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ABSTRACT

The collection of PM;, and PMsys samples for the intensive study was
made at the 1100 Site of Mt. Halla of Jeju Island in Korea, which is a
background Site located at the atmospheric boundary layer (ABL), during
October and November of 2012. The ionic and elemental species were
analyzed, in order to investigate the chemical composition characteristics.

The mass concentrations of PM;y and PMs5 fine particulate matter were
224 and 139 pg/m® respectively, and that of PMjy25 was 85 pg/m’. The
concentrations of the secondary pollutants nss-SO,>, NH;" and NO; in PMj
were 6.11, 2.36, and 2.18 pg/m’® respectively. Furthermore, the elemental
compositions of PMjo occupied 91.1%, 40.6% for anthropogenic (S, Pb, Zn),
33.7% for soil (Al, Ca, Fe), and 16.8% for marine (Na, Mg) sources.

The concentrations of nss-SO,%, NHy', and NO;  were 4.81, 1.97, and 1.23
pg/m’ in PMys fine particles, showing 91.7% of the total ionic components.
On the other hand, their concentrations were 0.63, 0.21 and 1.10 upg/m® in
PM;p-25 coarse particles. The comparative study of size distribution resulted
that NH,", nss-SO,%, K', and CH;COO  were mostly existed in fine particles,
and NO; was distributed in both fine and coarse particles, but Na', CI,
Mg?', nss—-Ca®" were in coarse particle mode.

The acidity contributions by sulfuric and nitric acids were 76.5% and 21.1%
in PMy, and those in PMsys were 80.6% and 16.196, respectively. Meanwhile the
acidity contributions by formic and acetic acids were 1.8% in PMiy, and 2.4% in
PM,s, respectively. On the other hand, the neutralization factors by ammonia
and calcium carbonate were 76.5% and 9.9% in PM;o, and those in PMs5 were
86.2% and 3.8%, respectively.

Based on the factor analyses for the examination of the source origins, the

PM;ip-25 coarse particles were influenced mainly by marine sources, followed

- Vil -



by soil and anthropogenic sources. On the other hand, PMss fine particles
were influenced mostly by both anthropogenic and soil sources, followed by
marine sources.

The comparison between mountainous Mt. Halla-1100 Site and coastal
Gosan Site showed that the coarse particles at the atmospheric boundary

layer were influenced less than at coastal area.
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(3) Ion Chromatograph

A A o] o] 2AE EA o= Y] dojmEe] Fa o2 dE 4= Ion
Chromatograph (Metrohm, =9 Modula IC, 2912)E A&t} Aol FA]
o= Metrohm Metrosep Cation-4-150 &3, 20| ‘A= Metrohm
Metrosep A-SUPP-5 #2]#S AH&3td o, A&7 A7|AEE HE71(819

IC detector)E& AF&-3}3

(4) Inductively Coupled Plasma/Optical Emission Spectrophotometer
v A 2] o] AAaAE B = ICP-OES (Perkin Elmer, OPTIMA 7300 DV,
USA)E AFg3F9ith ICP-OES+= simultaneous mode 7} &, radial/axial plasma

deigel™, 40.0 MHz RF frequencys FAE & &= A5 ot

(5) Inductively Coupled Plasma Mass Spectrometer
nAHA o] wE AR EX o= ICP-MS (Perkin Elmer, ELAN DRC-e,
USA)E AME-3F a1, ICP-MS+ 40 MHz RF power, Quadrupole Mass Spectrometer

wapgolr},

(6) Microwave Digestion System
n AR o] AR B Al A8 ZgAl A Elo= Microwave Digestion

System (Milestone, START D, Italy)& A}-&3}3t}.

(7) pH Meter
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meters= 1= OrionAtoll Al A %3+ pH 4.10 (25TC), pH 6.97 (25TC)
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2 EFEENS Ax F Ao

2
rlo
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Az} (standard deviation) S =

S

(X, - %)

N—-1

W = A 4= (coefficient of variation) CV = < < 100%

IDL = S x 3.14 (98% confidence level, n=7)

(4) 712k =
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Table 1. Instrumental conditions for IC analysis.

