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ABSTRACT

The PM;y and PMs5 aerosol samples were collected at Gosan site of Jeju
Island, which is one of the background site of Korea, during the year of 2014.
Their ionic and elemental species were analyzed, in order to examine the
chemical composition characteristics in accordance with the different
meteorological phenomena. The mass concentrations of PMjy and PMss were
396 and 14.7 ug/m’, respectively, and the PMy 25 mass concentration was
24.4 ug/m®. From the comparison of ion balance, the correlation coefficients(r)
between the sums of cationic equivalent concentrations and anionic equivalent
concentrations were 0.995 and 0.977, respectively, for PM;, and PMss aerosols,
indicating a good correlations.

In coarse particles (PMjp25), the concentrations of secondary pollutants
such as nss-SO4, NOs;, and NH,  were 1.00, 191 and 051 pug/m’
respectively. In fine particles (PMs5), their concentrations were 4.33, 0.73, and
1.68 ng/m°, respectively, showing 89.4% of those ionic species. Meanwhile, the
elemental compositions of coarse particles showed 47.8% for marine (Na, Mg),
27.6% for soil (Al, Fe, Ca), and 19.4% for anthropogenic (S, Pb, Zn), and they
were 24.2%6, 19.3%, 48.3%, respectively, for the fine particles.

Based on the study of size—fractionated particle compositions, the
PMiy 25/PMss concentration ratios of nss-SO,° and NH," were 0.2, 0.3,
respectively, indicating that those species were mostly existed in fine particles.
On the other hand, marine and soil species such as Na', Cl, and nss—Ca®’
were rich in coarse particle mode.

From the study of source origins by factor analysis, the ionic species of
PMiy-25 coarse particles were mostly originated from marine sources, followed
by soil and anthropogenic sources. On the other hand, the compositions of

PMs5 fine particles were influenced mainly by anthropogenic sources, followed

_iX_



by marine and soil sources.

During Asian dust periods, the concentrations of nss—Ca® and NO; were
increased highly as 7.7 and 4.5 times in coarse particle mode, and 3.0 and 4.9
times in fine particles, respectively, compared to non-event days. Especially,
the concentrations of the crustal species such as Al, Fe, Ca, K, Mn, Ba, and
Sr showed a noticeable increase during the Asian dust periods. For the haze
events days, the concentrations of secondary pollutants were increased 2.2~2.7
and 2.9~6.0 times in coarse and fine particles, respectively. The concentrations
of the secondary pollutants the mist event days were 0.8~1.1 and 1.8~24

times, respectively, in coarse and fine particles than non-event days.
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1.2.1 PMyo Air Sampler

PMy "AHA A5+ 2ARZSA L o] Adoly SAbo] PMy, Sequential
Air Sampler (APM Engineering, PMS-103, Korea)S A x| &}o] 233t} Air
Sampler®] #7]#4%S MFC (Mass Flow Controller)7} #2tel 2% Al ~®ES

Abgsle] 27| RE FE A7HA AE&H0Z 167 L/ming §2 381t}

1.2.2 PMys Air Sampler

PMys PIAH A Al &% PMys WINS Impactor7b 28 PM,s Sequential Air
Sampler (APM Engineering, PMS-103, Korea)Z A}&3te] AFH3sch. Air
Sampler®] 7|42 MFC7F H-#8 25 A|2=®S ARgste] 27|15 F8
AZMA A&EA o7 167 L/mines A8t B3 dAad8S &48 PMs 7
MHA] Al72E URG AR Cyclone (Model URG-2000-30EH, USA), 3% Teflon
filter pack (URG 1274., 47 mm, USA)¥} 37]&<]
VP0625-A1003-A, USA)E AF&3te] A H ATt
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1.2.3. Ion Chromatograph

v H A o] F=8A o] A ELS Jon Chromatograph (Metrohm, Modula IC,
Switzerland)& AHg8te] EAsH Atk Fo Fol &(NH,', Na', K, Ca”, Mg”) ¥
o= Metrohm 818 IC Pump®t 819 IC DetectorS AF£3}$1 3 Metrohm
Metrosep Cation-6-150 #&] ¥, &°]2(Cl, NOs, SO2) #24d+= 881 Compact
IC Pro%} 819 IC Detector, Metrohm Metrosep A-SUPP-5 £ &S AM&31S)
=3

1.2.4 Inductively Coupled Plasma/Optical Emission Spectrophotometer

v o] DA (AL Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V, Cr,
Ph, Cu, Ni, Co, Mo, Cd) ICP-OES (Perkin Elmer, Model OPTIMA 7300DV,
USA)E AFg3sle] EA3Ft). ICP-OESE  simultaneous mode, radial/axial
plasma A®¥& 40.0 MHz RF power, Segmented-array CCD (Charge-Coupled

device) Detector -2} & o]t}

1.2.5 Inductively Coupled Plasma Mass Spectrometer

YA TAAA AR 571 e nFAdEE(Ti, Mn, Ba, Sr, Zn, V,
Cr, Cu, Ni, Co, Mo, Cd &)< ICP-MS (Perkin Elmer, Model ELAN DRC-e,
USA)E ARE3le] 2430t o] ICP-MS+ 40 MHz RF power, DRC (Dynamic

Reaction Cell), Quadrupole Mass Spectrometer F-2F & o]t}

1.2.6 Microwave Digestion System

AR A e AT dHE EFAEH AAAA wlolamy Fal A=

S=AF o, nlolamsl &l A= olgelol MILESTONEARS] Model START
D& AHgsheir.

7
o] 2AE &FN° pHE pH meter (ORION, Model 720A, USA)<}
Combination pH ross electrode (ORION, Model 8102BN, USA)¢} ATC probe
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2.1 PMy VA A A& 2]

PMiy "]AlH A A& PMjy Sequential air sampler®} HZE FE(Pall Co.,
Zeflour™, 47 mm, 2.0 pm, USA)S AF&3le] 20149 1958 20149 12€9 31¢
7hA 3 7+ 24X 7F S92 PMy 11870 AHA A Al AFH 37 FE5e
MFC (Mass Flow Controler)7} F-Z¥ 245 Al 2®lg AR&sto] 27]HE T8
A7MA A& o2 167 L/mine FA8AT A8 dE = dFddA Z2kxy
Petri Dish (SPL life Science, PS, 60x15 mm)o] ¥o] HXZE gHdoz HE 3t

FHE AEAdE F F A oM Hdx AZ § FAE SASAT

2.2 PMys "AIWA Alg A F

PMy; MIAIRA ARE o] &4 24837 A4248 AHE 2 448 HE

20143 129 31¥971#] 39 7H4, 24 hr 992 F 110E AHsA Y. 94 &
g2 var URG Al Cyclone (Model URG-2000-30EH)¥ H|:Z 2 =¥ (Pall
Co., Zeflour™, 47 mm, 2.0 um, USA)E A}&3lo] 20149 19 1¥3E 20144

129 3197H4 6Y 14, 24 hr @912 F 66715 AAS A
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PM,y, PMy52] =84 o]24 %L Jon Chromatography (IC)H o= 24 33
ok %ol NHy, Na', K, Ca”, Mg*& IC (Metrohm Modula IC, 818 IC
Pump/819 IC detector)E AF83}e] Metrohm metrosep C6-150 #2]#, 0.9
mL/min %, 25 pL FY4453, 3.0 mM HNO; €@ o] zHoz R3]
EEHAGFAE Na', K, Ca”', Mg” 9 4§ AccustandardA}9] 1000 ppm %8
o NH, 2 1x%T=E4d (NHy.SO, (AldrichAl, % 99.999%)S AF-&3t4 0.1,
05, 1.0, 50 ng/mL == 343 &HE5 o] &3t A3t

Lo]l& Cl, NO;, SOZ & IC (Metrohm 881 Compact IC Pro)Z A}-&3d}o]
Methrohm Metrosep A-SUPP-16 #2]3#, 0.8 mL/min %, 100 pL Y43,
75 mM Na,CO; &2 H 200 mM H,SOs Suppressor &l Aoz HEAs19]
o 2o HAAFTALE 12 £5E A (AldrichAF KoSOy, 99.99%, KNO3 99.99%, NaCl
99.999%)% 1000 ppm FET&HS AT F o]& 0.1, 05 1.0, 50 pg/mL %=

IC 824 A 71713 =34 (Instrumental Detection Limit)s TFAA A A
of AFg3 HATE XFEAS 73] HbE BN & R FHAE Aol o 7]



o,

a)
= 1=

s

Student-t (98% Al 4=, 3.143) #*<S #3to] AArsEeich IC 4 7]

