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ABSTRACT

The large amounts of air pollutants are emitted in East Asian nations due to
a rapid industrial development as well as high population at the regions.
Especially the northeast Asian countries including Korea, China, and Japan are
characterized by emissions of both anthropogenic and natural air pollutants. Jeju
Island is a suitable place to study the long-range transport of air pollutants in
Northeast Asia and the impact of continental outflow.

In this study, the PMjy and PMys fine particles have been collected at Gosan
site in Jeju Island, and the elements as well as ionic species have been
analyzed. The mass concentrations of PMjy and PM3s fine particles were
38.0£19.8 and 20.4+12.6 11g/rr13 respectively at Gosan Site. In the result of ion
balance comparison, the correlation coefficients(r) between the sum of cationic
equivalent concentrations and the sum of anionic equivalent concentrations were
0.984 and 0.989, respectively, for PMjy and PMss fine particles, indicating a good
correlation. The concentrations of PMjy ionic species were in the order of
nss-SOs~ > NOs > NHy > CI° > Na' > nss-Ca®” > K > Mg® and the
elements showed the concentration in the order of S > Na > Fe > Al > Ca >
K>Mg >7n>Pb >N >Mn>Ti>Cr>Cu>Mo>Ba>V > Sr >
Cd. Beside, the concentrations of PM-ys5 ionic species have shown the order of
nss-SO,/4 > NH,” > NO; > Na' > K > ClI > nss-Ca*" > Mg”. From the
study of size distribution of aerosol components, the PM.s/PM;, ratios of
nss-S0O,%, NOs, and NH; concentrations were 0.85, 0.60, 0.88, respectively,
showing that these species were mostly existed in PMss fine particles. From the
factor analyses for the examination of the source origins, the PMjy and PMa;
lonic species at Gosan site are assumed to be originated anthropogenic secondary

air pollutants, followed by marine and soil sources.
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(1) PM;g Air Sampler

PMyy "M YR A5+ PMyy Sequential Air Sampler (APM Engineering, Model
PMS-103, Korea)E AF-8&3&to] A FeFdth. Sampler= SA49] H oY SAko] A
A ske] 7Hs AT 7] #45S MFC (Mass Flow Controller)7} H-#& 245 Al

89 Alg3le] 27)FEH 28 AR AEHoZ 167 L/ming A 5t}

(2) PM2s Air Sampler
PM.s "lAIY A Al &% PMss Sequential Air Sampler (APM Engineering, Model
PMS-103, Korea)E AF&3slo] Al #H st th. Air Sampleroll == PMss WINS Impactor

= masio] A4, B7) HES MFC/F 28 A% A20e Agste] 27

|

H 28 A7HA A&A o= 167 L/ming 4 85 ok

X

(3) Ion Chromatograph
Az} 284 o] AEES Jon Chromatograph (Metrohm, Model Modula IC,
Switzerland) S A}&3e] BAakqich o] Wl F8 o] &(NH,, Na', K', Ca”, Mg”) #



Aol Metrohm Metrosep Cation-4-150 223, <0]2(S07, NO;, CI) EAe=
Metrohm Metrosep A-SUPP-5 #2]#-& AFE3FS T

(4) Inductively Coupled Plasma (ICP-OES) Spectrophotometer

n A YA YA E(AL Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V, Cr, Pb,
Cu, Ni, Co, Mo, Cd)< ICP-OES (Perkin Elmer, Model OPTIMA 7300DV, USA)
= Abgste] A8t ICP-OESE 40 MHz9 RF frequency, radial/axial plasma

9 simultaneous mode 7} & o]t}

(5) Inductively Coupled Plasma-Mass (ICP-MS) Spectrometer

A G A Asr A E(Ti, Mn, Ba, Sr, V, Cr, Pb, Cu, Ni, Co, Mo, Cd)&
ICP -MS (Perkin Elmer, Model ELAN DRC-e, USA)E W, A&3te] #2319
t}. ICP-MS+ Quadrupole Mass Analyzer, 94 2 vjza (Matrix) 7H4S # 4 3}s}
o] Zm# ¥Ao] 7}53 DRC (Dynamic Reaction Cell) H23&, 40 MHz¢ RF

S
frequency & ©] t}.

(6) Microwave Digestion System
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PMy "IMAA Al & AFE ikSA 404 PMyy Sequential air sampler®} E
=2 A (Pall Co., Zeflour ", 47 mm, 20 um, USA)E AM&3te] 201000 1€ 5-H
2011 1297hA] 2443 G2 F 189/ME AF e Th A= AFH A T F5
MFC7} 28 2 Al2gS ARgste] 27[FE 8 AI7HA A 54 6.
L/ming FASAH A5E AF ZH = Aol A air samplerst 8] 3te] Z2
¥ FHEZ Y4 (SPL life Science, PS, 52.7x12.6 mm)ol o] HIZE HIJoz H

B & AFgAR oA 1% F FAES =AU

o
h
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2) PMas " A= A5 A H

PMas HAIYAL A5 AlFE aA5A 4olA PMys Sequential air sampler 2k
HZ& AE(Pall Co., Zeflour ", 47 mm, 2.0 pm, USA)E Abg3le] 2010 1€+
Bl 2011 12€7}A 2447 992 & 1442 AFsAT A= AH A B S
&2 MFC7F #2td A Al 2gls Agste] 27]5E S8 A7HA AHHo0=®
167 L/ming #4399k ARE AFF Bee Aol air samplerst 23}l
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(2) Fol= Fol &4

PMiy, PMzs 1Al x}¢] o] A8 jon chromatography® &= #4189t} ko)
& NH,, Na', K', Ca”, Mg” Metrohm Modula IC (818 IC pump, 819 IC
detector)E A}8£3}o] Metrohm Metrosep C4-150 column, 1.0 mL/min flow rate,
50 pL injection volume, 4.0 mM HNO; eluente] 7o =2 FA &ttt ol
AL AccustandrdAbe] 12 Z-EH T 2555 AHEste] 01, 05, 1.0,
50 ng/mL WMYE EFEAL Ax F ZAAsdh ol SO, NOsy, Cl&
Metrohm Modula ICE A}83to] Metrohm Metrosep A-SUPP-5 column, 0.7
mL/min flow rate, 50 pL injection volume, 1.0 mM NaHCO3/3.2 mM NasCO3

eluent, 100 mM H>SO, suppressor solution®] ZH oz A3t Sol9 %+
HAAQ=34L2 01, 05, 1.0, 50 ng/mL F+=& A AMEste] 28, 2F8H2 1
2 375 A (AldrichAF, 99.999% (NH4)2SO,, 99.99% KNO;, 99.99% NaClh¥ &
E AFESte] AT 771 HE S A= IC #AE AT S FH A2TE)S 73] e
BAE & dolH e xEHAE 78kaL, o7l Student-t (98% A HFEA 3.14)
E wate] et A EE S48 2 ksl Ad A (reproducibility) < 57 5



H W) o] S 9d o] LA B (NH,, Na', K', Ca®’, Mg®, SO+, NOs, ClI)& 7

3] Rk BASaL, o] AR REH Holee] et WE AT (CV, coefficient
of variation)& Zl4tstel AL EE FRlstith o w o4& 45 fg 1CY
71717 %3 Al (Instru— mental Detection Limit, IDL)¢} W5 A4(CV)= Table 13}
2t

Z : : 2
¥+ A2} (standard deviation) S = e

rE
o
3

(coefficient of variation) CV = S x 100 %
X

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

Table 1. Instrumental detection limit (IDL) and coefficient of variation

(CV) for IC analysis (n=7).

