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ABSTRACT

The collection of atmospheric PM;y and PMss aerosols was made at Gosan
site of Jeju Island, which is one of the background sites of korea, in 2017. Their
ionic and elemental species were analyzed, in order to examine the chemical
composition and emission characteristics in accordance with the various
meteorological phenomena. The mass concentrations of PMj;y and PMss were
21.0+9.2 and 11.9+6.6 pg/m® respectively during non-event days.

Concentrations of the secondary pollutants such as nss-SO,%, NOs, and NH4
were 3.38, 2.36, 1.61 pg/m® for PMy, and 3.27, 094, 142 pg/m® for PMsys,
respectively. The compositions ratios of anthropogenic (S, Zn, Pb, Ni), Soli (Al,
Fe, Ca) and marine (Na, Mg) sources occupied 59.3%, 15.296, 19.8% and 63%,
15.4%, 10.8% in PMsy5, respectively.

Based on the study of particle size distribution, the concentration ratios of
PMs5/PM; for nss-SO,> and NH,  were 1.0, 0.9, respectively, indicating that
those species were existed mainly in PMss aerosols. On the other hand, NOs,
Na’, ClI' and nss-Ca*" were rich in PM;y aerosols.

From the study of source origins by the principal component analysis, the
PM;, aerosols were originated from marine sources, followed by anthropogenic
and soil sources. The compositions of PMsys aerosols were influenced mainly by
marine sources, next by anthropogenic and soil sources.

During the Asian dust periods, the concentrations of nss-Ca> and NOj3
increased highly as 13.7 and 1.7 times in PM;, 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 days, the concentrations of the secondary air pollutants were increased
2.3~3.7 and 35~3.9 times in PMjy and PMs5, respectively. Concentrations of the
anthropogenic species such as S, Zn, Pb showed a noticeable increase during the

Haze periods.



The neutralization factors by ammonia were 0.78, 0.21, 0.84, 0.84, respectively,
for non-events, Asian dust, haze and mist days in PM;y, besides they were 0.92,
047, 095, 098, respectively, in PMsys. Meanwhile, those by calcium carbonate
were 0.10, 0.67, 0.04, 0.08 in PM;o, and 0.02, 0.22, 0.01, 0.04 in PMss, respectively.
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2]¥ 0.8 mL/min <5, 100 pL =953, 7.5 mM Na,CO; €2 <, 200 mM H,SOq
Suppressor &4 9] o7 BAS T F8 &0]2(Cl, NO*, SO =714

=S4 1A ZF=E (AldrichAF 99.99% KoSOs, 99.9% KNOs, 99.999% NaCl)=

2 olgste] 44T WALl e P f/4 EEAAIAES BFE S0 BE
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s
IC 4 Al 71714 % ¢4 (Instrumental Detection Limit)= %@ 44 2
AHEE HAawE &S 73 whE EAMT F ZEAAE ehal, o7
Student-t (98% AlZ <, 3.143) #*5 watel ALtk IC 4 AM s 717
=4 Al 73] wrEE dlolg el xFHASL WEAS(CV, coefficient of
TR IC 249 V7S @ADL ¢k |

HE3SHA
variation)S AlAksle] 3kel

AT (CV)E Table 13 Zth

S -, -
= (standard deviation) S = | =1

S 100 %
X

W = A 5= (coefficient of variation) CV =

IDL = S x 3.14 (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” Mg?* S04
IDL(pg/L) 54~96 31~187 73~179 24~179 38~119 15~48
CV(%) 04~21 08~49 08~55 02~56 08~28 01~15
Species NOs Ccl F HCOO CH3;COO  CH3S05
IDL(pg/L) 12~81 12~37 03~10 10~14 12~32 05~10
CV(%) 01~25 02~08 07~22 21~34 20~79 15~27




42
T84 ol2AE AL A& Fhol FE+E pH meterg ol&3te] 4
3ttt pH meter= 4.107 6.97 ¢+% -8 < (ORIONA} low ionic strength buffer)<

AHgstel mAsga, pH 54 A Asge 2Rk dig 507k HEs 295

251 A5 A
ol A wto gz Adgt PMy ZEISF PMys BH = vlola=a} AR o A
g3 & JAAAES S Y. dAHE #AHL US EPAS Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air (Method
10-3)" WHo] wel wmle]a=zs A4k ARES £539t (Mainey and William,
1999). Al2EHE ZA A2 F HZE(PFA, polyfluoroalkoxy) &7]o] Y¥ir o7
o 555% HNOsy/ 16.75% HCl &4t 10 mLE 713 & vlol|a2uE FAbste] ¢
A2AES SE2A Y. vfo]Z 2 9+= 1000 W RF powerE ZAMste] 225 168 &
oF 180C=E A5Al7]1a o] &&oA 153 F XAl & A3 WJzhatsn. wlol
gl FAl7] "E(Whatman, PVDF syringe filter, 0.45 um)

2 BEH YAE AL F, 2252 sbetel §3FA 20 mLt HES 343

2
o) 2 RS [CP-OES®Z T ICP-MSE AHg3}e] Al Fe, Ca, Na, K, Mg, S,
Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A && #4353t} ICP-OES

BEAA F2d1ATHA AL F589S AccuStandardAhe] ICP-& 1000 pg/mL

|45 108} #3] 100 pg/mL €3 AFE&AE = F o= 001 ~ 10.0 ng/mL
Mool golor sastel At o] W NG vhE L~ (matrix) E3}E
Aastatr] As) AR AAE BelA ob&e T &9 3% HNOyS% HCIE
A5

ICP-MS 44 #7454 AAE 25892 Perkin ElmerAte] 10 pg/mL



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
Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) &4
FAMo R &3 F 1~500 ng/L M2 A8l AHEstS]

ol gk WH o R 20F 9 UAHES ICP-OES9 ICP-MS& #4]g 7|71 2217
717171 & @Al = Table 2,37 2T,

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 = 140 Kw

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 (CETAC Tech., U-5000AT)
Detector: Segmented—array Charge—-Coupled device Detector

Wavelength Detection Limit Wavelength Detection Limit
Element Element
(nm) (ng/L) (nm) (ng/L)
Al 396.157 ~0.766 Fe 259.939 ~0.486
Ca 396.846 ~0.581 Na 589.611 ~0.485
K 766.490 ~0.890 Mg 279.557 ~0.269
S 181.971 ~6.286
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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 = 1.50 kW
Gas Flow rate: Carrier gas = 0.9 ~ 1.05 L/min,
Auxiliary gas = Ar 1.2 L/min,
Coolant gas = 15.0 L/min
DRC parameters: NH;j 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 ~69.1 Mn 55 ~47.1

Ba 138 ~15.7 Sr 88 ~6.3

Zn 64 ~69.1 \Y% 51 ~37.7

Cr 52 ~62.9 Pb 208 ~12.6

Cu 63 ~56.6 Ni 58 ~31.4

Co 59 ~15.7 Mo 98 ~18.9

Cd 114 ~22.0
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L mARA A s

PMyy Pl AR 9} PMys 2PAEAE 58S B3 #H9 Ao HFsto A7
e FH AF7A Ld#z YsAdS PMpEt PMys7t & Aoz Yehva ¢

o WE 5 AAFANE PMypE t7l@7 JlEem Adstel Bsta itk 5
Zubeh GA) DINERHE PMyE t7187 7130 23sh9a, 24403 Bt 50

ng/m®, AT 25 png/m’Y 71ES AAeArHEEE 5, 2015).
AAH= H 20189 39 27 =7] 25 um ©]5k Fv| A AR (PM,;) 74 7]+

& vSs Qe FAsA APE 35 ng/m3 9 QR 15 pg/m’ 2 pohe 7

ool tol M= 20179 19 39EEH 201793 129 319 A AlFE 14EA] ol A
AH 3 PMipZt PMosE AFASIe] AFses SAHIGY Adens drled &
AA g et vAEAE dEol 2 2H Ao FA Aolgt TV

FE otge] Ag AEste wAHAY AFErrE ALdSATHEAE F,
2001). 77172l PMyo#t PMys 2 #Fsxs Zh2F 230 + 14.0 pg/m* (n=91)¢} 135

+ 85 pg/m’ (n=90)°] A1, 2012356 2013 =<t Febalk 1100 A ol A =4 3
PMyy 25.0 ug/m?, PMys 13.0 pg/m* ®t} 27+ 1
&, 2017).0lx= =ul di718E 7lEX B ske Aot aela 5 ¢ EF A
w2 Ay, 2AAHe] PMe# PMys 4 &

ek AA7IF T ALY, A5, 4R F5AdE mm ol )S AL vdAA
gute] AEZEE= PMy 21.0 + 92 pg/m® (n=67), PMsys 119 + 6.6 pg/m® (n=67)

o
30
o
T
=
1
ot
off
m

= PMjp9 56.7%E =Astsit}. (Figure 1, Table 4)
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W, —W.
Mass Concentration = %X 10° (ug/m?®)

Mass Concentration @ "4 942} A& %% (ng/m)

Wi 23 F " FAR)
Wi XA A BEe 2A)
Voo EY ) A% m)

Table 4. Mass concentrations of PM;y, and PMss fine particles at

Gosan Site during non-event days.