NHAEA A A 73] wkEg deoly e xEAAket MsAs (CV, coefficient

of variation)& Zl4Fste] glstgitt. o2 A 3 IC 419 71714 & $HA(IDL)
9} HEAS(CV):= Table 13 2t}

E(Xi B i)2

N-—-1

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

¥ +3H A} (standard deviation) S =

IDL = S x 3.143 (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 (pg/L) 2.3~85 1.9~6.2 715~8.2 6.6~10.7
CV (%) 0.7~3.0 06~2.1 24~26 2.0~3.3
Species Mg?*' SO NOs3 Cl
IDL (png/L) 6.7~9.8 1.1~15 05~1.1 0.3~0.6
CV (%) 2.1~3.1 0.2~0.3 0.1~0.2 0.1~0.2
243 Frole T% 54
TEA o2 FAE AREHY Fhole FEE pH meters ©]-&3}]

- -
=439t pH metere= 41037 697 €% -8B (ORIONAL, low ionic strength

buffer)& AR&3dte] BASIAaL, pH 54 A A 2&H2 =71 tief 25T7} &



S|

51 Al&e] A

ol A Rtem Mg PMyy ZES PMys BB = vloldzy) AHEsfe=s
A & 24 ES S48 Y. A8 #H 2 US EPAQ ‘Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air
(Method 10-3)" Wol]l we} violazs FalHem dLdEs &30
(Mainey and William, 1999). A4 HE ZA A& 5  HIEZE(PFA,
polyfluoroalkoxy) &7]e €1, o 7] 555% HNO3/16.75% HCl €34F 10 mL
E 7k § wlolaRsE FAMSte] d4adES &EAIZT vlolAE 3= 1000
W RF powerE FAlsle] &%= 156 & &<t 180T =E A5A 7|2 o] &%oA
15 &3 A2 5 A3 dzpsidnt. vtolaz s ZalE mhxl &S FAL]
ZE](Whatman, PVDF syringe filter, 045 mm)%® &84 dAE A& &, 3%
HNO3/8% HCl &34t 5 mLot 245 7tete] §3F&eh2a 25 mL 7} H &=
345kt

A

e B

2 d
A2AES ICP-OES %+ ICP-MSE AFg3}o] Al Fe, Ca, Na, K, Mg, S,
Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A&S #4433

2.

U‘l
(e
P
M

(o,

ICP-OES #4 A £+44

JH
S
L
oX,
oo
=]
N
oo
12
rlo
o>
o
o
o
a
Q
=)
[@N
Q
n]
o,
>~
>
10
e
av)
o

hid

1000 pg/mL &8-S 108 H#3 100 pg/mL
10.0 pg/mL W8] gefoz B4sto] A o wf 34 grj= viEX
(matrix) &35 HA3sh7] A8 Alm A AAoA AP St &9 3%
HNO3/8% HClE AH&3taith.

ICP-MS #4 A 2#+44
Multi-Element Solution 3 (Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe,
Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, TI, U, V, Zn)¥ 10 pg/mL

JH

A A E FFENLS Perkin ElmerAte] 10 pg/mL

Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) &%4<&
FAMSOR £3e & 1~500 ug/L MR 34t ARGl
olgidt WMo g 2059 YaAES ICP-OES$t ICP-MS® #43k 7]7]

BN
A



3} 71713 &3 A= 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 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)

Detector: Segmented—array Charge-Coupled device Detector

Wavelength Detection Limit

Wavelength Detection Limit

Flement (nm) (ug/mL) Element (nm) (ug/mL)
Al 396.153 ~0.0023 Fe 259.939 ~0.0009
Ca 396.847 ~0.0015 Na 589.592 ~0.0023

'766.490 ~0.0029 Mg 285.213 ~0.0010
S 180.669 ~0.0183
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Table 3. 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 = 150 kW
Gas Flow rate: Carrier = 0.9~1.05 L/min,
Auxiliary = Ar 1.2 L/min,
Coolant = 15.0 L/min
DRC parameters: NHj 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
Detector: Photomultiplier tube (PMT)

Element Mass  Detection Limit Element Mass  Detection Limit

(amu) (ng/L) (amu) (ng/L)
Ti 48 ~0.0063 Mn 55 ~0.0157
Ba 138 ~0.0220 Sr 388 ~0.0157
7n 64 ~0.0973 \Y% 51 ~0.0440
Cr 52 ~0.0911 Pb 208 ~0.0126
Cu 63 ~0.0848 Ni 58 ~0.0628
Co 59 ~0.0188 Mo 93 ~0.0220
Cd 111 ~0.0157
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Uebta 9tk ms 5 AR E PMesE t71874 7
ki k. vt A 20158 ERE = PMpsE 7184 7)ol 2t
24717t 3t 50 pg/m’, AT 25 ng/m’Y 1S AASA A T, 2015).

oo e 20149 1€ 198H 20149 129 3197kA] AFE 2kA] o
A PMpd PMysE AMFAS AHFres SAHSAY dFdFs=s d7|led 34
Algurel wet mAUAE FEo) x5t 23 A-Fo] FA Aolet TV K
FoRHE oty A& A&t mAUXA
2001). A712ke] PMyos PMys A#s %y 7h7t 47.3+375 pg/m’ (n=118)9}
21.2+149 pg/m® (n=110)0] 2, = 7]|ZX R} F& Roz ZAHAY. 18
I =9 B X933} vjus] 2 Ay uAR 99 PMpd PMys 25 =s o9
TianJin A 9xt} 7242y 4.4, 5789 $EA 9k 2~ 5219] Elche A 9Ht} 7}2F 1.8, 1.6
# =2 2o & e tH(Table 5).

T A7 T FAE, A5, Ed, AeLdG mm oS Aleld uE

lo
i
ot
off
oy
Ll
)
[
=)
3R
=
S
>
ofo
ol

kel AaE s PMy 39.6+17.3 pg/m’ (n=49), PMys 14.7+7.0 ng/m’® (n=50)
ol o] T AR AH A7I7F LT AREVS AP (n=44)3l AFFEE

A, v@dde]l PMy, PMys dHs e 27t 395+17.0, 15.1+74
pg/m’ol R o™, PMysol A#E5E PMpd 382%% A8ttt 223 PMol
A PMasE W PMygos 2 AH(coarse particle)®] 2 #% %= 244+14.3 pg/m’

2 PMpd] 61.8% & #tAste= Aoz ZAE A tH(Figure 1, Table 4).
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Table 4. Mass concentrations of PM;g, PM25 and PMj 25 at Gosan

W, —W.
Mass Concentration = %X 10° (ug/m*)

Mass Concentration : VAl A% A& % (ug/m°)
< HdE 9 FA(g)
ZH e FA(g)

7] F % (m?)

= =
=R
o oY
2

<
ool
ins

site.

Concentration (pg/m®)

PM

Mean S.D. Median Max Min
Ell\fﬁ) 395 17.0 36.1 1019 146
frll\f‘jl-jl) 15.1 74 13.7 32.9 42
Ell\f%ﬁ 24.4 1423 22.2 815 5.4
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Table 5. Mass concentrations of PM;y and PMs5 aerosols at Gosan and othe

foreign sites.

Concentresttion
Site Country Satnililéng g PMfl{(gtfi)g/I -
PM PMzs

Gosan Korea 2014 47.3 21.2 2.23
Washington”  U.S.A. 2012~2013 - 12.8 -
Elche” Spain 2008 ~2009 26.2 136 1.93
Chapineria® Spain 2004 ~2005 32.0 17.0 1.88
Dinghushan?  China 2009~2012 76.0 51.0 1.49
TianJin” China 2007~2008  209.4 120.3 1.74

YUS: Air Quality Statistics Report (2013), PGalindo et al. (2013),
9Salvador et al, (2011), YChen et al (2014), “Kong et al. (2010)

120
—6—PMI10 - A-PM25 —©O- PMI10-2.5

100 A ¢

Concentration (ug/m?3)

FOL LIPS FOEEE LN SO
NP PP I FIFIT I FF L HFEF PPN LY N
A P N N N RN N N N N N N PN RN BN N N PN RN PN RN,
L e e e A v

Y

Figure 1. Variations of PMjy PMss and PMj 25 mass concentrations at

Gosan site during the study
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y=0.9652x - 19.725 A
R? = 0.9895 (r=0.995)
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Figure 2. Correlations of X[Cationle, versus X[Anion]e, for the

analytical data of PM;jy aerosols at Gosan site.