4 15 mL/min, A&

o W IC B4

H =K F, CH;S05 ) %
% Jon Chromatograph®
10, 50, 100, 500 ug/Leo]wH,
o] %A vH Andreae et al, 1987). 7]
Metrohm IC¢} Metrosep-A-SUPP-16 columng AF&3Fe] 200

Instrument Cation Anion Organic acid
Ion Chromatograph Metrohm Metrohm Metrohm IC
Modula IC Modula IC
Column Metrosep Metrosep Metrosep
Cation C4-150 A-SUPP-5 A-SUPP-16
Eluent 4.0 mM nitric acid 1.0 mM NaHCOs;,  25.0 mM NaOH,
3.2 mM NaQCO3 3.0 mM N82C03
Suppressor Metrohm 753 Metrohm 753
(100 mM, H2SO4) (200 mM, H,SOy)
Flow rate 1.0 mL/min 0.7 mL/min 1.5 mL/min
Injection volume 50 uL 50 pL 100 uL




Table 2. Instrumental detection limit (IDL) and coefficient of variation (CV)

for IC analysis (n=7).

Species Na* NH," K* Ca* Mg?' SO

IDL (ng/L) 39~60 35~64 57~73 47~167 44~94 42~48

CV (%) 1.3~21 10~19 17~24 14~49 14~29 13~15

Species NOs Cl F HCOO  CHsCOO  CH3SOs
IDL (pg/L) 49~81 17~15 ~29 ~4.1 ~2.8 ~2.7
CV (%) 15~25 04~04 ~25 ~3.0 ~1.8 ~1.7

4) 94 AE Y

(D) A5 dAg

AFHE PMp PIAIHA] Ase Hed & 24 dA7bA -20C Wdsale] Has
Ak AA e A AAEA] BEE o]Tdete] g vl oW, WA & A=
AaFEA e o] &3, A ES US EPAC ‘Compendium of Methods for
the Determination of Inorganic Compounds in Ambient Air’ Wl w2} wjo]
AZ3 JHEEHoe =z FA8 M (Mainey and William, 1999). Al52HE Z7
A8 T o]E H ZE(PFA, polyfluoroalkoxy) £ 7](100 mL)ol ¥ al, o] 7]9] 555%
HNO+/16.75% HCl &34 10 mLE 7}3F & wlo] 3 & 3k(Milestone, STARTD,
USA)E ZASte] A RS &&3th vho]Z=ak= 1000 W2 A AL

REE 18TR FEERIAZ F o] 2wmolA] oF 1081t

A

o

2 of3stgitl. PFA €7]% 3% HNOy/8% HCl £ 5 mL 2 %=
g3t AASET, olF oot ¥ F §FFh2ANA 25 mL} HE

g4 sto] £418 ARz o] &3ttt

+
i
Lo



o] Mo r AAYE AR AR &H4E ALY dAES ICP-OES®
ICP-MSe.z ®Astdth g dAaAdiE2 20995(S, Al Fe, Ca, Mg, K, Na,
Zn, Pb, Mn, Ti, Ba, Cu, Sr, V, Ni, Cr, Mo, Cd, Co)°o]™, °] % Bl % v}zl
J 52 ICP-OES, & AREES ICP-MS oz 2483tk ICP-OES
A EFE NS AccuStandardAFe] ICPE 1000 pg/mL £48 108 H3 WA

100 pg/mL AF&HS =A% 5 o5 AHTd g2 34eto] AT

9

oS Aol A8 E Suli ud RS gdete] AR AAY FANN AET F
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Table 3. Instrumental conditions and detection limit (IDL) for ICP-OES
analysis.

Instrument: Perkin Elmer, Model OPTIMA 7300DV

Plasma conditions: RF Frequency = 40 MHz, RF power = 1.40 kW

Gas Flow rate: Carrier gas = Ar 0.65 L/min, Auxiliary gas = 0.2 L/min
Coolant gas = 15.0 L/min

sampling conditions: Pump Rate = 1.5 mL/min

Nebulizer: Ultrasonic (CETAC Tech., U-5000AT)

Wavelength Detection Limit Wavelength Detection Limit
Element Element
(nm) (ug/mL) (nm) (ng/L)
Al 396.153 ~0.0003 Fe 259.939 ~0.0012
Ca 393.366 ~0.0003 Na 589.592 ~0.0009
766.490 ~0.0030 Mg 285.213 ~0.0003
S 181.975 ~0.0066

Table 4. Instrumental conditions and detection limit (IDL) for ICP-MS analysis.