Species NH, Na“ K" Ca”'

IDL(ng/L) 3.9~11.9 2.2~9.1 0.3~14.1 46~15.1

CV(%) 1.8~6.1 24~3.1 42~5.1 43~6.5

Species Mg*" S04 NOs3 Cl’

IDL(ng/L) 24~1438 8.1~25.3 9.0~11.3 2.2~8.0

CV(%) 3.6~4.4 22~12 2.71~3.2 0.9~2.0




5) A& AR 4
(D Al=e] A7

AHE PMi "AIGA Alaes 283 & 24 A7bA -20C W] Baasd
o A Y A vAdAR BEE ole ekl 7 e ol AE, uHA e
a

2o g3t YAY BHol AFE

(o
[
rr

EPA9] ‘Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air (Method
10-3)" o= vlolazst RaAA S A&t Edter EEATY A8 2
HE 24 A2 & "HZE2(PFA, polyfluoroalkoxy) &7]o Y¥al, o7 555%
HNOy/ 16.75% HCl &34 10 mLE 7Fste] whela =35 £AH1000 W)stith. o]
W == 10 S 180T = F<5dtaL, o] 2&olA 53t FAAZ F AMAs] A
<o w2 Yztssld. violagzy #aE AR &2 FA7]EE(Whatman, PVDF
syringe filter, 045 1m)2 &84 AAE AE 5 3% HNO3/8% HCl =384 5 mL

73 A
S 254E AET] ARG T, §FBGAINA 2B mLot HES H4s

kel wgew AANE AW Am &9

e

ALEEe] 9AES ICP-OES¢}
ICP-MSo 2 43ttt 4 e Al Fe, Ca, Mg, K, Na, S, Zn, Pb, Mn, Ti,
Ba, Cu, Sr, V, Ni, Cr, Mo, Cd, Co 5 201%¢] ¥4o|t}.

o] Wl ICP-OES #4§& ZF8&NE AccuStandardAte] ICPE 1000 pg/mL &Y
= 108 &3 100 pg/mL AF&HS e F o] AFEAE HHATF sEm 34
gkl 0.01~10.0 M= 2Askdt of wf 84 AREEE &= v (matrix) B4
= fste As AA FAAA AREE S v = (3% HNOs/8% HCH# =<3t
F7ol HEE A T3 ICP-MS 48 XF8 9L Perkin ElmerAl<]
ICP-MS$& 10 pg/mL #+g&9%<2 Multi-Element Solution 3(Bi, Ca, Cd, Co, Cr,
Cs, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, Tl, U, V, Zn)¥}
Multi-Element Solution 5 (Re, S, Si, Ra, Ti, Zr)S &£3%3to] 1~500 ng/mL H<
2 At ZEAATA AFEEAT o] W 20F 9] TS A Sl

ICP-OES¢} ICP-MS =71 ¥ H&3%HA= Table 2, 33 -t}



Table 2. Instrumental conditions and detection limit (IDL) for ICP-OES analysis.

Instrument: Perkin Elmer, Model OPTIMA 7300DV

Plasma conditions

RF power: 1.4Kw

RF Frequency: 40MHz

Gas Flow rate

Carrier gas = Ar 0.65L/min

Auxiliary gas= 0.2 L/min

Coolant gas= 15.0 L/min

sampling conditions

Pump Rate: 1.5mL/Min

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

Element Wax(freliir)lgth De[t:ieétiiton Element Wa(x; elme)n gth De[t:ieétiiton

(ng/L) (ug/L)
Al 396.152 ~1.2 Fe 259.940 ~3.9
Ca 396.336 ~0.6 Na 589.995 ~1.6
K 769.896 ~3.9 Mg 279.553 ~15
Ti 334.904 ~0.6 Mn 279.482 ~0.3
Ba 445.403 ~0.6 Sr 216.596 ~0.9
Zn 206.200 ~1.8 \Y 311.071 ~2.3
Cr 357.869 ~0.6 Pb 220.353 ~1.2
Cu 324.754 ~0.3 Ni 231.604 ~1.6
Co 238.346 ~0.7 Mo 202.032 ~0.6
Cd 226.032 ~0.3 S 180.731 ~7.8




Table 3. Instrumental conditions and detection limit (IDL) for ICP-MS analysis.

Instrument: Perkin Elmer, Model ELAN DRC-e000
Plasma conditions

RF power: 1.5Kw

RF Frequency: 40MHz

Gas Flow rate

Carrier gas = Ar 09 ~ 1.05 L/min

Auxiliary gas= Ar 1.2 L/min

Coolant gas= Ar 15.0 L/min

DRC parameters

NH; reaction gas flow = 0.1~0.6 L/min
Sampling conditions

Sampling depth = 7mm 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/L) (amu) (ng/L)

Mn 55 ~0.03 Cu 63 ~0.06

Ba 137 ~0.06 N1 60 ~0.16

Sr 83 ~0.09 Co 59 ~0.07

A\ 51 ~0.23 Mo 98 ~0.06

Cr 52 ~0.09 Cd 111 ~0.03

6) 9HAH &4

I A BEAL v F{Yd o715 NOAA (National Oceanic and Atmospheric

Administration)o] A A|-&st+= HYSPLIT4 (HYbrid Single Particle Lagrangian
Integrated Trajectory) 22 S A&t 9AA EXo AL T T5 A=
= NOAA?] GDAS (Global Data Assimilation System)E ©] 8§33, EAFAFES
5A(120A7h & AdAstid. a2l 54 Ao #Hx= aAHE328°N 127.17°FE)
ez MAsda, 33 1EE 850mb Wl 1500m 2 AAs o, EFLA

2 aAgEe] v 00 UTC A3 Aol vk (= gk 3hsk<d, 2007).

tlo
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A FHAAE PMyy WAL $EE 7]Eoz 9 100 pg/m’, d 50 pg/m’
2 7184 71ss AAstr Aok 28 H2 PMpEt PMasoll digh A &3
dol o AZg Ao BHIAHMA oju wx T dF A=A = 25 um o] ko
PMys WA Gl ot t718Hd 7158 AAgste] qfAlsta

B AT AFE ARG A 2010d 195E 20119 12974 PM,, 189
7N, PMas 183709 mIAIYg=A Alg& AASAT. 281 di7led S AI3 Sl
uet mAl RS Yol R st £ - FA Aol¢t 3] FELERH

&

obeh & A g3te] vl Y BEE AFATHEA
W;—W,
Mass Concentration = fix 10° (,ug/m?))

