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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 2013-2015. Their
ionic and elemental species were analyzed, in order to examine the chemical
composition and emission characteristics in accordance with the different
meteorological phenomena. The mass concentrations of PM;y and PM.s were
36.0 and 15.0 ug/m?® respectively. From the comparison of ion balance, the
correlation  coefficients(r) between the sums of cationic equivalent
concentrations and anionic equivalent concentrations were 0985 and 0.992,
respectively, for PMjy and PMs5 aerosols, indicating a good correlations.

In PM;, aerosols, the concentrations of secondary pollutants such as
nss-SO,%, NO;s, and NH, were 5.35, 295 and 2.22 ug/m’, respectively. In
PM,5 aerosols, their concentrations were 425 087, and 184 pg/m’
respectively, showing 90.296 of those ionic species. Meanwhile, the elemental
compositions of PMjy aerosols showed 58.1% for marine (Na, Mg), 33.5% for
soil (Al, Fe, Ca), and 1.0% for anthropogenic (Zn, Pb, Ni), and they were
46.0%, 35.8%, 2.6%, respectively, for PMys aerosols.

Based on the study of size—fractionated particle compositions, the
PM.s/PM;y concentration ratios of nss-SO; and NH, were 0.8, 0.8,
respectively, indicating that those species were mostly existed in PMasjs
aerosols. On the other hand, marine and soil species such as Na’, Cl°, Mg%,
and nss—-Ca®" were rich in PM)o aerosols.

From the study of source origins by factor analysis, the ionic species of
PM,y aerosols were mostly originated from marine sources, followed by
anthropogenic, soil, and plant sources. On the other hand, the compositions of
PMs5 aerosols were influenced mainly by anthropogenic sources, followed by

marine, plant, and soil sources.
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During Asian dust periods, the concentrations of nss-Ca® and NO; were
increased highly as 7.2 and 4.5 times in PMjy aerosols, and 3.4 and 5.3 times
in PMss aerosols, 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 the secondary pollutants increased 2.7~4.0
and 2.7~7.0 times in PM;y and PM5 aerosols, respectively. Meanwhile, those
for the mist event days were 1.2~2.0 and 0.9~2.1 times higher, respectively,

in PM;o and PMy5 aerosols, compared to non-event days.
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1.2.2 PMys Air Sampler

PMys " AH A A&+ PM,s WINS Impactor’}F H-#% PMss Sequential Air
Sampler (APM Engineering, PMS-103, Korea)Z A}&3te] AFH3sth Air
Sampler®] 7% MFC7F #3d A5 Al2dls Abgste 27|15 H $5
A7MA A&A o2 167 L/ming A8t B3 d4adEs £48 PMas
MHA Al5E 20133 1€5H 20149 89 Abo] 7]zkel= URG AFe] Cyclone
(Model URG-2000-30EH, USA), 3% Teflon filter pack (URG 1274., 47 mm,



USA)¥ 371859 H=
AHsEA L, 20143 8EHE 20159 129 Aol 7| 7kel+= PM,s Sequential Air
Sampler (APM Engineering, PMS-103, Korea)& A}-&3}o] #1354t

i

21&HZ(MeDO, VP0625-A1003-A, USA)E AF-&3}o

1.2.3. Ton Chromatograph

n A HA o] FgA o] &A RS Jon Chromatograph (Metrohm, Modula IC,
Switzerland) & Abg3te] #AE gk F2 Fol=(NH,, Na', K', Ca”’, Mg*) #
A= Metrohm 818 IC Pump®} 819 IC Detectorg AF&3t%3l Metrohm
Metrosep Cation-6-150 #&8#, $o]&(Cl, NOs, SO, F, CH3SO3) 2 &7
AHHCOO, CH3CO0O ) #A4o = 881 Compact IC Pro¢}t 819 IC Detector,
Metrohm Metrosep A-SUPP-16 &&] %S A}-8391 ).

1.2.4 Inductively Coupled Plasma/Optical Emission Spectrophotometer

v H A o] Y42A R (Al Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V, Cr,
Pb, Cu, Ni, Co, Mo, Cd) ICP-OES (Perkin Elmer, Model OPTIMA 7300DV,
USA)E AFg&3sle] A3tk ICP-OES+  simultaneous mode, radial/axial
plasma A®¥3& 40.0 MHz RF power, Segmented-array CCD (Charge-Coupled

device) Detector %z & o]t}

1.2.5 Inductively Coupled Plasma Mass Spectrometer

AR FTollA A ezE w57 v nFAEE(Ti, Mn, Ba, Sr, Zn, V,
Cr, Cu, Ni, Co, Mo, Cd &)< ICP-MS (Perkin Elmer, Model ELAN DRC-e,
USA)E AF&3le] 2430t o] ICP-MS+ 40 MHz RF power, DRC (Dynamic

Reaction Cell), Quadrupole Mass Spectrometer 52} & o]t}

1.2.6 Microwave Digestion System

AR 8] A2 QEE Gl JAAA violard) e FA = &
A3 e, npojams} Fal FA= ojde]ol MILESTONEARS] Model START D

& AHgats



1.27 pH meter

o]l 24 % &= pHE pH meter (ORION, Model 720A, USA)¢} Combina-
tion pH ross electrode (ORION, Model 8102BN, USA)2} ATC probe (ORION,
Model 917005)& AH-&3te] S5

oAz o] A7 A L BA

2.1 PMyp "4 A A= 2] S

PM;y "]AIH A A& PMi, Sequential air sampler®t HIZZ ZE (Pall Co.,
Zeflour™, 47 mm, 2.0 ym, USA)Z AF&3le] 2013 1€%5-E 20159 12¥€71A)
39 HA, 24X d92 F 315 E AFHsA Alm AH 7] 75 MFC
(Mass Flow Controler)7} §-2t¥ 2p& A|2="ls ARgsto] 27]FH T2 AI7HA
A&HoZ 167 L/ming FAAT A5 FHE oA Ze2~9 Petr
Dish (SPL life Science, PS, 60x15 mm)ol o] HXZZ g oz T3t FJeH=

¥

AEAdR F3 F dHAACIH oM Hdx AIZ F FAE SA4s0H

N

2.2 PMys m A% A5 22
PMys "MW A AJRE o] AR EAE3 JA4AEAE dHE 2 /A& He=

A AT A oA 288 PM,ys Sequential air sampler®} E|Z &

iz
iz

AE(Pall Co., Zeflour™, 47 mm , 2.0 um, USA)S A}&3to] 2013 1¥€3-H
2015 12€7b#] 39 714, 24 hr 992 F 30171E AHASAY. 94 48
Alg+= "5 URG A9l Cyclone(Model URG-2000-30EH), APM A}2] PMss
Sequential Air Sampler (APM Engineering, PMS-103, Korea) + 7}#9
SamplerE H8&to] Alg&ata, € Z 2 FE(Pall Co., Zeflour™, 47 mm, 2.0 um,
USA)E AF&3he] 20134 1€ 1958 20159 12€97FA] 6Y 4, 24 hr @9 =