Instrument: Perkin Elmer, Model ELAN DRC-e

Plasma conditions: RF Frequency = 40 MHz, RF power = 1.50 kW

Gas Flow rate: Carrier = 0.9~1.05 L/min, Auxiliary = Ar 1.2 L/min,
Coolant = 15.0 L/min

DRC parameters: NHs reaction gas flow = 0.1~0.6 L/min

Sampling conditions: Sampling depth = 7 mm from work coil,
Sampling cone = Nickel, 1.1 mm orifice diameter
Skimmer cone = Nickel, 0.9 mm orifice diameter
Nebulizer = cross—flow type

Sampling uptake rate = 0.4 mL/min

Element Mass Detection Limit Element Mass  Detection Limit
(amu) (ng/mL) (amu) (ng/L)

Ti 48 ~0.0006 Mn 55 ~0.0003

Cu 65 ~0.0006 Ba 138 ~0.0006

Ni 60 ~0.0009 Sr 88 ~0.0006

Co 59 ~0.0003 \Y% 50 ~0.0003
Mo 95 ~0.0006 Cr 52 ~0.0009

Cd 111 ~0.0003 7n 66 ~0.0018

Pb 208 ~0.0012
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2012 10€ 29%H 11€ 30¥47HA AF= ek 1100 Aol A PMig, PMzs
NEE AFAs AFe=s SASAT A7) nAWUA AFEEE PMy
22.4%11.6 pg/m’ (n=35), PMys 12.6£6.2 ng/m’ (n=34)¢13ich. 1ejt} o] T ZF
(3 mm °]d)& Alele AFEEE PMy 23.3t9.8 ng/m’ (n=27), PMys 13.8+4.9 1
g/m’ (n=26)% PM,s ZAH¥ T PMpd ¢ 59.2%E A&ttt oleld PMy,
PMys A#Fses B FAAA a4tRt Z42F 16, 154, A2HT= PM,
PMys 2% 1.8W A= o we £FS UehlUtiTable 6). =3 A3 Al717F &

A3 PMy, PMys Al&n=24)%t2 tidoer 543 Adds=s PMy 224487 1

N

g/m’, PMys 13947 ng/m’Z PMys AFe=t PMp oF 621%% X359
83 PMpol Al PMosE Wl PMygos =t AHcoarse particle)?] ZA#&wrE=
85149 ng/m’= PMpe] ¢F 37.9%2 A8l Aoz A th(Figure 1, Table
5).

Table 5. Mass concentrations of PM;y PMazs and PMj 25 particles
at Mt. Halla-1100 Site (n=24).

concentration (ug/m?®)

PM

Mean SD Median Max Min
PMio 22.4 8.7 214 44.1 10.0
PMz5 13.9 4.7 13.6 22.2 4.2
PMio 25 85 49 6.4 22.3 3.7
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Table 6. Comparison of mass concentrations of PM;y and PMs5 fine

particulate matter at Mt. Halla-1100 and other Sites.

Concentration (ug/m®)

Si Sampling PM:5/PMjj
ite time Ratio
PM2,5 PMlO
Mt. Halla-1100 2012 13.8 23.3 0.59
Gosan® 2010~2011 20.4 38.0 0.53
Seoul” 2012 25.2 41.0 0.61
New York® 2012 13.9 - -
Yokohama® 2007 ~ 2008 20.6 30.2 0.68

Yol FFE (2013), PEAE (2013), NEEEA W7IBA AR (2012), YUS: air Quality
Statics Report (2012), YKhan et al. (2010)

50

“-PM10 E-PM2.5

40

30

20

Mass Concentration (ug/m®)

10

\ ©
N Q05

A N © N © N
XV N N N N Q
’\'\\ '\'\\ '\'\\ '\'\\

Figure 1. Variations of PM;y and PMss mass concentrations at

Mt. Halla-1100 Site during the study.
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Figure 2. Correlations of >[Cationl,, vs. X[Anionls, for the
analytical data of PM;j, fine particulate matter at

Mt. Halla-1100 Site.
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Figure 3. Correlations of X [Cationle, vs. 2 [Anionle, for the

analytical data of PMs5 fine particulate matter at

Mt. Halla-1100 Site.
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AFE et 1100 A4 2012 109 1958 119 3097-4 357 9]
PMyy "AIAAIE A8, o5 Alme] 84 ol2AES EAeut. 14
o] T ZATY@B mm ol’h)S AL 27/ A5 FMAAE VIEE PMy ©|

T E AP 18]a 1 A5 Table 73 Figure 4] 53+
tl #olA nss-SO.S = Hlal A (non-sea salt) SOL 9 H%E SOL Y & %
oA sidel 7118 SO FEE W, [nss-SO, ] = [SOs ] - [Na'l x 0.251'¢]
2ol ol AArstdth nss-Ca® Al HlEld Ca’e] FEE, ‘[nss-Ca’l =
[Ca®] - [Na'l x 0.042 Aol o&) Astatdh(aAW, 2013; Ho et al, 2003;
Nishikawa et a/, 1991). o] W Na'2 HdA o= oA Faidvtr 71435t

o] A

AFE=HE o] &3t

A
o

PMy o] &4 29 »% = nss-SO2 > NH,” > NOs > Na™ > Cl° > nss-Ca®
> K' > CH;COO > Mg® > HCOO > CH3SO; > F o2 =74 uehy
oL ARE FAE nss-SO4L 7 6.11 peg/m*E 7HF =¢ka, dA S04 F
nss-SO~ 9 M &2 98.0%= el SO o thit SR 7wt e