Mass Concentration : A4 92 A& % (ug/m’)
W - 23 & ZE FA(g)
d ZH e FA(g)

.5 3
Vo EY w7 #E (m))

=
e
iy

N

A7) kel SA A wAl QAL A #FE = PMy 47.6+66.8 ng/m’, PMzs
21.1+147 pg/m’E JERRL, PMys A& 5%t PMpol oF 444%E A8 gl
PMy A&Fs%=7F 24 7k 201008 3¢9 20, 2010 11€ 12¢, 2011 5¢€ 29
of = 3t &S W Fo=m SIEAHFigure 1). 28y & A3V F
FA@Bmmelh)d FAAS AL n A 717ke] AFFEEE PMpe 38.0+19.8
pg/m’ (n=159), PMos= 20.4+12.6 pg/m’ (n=154)2 e tH(Table 4, Figure 2).

o] PMy, PMas 25 Ul ti7]@ 47w 4l ve SFoln, o2 e
4 A9l MEPF =g vped = ‘Chapineria’ A 93 W23t A $55 HAa, &

-
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o5 Ak x]d el ‘Tanjin’ol ¥+ <F 687t @& == YeltH(Table 5).
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Figure 1. Mass concentration variations of PM;y and PMz5 fine particles at

Gosan Site.

Table 4. Mass concentrations of PMio and PM3s fine particles at

Gosan Site during Non-Asian Dust periods.

Mean SD Median Max Min

PMio (n=159) 38.0 19.8 33.5 128.0 8.8

PM5 (n=154)  20.0 12.6 16.9 86.6 3.9

,12,



Table 5. Comparison of average mass concentrations of PMjy and PMgys

fine particles at Gosan and other site.

Sampling Concentration (ng/m®) PM,=/PM;o

Site ) ) Reference
time PMio PMs5 Ratio
Gosan 2010~2011 38.0 20.4 0.53 This study
B oy &,
angnyeons 2008 430 19.0 0.44 e e
Island 2009
71_74-3] =
Seoul 2000~ 2003 793 52.9 0.67 cem e
2003
. P. Salvador
Chapineria 2004~ 2005 32.0 17.0 0.53
et al., 2011
N S. Kong
TianJin 2007 ~ 2008 209.4 120.3 0.57
et al., 2010

2) AEZA PMo#tho] Bl

ATFE bAoA 2010 1€5H 2011 12€7hA] AA|7]7ke] HHH S o] &
g PMy MAIYA AFses 7144 Abs AW dolH(B-ray FH)ek A=
Hlalsklal, 21 A3E Figure 2~30] YERAT oA BXol A7 &
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Figure 2. Comparison of PMjy mass concentration between this study and

Figure 3. Correlation of PMip mass concentrations between this study
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the data of Gosan Observation Network.
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Figure 4. Comparison of PMjo mass concentration between this study
and the data of Gosan Observation Network during Non-Asian

Dust periods.

150
rg 100
=11}
2,
'
E
=
& 50 -
y=0.7805x+2.7739
2= 0.7524 (= 0.867)
0 -

0 50 100 150
B-ray (ng/m’)

Figure 5. Correlation of PMip mass concentration between this study
and the data of Gosan Observation Network during

Non-Asian Dust periods.
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Figure 6. Correlations of X[Anionly vs. 2[Cationle for

the analytical data of PMiy species.
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ol

g 2dS Wol Xsty] wEel Al Felid Aer d¥A dt(John et al,

1990; Simpson, 1992). W7] ¢ PMjy 2 LAY} o] Ad A= A 5o 9l

B Ao ME AFE b 9o 20103 197E 20119 129714 AFHE &
1897112 PMyp " AIGA Alzel g8l o] 2 A8 o] F 2524 (3 mmo]
) FAL S AT v ALY A E(n=159)el tHEk #A A
Figure 89 234t XollA nss-SO, E H 819 (non-sea salt) SO~ ¢ L=,
SOf 9 % oA sidel 71 SO FEE W, ‘[nss-SO4 1=[SO,  1-[Na'lx
0.251'¢] Ao o&] AAaldth. nss-Ca” 94l H#d Ca®'e] ¥% =, ‘[nss-Ca’'=
[Ca”1-[Na'1x0.04¢] 2ol o]&] Axtatdrt. o] W Na'e AH o= sl feld
tha 74gstar o] Ais AxRELARE o] &3t

AFR] o of| A PM;g A YR o] 2 E s+ 1’188‘50427 > NO3 > NH4+ >

0

O

Na" > Cl > nss-Ca®” > K' > Mg® #9222 =4 ey tHTable 6).

o] ARE FolAME nss-SOL 7F 7.07 pg/m’E M =1, = AA SO F
nss—SO,~ ¢ Hl &L 928%< uERfo] SO o Wak sigdAdie] 7ojert e 7
S Btk SOL AELS YRR Mgl Az s WA SOt t] F
ol A Arst-eS 3] SOS FHE A 23 o dB Aoy, ArE f7] ArEE,
g, dRUol 5 B LdEAY ol wel gL e Aow A4 Judd
£, 1998). = G F2 AP ExFo FyPHow WS AT T F

NRomn NAZNE Aoy pHAent TEe gAsow Aol A
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Table 6. Concentrations of ionic species in PMjp fine particles.

Concentrations (ug/m®)

Species

Mean SD Median Max Min
NH,' 2.45 2.01 2.02 12.6 0.08
Na' 217 1.68 1.88 9.62 0.04
K’ 0.37 0.31 0.30 3.22 0.03
nss—Ca®’ 0.43 0.46 0.26 2.67 BDL
Mg™* 0.30 0.19 0.28 1.06 0.03
NOs 4.43 4.05 3.13 24.31 0.21
Ccr 2.22 2.26 1.55 12.35 0.01
nss—SO4~ 7.07 4.89 5.81 34.69 0.99

BDL : Below Detection Limit

EPM10

Concentration (ug/m’)
(=2

Figure 8. Ionic concentrations of PMjo fine particles.
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Figure 9. Composition ratio of ionic species in PMjy fine particles
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Table 7. Concentrations of elemental species in PM;o fine particles.