Mean SD Median Max Min
PM;y (n=67) 21.0 9.2 19.2 524 8.7
PM;5 (n=67) 119 6.6 10.8 32.1 0.8

,13,



Table 5. Comparison of average mass concentrations of PM;y and PMss aerosols

at Gosan and other site

Concentration
) Sampling (ug/m?) PM,5/PM;

Site Country d Rati

ime atio

PM; PM25

Gosan Korea 2017 23.0 135 0.59
Yeondong® Korea 2013~2016 32.2 20.0 0.62
Mt. Halla-1100” Korea 2012~2013 25.0 13.7 0.56
Tuoji Island® China 2014 94.4 62.0 0.66
Dongsi? China 2014~2015 125.0 83.2 0.67
Dingling® China 2014~2015 85.5 67.6 0.79

@ Ty et al (2018), ” Hyeon et al (2014), © Zhnag et al. (2016), ¥ Guo et al (2017)

60

O PM;;, B PM,;

40 ~

20 4

Concentration (pg/m?)

PMID PM?,S

Figure 1. Variations of PMjy and PM-s5 mass concentrations at Gosan site

during the study.
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Figure 2. Correlations of X[Cationle, versus X[Anionle, for the analytical

data of PM;o aerosols at Gosan site.
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400
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Figure 3. Correlations of >[Cationle, versus X[Anionle, for the analytical

data of PMsy5 aerosols at Gosan site.
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AR A 24
3.1 PM,p =4
311 PMy o2& &= % =4

AFE A Ge A 20173 1€ 3UFEH 20173 12€ 314744 AHA S F 91
o] PMyy A& & 90718 PMys A=l sl &4 oS EAstth 1e
i AL A E 293 mm o)hHdE AL AREENS AEste] PM;, (Dp
< 10 tm)Y] ol AR L2 2Ael9 I, 1 Z3E Table 6% Figure 4] YER
ATk 71l A nss-SO7 ¢ nss—Ca” = B8l (non-sea salt) F=%=, ‘[nss—SO4 ]
=[SO/ - [Na'l x 0.251'¢] 23} ‘[nss-Ca”] = [Ca®] - [Na'] x 0.04'¢] 2o ¢
& AAFsFA T (Ho et al, 2003; Savoie et al, 1987).

PMpo] o] &4 %8 nss-SO,4 > NO3 > NH,' > CI' > Na' > K' > nss—Ca*
> Mg® > CH;COO > HCOO > CH3SO; > F <02 & 522 Bt o
= 9997 719 A< nss-SO4 NOs, NH,' o] z+zF 341, 201, 1.54 pg/m’® =2
FE2Z Yehi At (Table 6). olWl nss-SO& w2 SO~ AA9 Fxo 927%

AA S Ao gl HAar, ol SOL Aol dlde FFgnThE oA F4Y

il

S0 glste] OH @]z} Wrgste] HS07 AH7IE 8, S04 SO =

o] Wk Fatel qhel whgrTE SO0 v Ahsk vkeS FE © ®el ol F
ofXtkaL b (el 5, 2018; iSOk 5, 2003; FH Y F, 2008). EF NH, 4
T2 g7l T gdRYole oF 90%E= U7l T 3AHH.SO0.), EAHHNO3), A4t

(HCD ¥ Hbg3ste] dEu(NH,) dodzE= Ay, &R 5 (NHHSO), 2
AR w5 (NHUNO3), A3t Ra(NHCD &9 23 th7led =4 AT of 10%
A%+ OH #@HuzZ = dA3tglti(Adams, P. J et al, 2001, Warmeck, P, 198%).

I g Cl, Na' Aol z42F 115, 1.05 pg/m’2 =2 522 yelyt o2
T AR RV A UbEe olfr= SAHATE s 288 AdolA A JAHe



B 719 AEQ nss-Ca”S 0.14 pg/m® K& 014 pg/m’e=z ot RS9
vl Hlag e £x5 Ul nss-Ca®, K& AdFEe Fo FA4YL0
K

Dol AA BAES 10% B EqFolA fHE o

ZAs 2 A, 2914 719 AR (nss-SO4”, NOy,
Ao Byt o1 ggoem g 7Y AENa, C)
o] 225%, E% 71 i (nss-Ca’) 1.4%9] =A< A sttt ol#fst Ax= B

NH;)ol 714%= 7} =&

o AAbAH 9 PMy =42 AH 719 d&Fe M Bol i, o r 9

719, EF VY sow 249 4FS ol

e

= Ao HH(Figure 5).
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Table 6. Concentrations of ionic species in PM;y, Aerosols.

Concentrations (ug/m?)

Species

Mean SD Median Max Min
NH, 1.54 1.10 1.13 5.59 0.18
Na" 1.05 0.78 0.88 4.32 0.02
K" 0.14 0.10 0.11 0.55 0.04
nss-Ca*' 0.14 0.17 0.07 0.88 0.00
Mg? 0.14 0.11 0.11 0.54 0.00
nss-SO4~ 3.41 2.12 2.61 9.08 0.28
NOs 2.01 2.32 1.25 11.73 0.24
Cl 1.15 1.26 0.61 7.19 0.02
F 0.005 0.004 0.00, 0.02 0.0003
HCOO 0.04 0.05 0.02 0.27 0.00;
CH3COO 0.10 0.08 0.08 0.35 0.01
CH3S03 0.03 0.03 0.02 0.19 0.00,

BDL: Below Detection Limit
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Coneentration (pg/m?®)
'
L
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NH, Na K- nes-Ca™ Mg™ ns8-830, NOs Cr
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E}
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E
g
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01 4
HCOO

i CH,COO CH.30,

Figure 4. Comparison of ionic concentrations in PMjy aerosols.

Others
1.7%

s-Ca’+
14%
------- = Mg
nss-S0,* 1 f.j/
35.0% e

Others : F 0.0,%, HCOO 0.4%,
CHsCOO™ 1.0%, CH3S03™ 0.3%
Figure 5. Composition ratio of ionic species in PM;q aerosols.
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T8 A9A 719 RS, Zn, Pb, Ni)e] 59.3%, 19719 A& (Na, Mg)o]
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rlo

198%, E¥71d AR(Al Fe, Ca)ol 152%° xA4<& Hol o5 Aol A<
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Table 7. Concentrations of elemental species in PM;o Aerosols.

Concentrations (ng/m®)

Species

Mean SD Median Max Min
Al 290.3 252.7 215.7 1247.3 32.2
Fe 217.6 176.4 144.5 715.6 56.1
Ca 196.1 186.6 152.3 1016.0 79
Na 760.9 602.9 543.6 2785.9 475
K 223.5 239.6 132.5 921.2 42.2
Mg 154.6 99.6 136.6 362.4 15.8
S 2712.2 4972.8 988.8 20098.6 482.4
Ti 11.3 17.8 7.3 111.0 1.2
Mn 75 5.7 5.3 26.5 1.8
Ba 45 3.0 4.2 14.2 0.1
Sr 1.9 1.8 14 8.9 0.1
Zn 16.3 10.1 14.1 4.9 5.2
\Y% 5.9 13.7 5.3 14.7 0.3
Cr 3.4 4.2 1.8 20.6 0.0
Pb 6.3 4.3 5.3 22.6 1.6
Ni 4.9 5.8 3.1 34.7 0.7
Co 0.1 0.1 0.1 0.4 0.002
Mo 0.3 0.2 0.2 0.9 0.05
Cd 0.5 0.4 0.4 2.0 0.1
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Figure 6. Comparison of elemental concentrations in PM;y aerosols.
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Figure 7. Composition ratio of elemental species in PM;jy aerosols.
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3.2 PMys %A

321 PMys o] 2AE 5% 2 =4

PMyst A5, 8%, s, 27 5 48 didM 47 WEHE 14

N
&)
2
[-*E
oo
g3
lo

A} (primary areosol)} W7] = 3 A== 22 Y AH(secondary ae-
roso)® TAHEGH(AHL 5, 2015; Aldabe et al, 2011; Pandolfi et al, 2011;
Myles et al, 2010, 2009). PMy52] 22} o] &A% (S0,%, NOy, NH, S F83 T4

AEEolH, PM A9 3H~60%5 AAoh(r3 5, 2018).

%
g A HE Z5o] dAEdtsE v/l A 9SS sk Ao XAl FIE F= A
2 By QoA AE 5, 2016; Dockery et al, 2007).
HoAFo = ARG A 20173@ 19 39 EE 20173 129 31¥97+A PMas Al

Table 8%} Figure 8¢ Blxl 3}HTH ZAIoA H o] PMys PIAYAS] o] 24 &
FEE nss-SO4 > NH, > NO; > Na' > CI' > K > Mg* > CH;COO >
CH3SO; > nss-Ca®” > HCOO > F £o=z =/ yebwth A3 7199
nss-SO,%, NHy, NOsy & Z7zb 327, 142, 094 pg/m’z % FEE B
nss-SOs” &= @Al SOF T 97.9%<] H&S Holw sl AR Fgo] mud
Aoz FlH At T3 nss-SOL = PMyy HU PMpsdAbell Al 2FA] 8= B] &)

PM,58] 7%, Z=AA oA 2] NO; &= nss—-SO7 o H&| 7]o]&o] Ajrozn =
& A4S Helth ol NOs #Ao] olux] ALgZa #aHAo] A, 53] o]
Aol gio] A7) wEolth APATES v =AAGQ e, =, o)A, A
atolol A PMys WA AFe] nss-SOL /NOs ¢ 7} zhzF 1.37, 162, 148, 1.669] %
S YehitH (-2 3, 2008; A3 5, 2008; Wang et al, 2005,2006). o] 28 EA] A
Fo A nss-SO/NO3 9 HI7F Ghe& o] ffi= XA o2 253 wr|7k~Es £33

AR A4aARBE T wiEE AAaAsE] FeTE E7] wdel 3shA wE



HAS 3 BAE NOs o T7F izeolvh(Fsl 5, 2018). ¥ AgolA kA4

o) nss-SOZ/NOy W= PMys A Aol A 347052 Hal A AapSo] ns) =
o e uAT oAy LAAANA nss-SOL /N0y FEHIZF AHdow o %
& e UEHiE A AER 5ol @ A" 09 WE dFo] e mAX

(o,

A 719 AFEQA Na', Cle ¥== 77 026, 0.22 ng/m’s BYa, B9k 7
AEel nss-Ca” e 0.03 pg/m’Y %5 et PMysolAE PMo@ 2

% NG 7199 FE ANH 7199 JRES v DA o % FEE Ho|

f

rr

T3 PMys A4S Fels) Ay 9% 7192 nss-SO,°, NHy', NO3 o =%
74%, B 719 AEQ nss-Ca”' S 04%9 =4S ey ol s A=

PMys wlAIdA A = 914 719 AEEe Aol =4 vetdiy, slda BV

A QEEY 2L Fddez v 248 YERYITH
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Table 8. Concentrations of ionic species in PMs5 Aerosols.

