshrestha et al., 2009; Lim et al, 2010). 53] Pbt ¢
o] FstdA As bl 93 wWiERtE Hr|E A7 B dFES

deA A

ﬂlO
[l
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Table 4.6. Concentrations of elements contained in PMjy and PMz5

PMio (ng/mS) PMzs (ng/mg)

Element Mean SD Range Mean SD Range

Na 1090.61  681.33 885~3232.76 34041 23552 36.67~1319.88
Ca 00819  460.76  37.05~1911.35 13762 23366 N.D.~1279.31

Al 490.67 95478 15.87~289.72 13234 21610 N.D.~971.18
Fe 48863  419.22  57.72~2330.83 16822  183.33 9.9~855.81
K 36497 28789 N.D.~1423777 27074 26051 N.D.~1501.57
Mg 274774 200.84 23.31~1083.51 71.31 83.51  N.D.~436.21
Zn o4.79 359.52  4.53~145.76 31.18 2496  N.D.~102.17
Mn 14.00 10.81 3.16~58.47 7.46 5.83 1.26~30.75
Pb 14.99 11.48 2.02~58.28 12.70 9.18 1.5~43.84
Ba 9.45 958  N.D.~50.44 4.62 785  N.D.~44.47
Cu 8.30 6.70  N.D.~37.08 4.78 555  N.D.~35.71
Ni 0.99 1142  N.D.~6897 3.90 397  ND.~16.53
\Y% 4.29 2.80 0.73~13.42 411 3.48 0.82~18.44
Sr 3.95 2.68 0.65~13.76 1.10 1.35 N.D.~7.01
Cr 2.96 4.79 0.32~34.26 1.61 235 N.D.~14.39
As 2.36 254  ND.~11.84 1.83 194  N.D.~11.02
Sb 1.83 1.40 0~9.79 1.31 1.18 N.D.~8.33
Sn 1.93 1.68 0.09~5.82 1.51 1.53 N.D.~6.23
Se 1.66 1.50 0~6.01 1.64 1.76 N.D.~7.81
Ce 0.59 0.62 0.06~3.26 0.18 0.23 0~1.02
Cd 0.46 0.36 0.01~1.73 0.40 0.25 0.01~1.07
La 0.35 0.33 0.04~1.6 0.12 0.13 N.D.~0.6
Y 0.16 0.14 0.01~0.71 0.05 0.07 N.D.~0.25
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Fig. 4.8. Ratio of PM25/PMj, for each element measured in this study.
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Fig. 49= A9 dase] 74 dolM e Aols dotrr] sl A=Ak
2715 PMosao(ZH F9)3 PMos(MAl d)ez UM s 2AHE e
W Zlolth PMas 108 Has oA EFeluy xzte] 44w dHA de Ca,
Al, Fe, K, Mgo] A3z Hl&o] 636%°l, 3|9 AR FH942 F&5E=
Nat 34.2%% AAste], AAujEde 7]Qlste daso] o 9P 97.8%
£ AAskE Ao w2 yetwth 3 PMyso das oA Edolv Az 744
wog delAd = Ca, Al Fe, K, Mge] &A|sh= Hl &2 65.0%°]3L, 39 e
FAYALE FRY= Naw 284%F AAste], A& 7Qlsts 9450 =
o Fd9AqAe] 934%E AAEE Aoz yERyt 2™ Fig, 499489 Ko
H]&0] PMas 103 PMasoll Al ZHzE 4.3%9F 226%=2 AA Was 2e & 5 duh

dutd o7 K= A4 pAddEoz 2 a3 AAw, A AZH(biomass burning)

o

of gt =4z 9as st Y4ol7]|E StH(Ryu and Kim, 2005). 1822 AT
wgAe) AR 9] 2ol FH ALY BAAE FHOR A