300
y=0.9071x - 1.9867
R?=0.9544 (r=0.977)
g 200 -
=]
o
=
<
Qo
=
£
N 100 -
0 T
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Sum of Cations

Figure 3. Correlations of X[Cationl., versus =[Anionle, for the

analytical data of PMs5 aerosols at Gosan site.
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A A 24

31 =LA =24

311 2GR ol LAY FE % 24

AFE w2014 1958 129 3197hX] AFHF F 11870 PMyo Al
o & 110708 PMps Algol dhell =84 o4 &S At 2elar Ak
A, B ACmm ol ds ALF ANEE T PMigst PMas A3 Aol
A 4479 A BEVS AEE] PMgos = Y AHcoarse particles, 2.5 < D,
< 10 pm)9] ol 2R FEE ZAEY A, 1 A3E Table 63 Figure 49| Y EF
Wtk o7lelAd nss—SO% ¢ nss—Ca®’t=  Hlald(non-sea salt) FE=E,
nss-SO4”1 = [SO*] - [Na']l x 0.251'¢] 23 ‘[nss-Ca®] = [Ca”] - [Na'] x
0.04'¢] 2o o] AALEATHHo er al, 2003; Savoie et al, 1987).

PMig o5 ZHlgate] o] 242 CI > Na' > NOs > nss-SOf > NHy >

=

rlo
il

nss-Ca” > Mg? > K" +£o2 =
2 7M =2 FEE R (Table 6). 71 th5o =
7t =dn olg A o] F AR F&7F =A YEY olf e SAHATE st

of SRa gAY YA G we Aow B 19w o 09

®QaL, o] F CI Aol 311 ng/m’

S
i
rlo
off
k1
i
T
o
=
32
v
o,

52 AR NO;j, nss-SO7, NHy 5 = NO; &
191 pg/m’e] & Heon ol AXAFEo] 9FT oojzE: Ao AT
A go A WA EY, F

A A Sl o8] AxAsEe] wEFol

i
i)
-
I
rlr
N
ko
=
N
to
2
i
i)
ol R
4
it
ot
4
rO
39

et al., 2005)

nss-SO,2 ¢ iy EE 1.00 pg/m’ol AL, SO AA Hx9 653%S 2HA 3}
of HlaA PR MdEE e Aoz FAHJY 2y NHS2 051
pg/m’e FEE BT 7] F dRyole oF 90%E W7l ¢ FAHH,S0),
AAHHNOs), 9AHHCD T3 wh&ate] Eu(NHy) oolzE:= dsem, of
10 % A=+ OH #uzZz AsddAcrh(Warmeck, P, 1988). 7] 9o drxHEe
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Frbol 2, Aito]5 3 WhE-sto] AR w (NHMHSO,), 24k H (NHINO;),

AU FINHLD 59 22 712G =4S Attt (Adams, P. J et al, 2001).

(Masiol et al, 2012; ©]3t4 %, 1999).

Y 719 AEQA nss-Ca’’'2 030 pg/m’, K'& 017 ng/m’o2 e AR S
Hla) Blaz o =32 YAtk nss-Ca®, K'e A AFEo F
olth, 1y} F8A4 K o2 AA EAAHEY 10% FEvte] EFoZHE
ez YxE= F2 A AZHbiomass burning) 5 197 L9l <& Ay
HE ZoR EAEL UtHEE
2004).

T3 PMpo52 ZAS A7 AE R A e B A3k Na', Cl, Mg>'9 aildA

ult)

, 2014; 2mA %, 2009; McMurry et al,

Hol 586%E 71 o AL B 1 o o993 7192 nss-SO,7,
NOgi, NH4+9] }_}‘é O] 36.4%, E%kﬂ%ﬂ nss—Ca?‘*% 3.2%9/] i*{;% i}xﬁ}%ﬂ\‘?}
A 7149

GFL P Bol Wi, GO ANH /19, EF /U 2o 249 4TS

rlo

(Figure 5). °o]&#gt Ay =2 Hol 34EA ] PMgos YA =4

i

o] W= Ao 7 BeltHFigure 5).
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Table 6. Concentrations of ionic species in PM;p-25 coarse particles.

Concentrations (ug/m®)

Species

Mean S.D. Median Max Min
NH, 0.51 0.54 0.32 2.78 0.01
Na’ 2.12 1.41 1.63 6.61 0.54
K’ 0.17 0.09 0.15 0.37 0.02
nss-Ca”' 0.30 0.25 0.25 1.06 0.005
Mg 0.28 0.17 0.24 0.84 0.08
nss-SOs* 1.00 1.52 0.64 9.40 0.02
NOs 1.91 1.32 1.70 6.22 0.09
Cr 3.11 2.82 2.08 12.17 0.31

BDL: Below Detection Limit

Concentration (ug/ms)
N

0 [ 1] eEn [CE ~

NH,” Na* K" nss-Ca® Mg* nss-SO,> NO, CI

Figure 4. Comparison of ionic concentrations in PMjg-25 coarse particles.
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Figure 5. Composition ratio of ionic species in PMjp25 coarse particles
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PN
, T

Ak

%

Tor

52

o

~
.Eﬁ

)

e
fius

[}
o

A a7 ]

= Aoz dHA AHGoyer, 1991).

%__
+ Pb, Cd, Mn, Zn, Ni, Cr

()]
A

8], v A e g of

A tH(Kumar and Jugdutt, 2003; Donaldson and MacNee, 2001).

pa—

0

ol
gwo
TO
o)
HH

]

9% 719 JEEe solgo

1
-

ol il WA} A}l A

[e]
=

_21_



A AFE HH PMy YAANA 55U4 A5 Al Ca, Fe, Mn, Mg 5 ©|
T2 B vlile] g ti7] o2 E FAEAL, AE st Al sHEe

Aol FAFEA o F FEFS PRIHEAE T, 2001).

Ni, V 52 d59 dAix¥d, Pb A4S dA59 A4 2 AdTHFE RS
ofg] 2bd#gol Al HAEH (Choi, 2006), Cu, Zn A& E2 F3 A vpzd ®
= b To® ot WAIT(EAE 5, 2001). ® Cd, Cr & &7 3A
Na, K, Mg &< F= sfidel o) BAH= Aow g Ik (Oravisjarvi et
al, 2003; Fang et al, 2005).

AT Il vl BA G S A LA AHHI PMiges ARE
o7 209F9 dAAEES BASAT 2gal o] F AL AW, WyE A
H @A (n=44)¢] % %Z Table 79 Figure 6°] YEIHATH EAH 72 AALAE

HAdsE Na>S > Al > Mg > Ca > Fe >K > Ti > Ni > Zn > Mn

Lo

>Cr =V >Pb>Sr>Ba>Cu>Cd>Co > Mo &2z =7 A%

o

o] F P71 ¥Y Na H%7} 14380 ng/m’= 7+ =4 yebyta, 1 tg&o

AN 7199 S7F 6771 ng/m’E EE& FEE BT 2d8a B 7199
Al Fe, Ca %% 7Z+ZF 5275, 2117, 2321 ng/m’= ZAE Qo EX3 39k
A 71Y9E YERU = Mg 2452 ng/m394 FTEE HYY = ESy AT
o s FYHE Aew gy K 1411 ng/m’S BAT Zne 49 ng/m’
o] TEE YEHINL, F& A&, Bolo ntk T AFatel] o ooz &
H4 9t TiE 174 ng/m’e] $E5 won] wke zgdrz de4

=

s
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(A7F %, 2014). &= Cr, V, Ni2 27} 30, 3.0, 75 ng/m’ S22 ZAIE AL, o] &

e FE 09 Ak % FHo ¥ vhre] o wEHE Ao® nuHw: 9

&, AAFA, oY Adahgel A st 53 2

Aol Ax HANA WA olo] St 1988 E FANLH
=

AL QoiM A FEfrolE AFEEHA FARE B2 FH

=

Me s 2 555 Holil v A% dokAs g 5, 2012; Choi, 2006).
o] 9o Hl& FH4 A Mn, Ba, Cu, Sr, Mo, Co, Cd &< 77} 4.3, 20, 1.1,
23,02, 03, 05 ng/m’z ¥& $£F9 22 et
T3 PMigos PR AT ZA S Figure 70 v L3ty 18 o] A
sl 719 & (Na, Mg)el 47.8%, 1914 719 A
(S, Pb, Zn)o] 19.4%, EL71Y (Al Fe, Ca)el 27.6%° ZA4& Hol ol&
ol dAe] 948% = - AAstaL = Aom FAE AT

i)

o,

i
o
N
o
rﬁ
b
o,
M
rlo
w
fo
ol
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Table 7. Concentrations of elemental species in PM;o-25 coarse particles.