Tk = NH,9 %E 236 pg/m’e %2 Yehda, NOs
FTEE Bt 218 ng/m’e FE YEALE ol Al AR txAA A97 7]
4

ot vt ow SOf = FE A, 4 53 e I4ds8

i

of A FAA BABE SO7F 7] FollA #shet ves dorA AAAHE

A &, 2008). ¥rel NH, 2 =9 widE, EXAAZ, AAdsd ol o)

=
2 91914 folo] os wAHT NOy o WS vRE Mfe Agy
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& Z o]t} (Anardenne et al, 1999).
ubdo] sk 7199 Na', CI'& Z+2F 049, 043 pg/m’=z 9] 23k S &4
el A e =2 Uy £ EUY7]9 AES nss-Ca®'e % 94
2 9 vebska, AA Ca?' 5 nss-Ca®'9 Hl&2 938%= gl
23§74 HCOO ¢ CH3COO ¢ %% 7tz 0.05
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So 2 7199 AENa, ClHEC] 74%, EX71Y A F(nss-Ca’)o] 2.4%
A% 719 AR F712HHCOO, CH,COO)E 1.6%2 d#s Hurh o3t

i
&
fr
T
(03
S
ok
A
e
—
[
(@)
(@)
K
N,
=2,
>
o,
e
=
o
A
=,
hinss
R
o
N
oX,
rlo
Lo
Ho
2
N
(o,
oX,
ML

of grol M =i, veow Y VY AE, 1 vee BEY I o=
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Table 7. Concentrations of ionic species in PM;j, fine particulate matter.

Concentrations (ng/m®)

Species

Mean SD Median Max Min
NH," 2.36 1.26 2.29 5.54 0.25
Na" 0.49 0.28 0.41 1.08 0.09
K’ 0.22 0.12 0.21 0.54 0.07
nss-Ca”’ 0.30 0.17 0.26 0.69 0.02
Mg** 0.11 0.04 0.10 0.20 0.04
nss—SO4% 6.11 3.66 5.67 17.37 0.93
NOs 2.18 1.78 1.81 6.95 0.15
Clr 0.43 0.32 0.36 1.33 0.06
F 0.02 0.02 0.02 0.07 0.01
HCOO 0.05 0.03 0.05 0.14 0.01
CH3COO 0.15 0.08 0.14 0.32 0.01
CH;3S05 0.02 0.01 0.02 0.06 0.01
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Figure 4. Concentration comparison of ionic species in PM;y fine

particulate matter.
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Figure 5. Composition ratio of in PM;jy fine particulate matter at

Mt. Halla-1100 Site.
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H

Pb, Mn, Cu, Cde] Ztz} 2584, 20.81, 13.78, 11.42, 8.13, 1.71, 0.12 ng/m’¢] &
& HERIAG.

T3 PMyy vlA Ao A o3 gt AxAdRES] S nlus] B Ay Fo
01914 71 AE(S, Pb, Zn)°] 40.6%, EU71d AE(Al Ca, Fe)ol 33.7%, 31 <

7190 A& (Na, Mg)el 168%°] 24 Hol o5 AEEC AAHoR 911%E
2} A1 8} A eHFigure 8).

Table 8. Concentrations of elemental species in PM;, fine particulate matter.

Concentration (ng/m®)

Species

Mean SD Median Max Min
S 702.3 503.3 702.3 2098.9 129.9
Na 228.6 182.4 228.6 852.5 52.0
Al 106.0 81.6 106.0 280.7 14.6
Fe 243.0 204.8 243.0 773.5 43.7
Ca 259.6 127.0 259.6 578.0 104.0
K 79.4 75.1 79.4 290.0 7.3
Mg 76.9 48.8 76.9 210.0 22.9
Ti 5.8 3.4 4.8 13.7 1.5
Mn 8.1 5.4 6.6 20.8 1.4
Ba 1.8 1.0 1.6 3.7 0.1
Sr 0.9 0.7 0.6 2.6 0.2
Zn 20.8 8.4 18.8 47.3 11.7
\Y 20.8 27.1 9.3 1129 3.1
Cr 25.9 38.8 10.1 180.4 3.7
Pb 114 26.3 5.7 139.4 0.9
Cu 1.7 1.7 1.4 8.1 0.2
Ni 13.8 16.1 8.2 68.8 2.2
Co 0.2 0.3 0.2 14 0.1
Mo 1.6 2.3 09 9.8 0.03
Cd 0.1 0.1 0.1 0.5 0.02
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Figure 6. Comparison of Na, Al, Fe, Ca, K, Mg and S concentrations

in PMy fine particulate matter.
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Figure 8. Elemental Compositions of PMjy fine particulate matter at Mt.