Concentration (ng/m”)

Species

Mean SD Median Max Min
Al 456.6 614.6 224.9 3667.4 3.1
Fe 468.7 569.0 280.3 3350.9 2.1
Ca 3074 310.3 193.1 1786.9 2.1
Na 1040.2 993.2 796.5 66855.5 6.5
K 259.2 244.3 182.0 1462.6 5.2
Mg 2109 1955 160.0 1038.3 5.6
S 1068.4 921.3 867.0 407.2 158
Ti 15.6 15.2 11.2 124.8 14
Mn 17.2 20.6 12.0 171.8 0.1
Sr 3.2 3.5 24 32.6 0.2
Zn 49.8 78.1 284 613.8 0.1
Pb 28.2 31.7 17.3 166.2 0.5
Cr 146 23.1 9.5 163.7 0.4
\% 3.9 4.2 2.5 25.6 0.1
Ba 4.6 7.2 2.6 58.2 0.03
Cu 6.7 7.7 3.7 ol.5 0.1
Ni 18.1 40.2 0.3 2934 0.1
Co 5.0 12.2 0.3 67.6 0.02
Mo 4.9 134 0.3 104.4 0.02
Cd 0.4 0.4 0.3 2.8 BDL

BDL : Below Detection Limit
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Figure 11. Composition ratio of elemental species in PMjy fine particles.
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Table 8. Concentrations of elemental species in PMjo fine particles

at Gosan and other sites.

Concentrations (ng/m®)

Species

This study Gwanghwal) Venice®” Busan”
Al 456.6 340.4 212 720.5
Fe 468.7 446.0 224 949.8
Ca 3074 346.2 573 1402.4
Na 1040.2 659.7 1058 1730.1
K 299.2 268.7 195 1044.0
Mg 2109 249.6 178 3214
S 1068.4 - 1611 -
Ti 15.6 25.2 16 -
Mn 17.2 26.0 8 53.6
Sr 3.2 5.5 - -
Zn 49.8 74.6 30 331.2
Pb 28.2 48.7 - 73.3
Cr 146 8.9 3 11.3
\% 3.9 9.0 - -
Ba 4.6 5.2 - -
Cu 6.7 13.8 7 374
Ni 18.1 33.1 4 15.0
Co 5.0 - - -
Mo 4.9 0.4 - 0.4
Cd 0.4 24 - 2.2

U gA4 = 2003, 2 Mauro Masiol et, al, 2010, ¥ A¥ A = 2005
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7] FollA Z%F stk os) AAHE 23 LAdEdo o T guE %
=718 s 2009). 53] 4 2717F 25 um o] Ekl PMys Pl Y A= shA <
7o Az, AFA wlE7ts, FEA Az 53 2E A9FH A 23
AE B2 7138 SdEH] dAFe R A 22 YAEZ FAE] AT
olg g WA RS FE SO, NO3, NHS, 94282 (EC), F7184
(00) 5 ANA 719 AEE9] F=rt FulH & o} PMys PlAYAE A At

of mlef iAoz el & Aoz vEhta JH(FE3 5, 2003; Lee and

il

Kang, 2001).

Pandis, 1998).

2 AT A= AR el A 20109 197H 20124 129704 PMas PIAI 4 A Al
5 FI8YNE AMASAT 1Ea olE F AFd@ mmeol’d)d LS A9 g
H| 8 AL7)7ke]l Al | (n=1564)00 st F8 o] &4 A& Table 99 Figure 12
of YERA A

aaA o] BA AE W AAH ST PMys ol SAEESY FEE nss-SO.
> NHs > NO; > Na' > K' > Cl > nss-Ca’ > Mg? #o2 =7 el
o] F wAdAe] Fa AEoH A4 719E YeEE nss-SO.°, NHy', NOs
AR 7h7E 625, 231, 209 ng/m’Z 7 B x2S Ve PMys v A A
oM AA SO %F nss-SO,° 7F AAeH= H &S 99.0%= Gl frdE SO
o] F& ofF W o FHAHATh T PMy W AIYAETE PMas 7 A9) A
ol nss-SOs° 7} A 8= Bl &o] 1 E=A delga, ol o9 veyd @
Aol PMyoll HI3l PMas PIAl AL A] oA o o £ BEXE YL
S ofn gttt

AunkA 0w A wAYAe] A, nss-SO, ol HE NOs o 7]ejgo]
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wolth, AdATE BH EAA A Mg, =3, WolA, AstoldlA PMzs WAl
2}¢] nss-S047/NOs ¢ |7} zhzt 1.37, 162, 148, 1.669] #H<S Holil th(Ae3,
2008, A3 5 2008 Wang et al, 2005, 2006). o] A% =AA] o)A nss-SO,* /NO3
o H7} vt AL AFa 3o w2 NOxe wlEaFo] %7 wZolth =y w7
Aojel WewEel YA zh7t 334, 3579 FoeE EA AYgEHuE i =2 g
S BTl 5 5, 2010; ol5E 5, 2002). ¥ AFolA 1A T nss-SO/NO;y
Hl= PMs PIAIYG A A 2992 A& A+ A3z vla] o & s YeErdisioh
o)Ay mAA e nss-SO; ¢ =7 AR o 2 FEHE Uehle A

& AE 5o 93 AUH o9 WF JFo| e E=AA o] Me) wr] gl
Aow FQHnt

EY 719 A9 nss-Ca” FEE 010 ng/m’e 2 vehyka, iy 9EFS e
U= Na', CI, Mg”' e s%& 7+7} 036, 0.24, 0.07 pg/m’= vrebuth. o8& A7}
2 Kol PMhsoll A= PMpdt @8] EY, slld A259 s27F 20914 719 A&

Eo v AR ¢ b3S FEE YEUYE Aoz FAEATLH
183 PMys o] 2 BS9 =4S AHRY, A4 7199 nss-SO,, NHy', NO3
o] Al 91.3%E AP, vrHo] A7 Na', ClI, Mg o] 57%, nss—Ca*’

o

o] 08%F XA PMys Pl AQIANAE AN A Yo 2ol 4 Ea:, o
gomt AP/, EP/Y AREY 202 ¥ 24 ey 982 ¢ 5

A A} (Figure 13).
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Table 9. Concentrations of ionic species in PMzs fine particles.

Concentrations (pg/m®)

Species

Mean SD Median Max Min
NH4' 2.31 1.76 1.95 9.54 0.13
Na’ 0.36 0.37 0.28 2.99 BDL
K’ 0.24 0.30 0.15 2.86 BDL
nss—-Ca”' 0.10 0.10 0.06 0.84 BDL
Mg* 0.07 0.08 0.05 0.59 BDL
NOs 2.09 291 0.98 24.58 0.04
Cl 0.24 0.36 0.11 2.72 BDL
nss-SOs~ 6.25 4.60 4.99 28.61 0.61

BDL : Below Detection Limit

12
mPM2.5
9 |
E
E
2
g
=
E
g
a
3]
Q
3
NH," la* K*F nss-Ca?* Mg NO;- Cl-

Figure 12. Ionic concentrations of PM:5 fine particles.
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Figure 13. Composition ratio of ionic species in PMss fine particles.
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Table 10. Concentrations of ionic species and their ratio in

PMiy and PM:5 fine particles.