Z
1 T

oEgAAEe 229 2 99 IS WU JET Bast dvka By
3

A AAVIYE ARE ol9 7 YAaE FAHlE HW, o5 PMas ol
METHE PMosoll Al 1 AR &0] BF F7kete 2S¢+ Utk FAdewE |
A, ol diolA FE AEA MEFe FAA AR ol&H = Cust Zne 29
Ao A Z+ZF 0.16% % 1.08% A= Hls PMasoll A= 2H2E 04%<F 2.60% = 5 7}Fs)
A HCong et al, 2007; Xu et al, 2012). 28]32 24 A4 #HE odYe F
8 FAAR o] &H &= Ve NidlA & x=dl oA = 2H2F 0.01%9F 0.10%<1E H]
g PG oA E zh2t 0.34%9F 0.29% = =78 ThH(Park, 2014). 38k A el o &9
T8 FAAR ol &H = Aset Sexw UG A= oFF w2 0.02%2 0.00%°] 31
=d vl vA el = 0.15%9F 0.14% 2 F7He AS 4 = AdvH(Querol et
al, 2007; Xu et al, 2012). =& At &5 #AdH T2 FAYLA2S Crd Mnol

QoAM= 2t Gl vs) vAG Al 1 nulEo]l SIS & ¢ Atk
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(3)PM2.5-10

Fig. 4.9. Composition of elements contained in PMss-190 and PMos.
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Fig. 4.10. Enrichment factor for each element.
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7] mlAE R Y] ol A EAS AT E7] 9lste] ol HAEE e IS
ZA}89th. Table 4.77 Table 4.8% PMo PMysoll 6% o] A 27k AbatkA

S gopslr] Yate] yojE A A4 (Pearson correlation coefficient)S e A

Fo A B PMpd} PMasol Al 23k A A 71959 NHY, SO, NOy & A=
he] AHIATE A =L Ao yEwth NO3 = 724 &4< NOx9 33t
gk oaf AAHE 23 BAAEEEAN T2 XA A o8] LFEE uE
© NOxol oef e <elx tHOh et al, 2009). 7] FolA NO; &=
NH, ¢ 7F8tA 23] NHINOs9F 22 22 gejo 221 AAdEHA = EA4 3.
SOF wF WEYozRE WEHE o7 FolA SOxE NH;ekel th7] ¢ 7%
g sFehukgol 93] (NH.)SO049F 22 4t Fee 23 AAdELA=R &
g}, oleld Al o mAHMA A SO Y NO; o]25e NHi ol o8 F
2 F35 o] (NHu2S049F NHNOsE @A go= M= Zto] FHdA7E =&
Aoz Azkart t7] FelA NH,, SO, NOy o AAAAS 2w, PMs9

ot
rlo

2

PM9] TZ=Fee Q94 249 o] F Aoz gutgth 121 Na', Cl,
Mg” &= PMio3} PMys BFolA 2 AAAFE BT oAd =& AAAAE B
¢ AL o5 AEEol s 7Idstd 7] Foll EAlske= diEol7] WEow &
o}

Ca®’ 9l A% PMpolAlE= NOs, SO, K, Mg®'ef vas = AaaAs 1y
E 1z Fol CaSOs 5ol o3 SO 7 th7] Fo=2 492 4 3on, NO;

A} 53 2ol Bdel AAd L W

g3 W7] F FEE We 4L Wi Ao delA AtHChoi, 2009). o 3
e 2w, B APHQ Y

Fol PMpsoll A<= mHIE Zlez dds ARt PMy
=
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5~

K= PMysoll A& 22k A Ao 71218k NOs, SO, NH, ¢ =& A7

g A3 Ak ol K7F 2ldAel s B sjge] o] tha Z Ao

i

wolAw mAGA el AFA A% ARAGelA] MMSA ol FoiAE 2
=

P

, W 2 s AlE 5o &7 Qe obvtE AAd dAY] =

A2+ A tH(Huang et al., 2006; Park et al., 2006).
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Table 4.7. Correlation between the ionic species in PMjy

Na' NH. K’ Mg*' Ca®' Cl' NO; SO~
Na 1
NH," -0.135 1
K 0.374  0.370 1
Mg® 0932 0053 0422 1
Ca® 0387 0513 0519 0601 1
Cr’ 0906 -0.179 0375 0852 0321 1
NO; 0156 0631 0419 0336 0718  0.105 1
S04 0093 0902 0412 0280 0625 -0.033 0551 1
Table 4.8. Correlation between the ionic species in PMass
Na NH/ K Mg®' Ca®' Cl  NO; SO~
Na 1
NH,"  0.023 1
K 0399  0.684 1
Mg” 0914 0007 0506 1
Ca® 0598 0136 058  0.760 1
ClI’ 0811 -0.059 0163 0674 0402 1
NO; 021 0621 0755 0263 0501 0195 1
SO/4 0062 0834 0614 0051 0093  -0.08 0403 1
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PMip3 PM25°] | G A= LA9VIde B9 er gopetr] §lste,
SR of o] AHgE = Y SAVINE FEE BA4S ol&sdd & <