Halla-1100 Site.

25 um "RFQl PMys 2V AIHAE 714 AFELe] ti7] 5
NA tEFd =23ty wES doA BAEM, 7Tl FIFS AL, A
Aol X 5&7] A3 dod)= Fo EHo|t(He et al, 2004; Holler et al,
2002). 71 d=de] A viEdddA ] Tom Af wWiEHe 13 odE

5 7] ol o AAEE 22 S dEHe] ¥ Fa
g ouE Zev(uhr]d G, 2009). wER PMys ZWAIWAE SOF, NOs,
NH,", EC (elemental carbon), OC (organic carbon) % <¢1¢% 7|4 AEES ¢
ol x3atar glar, dAtel mls] A om flajde] & Aew yeiya
JoHFF3 5, 2003; Lee and Kang, 2001). = 7] mAH A= HH, 9 7%

&4, A4 F 257 ABRY o 43w, & WARE 2A #o] Y

2
X

N

N
ofN
ot
&
2

Aom waHn Qv oAy MANAL Adel dha AAEst oA
a Wl =S B ooty PMysel 7] & AlFAIZEe] oF 7= PMpol wis] 2~
v A7) wjZeol FAE o]sel Y FHIGEAE JTFS HAE HAoZ AL

=3 QTHINARSTO, 2003).
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nss-Ca” > Mg® > HCOO > F > CH3SO; o2 %A ueiskth ZvjAd
Aol Fo ARl A94 71¥9& Yl nss-SO4, NHY, NOy A#& 7
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Table 9. Concentrations of ionic species in PMss fine particles.

Concentration (ng/m®)

Species

Mean SD Median Max Min
NH,' 1.97 0.99 1.94 3.82 0.24
Na® 0.13 0.05 0.11 0.28 0.04
K’ 0.16 0.09 0.14 0.42 0.07
nss-Ca*' 0.08 0.05 0.07 0.19 0.01
Mg** 0.04 0.02 0.04 0.09 0.00
nss-SO4* 4.81 2.35 4.62 9.66 0.83
NOs 1.23 1.67 0.56 6.43 0.06
Clr 0.15 0.20 0.10 1.01 0.03
F 0.01 0.01 0.01 0.02 0.00
HCOO 0.03 0.02 0.03 0.12 0.01
CH3COO 0.11 0.05 0.10 0.26 0.03
CH3503 0.01 0.01 0.01 0.02 BDL

BDL : Below Detection Limit
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Hol ghepik 1100 Aol A o dAte] =4S Q194 71d Aol & HE&S
AA sk, vl s 7ld AR, I UES BEY I AR #Eel &
Aoz B a2 olHd =AW= PMys ARl vls) A9 A&
o] FH o ¢ v, i, B A 242 98 ¥ w2 A

AT,

o

Hol

Rl

Table 10. Concentrations of ionic species in PMjo25 coarse particles.

Concentration (ng/m®)

Species
Mean SD Median Max Min

NH, 0.21 0.18 0.19 0.73 BDL
Na" 0.38 0.25 0.30 0.89 0.04
K’ 0.05 0.05 0.05 0.19 BDL
nss-Ca”' 0.21 0.14 0.18 0.62 0.01
Mg?' 0.07 0.03 0.07 0.13 0.01
nss-SO4” 0.63 0.53 0.51 1.74 BDL
NOs 1.10 0.74 0.91 3.00 0.11
Clr 0.30 0.28 0.23 0.96 BDL
F 0.02 0.01 0.01 0.06 BDL
HCOO 0.02 0.02 0.02 0.09 BDL
CH3COO 0.05 0.05 0.03 0.18 BDL
CH3503 0.01 0.01 BDL 0.05 BDL