Concentrations (ug/m?)

Species

Mean SD Median Max Min
NH," 1.42 1.13 1.08 5.20 0.15
Na" 0.26 0.28 0.16 1.84 0.01
K" 0.09 0.09 0.06 0.52 0.00
nss-Ca*' 0.03 0.02 0.02 0.13 0.00
Mg*' 0.04 0.05 0.01 0.22 0.00
nss-SO4~ 3.27 2.48 2.58 11.41 0.37
NOs 0.94 1.42 0.45 8.34 0.04
Cl 0.22 0.44 0.07 2.84 0.00,
F 0.00, 0.00, 0.00; 0.01 0.0001
HCOO 0.02 0.03 0.01 0.20 0.0001
CH3COO 0.03 0.04 0.01 0.22 0.0004
CH3S03 0.03 0.03 0.02 0.18 0.0001

BDL: Below Detection Limit
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Figure 8. Comparison of ionic concentrations in PMss aerosols.

Others : F 0.03%, HCOO 0.3%,
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Figure 9. Composition ratio of ionic species in PMs5 aerosols.
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322 PMys 9A2AE 5 2 24

o AFolA PMys HAIRAY] YRS 48 AlEE 2017d 1€ 395H
2017 12€ 3197HA F 4470E AAGAT 22 o] T FAL AN ¥WEE A S
3 v A AU (n=28)2] v%= Table 99 Figure 10 =3} t}.

AT713kel olF wAdAe] AR Bt F== S > K > Na > Ca > Fe >
Al > Mg >7n >Pb >V >Mn >Ti >Ni >Cr >Ba>Cd> Sr > Mo >
Co w22 =4 ZAENT. olF dAAEE T A94 71k S ¥%7F 9452
ng/m’e® 7} =& FEE YEY, 1 ggoR EY pAARIEA AAA
Z+(Biomass burning) %3 & 2197 2l fYHE K 1391 ng/m’E =S
FTEE YA, A9 7199 Na A¥9 $%7F 1329 ng/m’S JEAe. £33 E
F 7199 Ca, Fe, Alo] Z+7 965, 93.6, 51.7 ng/m*e] %22 ®Hon, EJz 3
Feol A 719E UEhdl= Mg 369 ng/m’2 ZAMEQIT F2 AR, Eolof wt
25 Asatel o3 eddoew 4#A ZnE 346 ng/mPoZ uEbwth aela o
Hx v Fa45 AEE S V, Mn, Ti, Ni, Cr, Ba, Cd, Sr, Mo, Co &< 6.3, 5.9,
3.0, 29, 2.8, 25, 0.8, 06, 04, 0.1 ng/m’2 %9 vz AEREHTE R e e
= YeEhddh

¢

3% A4 WFe BUd eddonyy wANE o el itk Ph,
Cu, Cd, Zn, V, Mn, Cr 5& 13 B4 Qashs g2 t7] Sl 22 7h2ut 3
WY FOIEEE Sol $5AAL AR sha FoM gAgoR wasHel YyHnt

(F3& 5, 2005 Allen et al, 2001). Zn®] 735 Zt& AATAANA ol &¥ i il

43 Eholo] vk Wl ohvel 9a 5 vhE selE A AFstel 37, B EY

el oA A 28 BaS0,9 3§Ee g Hyola
A tHPey et. al, 2010; Khan et. al, 2010; Bem et al, 2003; Garg et al, 2000). Cr

o Agole =v B dw AHE Ax, 2 A4 sol 2, Cde b4, 94,
T ¥ nNbSete] AstEw, dUtEH, FEATIEE o2 EAEH, Y] Sl
= T2 AR Astes dEHE 23dEn 2o v gi7] $9 Cd 5k
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15%+ UA-Jt=HFHAA =2

°F 15%% PVC eFg3tz, o 8%t wdlst &7 59 e, 7l Aot
AzpA A A E AR A 5, 2000 Jaakko, 1991). BFO R sl He A
B Cde dAelA F47F dojua o 30~50% AE7h delo] gaAT) A Cdr}
AA] FAHH AU FH5Yo] ofF Fke] FagolHets F7|7te] AH -
ZuW AN FE LS AFAR ALH 5 AAT 9FL WS 5 AHA Y

1999).

kR

g A G A PMys MIAIAAS] AaEES] AL U914 71U(S, Zn,
Pb, Ni) Ao 63%= 714 =& 2AS X399y, 1 oz B 71 (Al
Fe, Ca) A0l 154%, a1 719 (Na, Mg) AHo] 108%2 AL ngon ot
AIEEo]l A 89.7%E A8 th(Figure 11).
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Table 9. Concentrations of elemental species in PMs5 Aerosols.

Concentrations (ng/m®)

Species

Mean SD Median Max Min
Al ol.7 47.8 37.2 221.0 109
Fe 93.6 52.3 82.6 226.9 17.6
Ca 96.5 1415 46.9 575.1 1.1
Na 132.9 94.2 92.3 347.6 2.6
K 139.1 91.8 109.6 337.1 14.4
Mg 36.9 28.8 30.6 143.4 49
S 945.2 636.8 856.2 3319.5 97.7
Ti 3.0 2.1 2.8 7.8 0.4
Mn 5.9 4.2 4.5 15.2 0.4
Ba 2.5 3.9 1.1 18.3 0.3
Sr 0.6 1.0 0.3 5.7 0.1
Zn 34.6 33.8 25.3 167.3 3.1
\Y 6.3 4.7 5.4 20.5 0.5
Cr 2.8 3.8 15 16.4 0.0z
Pb 10.0 79 7.0 29.0 1.7
Ni 2.9 2.0 2.2 8.8 0.3
Co 0.1 0.1 0.1 0.2 0.01
Mo 0.4 0.3 0.2 1.2 0.005
Cd 0.8 0.7 0.6 3.5 0.2
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Figure 10. Comparison of elemental concentrations in PMss aerosols.
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Figure 11. Composition ratio of elemental species in PMss aerosols.
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3.3 PMjy 3 PMys =4 HlxL

PMyo VI AA SF PMos 20 AW Beld 545 shetd 540 Hz e 4
oF JenH, MEY 54 =3 g 4

A a5 ol AAM o wEE B Ao W ¥iEHo Y
e PMes m A Aol A v

=
14 og% o] sohurgoel ols) A3t 23} o@RAEe] YRE o[£ Urh(e]

AF7IZE Fet 248 PMpdt PMysel 24 EAS dolr 7] 98 S84 oL%
=& Table 103 Figure 12¢] ®lastivh. Adpel A 1912 Ql 71 A<l NHy %
nss—SO~ & PMod Aol Al 2+2F 154, 341 pg/m® PMasQd &Fell Al zHzb 142, 327 1
g/m’e] FEE HJth o] ul FAE PMys/PMyy FE=H7F ZH7F 09, 1.002 &
AEEsed vl PMysoll F2 st 5SS Holv Aoz AT Wi
NO; 9] PMys/PMyy FEH+= 0522 NHy ¥ nss-SO& ol vl&] Ald oz PM¥d
Zke} PMos Y Aol a2 A st 43S HIth

T3 B PRl HA AAAZE T A9A T VdE SAld YERE
K'& PMys/PMyy &%H]7F 0.622 PMysoll #X3H=E Ao yepych v B¢

7190 A<l nss—Ca”9 FEHIE 0202 EYIAELS A94 719 AREY o

ne)

2 AA o2 PMpel E¥&+ Aoz 2AHI

Na', CI'e} 22 a7 Ao vEHl+ 02028 EY79427 2o 21
AAfel] F2 EEdes Ao

A PMp? PMas At 84 ol29 ststxA < Figure 130 Hlals}kad
agel Axkel ko]l NHY', nss-SO2 ¢ A4S PMy YAkl 2+2+ 158, 39.0% ol
AL, PMys QA M= ZH2E 225, 51.7% 2 PMaos Akl A 2z 1.4uH, 1541 &
Aow zAEAT 28t NOy S PMpdt PMys QAo z4de] zkzb 206,
149% 2 NH; ¥ nss-SO/~ A 23 24 PMpdAelAd o =& A4S Bt 2
21 Na', Cl, nss—Ca? A% PMpd Aol Al 107, 11.8, 1.4% = PMysd Akell 1] &)
Z¥zy 27, 35, 35 F& 2AHE JERUATE oA mAlWA e Fa o]2ARE
% NH,, nss-SO/ AES F2 PMysold =2 A4S ®ol: Wi Na', CI,

u9

nss-Ca®’ & AtA oz PMpol =2 A4S Bol Az Adtd F3S B

o
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Table 10. Concentrations of ionic species and their ratios in PM;y and PMs5 aerosols.