& 158705 A 8kt

23 MAMA dFse 54

PMio, PMys PlAI A A72 HEE ZEHE HAACIEAA &kl d wj7hA]



(72~96 A7) AZAZ F Az AA A3k Fo FA AolE FAsHAh 19
I oTAEA ARFEEE 57 .

ng/m’) o #Hakakedt,

24 784 ol SR FA

-
ofo
oX,
o,
rfo
oX,
Mo
rlo
ae)
=
v
=
=
X

o,
)

il
2
b
ol
i)

[k
HU
L
)
=2
-3
st

71l A 1AIZE &<t HEH250 rpm)dte] &E3AUT &AL FAL7|ZE
(Whatman, PVDF syringe filter, 0.45 1m)® 584 AES A& & oS <

o1&, gole BAE ARE MY

ol

PMyy, PMy59] 84 o] 2AE & Jon Chromatography (IC)H o &2 HA 3
o} %ol NH,, Na’, K, Ca”, Mg*< IC (Metrohm Modula IC, 818 IC
Pump/819 IC detector)S AF&3}e] Metrohm metrosep C6-150 #+2]#, 0.9
mL/min #<%, 25 pL FYH3], 3.0 ~ 3.6 mM HNO; &g o] oz s
Aok FEAATAS NHY, Na', K', Ca*’, Mg* ¢ %% AccustandardA}<] 1000

ppm ET& NS A&t 0.1, 05 1.0, 50 ng/mL #E2 A g &H5 o] &3}

59l (Cl, NOs, 50427, F, CH3S03) % F7]4HHCOO, CH3COO)< IC
(Metrohm 881 Compact IC Pro)& A}F-83F%] Methrohm Metrosep A-SUPP-16
43, 0.8 mL/min F%, 100 uL 94539, 7.5 mM Na,CO; &2/ <, 200 mM



H.SO4 Suppressor €9 Aoz EAs¢th 8 £l (Cl, NOs, SO4)Y
Y34 a4L 124 2554 (AldrichAF 99.99% KsSOs 99.99% KNOs;, 99.999%

REge 2AS

|5k &AE o] gole W {7 FEHAITAL BF
gole] FEE 10, 50, 100, 500 pg/Lolml, $714% EEENe EFAL 2as
of Fof XA T

IC ¥4 Al 71717 &% 7 (Instrumental Detection Limit)E ¥R =4 2HA

Z|AESA A A 73] wrESE dolHeo zFHAet HE AT (CV, coefficient

of variation)& Z|4Fste] gQlstqit}. o2 A 3 IC 419 717] 4 ESHA(IDL)

E(Xi B i)2

N—-1

¥ = A 5= (coefficient of variation) CV = % X 100%

¥ < 2} (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* Mg SO

IDL (ug/L) 36~6.0 35~64 57~73 47~167 44~94 32~48
CV (%) 1.3~21 10~19 17~24 14~49 14~29 13~15

Species NO3 Cl F HCOO CH;COO CH3503

IDL (pg/L) 49~81 17~15 ~29 ~4.1 ~2.8 ~2.7

CV (%) 1.5~25 04~04 ~25 ~3.0 ~18 ~1.7




= 3
d ol2AE £4E& AEEHY Fhole Fie pH meters °l&3to] =
AstAth. pH meter= 4107 697 458 A(ORIONAL, low ionic strength
1)<
=

Agetel mARGAT, pH 54 A ABEAS 27} jeF 507

251 A= HA e

ol A Htew Hddt PMyy ZE S PMys BE = vlola=s AdEsio= A
Agst & A TE TASAT dAE g2 US EPAS ‘Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air
(Method 10-3)" ®WHol]l we} violazs Faloem dLdEs &30
(Mainey and William, 1999). AlsZ€¥H& #A A& F HZEZEZ(PFA,
polyfluoroalkoxy) &7]°] ¥ i, o] 7]d] 555% HNO3/16.75% HCl &34k 10 mL
£ 718 F mlolaragE FAlste] dAAES &SAZAT mlolazuk= 1000
W RF powerE ZAtste] 2525 16 & &t 180TCE FSA7]aL o] 2&oA

15 B3t AN F A48 QAE. vlolang BalE nhd &9 A7)

.

CICIES

e
Y
ld
B
w
X

ZE](Whatman, PVDF syringe filter, 0.45 pm&® =&
HNO#/8% HCl &34t 5 mLe} 25 7I8te] §3FEe~3 25 mL7t S =5
3] A 5} A T

252 9 AR HA
Q248 ICP-OES T ICP-MSE AH&3te] Al Fe, Ca, Na, K, Mg, S,

Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A#& ®A3t}h

=g NE Accustandardrite] ICP&

ICP-OES #4 Al @A A48
1000 pg/mL &S 10M) &3] 100 pg/mL =3 AFE&HS WHE F o5 001~
100 pg/mL W9el gHoz 3ste] zA8GTh o w A Lus wEYA
(matrix) E32 HA3817] 93 Alm dxg FAAA ALt EFAF &9 3%

EH
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HNOy/8% HCIE AF&-3} 9t

ICP-MS +4 A #4434 A48 2784 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, T, U, V, Zn)¥} 10 pg/mL
Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr) £9&
FAMe w7 &8s 3 1~500 ng/L W= 34ste] ALE35FST).

olzfgk WMo R 20%° ¥AhHES ICP-OES9 ICP-MS®E #Ae 717]%x7
7 717131 &3 A1= Table 2, 33 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 = 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

Element (nm) (ng/mL) Element (nm) (ng/mL)
Al 396.153 ~0.0007 Fe 259.939 ~0.0015
Ca 396.847 ~0.0022 Na 589.592 ~0.0030

K 766.490 ~0.0035 Mg 285.213 ~0.0012
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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 ~0.0942 Mn 55 ~0.0314
Ba 138 ~0.0942 Sr 88 ~0.0942
Zn 64 ~0.2198 \4 51 ~0.0942
Cr 52 ~0.0628 Pb 208 ~0.0628
Cu 63 ~0.0628 Ni 58 ~0.0942
Co 59 ~0.0628 Mo 98 ~0.0314
Cd 111 ~0.0942
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i gk Elvet 9 20159 = HE PMysE W78 7]Fel e
24717t 3t 50 pg/m’, AT 25 ng/m’Y 1S AASA A T, 2015).