Concentrations (ug/m”) PM.5/PMj

Species

PMio PM:25 Ratio
NH,’ 2.64 2.33 0.88
Na' 2.18 0.37 0.17
K’ 0.38 0.23 0.60
nss—Ca”’ 0.46 0.09 0.21
Mg” 0.30 0.07 0.23
NO; 464 2.08 0.45
Cr 2.24 0.22 0.10
nss-SO4~ 745 6.35 0.85

It EHPMI10 EPM2.5
12
=10
E:
s 8
E 2
5 6 ==/
g ==/
5] ==77
4 =577
==77
==/
Rz
3277
2 % ==f/
8.
0 / tatn  mn - - . =
NH,” Na~ K- nss-CaZ* Mg NO;- Cl- nss-SO,*-

Figure 14. Concentrations of ionic species in PMjy and PMz5 fine particles.
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SO 2 PMps9 oA EES] FEE AEERE &3] ¥ A3 (Table 12, Figure
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(NH/, NOy, nss-SO2)el =AM 2, o8, 7he, 7€ 247h 922, 958, 913, 885
0%z o2 o AP GERATh 2gx 9719 ARNa', Mg”, C)¢ =
qes B, olE, 7+, A% 247 53,26, 59, 77 %5 BlX, 238 AL 7t

E%7)99l nss-Ca’ FAHE B o2 1S AL
747t 09, 04, 09, 0.8 %E Ho] BA¥ 7edo] 714 = Aow FAEHT
(Figure 18).

Table 11. Seasonal mean concentrations of ionic species in PMio.

Concentration (ug/m?)

S I + + + + + - - —
becies NH4 Na K nss-Ca’ Mg NO; Cl nss-SO4

Spring 268 204 031 0.65 027 479 186 7.43
Summer 227 176  0.26 0.14 025 300 163 6.83
Fall 214 224 037 0.37 0.35 423 248 6.66
Winter 275 233 050 0.33 0.28 467 245 717
B NSpring E&Summer @Fall #Winter
12
3
s 6
3 N«
2
2 i
D 3| H ':'::% ky mameni A i N 2 7, % i
Na™ K nss-Ca*  Mg?* NO;- Cl- nss-S0,%-

Figure 15. Seasonal comparison of ionic concentrations in PMj fine particles.
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Figure 16. Composition ratio of ionic species in PM;i fine particles during

Table 12. Seasonal mean concentrations of ionic species in PMas.

Spring, Summer, Fall and Winter seasons.

Concentration (ug/m”)

Species NH;," Na’ K" nss-Ca®*  Mg® NO; CI nss-S0,~
Spring 250 0.3 0.19 0.12 0.07 256 0.22 6.29
Summer 2.89  0.20 0.15 0.06 0.04 1.61 0.10 7.81
Fall 1.92  0.30 0.19 0.08 0.06 1.54 0.22 5.50
Winter 242  0.56 0.40 0.10 0.10 251 0.35 6.72
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Figure 17. Seasonal comparison of ionic concentrations in PMzgs fine particles.
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Figure 18. Composition ratio of ionic species in PMss fine particles during

Spring, Summer, Fall and Winter seasons.

,37,




T .
able 13, Figure 199 YEeRHAT.

o ] »
T ow 2 T oo =
m_zzﬂmsﬂo_agﬂ%@ o = oo
~ . \9) lvre
5 L SO A 33 T o Wy NS + M AN
5 WM o ~ U ol 1m_l; = ,UF i o o o e ) K Em
= ~ # N ARy Mo % = o W o F
.zﬂ%%%lgwm@@ %E%%uﬁmﬂ%%%,
T I~ BTSN T o Gl i A S mo Y N
B mp e "y R _ Mo ol N - g
s X oo %o oy 4+ TN i Moo X T = O )
mﬁzgm%ﬂﬁgaﬁyaﬁ%ﬂ LI I
— Ee Bm ~ BN :i X OT :i ﬂl % ﬂ_mo oﬁ i :i :L o—u Jl OC X — X0
o g o =) oF do — N ) A N
— o2 = b E R e S hae T ol T
o) = _ — - )
mioawgwb%]ag%ww@mqyzﬂo,wm
eﬁm.4%anuzmﬂzﬁﬂm%ﬂmbﬂm%aﬂzpnw
msnﬂgmgywmfoﬁ_ﬂungﬁoa@ma
= R . w8 B — ™ =5 X % ) e
= 9 @ WS o T2 = & ° o — = ~
LBz T - §+7%& § = 4 oo o D S =
@@9%Knm%§wmdw@@%xiqM2m
fint — - == o — . I~ Py
o = W Y T xS o o S ™o Aﬂ % e W MH ar
i S e EVvEFTEE m%@.@ﬂ@%ﬁﬂw7 7
B » T o 5 = o9 SEZF RN oa 50
T S o] e (@) “— )
W E S R W I o g2 &7 9 woe L R
= @ oy e TR o = 5 S o7 owom = N2
ﬂﬁﬂﬁt%ﬂmﬁﬂﬂﬂ%%mM%%z@@lo_aﬁ
gy T R ,UF ﬂ; .._,@ = m_w 1 = I -~ X ol T ) ~
g R oy oI ow X R ook I NG o
e il . ?E X0 aﬂﬁ oF mﬁ N Wﬂu X " o)) 50 oo M o -
Lx N g N = ¥ w8 1 B N wow He 3 . o=
oy N K R oo S o F o op o B = S w g M B
AW o T ” n RoXou Eﬂﬂawrﬂpmq
‘mwl o (@) m N . O—H Ot X N ‘mﬂ ‘M QL MU :i 0
T w < o Ty M S o o Mo ) < o
- = & % HJCq.g%Eﬂmzq
o N X X | =) O
1= % W T T NFo Ho ¥ T M
< = 2
b5 S 13 e N =
N oM

p=H
=

-

1

A ek

=

of =Au7 7%

J

pzs
=

- 38 -

[e]
=, 74%01] 7_}71—
’ ) .2, 266%; "

2 O
o= E_Sa]jl'(Flgure 20)



Table 13. Seasonal concentrations of elemental species in PMio,

Concentrations (ng/m®)

Species
Spring Summer Fall Winter
Al 902.3 324.1 212.3 317.2
Fe 779.2 284.1 262.2 469.8
Ca 524.6 1135 239.4 260.0
Na 9219 887.6 1248.0 1027.7
K 309.6 170.4 182.0 3454
Mg 285.2 123.5 190.6 204.3
S 1306.9 842.6 918.3 1110.6
Ti 19.2 14.8 13.9 14.1
Mn 23.0 7.3 13.8 20.7
Sr 3.8 1.8 2.9 3.6
7n 52.0 22.5 35.0 80.9
Pb 40.6 16.9 20.3 30.4
Cr 20.6 9.8 5.9 20.9
\Y 4.3 8.9 2.7 1.7
Ba 7.4 1.2 3.0 5.4
Cu 10.5 75 3.8 0.3
Ni 34.2 25.7 3.8 11.6
Co 12.2 4.1 0.3 2.8
Mo 10.9 71 0.3 2.2

Cd 0.5 0.3 0.3 0.4
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4. AL A mAdR =24 A