Concentration (ng/m?)

Species

Mean S.D. Median Max Min
Al 527.5 554.4 300.9 2107.6 574
Fe 211.7 199.9 171.8 921.1 6.0
Ca 232.1 180.5 164.2 748.9 66.7
Na 1438.0 1114.3 1028.0 4016.9 106.3
K 141.1 140.2 112.3 589.4 47
Mg 245.2 184.2 184.6 803.7 34.2
S 677.1 677.7 427.3 2707.1 8.1
Ti 174 21.9 145 1144 2.9
Mn 4.3 4.8 2.4 21.7 0.0
Ba 2.0 1.4 1.3 5.0 0.5
Sr 2.3 1.5 1.8 7.4 0.7
Zn 4.9 49 2.7 179 0.2
\Y% 3.0 2.4 24 9.8 0.2
Cr 3.0 3.3 1.9 15.2 0.1
Pb 2.4 2.4 1.7 8.9 0.2
Cu 1.1 14 0.9 7.1 0.1
Ni 7.5 24.6 1.6 124.2 0.03
Co 0.3 0.4 0.1 1.8 0.05
Mo 0.2 0.2 0.2 0.6 0.0
Cd 0.5 0.7 0.2 3.2 0.05
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Figure 6. Comparison of elemental concentrations in PMjo-25 coarse particle.

Others

Others : Ti 0.5%, Mn 0.1%, Ba 0.1%, Sr 0.1%, Zn 0.1%, V 0.1%, Cr 0.1%,
Pb 0.1%, Cu 0.03%, Ni 0.2% Co 0.01% Mo 0.01% Cd 0.01%

Figure 7. Composition ratio of elemental species in PMjp-2s5 coarse
particles.
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Figure 8¢l Hlwstith, Ao A HZo] PMys HIAIYASY] o] &d% F=e
nss-SO,~ > NH,” > NO3; > Na' > CI' > K" > nss-Ca’” > Mg? o= =
A YdelEth o5 AR T 994 719S e E nss-SO4, NHY, NOy & 7}
7+ 433, 168, 073 pg/m’z =& FEE BIth 53] nss-SO S AA SO&L F
of 98.0%< ¥&& AAsHaL, slgelr FelE SO 9 % ofF wHE Ao
2 Ak =3 PMykR th PMys PIA G Aol A nss-SO4* 7 2FA 8k H] &)
A 9 =2 AoE UERt
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AR o EAA S w A YA A, nss-SO. ol HlE NOg o 7]ef &) 4
AoR =2 ATS HRTE ol NO; WAo]l duyx] ALg#y Aol A
i, 53] o]s oY o] AY] wFoltt APAT ARE AvEH A
Mg g, =3, WolF, Aslelo]l A PMys WAl AHE] nss-SO,*/NOs 2] H] 7}
Zv7y 137, 162, 148, 1669 & Hola UthA-&3F, 2008 A3 %, 2008;
Wang et al, 2005, 2006). o]x &8 ZA|A o)A nss-SOL/NO; ¢ H]7}F e AL
Agat @l wE NOx9| wiEdo] wr] wiolth =ul wiAdx e W w9}
ML 747 334, 3579 #og ®A AYGHUE Ui 22 e HAtHels
, 2010; ol 5 2002). H Aol A F ] nss-SO,2/NO; H|E PMas
A Aol Al 297 A A5 AFEol Hls] o 2 @S WER I Tk oA
2 A A nss-SOZ/NO; F=H7F Adigoz o 2 #S Ueds AL

AEat sol o AAH e wiE FFol E =AA Gl vl uvy] wE<l

M)

19
i

r*°

A 719 AEC Na', CI, Mg*9 »x+= 77} 036, 0.18, 0.05 ng/m*Es ®.¢ 1,
EY¥ 719 A8 nss-Ca”2 006 pg/m’e sEE el o] A3 PMysl

M= PMpdt 28 EY, a9 AEEe] =71 914 71de] AE=o val &

O

e
1o

283 Figure 99 A#o}l o] PMys o] AR AL 297 7] 4
B4l nss-SO.2, NHy', NOs ¢ Aol AAl9 894%= 714 =& H|FS X
sttt whdo] sfd 7Y A E<l Na', ClI, Mg & 7.8%, E%47] <4<l nss—Ca® &
08%% FriAor vre S HATE ol AIZFE PMys WA ALl A

= A AEse 24l E4 =3, ol Bl dd B B Y A2

A

[e) [elie) 3 S
ZAe mmd ve 2% dehin 983 F9% 5 Ak
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Table 8. Concentrations of ionic species in PMs5 fine particles.

Concentrations (ng/m®)

Species

Mean SD Median Max Min
NH, 1.68 1.07 1.49 4.53 0.02
Na® 0.36 0.25 0.29 1.15 0.02
K’ 0.16 0.10 0.15 0.48 0.02
nss-Ca”' 0.06 0.04 0.04 0.18 BDL
Mg** 0.05 0.03 0.04 0.14 0.01
nss-SO4~ 4.33 2.78 3.33 9.97 0.01
NO3z 0.73 0.76 0.46 4.16 0.02
Cl 0.18 0.21 0.08 0.99 0.02

BDL: Below Detection Limit

Concentration (ug/m®)
N

] '
J

. o e =
Na*

NH," K* nss-Ca® Mg* nss-SO,> NO, CI

Figure 8 Comparison of ionic concentrations in PM,5 fine particles.
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Figure 9. Composition ratio of ionic species in PMs5 fine particles

322 VAR QA B D 24

W7l QA Fo Mg Aagre tad fise Uz 2As, 535 0
2ol 9a AR FWEA @ A% Fo ZFET oY@ WP Aryre
o] & A¥olu} 574

71 a2l g7]stehikg e Jge] Ha wjE A9
golath(37A 5, 2004; NARSTO, 2003).

BoAGo A PMys mAIYAY] YA ES 244 A85E 20149 1€ 193
2014 124€ 31L7HA & 62705 AFA AL o] & PMpdt A3 o] FL3g H
AL A5 (n=25)9] ¥4 A= Table 99 Figure 109 =3} t}.

AF717te] ol wAYPAY YR FHFEEE S > Na > Al > Fe > K
>Mg >Ca>7Zn>Pb>Mn>V >Ti>Cr >Ni >Cu>Cd>Ba> Sr
> Mo > Co w22 =/ eyt o8 92ARE T 994 7199 S A%
o] ¥x7F 5518 ng/m’e®E 7bE =gkt 1 TS o R sy 71€9l Nad 2418
ng/m’, £E%71€ Al Fe, Cax 7ztz} 1109, 84.0, 33.0 ng/m*?] HF%E w3t

vho] Mm% e RS KZ 811 ng/m’e FEE Yehlda, oju K& &
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TAA WA A A A7 Biomass burning) 53 728 <191% dAo] ¢]3
FAEE Aoz A i (E24, 2010). 18l YA wF FEE5 A

= % Zn, V, Ti, Pb, Mn, Cr, Ni, Cu, Cd 5 123, 3.1, 26, 5.2, 39, 1.7, 1.6,
}

X o2
o
-

i

o

9, 0.7 ng/m’zZ &9 gF ARERTGE A4 v L2 JeEuydh

St A o A PMys PIAI YA AAAEES] 2 AA 71U, Ph,
Zn) Aito] 483% = M =2 A4S AASAT 1 5o a9 719 (Na,
Mg) Aol 24.2%, EX7]1A(A]L Fe, Ca) o] 193%9] 24L& Bilon, o=
AEEo] A 91.8%E #4515 th(Figure 11).

TuE dae] ES Y eddoemRY HAEE Aow YEal Atk
Pb, Cu, Cd, Zn, V, Mn, Cr 5 12 A4 d=tete &8 di7] FolA sS4t 74
2 3R FUIstE Tol SEAAS AA TrAeA ARG R WEE o

AT FAAE 5, 2005, Allen et al, 2001). Znel A5 7t& a4 olA o

FEFE v A= Aoz delx vh(Allen et al, 2001). Ba w49 v ¥ of
et A8 9 A Abskel mid AAA 22]al BaS049 33&E9 49 B2
2 2ol HHOE AMEE I Avh(Pey et al, 2010; Khan et. al, 2010; Bem
et al, 2003, Garg et al, 2000). Cre] 9o+ v 2 o AWE Ax 3
A Sol A B, Cde AtA, da, & T3 whEste] Absbrl=g, Asiut=
', F3teg sor EAEtH, 7] Solv FE v ARt Asrt = P E
2 339t ada g 7] 9 Cd 5= 0.1~500 ng/m® AEE ¢
2 HEEY Cde F2 ofdd e FAEESE HAHIL, o] F of

34%e ANEFETAY, F 15%= UA-AN=FAAR, oF 15%= PVC A 3R,

°F 8%t wHy g 59 FH, HrE AgA Moy AZtA o= gyt
(G A 5, 2000; Jaakko, 1991). &5 o2 A3 o AZHE Cde HollA FF
7F dojupar oF 30~50% AHE7F dHo gajEity Aok Cdol AA o FdEH

al

Aol 450l ofF Fsto] SagFolvet: FrIitel] A =FHW A

M=y o /\]xk;gz:z_}y HAg = Alzbsl o3k db Atk o] o Cuy

S
- =2

ol
o
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Table 9. Concentrations of elemental species in PMs5 fine particles.