Concentrations (ng/m?) PM, 5/PM,0
Species
PM,, PM,: Ratio

NH,4 1.54 1.42 0.9
Na® 1.05 0.26 0.2
K" 0.14 0.09 0.6
nss—Ca®’ 0.14 0.03 0.2
Mg 0.14 0.04 0.3
nss-SOs~ 3.41 3.27 1.0
NO; 2.01 0.94 0.5
Cl 1.15 0.22 0.2
F 0.005 0.00, 0.5
HCOO™ 0.04 0.02 0.4
CH3COO 0.10 0.03 0.3
CH3S0s3 0.03 0.03 1.0
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Figure 12. Comparison of concentrations and ratios of ionic species in PMjg

and PM,5 aerosols.
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Figure 13. Composition ratios of ionic species in PMjy and PMs5 aerosols.
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DA EY] PMio PMys YxtellA el x5 A2 vlwslgal, Tablell, Figure
14l e ST

Al Fe, Ca, Na, K, Mg AEE59 222 B PMy, d=tellA z+z} 290.3, 217.6,
196.1, 760.9, 2235, 1546 ng/m*? FEE Rt WhdHo] PMys At e o] &9
HEES Fx7b Zh2F 517, 936, 965, 1329, 139.1, 6.9 ng/m*%E PM,, 4=t7F 2tz
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q P
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152%¢] A4S B3tk whdol PMys Akl A o5 2 &5 27 634, 108,
154 % 2485 Yeblidoh o)A 8 A = PMjp Aol A= a7l A
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Table 11. Concentrations of elemental species and their ratios in PMy and PM,5 aerosols.

Concentrations (ng/m®) PM,5/PM;,
Species
PM,0 PM, Ratio

Al 290.3 51.7 0.2
Fe 217.6 93.6 0.4
Ca 196.1 96.5 0.5
Na 760.9 132.9 0.2
K 2235 139.1 0.6
Mg 154.6 36.9 0.2
S 2712.2 945.2 0.3
Ti 11.3 3.0 0.3
Mn 75 5.9 0.8
Ba 45 2.5 0.6
Sr 1.9 0.6 0.3
Zn 16.3 34.6 2.1
\% 5.9 6.3 1.1
Cr 3.4 2.8 0.8
Pb 6.3 10.0 1.6
Ni 4.9 2.9 0.6
Co 0.1 0.1 0.7
Mo 0.3 0.4 14

Cd 0.5 0.8 1.6
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Figure 14. Comparison of concentrations and ratios of elemental species in

PMio and PMs5 aerosols.
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Figure 15. Composition ratios of elemental species in PM;y and PMs5 aerosols.
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Table 12. Cross correlations between ionic species of PM;y aerosols.

nss— nss-
Species NH, Na' K’ Mg?' NOs Cl F HCOO CH;COO CHsSOs5
Ca®’ SO
NH,4 1.00
Na' -0.28 1.00
K* 0.22 0.25 1.00

nss-Ca”’ 0.10 0.11 0.49 1.00
Mg* -0.22 0.94 0.45 0.23 1.00

nss-SO,”  0.81 -0.19 0.36 0.19 -0.09 1.00

NOs 0.75 -0.07 0.23 0.19 0.00 0.30 1.00
Cr -0.39 0.96 0.13 0.04 0.87 -0.33 -0.18 1.00
F 0.12 0.33 0.50 0.61 0.48 0.29 0.12 0.26 1.00

HCOO 0.05 0.13 0.51 0.55 0.20 0.14 0.02 0.04 0.27 1.00
CH;COO -0.23 0.09 -0.04 0.07 0.04 -0.15 -0.24 0.06 -0.11 0.57 1.00

CH3S03 0.29 -0.12 0.33 0.27 -0.10 0.40 0.16 -0.26 0.14 0.34 0.25 1.00
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Table 13. Cross correlations between ionic species of PMss aerosols.

Species NH, Na' K’ s Mg?' s NOs Cl F HCOO CH;COO CHsSOs5
Ca®' SO

NH," 1.00

Na® -0.17 1.00

K’ 0.32 0.03 1.00

nss—Ca”’ 0.17 0.26 0.33 1.00

Mg** -0.11 0.83 0.41 0.34 1.00

nss-SO,% 0.91 -0.08 0.38 0.13 0.01 1.00

NOs 0.66 -0.11 0.23 0.30 -0.04 0.32 1.00

Ccr -0.18 0.93 -0.05 0.22 0.77 -0.16 -0.06 1.00

F 0.17 0.20 0.27 0.39 0.36 0.15 0.30 0.13 1.00

HCOO 0.29 0.00 0.72 0.30 0.20 0.32 0.18 -0.09 0.17 1.00

CH;COO 0.05 0.23 0.14 0.22 0.21 0.04 0.10 0.21 0.05 0.40 1.00

CH3SOs 0.41 -0.18 0.18 0.01 -0.25 0.45 0.12 -0.26 0.00 0.20 0.12 1.00
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Table 14. Cross correlations between elemental species of PM;jy aerosols.

Species Al Fe Ca Na K Mg S Ti Mn Ba Sr 7n \% Cr Pb Ni Co Mo Cd

Al 1.00

Fe 0.81 1.00

Ca 0.72 0.84 1.00

Na 0.19 0.03 0.22 1.00

K 0.25 0.18 0.08 0.23 1.00
Mg 0.65 0.59 0.66 0.79 0.30 1.00

S 002 -0.03 -0.10 0.14 0.94 0.06 1.00

Ti 0.60 0.67 0.82 0.12 0.11 0.46 0.02 1.00
Mn 0.65 0.73 049  -0.08 0.18 0.37 0.00 0.44 1.00

Ba 0.18 0.11 0.04 -0.01 0.10 0.13 0.00 0.13 0.17 1.00

Sr 0.28 0.27 0.34 0.44 0.84 0.53 0.75 0.29 0.10 0.16 1.00

Zn 0.51 0.44 026  -0.03 0.25 0.24 0.11 0.34 0.65 0.30 0.05 1.00

\% -0.02 0.06 006 -0.09 -050 -0.05 -0.44 0.18 0.01 018 -039 -0.03 1.00

Cr 0.03 004 -008 -016 -026 -0.18 -0.19 0.15 0.20 046  -0.28 0.27 0.48 1.00

Pb 0.45 0.40 0.17 0.08 0.62 0.38 0.41 0.07 0.53 0.25 0.45 063 -034 -017 1.00

Ni 0.30 0.18 0.10 0.05 -0.11 016 -011 0.18 0.19 025 -0.12 0.21 0.55 021  -0.02 1.00

Co 0.75 0.88 0.79 0.01 0.01 054 -0.19 0.68 0.73 0.15 0.14 0.37 0.24 0.07 0.34 0.27 1.00
Mo 0.18 0.35 0.02 -0.26 0.05 -0.02 -0.01 0.07 0.44 051 -0.10 0.56 0.23 0.52 0.39 0.19 0.24 1.00

Cd -0.09 -0.05 -016 -0.24 002 -0.18 0.04 -0.04 0.19 016 -0.15 0.15 014 -0.04 0.33 0.00 0.03 0.28 1.00
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Table 15. Cross correlations between elemental species of PMs5 aerosols.

Species Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn \% Cr Pb Ni Co Mo Cd
Al 1.00

Fe 038  1.00

Ca 0.00 -015 1.00

Na 070 048 005 1.00

K 027 077 -006 037 1.00

Mg 045 047 000 048 057 1.00

S 032 042 040 034 055 031 1.00

Ti 033 037 058 008 042 029 064 1.00

Mn 031 08 000 036 069 028 048 043 1.00

Ba 028 022 005 027 036 073 010 030 003 1.00

Sr 014 030 -001 024 049 084 017 013 015 082 1.00

Zn 008 024 072 -003 032 008 055 077 044 001 003 1.00

\Y% 012 023 005 -017 006 002 030 040 017 001 -0.03 037 1.00

Cr 011 036 -025 019 -0.07 -0.07 007 009 023 -007 -015 -010 033 1.00

Pb 024 078 -015 024 094 052 048 039 070 025 043 032 014 -0.07 1.00

Ni 027 058 001 011 030 010 043 046 049 005 002 041 087 048 036 1.00

Co 018 066 015 021 060 022 033 037 08 013 026 045 -0.04 -0.03 062 025 1.00

Mo 032 064 021 038 063 022 054 043 077 013 026 058 039 005 059 059 070 1.00

Cd 026 041 -025 028 032 073 010 008 018 067 078 -006 036 029 031 043 012 029 1.00
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S deEbH, Ul WA lxk= HCOO™, CHCOO™, CHiSOs 7F 2 A A ks Ho
= Aow Rol AR A y|Ydow Hudr olg]d ABES V) xE o5 AHRE
of A AS F43 B, 229 PM, A= #9719
war 1], B, AR e B e AoR ZAEA
PMy59] o] ite] F4REA AdolA F 744% A8 ES
o FdatA 4709 IAE FE3ATE A WA QAR A= 22.9% A
Na', Cl' 5] %<& AAgS vebdo] g7 o= gttt 7 #A AA
£ 201% AHES B NHy, nss-SO~, NO3 o] =2 HAzS vehgo] <
A4 719 Aoz FAsdnh A HA AAE 164%=2 HCOO, CH;COO 9 K

o] =& AAFS Uetdo] AEALN EFodde] EAH Y AowE FA
ATk vl HA SlA= Awdo] 150%% nss-Ca*' ¥ NO3 7} =2 AAgez
Eljo] B} Q197 EAF o] B0l Aoz FAutHl wela] o] 23 PMys A
of HiEY 54L& B9, §9, A9, AE AT EGeddd, EG QA9A FFo
A GFE B Aow FHHEY