BDL : Below Detection Limit
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PMjpt PMys WIAIHAE Eelgsts 5o AolEs Holil wiEd 574¢]
U g2 548 yehdd weld vARAE g wel FEetan 97
H2 24 2AgoEN Aty 5AS v Favk Atk o]E 98 PMy
I PMys vlAlH A o] o] 24 o] s PMys/PM)y &EHZ T3lo] o5 U7
¥ Z vt ar, 1 A3E Table 113 Figure 139 e ST}

FolA B ukel o] zF JES PM,s/PM), ¥%HE= NH, 091, Na' 0.26,
K' 0.78, nss-Ca* 0.27, Mg* 0.39, nss-SO,* 0.89, NO; 054, CI 0.34, F 0.42,
HCOO 0.64, CH;COO 0.72, CH3SO; 0.380]%lt}. 28]l olE o] 2AEE F
= NHy, nss—SO, K'e] AEn7F Aroz =& S yehyo] ol&
52 F2 PMys UAYGAe] BEXEE= Aoz ZAE T

2y NOs = o] 53 @& PMys/PMyy § =M 7 0542 2ol g AkeF vl Al =}
of mEA BEd= e eyt Ad d4E B NOsAES ZUgA

Jdodo e AT EZAeE How HuE i JrH(HUA, 2003). ol spAA A

2

ox
A

4
s
2
o

2 EAAY v YgAte] A9, SO o HlE) NOs o 71e] o] A
O % ¥ AEE H2Uh ol NO; @Ao] oluvx] ALgHa gl A7) )
Folth, A3 dAFE ®md, PMpel A SO /NO3 o] AERE ZAXG A2
A7, ATl A Zh2E 165, 151, 1.169] g Hola glrh(e]®A 5, 2005, Park et
al. 2004). T = Hlo] g} Aslolol = SO /NOy o AEnR|7F Z+2F 1.38, 1.74
2 92 FL Ak o wE NOxe HiE#o] B7] wjolth(Wang, 2005;
Wang, 2006). & G A= shegbak 1100 249 nss-SO4/NO;  H7F PMy#
PMysell A 7t2F 2.30, 3812 A& A Aysd vs] o & s Jdepdidrt. o
A9 nss-SO,~ 9 FE7F AdAe® ¢ & FEHE YgUE AL A5
o oJ& QA od wiE o] thE EAA G vl @] wE] Ao F

Ch=leg
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80% AE=E 1.0 yum vIRke] wAldxfo] Attt de A AvH(E

998; Khwaja, 1995). & A 23 oA olggh Aa A+ dAetar A+
S & & U wbEe] 9799l nss-Ca*'e HXEH7F 02720 A A PMy

of ol w3¥stal N3, PTIAR Sfd 714l Na', CI'e] s5=n0]7F 0.26, 0.34

—_

Table 11. Concentrations and their ratios of ionic species in

PM;p and PMs5 fine particulate matter.

. Concentration (ug/m®) PMy5/PMyo
Species Ratio
PMa5 PMio
NH4 1.98 2.18 0.91
Na" 0.13 0.51 0.26
K" 0.16 0.21 0.78
nss-Ca®' 0.08 0.29 0.27
Mg*' 0.04 0.11 0.39
nss-S0,~ 4.84 5.45 0.89
NOs 1.27 2.37 0.54
Cr 0.15 0.44 0.34
F 0.01 0.03 0.42
HCOO 0.03 0.05 0.64
CH3;COO™ 0.11 0.16 0.72
CHsSO3 0.01 0.03 0.38
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Figure 13. Comparison of concentrations and their ratios of ionic

species in PMg and PMs5 fine particulate matter.
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129} Figure 149 deEbATE o213k Aol NH', nss-SOF, K &=
PMig 25914 Zh2F 0.21, 0.63, 0.05 pg/m’ol At} whde] PMysol A& ol & AR E
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Table 12. Concentrations and their ratios of ionic species in

coarse (PMig-25) and fine (PMas5) particles.

Concentration (ug/m®)

Species Coa}gsaeﬁ/(ljine
Coarse Fine
NH,' 0.21 1.98 0.11
Na' 0.38 0.13 2.92
K' 0.05 0.16 0.31
nss-Ca*' 0.21 0.08 2.63
Mg? 0.07 0.04 1.75
nss—SO0,* 0.63 4.84 0.13
NO3 1.10 1.27 0.87
Cl’ 0.30 0.15 2.00
F 0.02 0.01 2.00
HCOO 0.02 0.03 0.67
CH3C00" 0.05 0.11 0.45
CH3S0; 0.01 0.01 1.00
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14. Comparison of Concentrations and their ratios of ionic

species in coarse and fine particles.
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Table 13. Equivalent concentrations of major cationic and anionic species in

PM;y, and PMs5 fine particulate matter.