B oA AE 20139 1€ 19%E 20159 12€ 31¥7HA] AFE 12279
A PMpd PMysE AMFAS AHFres SAHSAY dFdFs=s d7|led 34
Ayl wel AEAE o e 23 A-Fo FA Holet U] F
FoRHE oty A& A&t mAUXA
2001). A712ke] PMyo PMys A#s %t 7h7t 4554312 pg/m’ (n=315)9}
21.1+15.0 pg/m’ (n=301)°] a1, =i 7]EX B} e Ao FAFHT. 1
I =9 B X933} vjus] 2 Ay uAR 99 PMpd PMys 25 =s o9
Shanhai #| <Xt} 742} 3.3 498 X9k 25019 Elche A9 Rt} 7H7f 14, 1.2
o =& Ao @ Yelti(Table 5).

T AATIE T A, A5, B, FELdG mm oS AR vE

lo
i
ot
off
oy
Ll
2
[
=)
3R
=
S
>
ofo
ol

Adute] AFwwi= PM, 36.0+154 pg/m® (n=156), PMys 15.0+86 pg/m’
(n=144)°1} . PMys9] ZA#HFEtE PMpd 41.7%E AAeAth  (Figure 1,
Table 4).
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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 Y
2

<
ool
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Table 4. Mass concentrations of PM;y and PM.5 at Gosan site during

non-event days.

Concentration (ug/m?®)

PM

Mean S.D. Median Max Min
PMio
(n=156) 36.0 154 32.9 101.9 12.1
PM>5
(n=144) 15.0 8.6 13.3 69.9 4.2
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Table 5. Mass concentrations of PMjy and PM,5 aerosols at Gosan and other

foreign sites.

Concentration

Site Country Sampling (ng/m’) PM:5/PMyg

time Ratio

PMio PM35

Gosan Korea 2013-2015 455 21.1 0.46
Beijinga) China 2014-2015 1145 78.1 0.68
Shanghai” China 2009-2010 149.2 103.3 0.69
Washington®  U.S.A. 2012~2013 - 12.8 -
Elche? Spain 2008 ~ 2009 26.2 13.6 0.52
Chapineria® Spain 2004 ~ 2005 32.0 17.0 0.53

i et al (2016), P"Wang et al. (2013), ©US: Air Quality Statistics Report (2013),
YGalindo et al. (2013), ®Salvador et al, (2011)

—&—PMI10 €~ PM2.5

Concentration (ug/m’)

Figure 1. Variations of PMjy, and PM;s mass concentrations at Gosan site

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

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

the analytical data of PMss aerosols at Gosan site.
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311 PMy o= & % 2 =4

AT Ao 20139 1¥€ 195H 20159 129 31€71A] AT F
31571e] PMjo A&k & 30171 PMas Al=oll diall 84 ol 24 &S 41383
o 2 A AR, B FGBmm o)) IS ALE ARERVS sty
PMy (D, < 10 pm)9] o]&AE =5 ZAMs L, 22 Z3E Table 63
Figure 4°] YEU Tt o714 nss-SO,4 ¢ nss-Ca” & H] 3] (non-sea salt)
FER, ‘[nss-SO4 1 = [SOT - [Na'l x 02519 23} ‘[nss-Ca®] = [Ca®] -
[Na'] x 0.04'e] Ao o3 AxFstdth(Ho et al, 2003; Savoie et al, 1987).

PMyy §#+] o] 24 £ nss-SO4 > CI° > NO; > Na' > NH," > HCO; >
K" > nss-Ca® > Mg” > CH,COO > HCOO > CHsSO; > F > H 2
S BEE B, o] F nss-S0°4 A¥o] 535 ng/m’E M B FEE R
AaL(Table 6), SO/~ AA FEY 89.7%= A= Aoz FeAFHAThH
nss-SO/2 ¢ 37 ol e d&EA AR NO;, NHy o] =& %2 vJehudt
ol & NO; & 295 pg/m’e] $Ls Bon, o= AistslEo] &3} oo
25 AAY AFEHo] He F8 dried °f
ARG, HE TS X3S FolAoldl A= F
AbshE el wjE el Frhstal e FAldl 79k Aor ddEth(Van derA
et al, 2008; Richter et al, 2005).

7183 NHy & 2.22 pg/m’e] 555 Bk 7] & gEyole] o 90%+= Ul
71 %9 F4HH,S0s), EAHHNO3), A4AHHCD &3 wh&-3te] PR A (NH,) oo
2E2 ASHEH, oF 10 % A=+ OH vz = AsE i (Warmeck, P, 1988).
7] 9 GEFE Sabol, Aibol 253 whgsto] AR A (NHHSO,), &
AR F(NHUNOy), A3t w(NHLCD 59 23 di7jled=4ds AT
(Adams, P. J et al, 2001). 12]3L ¥ A Qe A5 AFEEY wesdF Sl

=

ol
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FE WAL AS Foglon, 2E9 FRe AR wret Fde] e
Ao R Hi¥ i tHMasiol et al, 2012; o84 5, 1999).
tgo 2 Cl Aol 302 ng/m’2 F=7F =93, Na'= NO; thgoz =
& 245 pg/m’o 2 YERTE o]lgA o] T AR FE7 A YEd olfi=
S a7b st 28 AAA A AR P W o gdHrh
¥ 719 AR nss-Ca” & 0.33 pg/m’, K'& 033 pg/m’e 2 t& AEE
Hla) Hlwz e $£22 eyt nss-Ca¥, K’ A d389 F
olth, 1y} F8A4 K o2 AA EAAHEY 10% FEvte] EFoZHE
ez YxE= F2 A AZHbiomass burning) 5 197 L9l &) Ay
st Zlog HauwEa JrHEEY, 2014; 29X % 2009; McMurry et al, 2004).
E3 PMpd =4S HA7YE R xAbs] 2 A3 nss-SO,%, NO;, NH, 9
ALNH 719 AEo] 60.7%=2 7MY =2 A4S EAT I 5o g Ee
Na’, CI', Mg* 9] ZA o] 33.4%, A&474 7199 CHiCO0 , HCOO ©] 2.0%,%E %
7199 nss-Ca”o] 1.9%2 %AS AA&U. ol#dt ZAutz Hol mAx] A

o,

PMyy =42 A94 7199 93FS 714 Bol 2, tFo= 9 714, AEA
T ESG VY cor 2 JdFS wol v Aoz ®BAtk(Figure 5).
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Table 6. Concentrations of ionic species in PM;y aerosols.