9 AAE FEHUT F AL 648%= A WA AAAAME 200% AHHE B
som, Al Fe, Ca, Na, Mg, Ti, Mn, Co 5°] =2 AA < Heddoh. + 94
AA= Aw o] 197%= K, S, Sr, Pb 5o =2 AA & Btk A WA <At
£ 162% AW3ES Bom Mn, Ba, Zn, Cr, Pb, Mo, Cd7} ¥& A Az e

Q

HEd ol PMpso] ¥ 891 4 A= BT 39 QIAE FE349 1,
& 65.8%° AWEE nArh A WA AR AE 253% AHHS B3, Fe, Na,
K, Mg, Ba. Sr, Pb, Cd7} =2 AAzS detddnt. -+
Ca, K, S, Ti, Mn, Zn, Pb, Co, Mo F°] =< AAgks BEArh vk Al #14 <2l
Al = 156% AMES Bdoew Fe, V, Cr, Nio] =& Ao vebyth
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Table 16. Rotated varimax principal component analysis for ionic species in

PM;o aerosols.

Species Factorl Factor? Factor3 Factord
NH,' -0.20 0.95 0.05 -0.02
Na" 0.98 -0.09 0.10 0.04
K" 0.25 0.33 0.66 0.22
nss-Ca?’ -0.01 0.04 0.86 0.20
Mg*' 0.93 -0.02 0.30 0.01
nss-S0,* -0.18 0.76 0.26 0.08
NO3 0.03 0.79 0.04 0.10
ClI’ 0.94 -0.24 0.04 -0.06
F 0.27 0.12 0.82 -0.10
HCOO™ 0.07 0.01 0.47 0.76
CH;COO 0.07 -0.25 -0.13 0.88
CH3S05 -0.18 0.38 0.20 0.58
Eigenvalue 2.97 2.51 2.32 1.80
Variance(%) 24.7 20.3 19.2 15.1

Cumulative(%) 24.7 45.7 64.9 80.0
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Table 17. Rotated varimax principal component analysis for ionic species in

PMs5 aerosols.

Species Factorl Factor? Factor3 Factord
NH,' -0.11 0.92 0.06 0.28
Na" 0.97 -0.08 0.04 0.06
K’ -0.01 0.17 0.75 0.39
nss-Ca?’ 0.22 0.03 0.31 0.62
Mg? 0.83 -0.13 0.27 0.31
nss-S0,* -0.02 0.89 0.17 0.12
NOs -0.10 0.51 -0.05 0.60
Cl 0.96 -0.11 -0.06 0.05
F 0.15 0.04 0.07 0.76
HCOO™ -0.07 0.16 0.89 0.18
CH3COO 0.29 0.08 0.59 -0.16
CH3S03 -0.16 0.64 0.25 -0.26
Eigenvalue 2.75 241 1.96 1.80
Variance(%) 22.9 20.1 16.4 15.0

Cumulative(%) 229 43.0 59.4 74.4
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Table 18. Rotated varimax principal component analysis for elemental species in

PM;y aerosols.

Species Factor 1 Factor 2 Factor 3
Al 0.86 0.12 0.17
Fe 0.90 0.04 0.21
Ca 0.92 -0.01 -0.14
Na 0.33 0.31 -0.45
K 0.13 0.93 0.14
Mg 0.79 0.29 -0.21
S -0.10 0.86 0.10
Ti 0.79 -0.05 0.02
Mn 0.65 0.07 0.52
Ba 0.12 0.00 0.57
Sr 0.33 0.82 -0.13
Zn 0.41 0.17 0.67
\Y 0.14 -0.71 0.19
Cr 0.02 -0.44 0.52
Pb 0.31 0.63 0.52
Ni 0.29 -0.32 0.23
Co 0.88 -0.14 0.19
Mo 0.13 -0.08 0.84
Cd -0.16 0.03 0.50
Eigenvalue 5.50 3.74 3.07
Variance(%) 29.0 19.7 16.2

Cumulative(%) 29.0 48.6 64.8
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Table 19. Rotated varimax principal component analysis for elemental species in

PMs5 aerosols.

Species Factor 1 Factor 2 Factor 3
Al 0.44 0.19 0.22
Fe 0.55 0.42 0.57
Ca -0.24 0.68 -0.41
Na 0.54 0.13 0.13
K 0.65 0.54 0.15
Mg 0.91 0.13 -0.08
S 0.20 0.72 0.17
Ti 0.11 0.79 0.10
Mn 0.34 0.62 0.47
Ba 0.78 0.01 -0.20
Sr 0.88 0.04 -0.20
Zn -0.11 0.90 0.01
\Y -0.09 0.24 0.67
Cr -0.02 -0.17 0.75
Pb 0.59 0.51 0.24
Ni 0.09 0.37 0.83
Co 0.33 0.64 0.14
Mo 0.31 0.69 0.39
Cd 0.77 -0.14 0.33
Eigenvalue 4.81 4.73 2.97
Variance(%) 25.3 249 156

Cumulative(%) 25.3 50.2 65.8
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2 T ot th(Figure 16). 18]l A4 &4 AH(E ol&ste] 7]F oA E
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stttk Ea Sarelld 2% divledEde] B F4~54d ol FhkEe] =
2ot AS st A 49 RARAZS 54120417, A Ao HE=
314H(33.29°N,127.16°E)S 7o 2 A3t o (= ¢ 27 14-31-4,2007).

AT = PMpdt PMs ool =& A 85 SAl AT A7IE T4Ho= 7
ol ol sHAAS FAsAT. 2" Adset ol I3kl 67.2%, T3 23.0%,
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Figure 16. 5-Day back trajectories of airflows corresponding to

the sampling date at Gosan site.
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Table 20. Sectional concentrations of PMy and PMs5 ionic species corresponding

to airflow pathways.

Sector 1 Sector II Sectorlll SectorlV
Species
PMyy, PMss PMy PMss PMy PMas  PMyy  PMos
NH, 1.71 1.56 1.38 1.14 0.55 0.36 1.00 0.86
Na’ 1.12 0.25 1.01 0.24 1.15 0.27 1.05 0.20
K’ 0.16 0.09 0.15 0.09 0.10 0.03 0.07 0.02

nss-Ca*' 0.17 0.03 0.10 0.02 0.07 0.01 0.02 0.01
Mg** 0.15 0.04 0.13 0.03 0.14 0.02 0.12 0.02

nss-SO~ 3.75 3.92 2.74 2.69 1.13 0.79 2.22 2.01

NOs 2.34 1.00 2.13 0.72 0.52 0.19 0.80 0.39
Cl 1.18 0.24 1.16 0.23 1.70 0.28 1.47 0.20
F 0.004 0.002 0.002 0.001 0.001 0.001 0.001 0.001
HCOO 0.04 0.02 0.03 0.01 0.04 0.003  0.03 0.002

CH3COO 0.10 0.02 0.08 0.03 0.16 0.03 0.15 0.08

CH3SOs 0.03 0.03 0.03 0.03 0.01 0.01 0.02 0.03
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PMys/PMjp & =H] o] 0.2282 F=2 FAF Alol= PMyy At @o] Ex3H= 2
o7 ZAE AT T3 AL Al PMjg@ PMos YA =5 FE&te] vld g d st H
wWa) BW A Al PMy Hi 2EFEE 666 pg/m’E HAAY 21.0 pg/m’el H
af oF 32w F7FstSlaL, PMas Al A= vldddel vl 1.2v) 7k Ao =
Eluith SR ddgd e vlagk A3 (Table 22), PMos9 b v 7V S7bsk= A
o8 Hol T3 T FAAUNE AA AFER FYEH FUH R PMys9] vl

go] Foldl o FHH
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Table 21. Mass concentrations of PM;y and PMs5 aerosols during Asian dust

(AD) days.
. 3
Particulate Concentrations (pg/m®)
PM.5/PMij
Matter PMIO PMZ.S
Ratio

1st AD(17.01.27) 309 6.8 0.22
2st AD(17.05.06) 102.3 21.7 0.21
Mean AD 66.6 14.3 0.22
NEV 21.0 119 0.57

UNE: Non-Event

Table 22. AD/NE ratios of PMjo and PM.5 aerosols during

Asian dust days.