Concentration (ng/m?)

Species

Mean SD Median Max Min
Al 110.9 241.6 29.0 1165.1 5.5
Fe 84.0 168.5 44.2 875.2 13.3
Ca 33.0 23.9 23.9 109.2 11.0
Na 241.8 233.2 157.7 987.5 34.2
K 81.1 79.4 69.9 284.8 1.0
Mg 43.0 34.9 36.4 134.7 5.2
S 551.8 395.6 470.9 1613.8 30.2
Ti 2.6 1.8 1.7 6.1 0.8
Mn 3.9 4.1 2.6 19.3 0.01
Ba 0.6 0.8 0.3 3.6 0.1
Sr 0.4 0.4 0.3 2.0 0.0
Zn 12.3 10.0 8.7 43.4 BDL
\Y% 3.1 2.1 2.6 9.5 0.1
Cr 1.7 1.7 14 75 0.02
Pb 52 4.4 4.6 18.0 BDL
Cu 0.9 0.8 0.7 3.2 0.03
Ni 1.6 15 1.1 7.0 0.02
Co 0.1 0.05 0.05 0.2 0.01
Mo 0.2 0.2 0.2 0.6 BDL
Cd 0.7 0.9 0.4 4.2 0.03

BDL: Below Detection Limit
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Figure 10. Comparison of elemental concentrations in PMzs fine particles.
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Pb 0.4%, Cu 0.1%, Ni 0.1%, Co 0.01%, Mo 0.02%, Cd 0.1%

Figure 11. Composition ratio of elemental species in PMss fine particles
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33 A Ao mAdA =4 Bl

MAMAL Azl me Beld 543 ehd 5o AR v Ao)F
Bl B ol wEY 54 w9 e 29S nelth ANHeE PMyoas
oAl EFGAL A9 5 2ol AAdHoE WEH BAEC JrjHo
2 el E¥uol dth e PMy, v AYA el AR, FU5E, gR

w9, A8 FrIstdE 5 1A LdEdo] gotutbgo] oe Hdeke 22 e HdE

°

A7 SA4% =g Aret MY Rte] =& Table 107 Figure 1200 H]
Wkt weo] Azhel o] tlmA ANA 71d AR NHy 9 nss-SOL 2
Zod &l ZbzE 051, 1.00 pg/m®, A& belA ZH2; 168, 433 pg/m’el s%
S Btk o] Wl F AE9 PMigs/PMes =8 7F Zh2F 0.3, 022 2 A
of vl WA YA Bo] BESE EAS Hol: oz FAEA
a2y NO;j 9 PMyg2s/PMos S EHE 2622 nss—SO,” 3 NHy ol ul&)] A
WA OS2 PMpos YA O 2 BEIXuE Yehlls ez v
NO; & vAIgA ol F2 HNO39F NH37bF WHS-3F NHNOs9F 28 o ez
A Bo® delA vk 1wy 2o Aol A= NOg o] tho whg3
o] Na', Mg?', nss—Ca> %3 ZAdHE NaNO; Mg(NOs)s, Ca(NOs), A4 3 e
BEXH= Aow HuFEa qtH(Arsene et al, 2011; Verma et al, 2010). o] A &
B oA NO; 7F Z2UidAtel A o & 755 YEUE oz FAEA A,

kA S w A A FA] mAX G G s BEY Ao dFE Wol wsk

=
o

[rt
iy

d

o~

fl

O

T BEFY FAAECIEA QAT o d9H 2 rdS FAe e

"2 PMygos/PMas EEHI7F 112 ZUldAbet Al Ate] 124 H23}

=
s
~

E A4S Bu wbde EY7199 nss-Ca® A2 PMiyos/PMys & EH] =
5002 ESYPAEL 997 79 AREN 2y A er iAol E¥xa}
= Ao® ZAFAT E 9719 Na', Cl, Mg AR5 =0 94 59,
17.3, 5.6°.% nss-Ca®> 7 #Zo] ZuUgiAA T2 BXsa Y= AoZ el

O aEar ol#Rt AyER Hol A Y vARA A g sdvd A



BEL F2 2UYAL, 994 LAEHAELS v A dA A Eo] BXEa eSS
golsk 4= AUt
$HH 2 Y AHPMyg25) ¢ PIAI G ZHPMas) o] 84 o9 33tx4 & Figure

131 wustdey el Axe} o] NHy % nss-SO~ 9 242 ZHY Al A
Zb7}y 54, 10.6%°10 3, HAQPAAN M= A7F 223, 57.4%2 Bl AR 47F 41,
5A =2 o ZAEATE 2#y NOs & 2t dAkel mjAlgatel A o] x4 o]
2y7F 204, 9.6%= NH,' 7 nss-SO° AE3 28] 2igAolA o] 5 4¢SS W
th 123 Na', Cl, nss—Ca” A& Aol z+zF 225 331, 32%% 1]
Al G Aol wlsl] 27y 4.8, 14.4, 409 =2 2405 YR ol -5 w A A
o] FQ o]eAHEELS NH,/# nss-SO7 AES F2 vAYgaoA 2o 24S

Kol ®WhA Na', Cl, nss—Ca” & Ailgoes zddAolr & 2AHS B

£

Table 10. Concentrations and their ratios of ionic species in coarse

(PMio-25) and fine (PMsys) particles.

- 3

Specics Concentration (pg/m®) PMIE; ‘;’;{EMZ"%
PMip-25 PMa5

NH4 0.51 1.68 0.3
Na" 212 0.36 5.9
K’ 0.17 0.16 1.1
nss-Ca®' 0.30 0.06 5.0
Mg*' 0.28 0.05 5.6
nss-S04* 1.00 4.33 0.2
NO; 1.91 0.73 2.6
Cl 3.11 0.18 17.3
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Figure 12. Comparison of concentrations and their ratios of

in coarse and fine particles.
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Dljxi Al, Fe, Ca, Na, K, Mg }\é%%g 'E‘E% E%, PM1072'5 =
7} 5275, 211.7, 232.1, 1438.0, 141.1, 2452 ng/m*2] HEZ H T} ¥l PMys
n A YAl A= olE AEES w=7F 27 1109, 84.0, 33.0, 241.8, 81.1, 43.0

E2 U AR BlE) 27t 67, 5.8¥ ¥ TEE HIh

Zn, Pb, Cd A%< Fw% ZuldAtelA Z247F 49, 24, 05 ng/m’, Al <) Aol
M= Z47b 123, 52, 0.7 ng/m’2 Z iAol s w ARt A ZH 25, 22,
L4l ¥ =& FEE ek

wok 2 A Aet v A A A PAAaAEe] AL Figure 159 ZA3pel 7o)
ZUdAb A T2 g7 AR(Na, Mg) 47.8%, 471 AH(Al, Fe, Ca)
276%, A4 719 AE(S, Zn, Pb) 194% A4S Btk vl w A ¢ =}l
A oolg Z AREL 747t 24.2, 193, 483%<] 2AHIE UEHAT o)Ay 94
AE 24L 2UdAdAE 971988 Na, M@ BS99 AiE(Al Fe,
Ca)ol mAIIAFel w8 7bz 2.0, 144 =2 545 eIt whde] Q194
719 RS, Zn, Ph)e] 2442 oo} vil= dl Aol nls] m A YAt A 25

WY xS 5S4 Bola o
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Table 11. Concentrations and their ratios of elemental species In coarse
(PMo 25) and fine (PMsys) particles.