Concentrations (ug/m®)

Species
Mean S.D. Median Max Min

H' 0.01 0.01 0.01 0.03 0.00,
NH, 2.22 1.32 1.86 6.51 0.02
Na" 2.45 1.71 1.87 7.00 0.10
K’ 0.33 0.19 0.30 1.36 0.01
nss-Ca*’ 0.33 0.31 0.26 2.58 0.00
Mg* 0.32 0.19 0.27 0.99 0.03
nss-SO4~ 5.35 2.94 5.12 13.64 0.11
NOs 2.95 2.09 2.26 10.73 0.20
Cl 3.02 2.73 2.12 11.75 0.08
HCOs 0.39 0.45 0.25 2.83 0.07
F 0.01 0.01 0.005 0.04 BDL
HCOO 0.08 0.07 0.06 0.41 BDL
CH3COO 0.27 0.42 0.12 3.24 BDL
CH3S03 0.02 0.05 0.02 0.49 BDL

BDL: Below Detection Limit
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Concentration (pg/nv)

NH,~ Na- K- mss-Ca™ Mgh  nss-SO74 NOy Cl

09

06 +

Concentration (ug/m’)

00 4

H HCO5 F HCOO- CH;COO-  CH:S05

Figure 4. Comparison of ionic concentrations in PM;, aerosols.

i
= —nss-Ca*
1.8%
Mg+
1.8%

Others @ H" 0.05%, HCO3™ 2.2%, F~ 0.0,4%,
HCOO™ 0.4%, CH3COO™ 1.5%, CH3S03™ 0.1%

Figure 5. Composition ratio of ionic species in PMjy aerosols.
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Na, K, Mg <& T2 sl s FAs+= Aoz d#fA Jdth(Oravisjarvi et

al, 2003; Fang et al, 2005).

AT E T MG TSP AAT PMy ARE PO
200159 AngRe BASdG a3 o F P, AR, WHRE AG 04

=

k=]
A (n=156)2] %= Table 73 Figure 6°] YEFHSITH B4 72 924589
T&E%+ Na > Al > Fe > Ca > Mg > K > Zn > Ti

o,

Cr>Ba>Sr >Cu>Cd>Mo >Co vz =4 %

F #9799 Na %57} 1321.2 ng/m’= 7F4 =4 Uehga, 1 tgo
2 EY 719 7199 A 4147 ng/m’E =S 52 BT ekfms EF 7
2l Fe, Ca 5% 27 2405, 2344 ng/m’2 ZAME QAT By & %ko]
Al 19S el E Mg 2228 ng/m’e $EE Rtk £ By Azt
o& Q3 FYPHE Aow gz K& 1614 ng/m’S EY Zne 153 ng/m’
o] =5 YEtSA, F2 d&, Bolo nti T AFatel o3 oo &

<
\

o

o
ox
A

[}

ofr

.

HA ot Tie 145 ng/m’e] =22 Blon e NA49sr2 ez Jdu
(A71F 5, 2014). &= Cr, V, Ni& z}7} 32, 4.1, 46 ng/m’S 2 ZALE I, o=
a9

= FE Y dx % 59 FAI mE o) HjEHE= Jo® B

A 2] A Aol A B 53] A

ehol A= 1988 F-E -1 3

AL ol AR FEfrols AFE WA FAINE =2 S|

T dokAs 2 5, 2012; Choi, 2006).

o] 9o ml#E FF<E& AE Mn, Ba, Cu, Sr, Mo, Co, Cd <& Z+7} 6.2, 2.7, 1.9,
27,03, 02, 06 ng/m’Z $& £ FEZ el

gk PMy mAIAA o] A4 245 Figure 79 vlastsdey. 1o 4Aije}

2ol AT Fa 97l AENa, Mg)el 581%, 914 719 A& (Zn,

ﬁﬁ

N

oy
-
[0k

Pb, Ni)o] 1.0%, E%719 (Al Fe, Ca)o] 335%9] FAL Ho o] Ao
AA el 926% = FES A A= Ao 2 ZAE AT
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Table 7. Concentrations of elemental species in PM;y aerosols.

Concentration (ng/m?)

Species
Mean S.D. Median Max Min

Al 414.4 621.5 210.9 4923.1 12.9
Fe 240.5 248.6 150.4 1664.9 10.3
Ca 234.4 2389 163.3 1977.4 1.5
Na 1321.2 1182.6 913.3 6066.8 17.4
K 161.4 139.1 121.7 778.0 4.2
Mg 222.8 181.3 163.8 964.5 8.5
Ti 14.5 19.2 8.0 1294 0.1
Mn 6.2 8.3 3.6 72.6 BDL
Ba 2.7 2.6 2.1 19.2 BDL
Sr 2.7 2.2 19 114 0.0
Zn 15.3 13.4 11.9 77.0 BDL
\Y% 4.3 3.0 3.5 15.0 0.05
Cr 3.2 4.1 2.0 27.1 0.0
Pb 7.4 75 9.3 46.7 0.04
Cu 19 1.8 1.6 13.8 0.1
Ni 4.6 10.3 2.8 1239 0.1
Co 0.2 0.2 0.2 19 0.001
Mo 0.3 0.2 0.3 1.8 0.004
Cd 0.6 0.7 0.3 4.4 BDL

BDL: Below Detection Limit
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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;y aerosols.
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3.2 PMys %A

321 PMys o2& 5% 2 =4

3o QA e, AR Wel A FE A AR A % A5

sole] g 5 A kel Aol FIPe MAE Qo FeA Ak}
2012)
ol g o fr = WlFAME 19974 0] 71Ee] PMy #7471 o] 9ol PMyse] 7]

F& AlAske] 24713k 3t 35 pg/m’, AR 1 ug/m3° Z3elA] dEE e

shar glvh EZE 20139 o= AIARAZI Atete] wAg AT ARIARC)HNA =

HAIA A (PMos) & 15 2 9h 3 (Group D& A8t $-2lueh 9A] PMos

Al A e ffs el FAE L = AAA FAl mE 20110 BV s
5

=]
]
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Table 8. Concentrations of ionic species in PMs5 aerosols.

Concentrations (ug/m®)

Species

Mean S.D. Median Max Min
H' 0.005 0.004 0.004 0.02 0.0003
NH, 1.84 1.04 1.60 6.29 0.02
Na" 0.26 0.19 0.20 0.93 0.01
K’ 0.16 0.12 0.14 1.03 0.00,
nss-Ca*’ 0.06 0.04 0.06 0.22 0.00
Mg* 0.04 0.03 0.04 0.13 0.004
nss-SO4~ 4.25 2.26 4.03 11.63 0.06
NOs 0.87 1.26 0.35 6.95 0.005
Cl 0.14 0.15 0.08 0.71 0.01
HCOs 0.24 0.31 0.11 1.95 0.02
F 0.00; 0.00, 0.00; 0.01 BDL
HCOO 0.03 0.04 0.02 0.23 BDL
CH3COO 0.04 0.06 0.02 0.45 BDL
CH3S03 0.01 0.01 0.01 0.07 BDL

BDL: Below Detection Limit
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TEE 929 fEL g 9P RmRE BAHE o vEhta
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Table 9. Concentrations of elemental species in PMs5 aerosols.

Concentration (ng/m?)