Particulate AD/NE Ratio
Matter PM,, PM,.-
1st AD 15 0.6
2st AD 49 1.8
Mean AD 3.2 1.2
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Table 23, Figure 18~199] 3FA}F A] PMp}t PMos Y AFS] o] 2 E =5 E
ok WA PM, 9AFe] o] A4 %S NO; > nss—-SO,% > nss-Ca” > CI > Na’
> NH,” > K' > Mg* > CH;COO > CH3SO; > F > HCOO <=°]liL, PMss
Aol = nss-SO2 > NOs > NH,” > Na® > ClI > nss-Ca®” > K" > Mg? >
CH;COO > CH3SO; > F > HCOO $2Z PMp¥ PMys9 $X2E A2 v
B YER AT

garel n@AAde] AAEE o] 2ARS wlwd Ay EU7IY9 nss-Ca*' e
PMyy §AFell A apatel mldddel] Z+7F 1.93, 0.14 pg/m’, PMys QAo A= Zh7b
0.32, 0.03 pg/m°= A} Aol PM o3} PMas @bl A zhzh 1374, 1209 2 %7}
AA Frbste Ao ZAMEALh 283 A9 7199 nss-SOL ©] FAF A
PMp3} PMys Aol A Z+7F 3.30, 1.80 ng/m’=2 wl&dde] 341, 327 pg/m’sl vl
al Ztz 1.0W), 1.8¥) H=7F Wekth NO; A2 AL Al PMypd PMes 44 24H4
346, 0.89 pg/m’% W] E A vl 1.749, 099 =S Ao YEhwtth NH)/S
Ab Al PMiyp?t PMas 4AH7F Rl@ el vl 242; 314, 328 we w%E5 ER
At

3 Figure 20~218 B3l A Al 42 271 e =4S el & A7, 2

998 nss-SOZ, NOy, NH S A Al PMy, QAelA A A% %
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N

525%% YERHSITE dbdEe] PM,s JAIAE AR AR T 687%5 A5}
PMysell Al AR o =& 2A4S Yeudn =3 E97)Y i< nss-Ca®' e

D?L N

PMjp 1Al A 14.0% % w7 Lol Blal] 108 =2 =4S B, PMys Aol A

T nss—Ca* o] AL} mdArdo| 2+7F 6.9%, 04% = 17.30) =& =4S eyl

a

e AEQ Na', CI A4 = AL Al PMpoll A 274% 2 Bl&dadd Al 2Al<l

225%%8} ¥ 24ES B, PMys 9AF B8k SAL7E Al 16.7% = Bl @/ doll H] 3
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Table 23. Concentrations of ionic species and their ratios in PM;y and PMs5

aerosols during Asian dust (AD) and Non-event (NE) days.

Concentrations (ug/m?®) Ratio
Species PMo PMs5 PMio PMoss
AD NE AD NE AD/NE AD/NE
NH," 0.50 1.54 0.45 1.42 0.3 0.3
Na’ 1.86 1.05 0.41 0.26 1.8 1.6
K’ 0.37 0.14 0.18 0.09 2.6 2.1
nss—Ca*' 1.93 0.14 0.32 0.03 13.7 12.0
Mg* 0.34 0.14 0.08 0.04 2.4 2.3
nss-SO,” 3.30 3.41 1.80 3.27 1.0 0.6
NOs 3.46 2.01 0.89 0.94 1.7 0.9
Cl 1.92 1.15 0.35 0.22 1.7 1.6
F 0.03 0.003 0.01 0.00, 8.4 3.0
HCOO 0.02 0.04 0.005 0.02 0.4 0.2
CH3;COO 0.06 0.10 0.05 0.03 0.6 1.7
CH3503 0.03 0.03 0.03 0.03 1.3 1.2
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Others : F 0.2%, HCOO 0.1%, Others : F 0.0,2%, HCOO™ 0.4%,
CH3COO 0.4%, CH3S03 0.2% CHsCOO 1.0%, CH3505; 0.3%
Asian dust Non-event
Figure 20. Composition ratios of ionic species in PM;jy aerosols during Asian

dust and Non-event days.
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Asian dust Non-event

Figure 21. Composition ratios of ionic species in PMsys aerosols during Asian

dust and Non-event days.
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A Al PMyo# PMs 92ke] 4 &S vlagh Aol A= PM, QA4 Al
>Fe >Ca>Na>Mg>S>K>Ti>Mn>Ba>Ni>Zn>Sr >V >
Pb > Cr > Cd > Co > Mo «¢& &2 $E5 HJa, PMys; JAIAE Al > S >
Fe>Ca>Mg >Na>K>Ti>Mn>Z7n>Ni >Ba>Pb>V >Sr >Cr
> Cd > Co > Mo w22 =2 F5& YA tHTable 24, Figure 22~23).

GAL Al Bl 8 A EY v g2 Al Fe, Ca, K, Ti, Mn, Ba, Sr &
<A@l vis] PMyy Akl Al zH2 75, 81, 89, 3.0, 4.0, 4.7, 3.8, 508 F7}
AT PMas Aol A= K, Mns A9s B F2 it nFdEl Al Fe,
Ca, Ti, Mn, Ba Sr Aito] Zt7t 130, 29, 1.8, 32, 1.2, 2.1¥] v%=7} <713 Ao =
ZAFE AT 283l Na AE2 PMpol A 1.8¥ sX%7F S74ekdal, PMas 4 &Foll A
= 128 ¥ FxE dewd 994 71 A=< S, Zn, Pb, Ni, Cd ¥ Ni, Cd

3

A
ol A z+zb 6925, 10.6, 5.0 ng/m*= vl AL o] 27122, 16.3, 6.3 ng/m’el Bl&) z}z}
39, 1.5, 1.3u] @& oz ZAFE AT PMysoll A& S, Zn, Pb, Cd Aol Bl&dA
oo ulal z}z} 25, 51, 1.64] ¥E7F e A Btk FAF Al S, Ni, Cd A%
& PMys 4AFel H3) PMy, YA A F%7F %9kom, Zn, Pb A2 PMys A=
A =L F=E UetlATh ol2ld AfAQ 7Ide] dEEC] SUteE olfr=

GA7h BYste] F3 B AGAGE ANUA el Qg4 o@Ede] ol

< PMyy YAelA vldgLde wla 2tz 26, 1.690 71 3L, PMys Aol

A

Ni Aol 142 sr7h S7hshs 43S Eolrh whdel S, Zn, Pbi= PMy

rr

S GAA7) e whek vlas] B A B 71 AdR(A]

Fe, Ca)o] PMp} PMos 4 AFell Z+zF 59.8, 59.7% = vl Ul uvls] 390 =2 Z
o2 YERST whdEel Q191H VU RE(S, Zn, Pb, Ni)& PMpd Al Al 7.6%,
PMss YAFelA 208%= A$1A 719 EELS AL Alol PMd Aol A =48] 7}
Al PMps 4Rl A Z24017F F7kste] She] ERAARE ST whe] AFS 1o

3otk A9 AENa, Mge B4 Al 20gAel mAgAel A Ao 77t

BN

24.4, 13.0%, H@AF L 717t 198, 10.8% = A} Ao =Au7} ¢ =& Ho=
A= 21 o (Figure 24~25).
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Table 24. Concentrations of elemental species and their ratios in PM;y and

PM,5 aerosols during Asian dust (AD) and Non-event (NE) days.

Concentrations (ng/m®) Ratio
Species PMo PMs5 PMio PMoss
AD NE AD NE AD/NE AD/NE
Al 2180.8 290.3 673.3 51.7 75 13.0
Fe 1764.5 2176 276.2 93.6 8.1 29
Ca 1753.1 196.1 1749 96.5 89 1.8
Na 1399.3 760.9 108.1 132.9 1.8 0.8
K 674.1 2235 1014 139.1 3.0 0.7
Mg 922.4 154.6 136.0 36.9 6.0 3.7
S 6925  2712.2 381.0 945.2 0.3 0.4
Ti 45.7 11.3 9.4 3.0 4.0 3.2
Mn 34.9 7.5 0.6 59 4.7 09
Ba 17.1 4.5 3.0 2.5 3.8 1.2
Sr 9.6 1.9 14 0.6 5.0 2.1
/n 10.6 16.3 5.0 34.6 0.6 0.1
A% 5.0 5.9 1.6 6.3 0.9 0.3
Cr 2.8 3.4 0.5 2.8 0.8 0.2
Pb 5.0 6.3 2.0 10.0 0.8 0.2
Ni 12.8 49 4.0 2.9 2.6 1.4
Co 0.8 0.1 0.1 0.1 74 1.6
Mo 0.1 0.3 0.1 0.4 05 0.3

Cd 0.9 0.5 0.5 0.8 1.9 0.6
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Figure 22. Comparison of concentrations and ratios of elemental species in PMjg

aerosols during Asian dust (AD) and Non-event (NE) days.
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Figure 23. Comparison of concentrations and ratios of elemental species in PMas

aerosols during Asian dust (AD) and Non-event (NE) days.
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Figure 24. Composition ratios of elemental species in PMjy aerosols during
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Figure 25. Composition ratios of elemental species in PMss aerosols during
Asian dust and Non—-event days.
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of AF71Folle A o gdFe mAER (A Iz A AAL Bl Hofsk
(AW Y, 2017).
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A&l A 22 1.6%, 0.3%%Z PMyg@t PMas Al A 25 Hjdgde] nlsf v
2482 Jehldth. 247199 nss-Ca® 9A PMyy QA 0.9%, PMys A
A 0.1%= BlAddel Bl e H&S e AT
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Table 25. Concentrations of ionic species and their ratios in PM;y and PMs5

aerosols during Haze (HZ) and Non-event (NE) days.