1) AL Ay 3 ol T AR
2010~2011 ] AF-7]7bel mF 3xk#|e] SA7F BASE T Akl B 9 o]
T ARE A B4 T8 Sl 2 A, 399 Fate AR e BRE F
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119 120 A3 221 3AF2nd AD)E R]AFZ oA Aste] wheinty)l S 5
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g3 2011 59 2o S 3% 3ANSrd AD)E H[AM, WS Z gy} ghof
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 20 Mar 10
GDAS Meteorological Data
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Figure 21. 5-Day backward trajectories for the
Asian Dust event on March 20, 2010

at Gosan site
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Figure 22. 5-Day backward trajectories for the
Asian Dust event on November 12,
2010 at Gosan site
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 02 May 11
GDAS Meteorological Data
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Figure 23. 5-Day backward trajectories for the
Asian Dust event on May 2, 2011 at

Gosan site

2) G4 A MY AFEE W5

Lye 718 A 7| FS PMpyS 7|Fo2 AARa, AR EE PM

By 7ke] HAlE 20109 3€ 209 (1st AD), 20109 11€ 12%(2nd AD),
2011 59 29(3rd AD)2] A} A PMyy 2F552 3A Z74A 70 7144

A Bray FrHeR SA4Y Ae

A
o

W odoleE HES 2 A7, 20104 3¢ 20
o= 22:00A1¢ PMyy AZF5%7t Ho 1789 pg/m’7HA F7hste] 71483 AL
M e FEE V)ES oz FAHY. T 2010 11€ 1290+ Hdf 808
pg/m’, 20119 59 296l Ao 731 pg/m7HA F7bete] FAA R FEo] Ao &

o~

,44,



ks

ro
.,

o2 gy tH(Figure 24).

TolA FAeyHor =A% A= B, Table 14 % Figure 259 7o
20109 20 09:00
AL, PMys A5 EE 879 pg/m’oldth £ 2010d 119 129 09:00%8H <
09:0074#] Z4% Axk= PMiodt PMys A5 =7 247F 4024, 636 ng/m’ol itk
2011 59 29 Faloll A= PMyd PMas7b 22 6079, 76.8 pg/m’S vhebui it
o]% PM;y d#FEE 2011d 5¢€ 299 6079 pg/m’, PMase 12k ARG 20109
39 209 714 =L 879 ng/m'E UErRITh o] S wEALr|zbe] Agrgl H]

rfe
2

AEE 219 09:00A7H4] A8 PMy 2H¥EE 441.3 pug/m’o)]

g e F7hee GEdd oldd dde wel FAYAAE P 2 2

D10 olFhlA B B FEdelE wolw, WAYAE5m olshelHE )

—

2000
—5—1stAD —=—2nd Ad -4 3rd AD

1500

1000

Congentarion (pg/m

300

3 5 7 g 11 13 15 17 19 21 23 +1 +3 +5 +7 +9+11+13+15+17+19+21423
Hour

Figure 24. Hourly PM;y mass concentrations measured by B-ray absorption

method during Asian Dust (AD) events.
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Table 14. PMjo and PM25 mass concentrations during Asian Dust

(AD) events.

Particulate Matter

concentration (ug/m?)

1st AD 2nd AD 3rd AD
PMio 441.3 402.4 607.9
PMas 87.9 63.6 76.8

1st AD : March 20, 2010, 2nd AD

800

: November 12, 2010, 3rd AD : May 2, 2011

BPM10 #PM2.5

600

400 -

Mass concentration (ng/m®)

200

I1stAD

2nd AD

3rd AD Non-Asian Dust

Figure 25. PMjy and PM25 mass concentrations during Asian Dust

events.

Table 15. AD/NAD ratios of mass concentrations for PMiy and PM25

fine particles.

AD/NAD Ratio

Particulate Matter

1st AD 2nd AD 3rd AD
PMio 11.6 10.6 16.0
PM25 4.3 3.1 3.8
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Table 16. Ionic concentrations of PMjy fine particle during Asian Dust events

and Non-Asian Dust periods.

Concentration (ug/m?)

Species

Ist AD 2nd AD 3rd AD NAD
NH,' 8.63 0.50 0.79 2.39
Na' 25.49 9.36 1.99 2.17
K' 1.38 0.99 0.82 0.36
nss-Ca”’ 19.25 20.72 10.31 0.43
Mg* 2.38 2.10 0.91 0.30
NO; 15.39 12.62 13.38 4.34
Cr 19.25 10.26 1.23 2.23
nss-SO0,~ 21.76 17.78 778 6.93
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Figure 26. Ionic concentrations of PMjo fine particles during Asian Dust

events and Non—-Asian Dust periods.

Table 17. AD/NAD ratios of ionic concentrations in PMjo fine

particles.
AD/NAD Ratio
Species
Ist AD 2nd AD 3rd AD

NH, 3.6 0.2 0.3
Na’ 11.7 45 0.9
K' 3.8 2.7 2.3
nss-Ca”’ 45.1 486 24.2
Mg* 79 6.9 3.0
NO; 35 2.9 3.1
Ccl 8.6 46 0.6
nss-SO4~ 3.1 0.6 1.1
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Figure 27. Composition ratio of ionic species in PM;i fine particles during

Asian Dust events.
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Cr, V, Ba, Cu, Ni, Co, Mo 53 #<& 94 AREC 2 Z7H&S B2tk 19
U 2011 5¢ 2ol S ke A Al Fe, K, Mg, Ti 53 22 94 A&
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Table 18. Elemental concentrations of PMjo fine particle during Asian

Dust events and Non-Asian Dust periods.

Concentrations (ng/m®)

Species

1st AD Z2nd AD 3rd AD NAD
Al 22410.2 12994.7 25466.5 456.6
Fe 18487.0 10761.8 18184.6 468.7
Ca 11218.6 16537.6 12657.4 307.4
Na 12318.6 7388.9 37782 1040.2
K 6936.5 3891.6 8186.1 259.2
Mg 6068.6 6873.8 7716.9 210.9
S 11649.3 o474.5 2182.2 1068.4
Ti o54.7 241.3 639.1 15.6
Mn 389.4 246.2 444.6 17.2
Sr 154.8 101.7 86.3 3.2
Zn 2975 57.8 144.2 49.8
Pb 488.3 42.8 48.7 28.2
Cr 46.3 19.6 26.2 14.6
\% 58.6 24.6 599.7 3.9
Ba 1555 9.2 34.6 4.6
Cu 218.8 125 43.5 6.7
Ni 59.6 158 21.5 18.1
Co 231.8 5.1 6.3 5.0
Mo 194 0.7 1.1 5.9

Cd 0.6 0.4 1.0 0.4
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Figure 28. Elemental concentrations of PMjy fine particles during

Asian Dust events and Non-Asian Dust periods.
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Table 19. AD/NAD ratios of elemental concentrations in PMjg

fine particles.