Species

Mean SD Median Max Min
Al 48.2 772 24.7 484.4 0.05
Fe 66.1 135.7 314 875.2 4.1
Ca 33.1 29.9 23.6 163.9 1.2
Na 163.3 160.0 105.3 641.7 7.8
K 53.6 49.5 35.6 188.2 BDL
Mg 25.9 32.1 16.2 190.1 0.1
Ti 2.0 2.3 1.3 10.8 BDL
Mn 2.6 3.5 1.4 19.3 BDL
Ba 0.7 0.8 0.3 3.6 0.1
Sr 0.4 0.4 0.3 2.0 0.01
Zn 59 8.4 2.5 43.4 BDL
\Y% 2.5 1.6 2.4 9.5 0.1
Cr 14 2.2 0.9 14.6 0.002
Pb 3.7 3.8 2.0 18.0 0.1
Cu 0.7 0.7 0.5 3.2 0.05
Ni 1.2 1.3 0.8 7.0 0.03
Co 0.1 0.1 0.0 1.0 BDL
Mo 0.2 0.1 0.1 0.6 BDL
Cd 0.4 0.6 0.2 4.2 BDL

BDL: Below Detection Limit
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e ol WEY 54 £ BE 43S nod dudom PM,
Yol EFAAL A9 53t 2ol AAHow WEY BAS JHow

FHE olF 1 AtHelsE &, 2011).
A7l SA4g A Ao v A FAS] F%EF Table 107} Figure 120 4]
wakdoh, ®o Aypel ol tiEAS YA 719 AR NHy 9 nss-SOF &

PM;y Akl A ZbzE 2.22, 5.35 ng/m®, PMas &bl A Zh2h 1.84, 4.25 ng/m’e] &
Ak o] W F AR PMys/PMyy §%=87F 27 0.8, 0.8= H&E A=

o B3] PMys IRl Al Wo] Byl EAS Hol: 7oz ZAMY L
a2 v NOs 9] PMas/PMyy 5 =HE 0392 nss—SO,~ 3 NHy ol B8] A%
O % PMy Yol £ER7F £ Aow FAHAT NOs = PMas AAANA S
% HNO3;9F NH37b WF8-3 NHNOz9F 22 4 FH=Z EAsts Aoz duA
itk 12tk PMyy Aol AE NOs o] th9] w83 22e] Na', Mg, nss—Ca”
52 A%E NaNOs;, Mg(NOs),, Ca(NO;), d4td 2 F¥x5&= o= Hal
w2 9t (Arsene et al, 2011; Verma et al, 2010). o]x & X Ao A NO;3 7}
PMyy J=tellA o £2sts Aoz AE AL, A mAMAE g3t &

F Aol JaFe wol W] WEel Ao Ik

2HNO3(g) + MgCl, — Mg(NO3), + 2HCl(g)
HNOs(g) + NaCl — NaNO; + HCl(g)
2HNOs(g) + CaCO3 — Ca(NO3), + HO( 2 )+ COq(g)

wok B FAAAREolHA AT o A A 7ILS sAldd UE
Y& K'2 PMys/PMyy 5%H7F 052 PMjp} PMys QAbel a12A #3328+ 7

S Horh WhHo B Y9l nss-Ca” AR PM,s/PM,, =EH &= 020=2
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Table 10. Concentrations and their ratios of ionic species in PM;g

and PM,5 aerosols.

Concentration (ug/m?®)

Species PMI%Z/SEVI]O
PMio PM:5
H’ 0.01 0.005 0.5
NH,' 2.22 1.84 0.8
Na' 2.45 0.26 0.1
K’ 0.33 0.16 0.5
nss-Ca”' 0.33 0.06 0.2
Mg 0.32 0.04 0.1
nss-SO,* 5.35 4.25 0.8
NO3 2.95 0.87 0.3
Cl 3.02 0.14 0.0
HCO; 0.39 0.24 0.6
F 0.01 0.00, 0.2
HCOO 0.08 0.03 0.4
CH3;COO 0.27 0.04 0.1
CH3S03 0.02 0.01 0.5
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Table 11. Concentrations and their ratios of elemental species in PM;, and

PM,5 aerosols.

Species Concentration (ng/m®) PM, 5/PM10
PM, PM.s Ratio
Al 414.4 48.2 0.1
Fe 240.5 66.1 03
Ca 234.4 33.1 0.1
Na 1321.2 163.3 0.1
K 161.4 53.6 0.3
Mg 222.8 25.9 0.1
Ti 145 2.0 0.1
Mn 6.2 2.6 04
Ba 2.7 0.7 0.2
Sr 2.7 0.4 0.2
Zn 15.3 59 04
N 4.3 2.5 0.6
Cr 3.2 1.4 0.4
Pb 74 3.7 05
Cu 19 0.7 0.4
Ni 46 1.2 0.3
Co 0.2 0.1 0.3
Mo 0.3 0.2 05
Cd 0.6 0.4 0.7
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Table 12. Cross correlations between ionic species of PMyy aerosols.

nss— nss—

Spices NH,” Na' K’ s Mg** S0 NOs  CI' F° HCOO CH;COO  CH3SOs
NH,’ 1.00

Na' -0.17  1.00

K’ 056 022 100

nss-Ca®” 035 -001 038 100

Mg 013 091 032 015 100

nss-SO7 090 -003 050 033 000 100

NO3° 072 000 055 054 009 049  1.00

Cl -023 094 019 00l 090 -014 -005 100

F 027 020 041 068 026 023 049 024 100

HCOO 030 001 027 016 010 030 021 002 007 1.00

CH:,COO  -0.16 007 -013 -005 011 -016 -007 014 -0.05 0.47 1.00
CHzSO; 018 -019 -016 -003 -022 022 004 -020 -012  -0.05 0.07 1.00
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Table 13. Cross correlations between ionic species of PMss aerosols.

nss— nss—

Spices NH,” Na' K’ s Mg** S0 NOs  CI' F° HCOO CH;COO  CH3SOs
NH,' 1.00

Na' -0.01  1.00

K' 061 011  1.00

nss-Ca*' 0.27 0.06 0.35 1.00

Mg*' 017 064 024 047  1.00

nss-SO/4 083 008 053 035 032  1.00

NO;- 063 008 042 018 017 028  1.00

Cl -0.02 076 004 -010 044 -007 016  1.00

F 011 004 022 033 004 014 004 000  1.00

HCOO 012 013 005 007 005 003 012 001 024 1.00

CH:COO  -003 005 -008 -008 000 -004 000 -007 011 0.83 1.00
CH3S03° 040 -008 008 004 -006 040 004 -014 001 0.33 0.26 1.00
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Table 14. Cross correlations between elemental species of PM;o aerosols.