Concentrations (ug/m?®) Ratio
Species PMo PMs5 PMio PMoss
HZ NE AD NE AD/NE AD/NE
NH," 5.22 1.54 5.05 1.42 3.4 3.6
Na’ 1.60 1.05 0.33 0.26 15 1.3
K’ 0.51 0.14 0.40 0.09 3.6 4.7
nss—Ca*' 0.23 0.14 0.03 0.03 1.7 1.1
Mg* 0.23 0.14 0.06 0.04 1.7 1.6
nss-SO,” 12.55 3.41 11.37 3.27 3.7 3.5
NOs 0.47 2.01 3.71 0.94 2.7 39
Cl 1.11 1.15 0.06 0.22 1.0 0.3
F 0.02 0.003 0.01 0.00, 55 45
HCOO 0.18 0.04 0.16 0.02 4.5 10.3
CH3;COO 0.08 0.10 0.06 0.03 0.8 2.0

CH3503 0.04 0.03 0.04 0.03 1.5 14
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Figure 26. Comparison of concentrations and ratios of ionic species in PMjg

aerosols during Haze (HZ) and Non-event (NE) days.
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Figure 27. Comparison of concentrations and ratios of ionic species in PMs;

aerosols during Haze (HZ) and Non-event (NE) days.
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Others : F~ 0.0:%, HCOO™ 0.4%, Others : F~ 0.0,2%, HCOO™ 0.4%,
CH5;COO 0.3%, CH3505; 0.1% CH3;COO ™ 1.0%, CH3505; 0.3%
Haze Non-event
Figure 28. Composition ratios of ionic species in PM;jy aerosols during Haze

and Non-event days.
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Figure 29. Composition ratios of ionic species in PMss aerosols during Haze

and Non-event days.
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Table 26. Concentrations of elemental species and their ratios in PM;y and

PM,5 aerosols during Haze (HZ) and Non-event (NE) days.

Concentrations (ng/m®) Ratio
Species PMo PMs5 PMio PMoss
AD NE AD NE HZ/NE HZ/NE
Al 350.3 290.3 153.7 51.7 1.2 3.0
Fe 3309 2176 1344 93.6 1.5 14
Ca 238.0 196.1 64.4 96.5 1.2 0.7
Na 105.1 760.9 281.3 132.9 0.9 2.1
K 389.2 2235 272.1 139.1 1.7 2.0
Mg 153.2 154.6 49.8 36.9 1.0 1.3
S 23865  2712.2 1188.4 945.2 0.9 1.3
Ti 11.0 11.3 4.3 3.0 1.0 1.5
Mn 22.5 7.5 9.6 5.9 3.0 1.6
Ba 6.0 4.5 6.6 2.5 1.3 2.6
Sr 2.2 1.9 0.7 0.6 1.1 1.1
/n 40.6 16.3 33.0 34.6 2.5 1.0
A% 44 5.9 1.8 6.3 0.7 0.3
Cr 4.3 3.4 1.3 2.8 1.3 0.5
Pb 27.1 6.3 189 10.0 4.3 1.9
Ni 9.5 49 2.3 2.9 1.1 0.8
Co 0.2 0.1 0.1 0.1 2.0 1.2
Mo 0.6 0.3 0.2 04 2.5 0.6

Cd 14 0.5 16 0.8 2.8 2.0
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Figure 30. Comparison of concentrations and ratios of elemental species In

PM;, aerosols during Haze (HZ) and Non-event (NE) days.
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Figure 31. Comparison of concentrations and ratios of elemental species in
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Figure 32. Composition ratios of elemental species in PMjy aerosols during
Haze and Non-event days.
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Figure 33. Composition ratios of elemental species in PMss aerosols during
Haze and Non-event days.
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Table 27. Concentrations of ionic species and their ratios in PM;y and PMas5

aerosols during Mist (MT) and Non-event (NE) days.

Concentrations (ug/m?®) Ratio
Species PMo PMs5 PMio PMoss
MT NE MT NE MT/NE MT/NE
NH," 1.81 1.54 1.47 1.42 1.2 1.0
Na’ 0.96 1.05 0.16 0.26 0.9 0.6
K’ 0.17 0.14 0.09 0.09 1.2 1.1
nss—Ca*' 0.15 0.14 0.04 0.03 1.0 1.6
Mg* 0.11 0.14 0.02 0.04 0.8 0.6
nss-SO,” 4.22 3.41 3.28 3.27 1.2 1.0
NOs 1.62 2.01 0.85 0.94 0.8 09
Cl 0.99 1.15 0.11 0.22 09 0.5
F 0.005 0.005 0.002 0.00z 0.9 09
HCOO 0.06 0.04 0.02 0.02 1.7 1.5
CH3;COO 0.12 0.10 0.05 0.03 1.1 1.7

CH3503 0.02 0.03 0.02 0.03 0.9 0.6
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Figure 37. Composition ratios of ionic species in PM;jy aerosols during Mist

and Non-event days.
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Figure 38. Composition ratios of ionic species in PMss aerosols during Mist

and Non-event days.
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=
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=2 95 AL PMp® PMys Aol Al 2H2E 55.4%, 57.5%, Hl@d g+ PMjpd
PMys 4 Aboll A 59.3%, 63.4% = BF5- Al 28] 7F PMyo, PMas Al A] 118 B &
dd e e X5 yelsth agla B 71YU(AL Fe, Ca) A2 ¥ A
PMo2 PMys 4AFoll Al ZH2y 13.0%, 19.4%, vlAAAd= ZHz 15.2%, 154%=
PMpol A= =2 2AS Hols WhdE, PMys dAAE v A 22 A4S 1A
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Table 28. Concentrations of elemental species and their ratios in PM;y and

PM,5 aerosols during Mist (MT) and Non-event (NE) days.

Concentrations (ng/m®) Ratio
Species PMo PMs5 PMio PMoss
AD NE AD NE MT/NE MT/NE
Al 220.4 290.3 67.4 51.7 0.8 1.3
Fe 18.2 2176 61.2 93.6 0.8 0.7
Ca 171.0 196.1 159.5 96.5 0.9 1.7
Na 8879 760.9 173.7 132.9 1.2 1.3
K 268.9 2235 115.9 139.1 1.2 0.8
Mg 170.9 154.6 34.0 36.9 1.1 0.9
S 24139 27122 307.4 945.2 09 0.9
Ti 10.4 11.3 4.3 3.0 0.9 14
Mn 6.5 7.5 4.5 59 0.9 0.8
Ba 5.5 4.5 4.0 2.5 1.2 1.6
Sr 2.0 1.9 04 0.6 1.1 0.7
/n 215 16.3 37.6 34.6 1.3 1.1
A% 5.5 5.9 3.7 6.3 0.9 0.6
Cr 39.7 3.4 15 2.8 11.8 05
Pb 79 6.3 7.8 10.0 1.3 0.8
Ni 39 49 2.2 2.9 0.8 0.8
Co 0.1 0.1 0.1 0.1 1.1 0.9
Mo 0.8 0.3 0.2 0.4 3.4 0.6

Cd 1.0 0.5 0.6 0.8 2.0 0.7
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Figure 41. Composition ratios of elemental species in PMjy aerosols during
Mist and Non—event days.
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Figure 42. Composition ratios of elemental species in PMss aerosols during
Mist and Non—event days.
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Table 29. Seawater enrichment factors for ionic species in PM;y, and PMs5

aerosols.
(Cy/Cna+)acroso/ (Cx/Cxat ) seawater
Species
Non-event Asian Dust Haze Mist
K’ 3.4 5.0 8.0 45
Ca* 4.6 50.1 7.5 4.4
Mg* 1.1 15 1.2 1.0
SOs~ 147 15.1 51.8 18.1
Cl 0.6 0.6 0.4 0.6
(Cx/Crxa+)acrosol/ (Cx/Cna+)scawater
Species
Non-event Asian Dust Haze Mist
K’ 8.3 109 29.6 144
Ca®' 0.9 8.3 1.0 1.2
Mg*' 1.2 1.7 L5 1.2
SO 13.3 7.6 45.8 13.3
Cr 0.5 0.5 0.1 0.4
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(CX/CAI )Areosol
(CX/CAI )Crust

9/]

M
BN
oX
filo

21 o A (Cy/Caerusti= Taylore} McLennan (1985)7F #4138 %]z} A
71Eo 2 Attt ol FEA AME FEARE 1 ogko] 1o e E E
HE el 2 dvista 15 F45 EYETE e gQld o3 deojzEd
FAdE L LS oudtl Kang e al(2011)> EF<2E K 9AE5L A EY
A FEgk Aow Fusle] ol s YAES SOMs(Soil-Originated Metals), 2<EF
<109 WHHE Ad 252 EYUAS A9 wE=de dFol s yEhd

Ao g sl MSMs(Mixed Sourced Metals)2ta #EF3sl9th EF>100.2 =&
o

oF

o
fr

Fekdte] o] 58 AOMs(Anthropogenic-Originated
T (0]71% &, 2018). Table 30~31 AF+713F = 2zt
w5 AREY EY 55 AFE vugt 4345 YAtk
A5, v@dd, FAF BbE Al EY V1o ® 4# 3l Fe, Cadt ml
Y420 K, Mg, Ti, Mn, 95 Aloll= Fe, Ca, K, Mg, Tio| 5.0 7}7h& EFgts U+
Btk HlwA 22 EFfte el ol AEs2 Aoz Mo F3h
EG] HAE Soll o 7] dojEFe] FYEL e AR FAEC v

o

R4

ja7)

=

ko
il

Zn, V, Pb, Ni 52 %2 EF #& Ei, olg ALES EYd4Rgs &
of olaf th7] dlojzEel FAHEUS 7FeAol & Aoz Kt (Table 29).