AFAZE 1.0 oS Vo R AAsA. HA e F5 AAT F ZF 1At
et =24 A &oldtAl a7l 9@l Varimax 3] AW
(factor loading)& AH&3HA
PMp®l F4% 249 235 57HAY FA4E] 55
AR 71.04% = YEET Al 1752 dA F4ke] 21.21%E AA s FEE
=

A2 Mg, Al Ca, Mn, Feo. 2 Edolu} AZTHAL R delzl ghEo]

32
rir
4
”
=5
@)

AN
=
X,
2

AAHEFS 2Ea QA (Han et al, 2004; Ryu and Kim., 2005 Lim et al., 2010). =
27 L A 1601%E AA3H As, Se, Cd, Phoz2 M 5o Andi(fuel
combustion) 0.2 FAHTE ol AFAToA B 7] F 3 4 (deposition)l A
Pbel Sedl 7HE Fos miE9S Mek At o (Xu et al, 2013), As¢t Se
= A dxd 7dgars deAd AtHLim et al, 2010; Chueinta et al., 2000).
Al 3FAELE 1219%Z AAstH V) Sh, Baol & HAe=d], ol =2 E3X(road
dust), A& 2k 3 (road traffic) 2.2 FHE ) Batw E}olo] 18] She Hyola
mt X (brake abrasion)®] @3 o= A - (road traffic)ell @GS e Harg
vl 2l th(Querol et al., 2007; Sternbeck et al, 2002). A 4FAEL 11.84%S A}A|
st s dell 71Qlsk= Na, Cl, Mg AwE°] 2 AAFE Kol 3 A(Sea salts)2

S W= Aoz FAFCHLI et al, 2004). Al 5FAAEL 980%E A5t

o

rr

NH,', SO/ ¢ =& AuAdS Hol
o2 AAhHE JAY Ao R AdEHH(Baek et al., 2008).
Q_I:]

Al S7Rel FA el FEEdeE Al Ak

b, o] FaAEo] (NHy-.SO, NHHSO, 5

72.03%E . tH(Table 4.10). A 1FAEL AA| Ao 2220% A3ty F=4
A2 Mn, Zn, Se, Cd, Pb, NH,', NOs, SO/ 22 23 AR} dadAr
combustion) & X313k 25 A& E o] HdHor FJIgS vHE= AoR FH

Atk NHS, NOs, SO 2 o]d AFEelA 23 AAAAR ded# 9o (Baek et
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al., 2008), Zn< =9 A&, Asa &, #HrlE LA B AR o
A Qa(Xu et al, 2012), Phet Cdv A5 A&, #H7ZIEa7t oA A= A

o7 ddx Arhlee et al, 2010). 3] Sed A FE Mo A3
dH A A3, eAdA markerZ2 T2 o] & HTH(Ryu and Kim 2005 Querol et
al., 2007). A2FAAEL 2 20.19% = Mg, Al, Ca, Mn, Fe 5o =& AAHS B

=1

of, E¢foly} A ZAFAAAEY JdFgoz FAET(Han et al, 2004, Ryu and Kim.,

2005 Lim et al., 2010). A3FAEL &4 1537% =2 F5% 94+ Na, K, As, Ba,

Cl o2 39 (Sea salts)¥ )12 %] (Resuspension dust)® FA ¥t Na, Cl 1

g Ke ddddFs =tz 484 dar(Watson et al, 1997; Alleman et al.,
il

2010), As, Ba= Au]AF WA (Resuspension dust)e] dgoz FFH uF Aot

(Allema et al., 2010). A4FAH 2> A 740%=2 F29 9425 V, Cu, She=z 2
A A (fuel combustion)9} A=A} 8ol o3 wlE=2 FHHELY VE 2dAx9
FAA R dHA dal(Park, 2014), Sb¢t Cut A&xke] Brolojet AlEdA Wik
(brake abrasion)ell 7]1ettt= d#l A AT (Sternbeck et al, 2002; Querol et al.,
2007). Al 57422 Akl 6.83%= UEsor Cr, Ni, Cu 50 FE5 A=,
Aol A doju= ZhE A9 A EFe o JFor FHAN o5 g FF