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

Al 1.00

Fe 0.63  1.00

Ca 053 088  1.00

Na 039 032 042 1.00

K 053 073 080 056  1.00
Mg 060 068 074 088 077 1.00

Ti 077 066 053 028 048 053  1.00
Mn 054 084 074 019 069 053 073 1.00

Ba 055 089 08 028 070 064 062 077 1.00

Sr 061 082 087 065 08 09 059 066 084 1.00

Zn 030 063 061 011 060 038 049 077 059 047 1.00

\4 033 042 029 006 035 024 054 060 036 029 041 1.00

Cr 028 031 019 010 027 018 035 037 011 017 017 035 1.00

Pb 036 074 077 031 076 057 040 073 076 073 074 033 0.08 1.00

Cu 046 064 057 022 048 045 076 077 070 057 066 049 023 063  1.00

Ni 024 021 021 024 033 029 025 032 019 0228 019 018 040 018 027 1.00

Co 040 055 045 022 045 041 034 050 046 050 025 022 037 036 033 069 1.00
Mo 017 033 031 002 038 018 022 036 03 030 026 024 025 037 020 008 016 100

Cd 008 025 020 -001 020 011 014 034 020 013 02 045 011 027 015 007 008 034 1.00
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Table 15. Cross correlations between elemental species of PMsy5 aerosols.

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

Al 1.00

Fe 0.15  1.00

Ca 048 049  1.00

Na 024 038 054 100

K 017 039 05 044  1.00
Mg 043 051 083 08 060 1.00

Ti 062 039 068 037 037 061 1.00
Mn 026 064 053 042 051 057 050 1.00

Ba 046 050 061 034 022 050 070 039 1.00

Sr 043 066 087 068 064 08 0656 061 063 1.00

Zn 018 053 054 042 081 056 048 057 034 074 1.00

\% 023 006 019 -004 035 012 024 039 011 016 023 1.00

Cr -013 041 -005 -005 -006 -0.04 003 047 -008 -0.08 004 017 1.00

Pb 034 049 075 033 075 062 060 055 045 083 077 038 -0.12  1.00

Cu 041 036 068 039 059 064 070 0.1 049 069 062 058 012 077 1.00

Ni 004 087 036 02 037 03 037 065 040 053 060 024 059 043 043 1.00

Co 001 069 010 012 003 014 015 058 011 014 010 021 078 007 022 069 1.00

Mo 004 014 020 016 045 024 019 042 008 023 045 038 022 026 041 035 005 1.00

Cd 010 008 010 016 03 016 016 046 001 020 038 022 005 017 039 021 0.00 061 1.00
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Table 16. Rotated Varimax factor analysis for ionic species in PMjy

aerosols.
Species Factor 1 Factor 2 Factor 3 Factor 4
NH," -0.16 0.94 0.14 0.03
Na® 0.98 -0.01 0.03 0.00
K’ 0.29 0.63 0.39 0.02
nss-Ca*' -0.05 0.29 0.81 0.05
Mg*' 0.95 0.03 0.16 0.08
nss—SO4% -0.03 0.92 0.02 0.02
NO3 -0.03 0.66 0.51 0.05
Cl 0.96 -0.11 0.08 0.03
F 0.17 0.20 0.83 -0.03
HCOO™ 0.01 0.31 0.08 0.83
CH3COO 0.07 -0.20 -0.05 0.88
CH;3S05 -0.21 0.33 -0.43 0.02
Eigenvalue 2.97 2.96 2.00 1.47
Variance (%) 24.8 24.6 16.7 12.2
Cumulative (%) 24.8 49.4 66.1 78.4
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Table 17. Rotated Varimax factor analysis for ionic species in PMoss

aerosols.
Species Factor 1 Factor 2 Factor 3 Factor 4
NH," 0.97 -0.03 0.06 0.06
Na® 0.03 0.93 0.08 0.02
K’ 0.68 0.10 -0.09 0.34
nss-Ca*' 0.28 0.07 -0.09 0.80
Mg*' 0.22 0.74 -0.05 0.35
nss—SO4% 0.86 0.00 0.02 0.19
NOs 0.64 0.17 0.02 -0.03
Cl -0.01 0.88 -0.03 -0.17
F 0.00 -0.03 0.20 0.74
HCOO" 0.04 0.08 0.93 0.15
CH3COO -0.09 0.01 0.92 0.03
CH;3S05 0.46 -0.21 0.49 -0.17
Eigenvalue 2.89 2.28 2.03 1.54
Variance (%) 24.1 19.0 16.9 12.8
Cumulative (%) 24.1 43.1 60.0 72.8
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Table 18. Rotated Varimax factor analysis for elemental species of

PM,;o aerosols.

Species Factor 1 Factor 2 Factor 3
Al 0.55 0.22 0.42
Fe 0.68 0.56 0.24
Ca 0.80 0.44 0.10
Na 0.79 -0.29 0.17
K 0.81 0.35 0.19
Mg 0.92 0.04 0.23
Ti 0.41 0.50 0.44
Mn 0.47 0.75 0.34
Ba 0.70 0.55 0.10
Sr 0.91 0.26 0.19
Zn 0.39 0.71 0.04
\Y 0.04 0.67 0.34
Cr -0.03 0.22 0.73
Pb 0.67 0.59 -0.06
Cu 0.40 0.62 0.27
Ni 0.17 -0.02 0.79
Co 0.35 0.12 0.71
Mo 0.14 0.50 0.03
Cd -0.04 0.57 0.01
Eigenvalue 6.49 4.39 2.57
Variance(%) 325 219 12.9
Cumulative(%) 325 544 67.2
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Table 19. Rotated Varimax factor analysis for elemental species of

PM,5s aerosols.

Species Factor 1 Factor 2 Factor 3
Al 0.62 0.02 -0.08
Fe 0.48 0.09 0.77
Ca 0.85 0.23 0.11
Na 0.65 0.13 0.09
K 0.48 0.68 0.02
Mg 0.83 0.25 0.13
Ti 0.81 0.15 0.13
Mn 0.40 0.55 0.60
Ba 0.76 -0.06 0.18
Sr 0.86 0.32 0.19
Zn 0.50 0.64 0.19
\% 0.06 0.58 0.13
Cr -0.24 0.09 0.85
Pb 0.69 0.50 0.07
Cu 0.60 0.61 0.20
Ni 0.28 0.29 0.82
Co 0.01 -0.01 0.94
Mo -0.01 0.80 0.10
Cd -0.02 0.74 -0.00
Eigenvalue 6.66 3.68 3.46
Variance(%) 33.3 184 17.3
Cumulative(%) 33.3 51.7 69.0
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nAEA ] Al FY R ol AEE Fotstr] fste] Hldd Dol g o
AX EAE AAsAT 9AAEALS vE NOAAS HYSPLIT4(HYbrid
Single—particle Lagrangian Intergrated Trajectory) =23 GDAS(Global Data
Assimilation System) A&5E o83l THEAS AASY H(Draxler and
Rolph, 2013; 4" &, 2016). G#AA Ao RAAZES 4841302 A3 L,