AD / NAD Ratio

Species
1st AD Z2nd AD 3rd AD
Al 49.1 28.5 59.5
Fe 39.4 23.0 38.8
Ca 36.5 53.8 41.2
Na 11.8 7.1 3.6
K 26.8 15.0 31.6
Mg 28.8 32.6 36.6
S 109 5.1 2.6
Ti 39.5 154 40.9
Mn 22.6 14.3 25.8
Sr 48.4 31.8 217.0
Zn 6.0 1.2 2.9
Pb 17.3 15 1.7
Cr 3.2 1.3 1.8
\% 15.0 6.3 14.3
Ba 33.7 2.0 7.5
Cu 32.6 19 6.5
Ni 3.3 0.9 15
Co 46.6 1.0 1.3
Mo 3.9 0.1 0.2

Cd 1.5 1.0 2.4
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Figure 29. Composition ratio of elemental species in PMjo fine particles during

Asian Dust events.
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Table 20. Ionic concentrations of PMgys fine particles during Asian Dust events

and Non-Asian Dust periods.

Concentration (ug/m?)

Species

1st AD Z2nd AD 3rd AD NAD
NH,' 4.02 0.67 0.65 2.28
Na' 3.11 0.05 0.53 0.37
K 0.58 0.31 0.38 0.23
nss-Ca”’ 1.74 2.78 1.58 0.09
Mg* 0.47 0.37 0.57 0.07
NOs 8.21 4.27 8.47 2.05
Cl 3.66 8.47 0.13 0.24
nss-SO0,~ 12.51 491 417 6.12

15 O1stAD B20d AD 8 3rd AD ENAD

10 -

Concentration (pug/m®)

. B B = , |
NI‘I4+ Na™ K* nss-Cat Mg2+ Cl- nss-S0y

Figure 30. Ionic concentrations of PMys5 fine particles during Asian Dust events

and Non-Asian Dust periods.
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Table 21. AD/NAD ratios of ionic concentrations in PMzs fine

particles.
AD/NAD Ratio

Species

Ist AD 2nd AD 3rd AD
NH,' 1.8 0.3 0.3
Na' 83 0.1 1.4
K' 25 1.3 1.6
nss-Ca*’ 18.7 29.9 17.0
Mg*' 6.6 5.2 8.1
NOs5~ 4.1 2.1 4.1
Cl 15.2 3.1 0.5
nss-SO4~ 2.0 0.8 0.7

3rd AD

Figure 31. Composition ratio of ionic species in PMz5 fine particles during

Asian Dust events.
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Table 22. Seawater enrichment factors for ionic species of PMio and PMazs

fine particles.

(CX/CN3+)Acrosol/( CX/CN3+)Scawatcr

X Seawater ratio

1st AD 2nd AD 3rd AD PMjyp (NAD)
K’ 0.04 14 15 104 7.6
Ca®’ 0.04 9.3 199 53.6 9.3
Mg” 0.12 0.7 16 35 1.4
SO~ 0.25 4.2 79 16.0 25.2
Cl 1.80 0.4 0.6 0.3 05

) (Cx/Cna+) aerosol/ (Cx/Cnar )seawater

X Seawater ratio

1st AD 2nd AD 3rd AD PM,s (NAD)
K" 0.04 4.7 146.4 17.8 29.7
Ca™' 0.04 149 1316.5 75.1 14.8
Mg** 0.12 1.2 53.7 8.3 2.4
SO~ 0.25 16.4 358.4 31.0 122.8
Cl 1.80 0.7 79 0.1 0.4
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Table 23. Crustal enrichment factors for elemental species of PMjo fine particles.

(CX/CAI)Aerosol/(cx/CAl)Crust

X Crust ratio

1st AD Z2nd AD 3rd AD NAD
Fe 0.4353 2.1 19 16 3.4
Ca 0.3731 15 3.4 1.3 3.0
Na 0.3595 6.3 16 0.4 22.2
K 0.3483 1.7 0.9 0.9 4.1
Mg 0.1654 2.6 3.2 1.8 6.7
Ti 0.0093 2.6 2.0 2.7 10.2
Mn 0.0075 5.4 2.5 2.3 9.7
Zn 0.0009 1195 4.9 6.3 282.4
\Y 0.0007 3.4 2.7 3.1 44.9
Pb 0.0002 2879 16.5 9.6 785.2
Cu 0.0003 24 0.3 0.6 12.2
Ni 0.0002 39.5 6.1 5.4 226.0
Co 0.0001 1985 3.9 2.5 71.4

Cd 0.0012 0.4 0.03 0.03 1.3

,63,



7] ool & AR5 #A VIdd 24 54S ARy §18te] SPSS S A=
2agior FA4 ARE 7o A@ASFE Fedh 2 A7z SA
PMio¥ PMzs MM YA} o] 2% 1t Aa#A5(r)E Table 24~25¢] Heb At

kA o] A YA o] RS He FFABAE BY, dEAA A9A 74
Z 29 NHy # nss-SOs° ¢F8] A #A5 ()7} PMyy, PMas 2H2F 091, 0912 & 4
AL e ol F AR NHHSO, (NHy):S0, 53 22 o HHz o
N ZEe] EAEL Je Ao FHHET NHsw tl7] Foll Al HoSOs9He] W

Aol olF A wWE £rg I8 A= Aoz A vk (Zhuang and
N

it

Hy' & v A A A HoSOy 9ol %= HNOs, HCl 2
2P 243 NHzel wES-2
S w7l 2e EE
(Yeatman et al., 2001).
o= NH,/# NO3y ¢ A#4S BW, PMy, PMss 22F 066, 0.60% nss-SO,~
3} NHy Bohes B AaaAs 2ok vAgAtas NOs & F=2 HNOs¥ NHs
7b RbgEte]l AAE NHNOse 2 EAgc) vhde] Zulgatel A s sl g#keh vt
S35kl NaNOz= =gt defx vk =3 sfdAd el =7 =21 HNOs2
NaCl¥} wh-g-3Fo] Zof Y #Foll Al oFd 3k NaNOsS A4 stk (Wall et al., 1988).
Kol o3 g2 ojxed2d AEEse 4¥4dS By, NHY, NO;, nss-SO,,
o] AHASTF PMpel A 22 063, 0.69, 058 KA1, PMysol A& 0.60, 0.54,

A=, 18 al NH4NO3, NH4HSO,, (NHy)2SO4 59|

H4E FMAE =ddAR ol A Ao

A;Oz

i
:Lf"/]ﬁl m%‘_%]] EHOQ A7l Na+ﬂ Cliq }6]'7_7:" = PMmoﬂlﬂ 0.94, Pszoﬂjﬂl’c
08602 E2 AAAFESE KA, o] AEES HAHOLRE FJAoZHEH FUH AL

2 A9t E Na's Mg?' 9] A3A15E PMpol Al E 0.825 YE QA T, PMas

i
o
o,
i
r o
]

wn

4

(@)
mm
)
Z
-
o
-
a
K
é

= PM, PM2s Z+zF 055, 0432 H] =3
JEAFE HQ ¥hH nss-Ca’ 9 nss-SO,5 9 A#AFE PMy, PMas 2H2F 0.04,
0512 PMysoll Al ¥ =2 J#Ade Hola AT