Species Concentration (ng/m®) DMy 5{PM2A5
PMi0-25 PM,s Ratio
Al 5275 110.9 48
Fe 211.7 84.0 25
Ca 232.1 33.0 7.0
Na 1438.0 241.8 5.9
K 141.1 81.1 1.7
Mg 2452 43.0 5.7
S 677.1 551.8 12
Ti 174 2.6 6.7
Mn 4.3 3.9 11
Ba 2.0 0.6 33
Sr 2.3 0.4 5.8
Zn 49 12.3 0.4
4 3.0 3.1 1.0
Cr 3.0 17 18
Pb 2.4 5.2 0.5
Cu 1.1 0.9 1.2
Ni 75 16 A7
Co 0.3 0.1 30
Mo 0.2 0.2 10
Cd 0.5 0.7 0.7
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Figure 14. Comparison of concentrations and their ratios of elemental species

in coarse and fine particles.
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Figure 15. Composition ratio of elemental species in coarse (upper) and fine

(lower) particles.
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EAZZIAF(SPSS 12)& o] &3t o2 s 1 AdAFmE Fote]
JAReE m AR A o] 2AAREES RS A el a1 AdE
Table 12~139l] =3} %3t}

ol MEE FolME NHy ¥ nss-SOF ¢ ABAF@7E A mA¢

Zbol Al ZH7E 0.86, 0942 =& AHAS YEUHAY ol& F A NHHSO,
(NH4)2S04 &3 22 9 AHlz= dir]dojzEo] EAsta A= Aoz A
At NHzi= 7] Sl A HaSOs9ke] whg7do] ofF 714 & SE2 d& A
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o] dojuth(Zhuang and Huebert, 1996). o]#13F wr&o =z AAE NH,NO;,
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Table 12. Cross correlations between 1onic species of PMjg-25 coarse particles.

Spices  NH,” Na' O e ™ N0y ar
Ca* SO,2

NH,' 1.00

Na' -0.01 100

K' 035 058 100

nss-Ca® 029 022 053  1.00

Mg? -001 097 062 034 1.00

nss-SOZ 086 005 026 015 005  1.00

NO;™ 049 000 036 065 005 065  1.00

Cl’ -007 099 055 021 095 021 -005 1.00

Table 13. Cross correlations between ionic

species of PMy5 fine particles.

Spices  NH, Na© K o Mg® . NOs CI
Ca®' SO/

NH,' 1.00

Na' 004 1.00

K’ 071 022 100

nss-Ca® 0.49 0.08 0.59 1.00

Mg 007 079 040 034  1.00

nss-SOS 094 004 066 048 020  1.00

NO; 047 002 050 021 -005 021  1.00

cr 012 08 016 -001 071 -010 009 100
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Table 14. Cross correlations between elemental species of PMio-25 coarse particles.

Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn \% Cr Pb Cu Ni Co Mo Cd

Al 1.00

Fe 063 1.00

Ca 055 083 1.00

Na 054 038 056 1.00

K 067 062 071 090 1.00
Mg 067 063 077 09 09 1.00

S 027 019 025 038 052 038 1.00

Ti 068 08 073 055 073 072 026 1.00
Mn 064 08 072 050 078 068 049 084 1.00

Ba 048 072 092 052 065 071 029 058 063 1.00

Sr 065 066 081 08 09 09 040 076 076 0.76  1.00

Zn 031 061 044 002 028 018 009 037 063 047 033 1.00

v -019 005 009 006 006 003 016 014 015 -001 007 019 1.00

Cr 031 034 036 03 042 036 020 026 048 028 048 057 012 1.00

Pb 03 026 044 021 031 028 035 010 032 059 038 055 008 051 1.00

Cu 062 08 070 052 073 067 030 092 087 058 078 052 017 041 025 1.00

Ni 031 023 028 040 048 039 033 017 043 022 042 036 000 080 034 02 1.00

Co 042 026 022 031 041 033 028 022 042 018 033 028 -002 061 026 023 08 1.00
Mo 007 028 028 -008 007 002 031 017 034 042 017 048 035 025 057 028 0.02 000 1.00
Cd -003 031 014 -020 -0.07 -007 011 005 027 026 -005 060 020 019 036 004 003 004 055 1.00
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Table 15. Cross correlations between elemental species of PMs5 fine particles.

Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn \% Cr Pb Cu Ni Co Mo Cd

Al 1.00

Fe 007 1.00

Ca 015 075 1.00

Na 008 034 071 1.00

K -011 036 062 059 1.00
Mg 025 054 087 093 063 1.00

S 010 061 083 069 073 079 1.00

Ti 029 055 082 041 048 062 068 1.00
Mn 002 047 067 032 037 050 037 070 1.00

Ba 030 08 08 034 03 061 062 077 066 1.00

Sr 013 084 097 070 058 08 083 075 061 088 1.00

Zn 002 076 073 021 059 047 061 073 066 078 071 1.00

\Y% 001 -013 028 005 048 013 031 049 035 014 016 030 1.00

Cr -021 -008 007 012 009 008 -0.02 029 042 -004 003 024 016 1.00

Pb 005 066 075 024 060 047 070 070 058 078 075 078 055 -0.05 1.00

Cu 009 031 069 03 051 053 048 078 087 060 059 061 070 033 072 1.00

Ni -002 08 072 033 049 050 060 071 057 08 077 084 019 034 068 051 1.00

Co 005 055 066 038 028 050 052 071 064 068 065 059 015 027 055 061 065 1.00
Mo -002 020 026 001 040 011 026 042 059 032 021 049 045 026 035 052 044 033 1.00
Cd 004 012 026 022 028 025 022 039 051 022 022 025 027 024 010 044 029 018 072 1.00
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Table 16. Rotated Varimax factor analysis for ionic species in PMjg 25

coarse particles.

Species Factor 1 Factor 2 Factor 3
NH,' -0.04 0.32 0.92
Na" 0.99 0.02 0.01
K’ 0.63 0.49 0.27
nss-Ca*' 0.23 0.87 0.07
Mg* 0.98 0.12 -0.01
nss-SO4* 0.05 0.00 0.98
NOs3 -0.08 0.91 0.16
Cl’ 0.98 0.00 -0.06
Eigenvalue 3.35 1.94 1.90
Variance (%) 419 24.2 23.8
Cumulative (%) 419 66.1 89.9
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Table 17. Rotated Varimax factor analysis for ionic species in PMasjs

fine particles.

Species Factor 1 Factor 2 Factor 3
NH,4 0.88 -0.11 0.34
Na" 0.02 0.95 0.02
K’ 0.78 0.25 0.38
nss-Ca*’ 0.76 0.12 -0.06
Mg*' 0.30 0.88 -0.16
nss-SO;” 0.92 -0.03 0.07
NOs3 0.22 0.01 0.95
Cr -0.12 0.93 0.15
Eigenvalue 2.96 2.64 1.22
Variance (%) 37.0 33.1 15.3
Cumulative (%) 37.0 70.1 85.3
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Table 18. Rotated Varimax factor analysis for elemental species of

PMjg-25 coarse particles.

Species Factor 1 Factor 2 Factor 3
Al 0.71 0.27 -0.01
Fe 0.81 0.03 0.40
Ca 0.84 0.10 0.28
Na 0.77 0.34 -0.30
K 0.88 0.37 -0.08
Mg 0.91 0.27 -0.13
S 0.33 0.35 0.12
Ti 0.90 -0.02 0.13
Mn 0.79 0.28 0.37
Ba 0.75 0.09 0.39
Sr 0.91 0.31 0.01
Zn 0.27 0.30 0.77
\4 0.03 -0.02 0.37
Cr 0.22 0.80 0.29
Pb 0.20 0.43 0.57
Cu 0.85 0.09 0.24
Ni 0.17 0.93 0.01
Co 0.17 0.84 -0.01
Mo 0.11 0.02 0.81
Cd -0.06 0.03 0.81
Eigenvalue 7.97 3.22 3.19
Variance(%) 39.8 16.1 15.9
Cumulative(%) 39.8 55.9 71.9

_49_



Table 19. Rotated Varimax factor analysis for elemental species of

PMs5 fine particles.

Species Factor 1 Factor 2 Factor 3
Al 0.14 0.15 -0.15
Fe 0.91 0.23 -0.16
Ca 0.70 0.66 0.16
Na 0.11 0.93 0.02
K 0.22 0.68 0.39
Mg 0.38 0.89 0.06
S 0.49 0.75 0.12
Ti 0.67 0.38 0.44
Mn 0.59 0.18 0.62
Ba 0.93 0.26 0.06
Sr 0.75 0.63 0.05
Zn 0.83 0.16 0.33
\Y 0.02 0.21 0.73
Cr 0.05 -0.07 0.56
Pb 0.74 0.30 0.28
Cu 0.47 0.33 0.71
Ni 0.84 0.19 0.25
Co 0.70 0.22 0.24
Mo 0.29 -0.05 0.77
Cd 0.09 0.14 0.67
Eigenvalue 6.76 4.22 3.52
Variance(%) 33.8 21.1 176
Cumulative(%) 33.8 54.9 72.5
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Table 20. Mass concentrations of PMjg25 and PMs5 aerosols during Asian

dust (AD) event days.