9 Ae Agdael v 00 UTCE M3 sharh

A2 +F B AE xE st 7|Fe FAARE 3N +FH, S
Cluster 1(F= ™ %), Cluster 2(34F%), Cluster 3(EHH )2 EF 3, o]

£ Figure 16°1 YERUAT. Z2d 8] Ao o] Cluster 1(53%, 884), Cluster
2(43%, 719), Cluster 3(4%, 7¥) W=& B AF7|7te] S F o= HE 9
715 FARI=TE 53% = 7 Bty

PMio# PMys YA F8 o] 28 & vHERE A 7179 ol &4
29 W3E vwstg s, 7 A3E Table 209 YEFN T nss-SO~ ¢ 55+
PMo¥ Aol A Cluster 2(5.64 ng/m*) > Cluster 1(5.23 pg/m’) > Cluster 3(3.95
ng/m’)=S B, PMys QAo A= Cluster 1(4.34 pug/m®) > Cluster 2(4.34 n
g/m®) > Cluster 3(255 pg/ml)esozm =& AHAIFS HYr NH/Y re=
nss-SO47 ¢ 2o Aoz Vet PM,, QA Al Cluster 2(2.32 pg/m®) >
Cluster 1(2.21 pg/m®) > Cluster 3(1.31 pg/m)+< B G3, PMys YAbol A=
Cluster 1(1.90 pg/m”) > Cluster 2(1.85 pg/m’) > Cluster 3(1.09 pg/m’) <=0 =
ZALE A NOs 9 ZA$d+= PMyy Aol A Cluster 1(3.15 pg/m®) > Cluster
2(2.82 pg/m”) > Cluster 3(1.89 pg/m®) &2, PMas YAl Al Cluster 1(1.09 p
g/m?) > Cluster 2(0.68 pg/m®) > Cluster 3(0.82 pg/m®) =202 e}, PM, 3
PMys 4A7F 22 A3S BTk wepA 194 7d AEES s3us 3
WMol FAAY PGS wo] W Aow FAHHEC I Na', Cl e 2 g
AAtol A B Cluster 3 > Cluster 1 > Cluster 2 &
o =gt EY7]Y AEQ nss-Ca’’s PMyy, PMas Qbell A 5% Cluster 1

> Cluster 2 > Cluster 3 22 =& == YelAL]

O
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Cluster means - Standard Cluster 1 of 3- Standard )
166 backward trajectories 88 backward trajectories ending at various times
GDAS Meteorological Data GDAS Meteorological Data

at 33.17N 126.10E

Source
Source * at 33.17N 126.10E

Cluster 2 of 3 - Standard
71 backward trajectories ending at various times Cluster 3of 3-Standard
GDAS Meteorological Data 7 backward trajectories ending at various times
GDAS Meteorological Data

145

Source * at 33.17N 126.10E

Source * at 33.17N 126.10E

Figure 16. Clustered back trajectories of air masses at Gosan site.
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Table 20. Concentrations of ionic species for the inflow pathways of

cluster 1~3.
Concentrations (j1g/m®)

Species Cluster 1 Cluster 2 Cluster 3

PM; PM,5 PMig PM;5 PM; PM,5
H' 0.01 0.005 0.01 0.005 0.01 0.004
NH," 2.21 1.90 2.32 1.85 1.31 1.09
Na" 291 0.32 1.60 0.18 545 0.33
K’ 0.40 0.20 0.26 0.13 0.25 0.08
nss-Ca*’ 0.34 0.07 0.32 0.06 0.20 0.03
Mg?* 0.36 0.05 0.24 0.04 0.54 0.02
nss-S04~ 5.23 4.34 5.64 4.33 3.95 2.95
NOs 3.15 1.09 2.82 0.68 1.89 0.31
Clr 3.79 0.18 1.71 0.08 7.23 0.23
HCOs 0.37 0.21 0.39 0.27 0.57 0.30
F 0.01 0.00, 0.005 0.00; 0.004 0.00,
HCOO" 0.08 0.04 0.07 0.03 0.07 0.02
CH3;COO 0.28 0.04 0.28 0.04 0.08 0.02
CH3503 0.02 0.01 0.02 0.01 0.02 0.02
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(%F 80%)°] FFAb= HAMHI YFZoA] @ Aow x

2012). gk < 1007F A+ Hat 7)o oF 0.74C et 53] HERk
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A Fatel 7187 71ES PMy AIEA FE7F 400 pg/m? o] dteld @
A}, 400~800 pg/miol™ He AL 800 pg/m® ool wj$- He AR T
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Z2AZE o) A&EW A EE Tt n JrHEEH, 2014, 7144, 2014).
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36.0 ug/m’l Hlal o 35u) F7FekAaL, PMys YAl = wl@ddel vl of
28W F7bek Zlo® vEsth Z1E]al Table 223 o] FAPER Hl@F AL 1)
awek Ad 23k 63F, 82k 9xbol A= PMys 4#He] HI7F 300] o ® =& 7t
&5 WAtk o= @At 23, 64, 8xksk 9kdl T TH FHAHE AA
AFez F950] did oz mAgae] v&o] wobd Aoz F4dth(Kim

et al, 2008).

Table 21. Mass concentrations of PMj, and PM-s5 aerosols during Asian
dust (AD) days.

Concentrations (ug/m®)

Particulate
Matter PM; PMss PMZ'S/I_DMN

Ratio
Ist AD(13.03.10) 43.7 104 0.24
2nd AD(13.03.19) 100.6 52.8 0.52
3rd AD(13.04.09) 81.9 20.4 0.25
4th AD(14.01.01) 146.4 34.9 0.24
5th AD(14.01.20) 84.4 374 0.44
6th AD(14.05.26-29) 137.3 53.6 0.39
7th AD(15.02.22-24) 153.7 23.8 0.15
8th AD(15.03.21-23) 118.7 57.2 0.48
9th AD(15.06.12) 114.7 45.6 0.40
Mean AD 121.1 40.1 0.33
NEV 36.0 15.0 0.42

UNE: Non-Event
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Table 22. AD/NE ratios of PM;jy and PM,5 aerosols during Asian dust

days.
Particulate AD/NE Ratio
Matter Mg oL
1st AD 1.2 0.7
2nd AD 2.8 35
3rt AD 2.3 14
4th AD 4.1 923
5th AD 2.3 95
6th AD 3.8 36
7th AD 43 16
8th AD 3.3 38
9th AD 39 30
Mean AD 34 07
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Meteoralogy: 00007 15 Mar 2015 - GDAS1 Meteorology: 0000Z 8 Jun 2015 - GDAS]