L PMiy 945 3Fe] A8 S Hlasto] Table 260 E3k3ith oA K=

,64,



Hhol o] E ool X FAE< Al Fe, Ca, Mn Ni, Co, Mo#¢] A#A4¢+ z+zt
89, 0.85%2 HA =& S Jeude agla g2
EY ABAHEQA Fek: Ca, Mn Ni, Co, Mo® A¥#AS7 z+2F 066, 0.65, 0.71
078, 0712 ®lw# =2 A3E et Mg Cadt Na®l AaAs7t 247
0.77, 0752 ol Y7 EFPRoZREH §98 Aoz Aodd

T K& Ca, Mn, S, Pbe] A#AS7E 242 0.70, 0.73, 065, 0.708 YJERA L, B

o
N
o
o
»
~
o
D
=
o
o0
S
o H

Table 24. Cross correlations between ionic species of PMjo fine particles.

Spices NH,' Na' K" nss-Ca” Mg®> NOj Cl nss-S0,*
NH,' 1

Na' -0.11 1

K’ 0.63 0.13 1

nss-Ca”' 036 008 050 1

Mg* 0.00 082 032 0.38 1

NOs 0.66 024 0.69 0.55 0.36 1

Cl -0.21 094 0.10 0.03 0.83 0.15 1

nss-S0,~ 091 -0.14 058 0.04 0.05 0.45 -0.25 1

Table 24. Cross correlations between ionic species of PMss fine particles.

Spices NH,' Na' K" nss-Ca” Mg NOj Cl nss-S0,%
NH,' 1

Na' -0.02 1

K' 0.60 0.02 1

nss-Ca”' 050 003 069 1

Mg 0.30 044 032 0.57 1

NOs 0.60 0.16 054 0.43 0.26 1

Cl 0.03 0.86  0.03 0.09 0.49 0.19 1

nss-S0,~ 091 -0.03 056 0.51 0.31 028 -0.02 1
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Table 26. Cross correlations between elemental species of PMio fine particles.

Al

Fe

Ca

Na

K

Mg

S

Ti

Mn

Ba

Sr

/n

v

Cr

Pb

Cu

Ni Co Mo

Cd

Al
Fe
Ca

1
0.76
0.64
0.13
0.47
0.58
0.37
0.41
0.69
0.34
0.42
0.14
0.27
0.49
0.57
0.44
0.83
0.89
0.85
0.47

0.66
0.07
0.95
0.57
0.50
0.47
0.80
0.30
0.45
0.26
0.30
0.58
0.99
0.32
0.71
0.78
0.71
0.45

0.25
0.70
0.77
0.51
0.48
0.75
0.52
0.61
0.40
0.20
0.30
0.65
0.20
0.32
0.56
0.32
0.38

0.31
0.73
0.11
0.26
0.24
0.17
0.43
0.03
-0.08
-0.04
0.11
-0.01
-0.06
0.04
-0.05
0.07

1
0.69
0.65
0.45
0.73
0.67
0.61
0.46
0.19
0.28
0.70
0.17
0.24
0.43
0.24
0.52

0.43
0.53
0.74
0.41
0.67
0.27
0.11
0.21
0.60
0.18
0.26
0.52
0.26
0.37

0.31
0.54
0.37
0.43
0.39
0.29
0.29
0.59
0.15
0.29
0.34
0.29
0.58

0.46
0.23
0.37
0.29
0.34
0.17
0.52
0.17
0.21
0.37
0.23
0.28

0.37
0.51
0.40
0.18
0.36
0.69
0.28
0.38
0.58
0.41
0.52

0.47
0.26
0.05
0.15
0.42
0.18
0.09
0.24
0.11
0.33

0.22
0.0.8
0.18
0.51
0.08
0.21
0.38
0.22
0.32

0.04
0.06
0.47
0.06
-0.02
0.14
0.00
0.36

0.12
0.32
0.27
0.31
0.34
0.30
0.19

0.31
0.25
0.63
0.47
0.52
0.27

0.27
0.37
0.63
0.41
0.99

0.34
0.40
0.37
0.40

1
086 1
098 089 1
037 047 041

1
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Table 27. Rotated varimax factor analysis for ionic

species of PMjo fine particles.

Species Factor1 Factor 2  Factor 3
NH, 0.97 -0.13 0.06
Na’ -0.08 0.97 0.00
K’ 0.73 0.18 0.39
nss-Ca”' 0.29 0.06 0.92
Mg”' 0.09 0.88 0.33
NOs 0.67 0.25 0.46
Cl -0.10 0.98 -0.02
nss-S04~ 0.89 -0.16 0.13
Eigenvalue 2.8 2.8 1.3
Variance(%) 35.3 35.2 16.8
Cumulative(%) 35.3 70.6 87.4

Table 28. Rotated varimax factor analysis for ionic

species of PM,5 fine particles.

Species Factor 1 Factor 2 Factor 3
NH, 0.97 -0.03 0.19
Na’ 0.01 0.95 0.05
K’ 0.66 -0.05 0.51
nss-Ca”’ 0.41 -0.03 0.87
Mg” 0.11 0.47 0.77
NOs 0.76 0.24 0.05
Ccl 0.03 0.95 0.11
nss-SO;~ 0.78 -0.12 0.32
Eigenvalue 2.7 2.1 1.7
Variance(%) 334 26.2 21.4
Cumulative(%) 33.4 59.6 81.0
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Table 29. Rotated varimax factor analysis for elemental species of

PMio fine particles.

Species Factor 1 Factor 2 Factor 3 Factor 4
Al 0.84 0.23 0.30 0.19
Fe 0.73 0.39 0.27 0.19
Ca 0.33 0.58 0.52 0.11
Na -0.11 -0.05 0.86 -0.03
K 0.19 0.78 0.43 0.08
Mg 0.26 0.34 0.86 0.12
S 0.21 0.71 0.09 0.20
Ti 0.12 0.27 0.46 0.56
Mn 0.50 0.58 0.43 0.21
Ba 0.10 0.64 0.28 -0.15
Sr 0.19 0.42 0.65 -0.04
Zn -0.09 0.73 -0.01 0.08
\% 0.16 0.09 -0.04 0.83
Cr 0.68 0.23 -0.03 -0.14
Pb 0.34 0.66 0.24 0.35
Cu 0.38 0.13 -0.05 0.40
Ni 0.96 0.02 0.01 0.15
Co 0.85 0.20 0.23 0.27
Mo 0.95 0.03 0.04 0.19
Cd 0.35 0.60 -0.01 0.24

Eigenvalue 5.2 4.2 3.1 1.7
Variance(%) 26.1 21.0 15.7 8.5

Cumulative(%) 26.1 471 62.9 714
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