A Ede FAGon FEe = o
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Table 4.9. Results of Varimax-rotated PCA for PMiy

PC1 PC2 PC3 PC4 PC5

Na 0.189 0.083 0.195 0.871 0.069
Mg 0.675 0.142 0.032 0.680 0.075
Al 0.878 0.045 0.169 0.205 0.091
K 0.131 0.165 0.558 0.279 0.302
Ca 0.830 0.365 -0.024 0.218 -0.010
A\ 0.220 0.058 0.832 -0.132 0.053
Cr 0.346 0.039 -0.139 -0.125 -0.450
Mn 0.805 0.516 0.092 0.078 0.040
Fe 0.897 0.271 0.149 0.158 0.028
Ni 0.239 -0.075 0.230 -0.067 -0.449
Cu 0.387 0.371 0.357 0.447 -0.151
Zn 0.399 0.479 0.207 0.220 -0.266
As 0.021 0.636 0.352 0.037 0.299
Se 0.043 0.741 0.219 0.14 0.187
Cd 0.378 0.852 0.116 -0.079 -0.034
Sb 0.014 0.222 0.658 -0.103 -0.047
Ba -0.083 0.073 0.726 0.117 -0.017
Pb 0.330 0.904 -0.038 0.012 0.116
NH4' 0.321 0.193 0.170 -0.210 0.710
Cl 0.093 -0.023 -0.231 0.891 -0.020
NOs 0.450 0.016 -0.166 -0.014 0.439
SO4 0.367 0.157 0.285 0.065 0.697
Eigenvalue 4.665 3.521 2.682 2.604 2.157
%Var 21.206 16.005 12.192 11.837 9.803
2. %Var 21.206 37.211 49.403 61.240 71.042
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Table 4.10. Results of Varimax-rotated PCA for PMs5

PC1 PC2 PC3 PC4 PC5

Na 0.147 0.064 0.872 -0.019 0.186
Mg 0.117 0.954 0.129 0.026 0.001
Al 0.054 0.959 -0.031 0.009 -0.007
K 0.016 0.026 0.815 -0.071 0.251
Ca 0.074 0.927 0.098 0.095 0.045
A\ -0.058 0.024 -0.058 0.702 0.023
Cr 0.132 0.167 0.188 -0.241 0.568
Mn 0.638 0.691 0.217 0.039 -0.008
Fe 0.217 0.904 0.275 0.033 0.055
N1 -0.128 -0.086 0.041 0.152 0.791
Cu 0.153 0.123 0.045 0.542 0.526
Zn 0.633 0.428 -0.107 -0.035 0.173
As 0.243 0.173 0.768 0.078 -0.108
Se 0.791 0.081 -0.008 0.317 -0.148
Cd 0.835 0.177 0.233 0.101 0.014
Sb 0.271 0.016 0.082 0.767 -0.059
Ba 0.042 0.260 0.532 0.181 -0.253
Pb 0.818 0.259 0.327 0.000 -0.070
NH:' 0.845 -0.046 -0.017 0.009 0.089
Cl 0.060 0.034 0.818 -0.064 0.080
NOs 0.713 0.112 0.202 0.067 -0.123
SO4 0.756 0.004 0.029 -0.029 0.132
Eigenvalue 4.883 4.441 3.381 1.628 1.513
%Var 22.196 20.186 15.368 7.400 6.875

2% Var 22.196 42.382 57.750 65.149 72.025
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1.

AT71ZE Feke] PMpd PM2sel d#FsEs 247 26454612 pg/m’, 18.35+5.38
ng/m’el AL, PMas/PMyy 2 & wn|E= 0692 mAlddel 17t vlws w@ol
gHfElo glolth

PMp? PMpsoll &8 84 ol AEE T ox AAUA o= &
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