PMys 4#ke] 23, Caol HlAdd, AL A%, 2 A 5018ke] EFghs WEW
of 2 Cax EYUAZTH FdHNS Aoz F4dtH(Table 30).



Table 30. Crustal enrichment factors for elemental species in PM;q aerosols.

(Cy/Cap Acroso/ (Cx/CanCrust

Species
Non-event Asian Dust Haze Mist
Fe 1.7 1.9 2.2 19
Ca 1.8 2.2 1.8 2.1
Na 7.3 1.8 5.6 1.2
K 2.2 0.9 3.2 3.5
Mg 3.2 2.6 2.6 4.7
Ti 4.2 2.3 3.4 5.1
Mn 3.4 2.1 8.5 3.9
Zn 62.6 5.4 128.6 108.5
\4 28.9 3.3 17.8 35.8
Pb 109.2 114 386.6 180.3
Ni 83.6 29.3 78.2 87.8

Co 3.7 3.7 6.2 5.2
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Table 31. Crustal enrichment factors for elemental species in PMsys aerosols.

(Cy/Cap Acroso/ (Cx/CanCrust

Species
Non-event Asian Dust Haze Mist
Fe 4.2 0.9 2.0 2.1
Ca 5.0 0.7 1.1 6.3
Na 7.1 0.4 5.1 7.2
K 7.7 0.4 5.1 4.9
Mg 4.3 1.2 2.0 3.1
Ti 6.2 15 3.0 6.8
Mn 15.1 1.1 8.3 9.0
Zn 744.4 8.2 238.6 620.1
\4 173.7 3.4 16.5 78.2
Pb 968.4 14.7 614.0 579.5
Ni 278.6 29.3 74.0 162.3

Co 155 19 6.4 10.8
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MAMAL Fa o] eHREES A4 Solest @r)4 FoleER Tl qrk

el ol 3t Sole TEwE &S A3 Wust uAEx e AAE 2 F 3}
EAE A3 5 drh dubd oz giv|2 wEH e s e dAAEES O
71 Fol A FEFsk vrgS AX AkspHES A EQ H.SO, e HNOzo =2 H3kd

k. 283 NHv B 9 9714 2£4(CaC0;, CaO 5)3 wkg-3sle] A4 4t
Aoz HEEo] mAdAd ExITH(e]FS 5, 2011).

wekbd SO& 9 NOs & 5%
7N =g Hrhg 4 Ut

o] Z 9 PMiy, PMas A2l 2 S-0]2(nss-SO*, NO;, HCOO , CH;COO")
7 A7 Fol&(H', NHy, nss-Ca®)9 BHFFEE 7|F4dLEE F13lo] Table
320 FEAL Aol o] HlAFdel ol Fole FHFE F2 717
0.098, 0.106 peq/m?®, WA &Fell A z+2zE 0,085, 0.084 pg/m*=Z PMyodt PMysoll Al &
T oA eR v FHEE Fe YEhSich

717%ddd HE A Al PMell A Fol&3 gol29 dEEsx §ol 0.127, 0.126u
g/m’® e o™, PMys YAbel A= Fol 7t Fol Fds® ol 747t 0.045,
0.053 ng/m’Z H28 A5 BT AF Aloli= PMy Aol Al o] Fol&
of FaFse el 77 0322, 0355 pg/m’® W= FAE B om, PMaysAtel
Aol g s 3 9 Zhzb 0303, 0301 pg/m’E FAE 22 JERRAT ©
BHE Al = PModt PMasell A Fel23) oo Fabs® o] 7t7t 0.114, 0.118

7} 0.088, 0.083 pg/m’2 ZAFE U},
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Table 32. Comparison between the sums of equivalent concentration of basic

cations and acidic anions in PM;yp and PMs5 aerosols.

Equivalent Concentration (%)

Meteorology PM;o PM3s
Cation Anion Cation Anion
H 0.006 nss-SO 0071 H’ 0.004 nss—SO,* 0.068
NH," 0.085 NO3 0.032 NH,' 0.079 NO3 0.015
Ron nss-Ca* 0.007 HCOO  0.001 nss-Ca® 0.001 HCOO  0.0005
event CH;COO ™ 0.002 CH;COO™ 0.0005
Total 0.098 Total 0.106 Total  0.085 Total 0.084
H 0.003 nss-SO, 0.069 H’ 0.004 nss-SO,% 0.038
NH,' 0.028 NO;3 0.056 NHj' 0.025 NO3 0.014
Asian Dust nss-Ca® 0.096 HCOO  0.000, nss-Ca® 0.016 HCOO  0.000
CH:;COO™ 0.001 CH;COO™ 0.001
Total 0.127 Total 0.126 Total  0.045 Total 0.053
H' 0.021 nss-SO; 0261 H' 0.021 nss-SO,* 0.237
NH,' 0.289 NO3 0.088 NH,' 0.280 NO3° 0.060
Haze nss-Ca” 0.012 HCOO 0.004 nss—-Ca®" 0.001 HCOO™ 0.003
CH;COO™ 0.001 CH;COO™ 0.001
Total 0.322 Total 0.355 Total  0.303 Total 0.301
H 0.007 nss-SO4& 0089 H' 0.005 nss-SO,> 0.068
NH,' 0.100 NO3 0.026 NH,' 0.081 NO3 0.014
Mist  nss-Ca®" 0.007 HCOO 0.001 nss-Ca® 0.002 HCOO  0.001
CH:;COO™  0.002 CH;COO™ 0.001
Total 0.114 Total 0.118 Total 0.088 Total 0.083
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T3 PMpd PMys o] A4 E 24 ZAxzryg F7)4 SO, NOs 9 2 #7]
2B 5ol 2(HCOO, CH3COO )S FHo= o5 A3t 7|88 A s Rt
Q2

(Table 33). %, B4 44 gol

67.0, 54.6, 73.7, 75.6%= WEFSEIL, PMys YAl A= 242 80.9, 71.2, 786, 81.9% =
PMp# PMys B BHE Al 7H 2 A st 7ol =8 Bt wbde NOs 9 A
A3t 71e1&S PMyy Aol Al v@ddd, 3AF A5 9 Al ZbZE 30.6, 444, 249,
21.79%°10 3L, PMys Aol A Z+zb 181, 27.1, 199, 165%% A% Al PM;p3} PMss

i

E3F {714 A st Ve S flok T WHoRE AT 7] T
7145 aliphatic acid, olefinic acid, aromatic acid & 1005 ©]4e] tdkst 7125
A FHE EAestY, ol M gEAARo®E dHxl 2FAHHCOOH)# oA E
AHCH;COOH)Q! Ao = daA vkl > &, 2011). & A4 += HCOO ¢
CH:COO 9 & s=s 7ITo® F7I4F gol29 A3 7lod&s A
715k Ak s 71182 PMyy YAl A= vlddd, SAF, A, B A ZH7E 24
1.1, 1.5, 2.7%°]3, PMys YA A= 2H2F 1.0, 1.7, 1.5, 1.6% = F7]4ke v]s] Ax
S 7R E Bl

o3t AN}ES FTHM B, AAA HAWMA Y A SE FR
29 nss-SO&, NOg ol 93 Jd&F& =AA won

H', NHy, nss-Ca’" 59 9714 Fol&e] #ofsti &S & F AN
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Table 33. Acidity contributions of acidic anions during Non-event, Asian dust,

Haze and Mist days.

Acidity Contributions(%)

Meteorology PM; PMz5

Inorganic acid Organic acid Inorganic acid Organic acid

nss-SO47  67.0 HCOO 0.81 nss-SOF 809 HCOO 0.40

Ron NOs 30.6 CH;COO™  1.61 NOs3 181 CHsCOO 0.58
event

Total 976 Total 24 Total 99.0 Total 1.0

. nss-SO4 546 HCOO 028 nss-SO, 712 HCOO 0.15

fsian NOs 44.4 CH;COO™  0.77 NOs 27.1 CH;COO 155

bt Total 98.9 Total 1.1 Total 98.3 Total 1.7

nss-SO4 737 HCOO 1.10 nss-SO4 786 HCOO 1.15

Haze NOs; 249 CHsCOO 037 NOs 199 CH;COO  0.32

Total 98.5 Total 15 Total 98.5 Total 15

nss-SO 756 HCOO 1.14 nss-SO# 819 HCOO 0.61

Mist  NOs 21.7 CH3COO 160 NOs3 16,5 CHsCOO  1.00

Total 97.3 Total 27 Total 98.4 Total 1.6
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(Galloway et al., 1989).

NFy, = V]
Y pss— SO+ [INOy |+ [HCOO ™) + [CH, COO ™
[nss — Ca“]
NFCaCO3 =

[nss— SO2 71+ [NOy |+ [HCOO ™) + [CH,COO ]
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EbAi T},
Hdgd 717 &9 dryolo] ot F3AA= PMgd}t PMos QAR A Z+2)

078, 0.07= uYElwtom, bzl o FsllA= 747 0.07, 0.022 e,
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Table 34. Neutralization factors by ammonia and calcium carbonate in PMjg

and PMy5 aerosols during Non-event, Asian dust, Haze and Mist

days.
Neutralization Factors
Meteorology NEyy, NF¢,co,
PM;o PM:5 PMio PM>5
Non-event 0.78 092 0.07 0.02
Asian Dust 0.21 0.47 0.67 0.25
Haze 0.84 0.95 0.04 0.01
Mist 0.84 0.98 0.08 0.04
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