Concentration (ueq/m®)

PM PMy 5

Cation Anion Cation Anion
H' 0.008 nss-SO&  0.127 H' 0.005 nss-SOZ  0.100
nss-Ca”*  0.015 NOy 0.035 nss—Ca®*  0.004 NO5 0.020
NH, 0.131 HCOO 0.001 NH,' 0.109 HCOO 0.001
K* 0.006 CH;COO™  0.002 K’ 0.004 CHs;COO™ 0.002
Mg?** 0.009 F 0.001 Mg?' 0.003 F 0.001
Total 0.169 0.166 Total 0.125 0.124

0.4 0.4
= y=1.023x +0.008 o y=0.996x + 0.005
o R2= 0.983 (r=0.992) 5 R2= 0.990 (r=0.995)
o] 9
2;) 0.3 5” 03 |
T 02 = 02 | 2
::m 0.1 % 01
g g
R PM,, = PM, 5
0.0 ' ' : 0.0
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 03 0.4
Y([H]+[NH,*]+[nss-Ca?]) S([H*]+[NH,*+[nss-Ca2*])

Figure 16. Correlation between the sums of neutralizing substances and counter

anions in PM;o and PMs5 fine particulate matter.
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HA Ath(Kang ef al, 2009). webA th-2] 2ol 93] 3}l A (Neutralization
Factor, NF)& +& 4 i1, o]& BvlastH NHzet CaCOsel &gt T3 7]o&
S MEFHor Hrte ¢ Au(olFS 5, 2011; Galloway et al, 1989). 2ol A
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Table 14. Neutralization factors by NHj3 and CaCOs3; in PMjg
and PMs5 fine particulate matter.

Neutralization Factor PMg PM;s
NFNma+ 0.77 0.86
NFcao+ 0.10 0.04
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A PMy ol&s=olA PMys o2& =s W A3A=FEH PMi-e T
oA 7t AEES AHAES vus] Hdvh 1 A3 Na'd Cle daAs7F

0.75% 7F8 =okal, ol Z=uUdAs Aoz sfjde] 2A dF&Fs AL 3

2OW
R

o,

>

= o=z #AgHt) old v nss-SO, T NH, Y A#AFE 0492 PMys =
n A Aol vlE] R v e AAAS HY o]y d AR Hol o]lE 2%

SAEEES Al 2 GFe] 18] A4 F2 Aoz FAHEH(Table 17).

Table 15. Correlation between the ionic species in PM;yy fine particulate

matter.
Spices NH,, Na' K’ résaii Mg?" ggj‘ NO; CI' HCOO  CHCOO0
NH, 1.00
Na' -0.37  1.00
K’ 058 -0.28  1.00
nss-Ca® 067 -017 051 1.00
Mg* 020 020 007 059 1.00

nss-SO,/ 088 -040 060 051 010 1.00

NO;3 061 -003 032 068 044 020 1.00
Cl -027 088 -019 006 029 -037 012 1.00
HCOO 012 011 016 006 -022 013 003 -0.04 1.00

CH:COO™ -036 003 -0.04 -007 0.00 -026 -027 -009 056 1.00
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Table 16. Correlation between ionic species in PMs5 fine particles.

Spices NH, Na' K’ %Saszi Mg ggj; NO; CI°  HCOO  CHCOO
NH," 1.00

Na’ -0.08  1.00

K' 064 016 1.00

nss-Ca” 046 002 041  1.00

Mg?" 052 003 054 089 100

nss-SO, 084 010 071 047 053 1.00

NO3 056 -028 015 018 021 003 1.00
Clr 003 075 015 010 -0.03 0.07 -0.05 1.00
HCOO" 013 014 028 -010 -017 029 -020 0.08 1.00

CH3COO 012 -004 015 020 011 026 -015 -014 08  1.00
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Table 17. Correlations between ionic species in PMjg-25 coarse particles.