Concentrations (ng/m®)

Particulate
PMiop-25/PMas5
Matter PMio-25 PM3s5 1 Z'O(P -
Ratio
1st AD(1/1) 1114 349 3.2
2nd AD(1/20) 61.7 22.7 2.7
3rd AD(5/26~29) 83.7 53.6 1.7
Mean AD 84.7 45.3 19
NEV 24.4 15.1 16

UNE: Non-Event

Table 21. AD/NE ratios of coarse (PMjo25 and fine (PM,5) particles

during Asian dust event days.

, AD/NE Ratio
Particulate
Matter 1st AD ond AD 3rd AD
PMyo o5 46 25 34
PM,- 2.3 15 36
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Jan 20 and May 26~29, 2014 at Gosan site.
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GAE Al 2 A AP o] A FEE Table 22, Figure 17~18¢]
et AA z2gdate oleAdEe NO; > Cl > nss-SOZ > Na™ >
nss-Ca®" > NH," > Mg? > K <o, A Aol -E nss-SO4 > NHy >
NO; > K" > Na" > Cl” > nss-Ca> > Mg o2 zgdaet mAdate %

gapel nHl@gde) AR o] RS W Ay EUdr1Ye nss-Ca’ &
Zo g Aol A gAbel wiEdde zhzb 228, 0.18 pg/m’, MAYAE 7+ 0.18,
0.06 ng/m’=z AL Alol Zid ket vl A AR oA Zh2E 770, 308 R FE7F =
A Z7keke Aow zAEAT 28 A$14 7199 nss-SO o FAF Al E
A xpe w2l A Zh2b 347, 14.16 pg/m*= vl @AAFD o] 1.00, 4.33 pug/m’dl

vl zkzt 35, 33 FE7F =okth NOs i A SAF Al Zoidabet mAl S

Elytth o] T AR A9HA 7Y EDEA wAGAte] Wol Rxd= Ao
deiA oy ZUPAME FrhEo] HmE = olfi= FAF Al nss-Ca”
of 3 FAbstEolv dAAbstEo] YAb FHol] FREHAY stenkES d oA
Ca(NOs)y, CaS0s8t e o HHzE ZUPAte] EXHIS 7FsAo] & Aoz
e oh(Rengarajan ar al, 2011; 4140} &, 2005). B3k NH, = AR Al 24

2

AAret wAYAAY vl E gLl ws) Zh7t 35, 32812 nss-SO4 ¢k NOy A&7}
sdaA mAYAAA wrh oAl W Srbehs AFe wiTh ® K
2 JAe} v ARG A A ZbzE 1.4, 348912 w A YA 7F ] # Ao v
5

Zpol 2 dEtlo] Q194 7Y edEde] JFS Bol e AL

w3 AL Al JA Ao e AL els B Ax 23 o dEA
nss-SO,%, NOs, NH,/ < A} Al Zulgdztel A AA A8 F 60.0%S YEFNY
I, A AYGA A E A AE F 941%E 2A s mAYgA A A O o
%=

AE BYrh T3 nss-Ca?' e Aol A 9.9% = H| AL vl 319 =

b9

S 2SS By, YA A E nss-Ca® o] SALe; nj@Ade] zHzk 0.6, 0.8%

>

2 & xolE HolA &UrtHFigure 19~20).

A AR Na, CIT 2AH= AL A 2t A zhzh 11.2, 15.8%, H &
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Jol Aol 247zt 225, 331%= H|AAY Hu} Ge AL By, uAdA ®

g FAL Aol 747 1.8, 0.9% = Bl Bl v 2A4S vE AT

Table 22. Concentrations and their ratios of ionic species in coarse (PM;ig-25)

and fine (PMy5) particles during Asian dust (AD) and non-event

(NE) days.
Concentrations (ug/m®) Ratio
Species Coarse Fine Coarse Fine
AD NE AD NE AD/NE AD/NE
NH,4 1.79 0.51 5.30 1.68 35 3.2
Na* 2.59 2.12 0.45 0.36 1.2 1.3
K’ 0.23 0.17 0.54 0.16 14 3.4
nss-Ca?’ 2.28 0.30 0.18 0.06 7.7 3.0
Mg* 0.50 0.28 0.07 0.05 1.8 14
nss-SO, 347 1.00 14.16 4.33 35 3.3
NO3z 8.59 191 3.55 0.73 45 4.9
Cl 3.67 3.11 0.21 0.18 1.2 1.2
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Figure 17.

Comparison of concentrations and their ratios of ilonic species

in coarse particles during Asian dust (AD) and non-event (NE)
days.
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Figure 18. Comparison of concentrations and their ratios of ionic species in

fine particles during Asian dust (AD) and non-event (NE) days.
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Figure 19. Composition ratios of ionic species in coarse particles during
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SGAE Al 2 A mAIGAe] AAGREE Bl Ao M= Zof o &Kol A
Ca>Al>S >Na>Fe>Mg >K>Ti>Zn > Mn > Pb > Ba > Ni >
Sr >V >Cr>Cu>Cd>Co>Mo 2% Ca A&ol 7" =2 558 H
Ak 2y mAPAlE S > Fe > Al > Na > Ca > K > Mg > Zn >
Pb>Ti>Mn >V >Ni >Ba>Cu>Sr>Cr>Cd>Mo>Co w2z

die]l Ca Aol nldl 588 =2 %5 YeR St (Table 23, Figure 21~
22).

AL Al B Fo YAaAEQ Al Fe, Ca, K¥ Ti, Mn, Ba, Sr 52 v
A HSEAE 7]3bell mls) i Afell A ZbZE 45, 9.7, 10.6, 6.6, 4.0, 84, 86,
580 F7bstth B w A RFol A= ZH2E 4.7, 6.3, 11.8, 4.5, 7.2, 4.5, 87, 8.749)

0 BEsh 718 A0® AU T3 Na ARe B4 A 2R

p

A YA A Zk2E 16, 1.790 S7Fekaiar, Mg B+ Z42F 47, 639 s%=7F 7t
= Aoz yeut 28y 1914 71 A&l S, Zn, Pb, Ni, Cd &2 =d
Yol A Bl FDell Bl zkzb 35, 9.0, 87, 2.0, 2.0W, WAIYANA = 22
4.1, 35, 47, 38, 12w FX=7l S7lete AEs EAth oW S¢F Ni A2 =
Aol wlal] vAdA Rl A=A F74eELaL, Zn, Ph, Cd &2 2ol YAt

ol

]

7ZF dh AREY =4S dAATe wre vas] 2 A, EY 1Y AR
(Al, Fe, Ca)ol Z=ul)atel ulAgatoll k7t 494, 295%= nldddeo] Hls] 1.8
v, 158 =2 o2 Yl dhde Q1914 Y ARE(S, Zn, Ph)2 =
A Aol A 175%, AR AANAE 476% % A7 7GRS mAgA A =

e 24 AAsm Yt AoE FAHAL AW F8 A9 /19 HREL

_59_



Table 23. Concentrations and their ratios of elemental species in coarse
(PMjp-25) and fine (PMs5) particles during Asian dust (AD)
and non-event (NE) days.