Spices ~ NH, Na~ K’ résaszi Mg ggj; NO;  CI'  HCOO  CHCOO
NH,’ 1.00

Na’ 021  1.00

K' -0.07 -0.08 1.00

nss-Ca®>*  -035 -0.08 005 1.00

Mg?' -015 049 -008 040 1.00

nss-SO, 049 -011 -0.05 012 031 1.00

NO3 039 038 -0.03 025 002 -0.08 1.00
Clr -016 075 -0.06 012 047 -023 017 1.00
HCOO" 022 030 010 034 038 032 031 019 1.00

CH;COO  -029 018 -0.04 -007 029 -012 -023 022 034 1.00

Hom sfdAdol 4 FrEol doew, AFAS vAwAe P 1 JF

.?_
o] F ALr oiddr. olE By AFHem Flstr] fste] Na & ARAHL
o st 8 84 sl kel AFsEATE el Aol o) AL

EF = (Cx/ CNa+)Aerosol / (Cx/ CNa+>Seawater
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2o A (Cy/Cras)seawater = 3N 5 Na'¢k SO, CI, Mg®, Ca*, K9 &xH
0] i, (Cy/Crat)acrosa = o1 2ZE F2] Na'$} SO, Cl, Mg*, Ca®’, K'9] ¥xH]
olt}. ol&A ALtH FFAA o] 1o] 7}7+&+= S04, CI, Mg*, Ca*,
K7d#so] sldemiy fdua, 1hg 255 o5 4L sdns o

&l ofsf mARA el FAE L dEe ot
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A A Al 0.6, 299 EFgts WERWAL 9lo] o] AwEe T2 fdo JFS
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m A HZ ol A 175, 258, 81.27% YEFSEAL, PMys 2P AHAE 34.8 175, 17155
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Table 18. Seawater enrichment factors for major ionic species

in PMyy and PMy5 fine particulate matter.

X Seawater Ratio PMio PMs5
K’ 0.04 175 34.8
Ca*' 0.04 25.8 175
Mg?' 0.12 2.6 2.9
Cl 1.80 0.5 0.6
SO~ 0.25 81.2 1715
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Table 19. Crustal enrichment factors for elemental species in PMjg

fine particulate matter.

X Crustal Ratio PM;o
Fe 0.4353 5.3
Ca 0.3731 6.6
Na 0.3595 6.0
K 0.3483 2.2
Mg 0.1654 4.4
Ti 0.0093 5.9
Mn 0.0075 10.2
Zn 0.0009 218.2
\Y 0.0007 280.6
Pb 0.0002 539.2
Cu 0.0003 5.4
Ni 0.0002 650.3
Co 0.0001 22.8
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Table 20. Rotated Varimax factor analysis for ionic species

In coarse particles

Species Factor 1 Factor 2 Factor 3
NH, 0.21 -0.02 0.91
Na" 0.93 0.19 0.00
K’ -0.18 0.07 -0.05
nss-Ca”' -0.16 0.68 -0.18
Mg** 0.32 0.75 -0.24
nss-SO~ -0.31 0.56 0.56
NO3z 0.51 0.13 0.47
Cl 0.79 0.21 -0.36
HCOO 0.21 0.75 0.18
CH;COO 0.15 0.28 -0.54
Eigenvalue 2.1 2.1 19
Variance (%) 21.2 20.9 19.2
Cumulative (%) 21.2 42.1 61.2
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Table 21. Rotated Varimax factor analysis for ionic species

in fine particles.

Species Factor 1 Factor 2 Factor 3
NH, 0.87 0.06 -0.12
Na" 0.03 0.06 0.94
K' 0.77 0.23 0.18
nss-Ca®’ 0.78 -0.08 0.03
Mg** 0.84 -0.14 -0.02
nss-S0,* 0.81 0.32 0.10
NO;3 0.41 -0.37 -0.35
Clr 0.08 -0.09 0.89
HCOO" 0.04 0.96 0.09
CH;COO 0.14 0.90 -0.14
Eigenvalue 3.5 2.1 19
Variance (%) 35.3 20.5 18.8
Cumulative (%) 35.3 55.8 74.6
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Table 22. Concentrations and their ratios of ionic species in coarse and fine
particles at Mt. Halla-1100 Site and Gosan Site.

Concentration (ng/m>)

Species Coarse (PMjg-25) Fine (PMzs)
G e N G
NH, 0.14 0.38 0.37 1.92 2.19 0.88
Na’ 0.36 1.88 0.19 0.12 0.65 0.18
K’ 0.05 0.08 0.63 0.16 0.20 0.80
nss—Ca*' 0.23 0.24 0.96 0.07 0.07 1.00
Mg*' 0.06 0.27 0.22 0.03 0.07 0.43
nss-SOs% 0.58 0.37 1.57 473 5.80 0.82
NOs 0.92 2.1 0.34 1.22 1.06 1.15
Cl 0.33 2.18 0.12 0.10 0.21 0.48
HCOO 0.02 0.03 0.67 0.03 0.05 0.60
CH;COO 0.06 0.13 0.46 0.11 0.06 1.83
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Figure 17. Concentration comparison of ionic species in PMip-25 coarse

particles at Mt. Halla-1100 Site.
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