Concentration (ng/m?) Ratio
Species Coarse Fine Coarse Fine
AD NE AD NE AD/NE AD/NE
Al 2375.5 5275 5189 1109 4.5 4.7
Fe 2057.8 211.7 530.7 84.0 9.7 6.3
Ca 2460.0 232.1 389.1 33.0 10.6 11.8
Na 2356.2 1438.0 421.3 241.8 16 1.7
K 937.7 141.1 362.9 21.1 6.6 45
Mg 1140.6 245.2 272.8 43.0 4.7 6.3
S 2370.5 677.1 22572 551.8 3.5 4.1
Ti 69.5 174 189 2.6 4.0 7.2
Mn 36.1 4.3 17.8 3.9 8.4 45
Ba 17.2 2.0 5.6 0.6 8.6 8.7
Sr 13.1 2.3 3.8 0.4 5.8 8.7
Zn 44.3 49 43.2 12.3 9.0 3.5
\% 8.4 3.0 9.3 3.1 2.8 3.0
Cr 7.6 3.0 2.2 1.7 25 1.3
Pb 21.3 24 24.6 52 8.7 4.7
Cu 5.3 1.1 4.2 0.9 5.0 4.6
Ni 15.2 75 6.2 16 2.0 3.8
Co 0.9 0.3 0.3 0.1 3.4 5.1
Mo 0.7 0.2 0.5 0.2 3.2 2.5
Cd 1.0 0.5 0.8 0.7 2.0 1.2
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Figure 21. Comparison of concentrations and their ratios of elemental species
in coarse particles during Asian dust (AD) and non-event (NE)

days.
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2 Yehuth 3 AR A o] AR i 2P A A NO; > nss-SOF4 >
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Table 24. Concentrations and their ratios of ionic species in coarse (PMjgp-25)
and fine (PM,s) particles during haze (HZ) and non-event (NE)

days.
Concentrations (ng/m®) Ratio
Species Coarse Fine Coarse Fine
HZ NE HZ NE HZ/NE HZ/NE
NH4 1.25 0.51 5.86 1.68 2.4 3.5
Na' 1.58 2.12 0.30 0.36 0.7 0.8
K’ 0.20 0.17 0.45 0.16 1.2 2.8
nss-Ca”’ 0.80 0.30 0.11 0.06 2.7 19
Mg 0.25 0.28 0.07 0.05 0.9 1.3
nss-SO;”  2.63 1.00 12.45 4.33 2.6 2.9
NO;3 412 191 4.37 0.73 2.2 6.0
Cl 1.73 3.11 0.13 0.18 0.6 0.7
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Figure 25. Comparison of concentrations and their ratios of ionic species in

coarse particles during haze (HZ) and non-event (NE) days.
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Figure 26. Comparison of concentrations and their ratios of ionic species in

fine particles during haze (HZ) and non-event (NE) days.
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Table 25. Concentrations and their ratios of elemental species in coarse
(PMjp-25) and fine (PMs5) particles during haze (HZ) and non-event

(NE) days.
Concentration (ng/m®) Ratio
Species Coarse Fine Coarse Fine
HZ NE HZ NE HZ/NE HZ/NE
Al 760.2 527.5 53.8 110.9 14 0.5
Fe 660.1 211.7 94.5 84.0 3.1 1.1
Ca 695.2 232.1 484 33.0 3.0 1.5
Na 1313.0 1438.0 1334 241.8 0.9 0.6
K 352.7 141.1 112.1 21.1 2.5 14
Mg 354.9 245.2 36.5 43.0 14 0.8
S 2081.8 677.1 815.0 551.8 3.1 15
Ti 26.1 174 3.9 2.6 15 1.5
Mn 16.8 4.3 5.8 3.9 3.9 1.5
Ba 6.7 2.0 1.7 0.6 3.4 2.7
Sr 49 2.3 0.7 0.4 2.1 1.7
Zn 35.8 4.9 20.4 12.3 7.2 1.7
\% 44 3.0 3.4 3.1 15 1.1
Cr 11.7 3.0 1.1 1.7 3.9 0.7
Pb 214 2.4 12.7 5.2 8.7 24
Cu 3.8 1.1 1.7 0.9 3.5 19
Ni 10.3 7.5 1.7 16 14 1.1
Co 0.5 0.3 0.1 0.1 2.0 1.1
Mo 0.6 0.2 0.2 0.2 2.8 1.1
Cd 0.8 0.5 0.4 0.7 16 0.7
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Figure 31. Composition ratios of elemental species in coarse particles during

haze (upper) and non-event (lower) days.
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Table 26. Concentrations and their ratios of ionic species in coarse (PMjgp-25)

and fine (PMss) particles during mist (MT) and non-event (NE)

days.
Concentrations (ug/m®) Ratio
Species Coarse Fine Coarse Fine
MT NE MT NE MT/NE MT/NE
NH," 0.50 0.51 3.89 1.68 1.0 2.3
Na' 1.13 2.12 0.27 0.36 0.5 0.8
K" 0.14 0.17 0.20 0.16 0.8 1.2
nss-Ca” 0.36 0.30 0.07 0.06 1.2 1.3
Mg?' 0.19 0.28 0.04 0.05 0.7 0.8
nss-S0& 0.76 1.00 10.23 4.33 0.8 24
NOs~ 2.18 1.91 1.29 0.73 1.1 1.8
Cl 1.19 3.11 0.09 0.18 04 05
8 3
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Figure 34. Comparison of concentrations and their ratios of ionic species in

coarse particles during mist (MT) and non-event (NE) days.
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Table 27. Concentrations and their ratios of elemental species In coarse
(PMp-25) and fine (PMs,s) particles during mist (MT) and
non-event (NE) days.

Concentration (ng/m®) Ratio
Species Coarse Fine Coarse Fine
MT NE MT NE MT/NE MT/NE
Al 420.1 527.5 51.1 110.9 0.8 0.5
Fe 206.4 211.7 67.4 84.0 1.0 0.8
Ca 204.9 232.1 33.8 33.0 0.9 1.0
Na 10177 1438.0 196.7 241.8 0.7 0.8
K 129.4 141.1 83.5 81.1 0.9 1.0
Mg 187.8 245.2 42.1 43.0 0.8 1.0
S 1679.8 677.1 789.2 901.8 2.5 14
Ti 11.0 17.4 3.3 2.6 0.6 1.3
Mn 5.7 4.3 4.8 3.9 1.3 1.2
Ba 19 2.0 0.8 0.6 1.0 1.3
Sr 1.8 2.3 0.4 0.4 0.8 1.0
Zn 184 4.9 22.7 12.3 3.7 1.8
\Y% 7.3 3.0 6.8 3.1 2.4 2.2
Cr 53 3.0 5.4 1.7 1.7 3.2
Pb 6.2 2.4 7.7 5.2 2.5 15
Cu 1.3 1.1 14 0.9 1.2 16
Ni 4.0 75 4.0 16 0.5 24
Co 0.2 0.3 0.1 0.1 0.7 19
Mo 0.3 0.2 0.3 0.2 1.2 16
Cd 0.4 0.5 0.7 0.7 0.8 1.0
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Figure 38. Comparison of concentrations and their ratios of elemental
species in coarse particles during mist (MT) and non-event
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Figure 40. Composition ratios of elemental species in coarse particles during
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Table 28. Seawater enrichment factors for ionic species of PMjg-25 (upper)

and PMs5 fine particles (lower).

(Cx/ CNa+ ) Acrosol/ ( CX/ CNa+ )Scawatcr

. Asian Dust Haze Mist Non-event
K’ 2.5 3.7 4.1 2.3
Ca®* 25.3 14.9 12.7 5.6
Mg* 1.8 1.2 15 1.1
SO 5.8 10.4 4.7 3.4
Cl 0.8 0.5 0.5 0.7
(Cy/Cra+) Acrosol/ (Cx/Cnar)seawater

X

Asian Dust Haze Mist Non-event
K’ 274 46.8 17.8 164
Ca* 10.0 11.3 8.1 6.8
Mg* 1.2 15 1.2 15
SO& 110.9 155.3 190.6 715
Cr 0.3 0.4 0.2 0.3
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Table 29. Crustal enrichment factors for elemental species of PMip-25

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

h Asian Dust Haze Mist Non-event
Fe 1.9 2.5 2.9 14
Ca 2.6 2.6 3.8 2.0
Na 3.7 7.3 46.9 144
K 1.1 14 3.0 1.1
Mg 3.2 3.5 15.0 4.8
Ti 3.2 3.3 7.9 5.2
Mn 2.0 3.3 4.2 15
Zn 18.8 95.2 215.9 199
\Y 5.9 14.1 133.3 27.0
Pb 49.0 161.0 235.1 39.8
Cu 7.2 20.9 33.5 11.0
Ni 31.5 1129 132.3 58.9
Co 3.9 11.3 12,6 6.0
Cd 0.4 1.7 4.9 16
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Table 30. Crustal enrichment factors for elemental species of PMs5 fine

particles.
. (C/Can aerosol/ (Cx/Calcrust
Asian Dust Haze Mist Non-event
Fe 3.3 5.6 3.8 44
Ca 2.2 2.5 51 2.5
Na 6.1 11.0 454 22.6
K 5.4 7.7 4.7 5.7
Mg 4.0 6.1 14.3 7.4
Ti 4.6 8.3 8.1 79
Mn 11.0 17.5 155 12.6
Zn 291.7 509.4 1040.4 375.5
\Y% 46.9 110.4 435.6 147.7
Pb 7272 1571.3 866.3 726.6
Cu 71.4 117.5 1289 77.0
Ni 90.6 167.0 596.9 240.5
Co 8.8 15.2 42.1 18.7
Cd 4.5 7.6 194 16.2
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