Figure 17. 5-Day back trajectories for the Asian dust days on Mar 19th,
2013, May 26th, 2014, Mar 21st, 2015 and Jun 12th, 2015 at
Gosan site.
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A Al PMyo?F PMys JAFe] o] @48 =52 Table 23, Figure 18~199 1}
Bt WA PMyy 9AHe] o] &4 #LS  nss-SO4 > NOy > NH, > CI >
Na“ > nss—Ca’’ > K' > Mg® > HCO; > CH;COO > HCOO > CH3;SO; >
F > H o9, PMys Al E nss-S0O2 > NHy > NO; > K' > Na'
> HCO3 > ClI' > nss-Ca? > Mg® > CH3SO; > HCOO > CH;COO > H'
> Feoa zugatet nAgate] & Mz g2 4% Yepa

FAbsh W@ PR ol LARS HwF A3, £/ nss-Ca’ e

[‘ll‘

PMyy JAbel Al akalel wl@ddoe] Zb7h 234, 0.21 ng/m’, PMys A= 77t
0.33, 0.06 ng/m*= AL Aol PM;p3t PMos 4 AFell Al 2zt 7.2u0, 34u)& 57}
AA Frteke Aoz zAFEAT a8 a A9 7199 nss-SO” 0l FAF A
PMo2t PMas Al A Z+2F 14.60, 1058 pg/m’=2 Bl&AL e 535 425 pg/m’
of vls) z4z 2.7, 259 F=7F &9kt NOs A Al A Al PMp? PMys §)
Aol A Zh7b 1340, 462 png/m’2 v @A w8 Zh7h 45 53v) =& o=
e o] 7 AR AdARd 7Y EZEA PMys YAbel Bo] Exs= A
o= d#A ot PMy YAAAME F7HEe] HuA e olfE AL A
nss-Ca”' ¢} 7 FabstEoly AiatslEo] 9z Wl FFHAY &shng
= 927 CalNO3), CaSOs8F 22 9 FE= PMy fAe £2HAS 7HsA
o] & Ao g HAdFEH(Rengarajan at al, 2011; AlXo} 5 2005). =3 NH, &
AL Al PMyp PMas 9AH7F vl@dddel nls) zhzh 2.8, 26812 PMas 9 AFoll A
BTh PMy YAl B F7hets AEFS B & K> &4} Al PMy@ PMas
PAF A ZhzE 2.2, 31ME PMys PAZE HlEGAel Hl3] o & F% A&
UERge] 1914 7Y 29EH] TS Wol B o7 A5 HT

T3 AP Al YA A7l mE 2AHS s B An, 23 9=
nss-SO,%, NOs, NHy'& A} Al PMyy GAbllA AA) AE 5 731%S e
AL, PMys QA A = Al AR 5 914% 2 2pA 8o PMys Al 24 ¢
=S x2S BYY. T3 nss-Ca®' 2 PM GAIA 5.0%= H| &Aool B3|
27H =L S B, PMys YA E nss-Ca”o] @Ak}l nldddo] 747}
0.8, 1.0%= & #FolE HolA| eFdrh(Figure 20~21).

sl AEel Na', CI, Mg? xA4u= AL Al iAol A 183%= vl @AY
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Table 23. Concentrations and their ratios of ionic species in PMjo and PMss

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

Concentrations (pg/m®) Ratio
Species PMiy PMo5 PMiy PM:5
AD NE AD NE AD/NE AD/NE
H' 0.01 0.01 0.01 0.004 0.9 1.3
NH,' 6.28 2.22 4.79 1.84 2.8 2.6
Na’ 3.51 2.45 0.44 0.26 14 1.7
K’ 0.73 0.33 0.51 0.16 2.2 3.1
nss—Ca*' 2.34 0.33 0.21 0.06 7.2 34
Mg** 0.55 0.32 0.08 0.04 1.7 1.7
nss-SO,”  14.60 5.35 10.58 4.25 2.7 2.5
NOs 13.40 2.95 4.62 0.87 4.5 53
Cl’ 4.55 3.02 0.26 0.14 1.5 1.8
HCO5 0.42 0.39 0.27 0.24 1.1 1.1
F 0.05 0.01 0.00; 0.00; 6.4 2.8
HCOO™ 0.10 0.08 0.04 0.03 1.3 1.1
CH;COO" 0.32 0.27 0.03 0.04 1.2 0.7
CH3503° 0.07 0.02 0.04 0.01 3.0 39
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Figure 18. Comparison of concentrations and their ratios of ionic species in
PMjo aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 19. Comparison of concentrations and their ratios of ionic species in
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HCOO™ 0.2%, CH3COO™ 0.7%, HCOO™ 0.4%, CH3COO™ 1.5%,
CH3SO3™ 0.1% CH3SO3™ 0.1%
Asian dust Non-event

Figure 20. Composition ratios of ionic species in PMjy aerosols during Asian

dust and non-event days.
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Figure 21. Composition ratios of ionic species in PMss aerosols during Asian

dust and non-event days.
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FAF Al PMp? PMys 4AFe] 94 S vt Ao A= PMy, o #koll Al
= Na > Ca >Fe > Al >Mg >K >Zn > Ti > Pb > Mn > Ba > Sr >
Ni >V >Cu>Cr >Co>Cd> Mo 2= 55 HIL, PMys YAl A
— Al>Fe>Ca>K>Na>Mg >7Zn>Pb>Ti>Mn>V >Ba>Ni
>Sr>Cu>Cr>Cd>Mo > Co 22 & ¥=2 YeAtH(Table 24,
Figure 22~23).
GAF A B Fo QdAaAE Al Fe, Ca, K& Ti, Mn, Ba, Sr 52 &%
A v@dde vs) PMyy fANA Z2F 44, 87, 9.5, 5.8, 3.3, 5.2, 7.4, 5.6¥
Fahth &= PMys Aol A= 22k 85, 5.2, 92, 5.2, 5.2, 39, 6.4, 664 o &
=7 F7he Ao m AR 28]l Na A A Al PMdt PMas 97
Zb7F 1.7, 179 Z7bek9aL, Mg A2 2H7E 49, 649 57t S7hskes A
o2 yepEth 283 A9 719 AE<S Zn, Pb, Ni, Cd 52 PMiyy YAkl Al
v gl ws) zhzh 34, 46, 2.1, 179, PMys QAbelA = zhzh 39, 49, 26,

L4 Esk Sobste 4% BATh olm Ni Cd RS PMys Aol v8)

Fe, Ca)ol PMjp@t PMys Akel Z+Zh 576, 57.1%= nl&dddel vl 1.74], 1.6
v =2 Ao® yepifdeh whde] 1914 71 AEE(Zn, Pb, ND)& PMy, ¢
Aol A 0.9%, PMas QAbel A 24% % 219124 71942 AL Ao PM, 9=
oA ZAHIZF Bal 2388 PMys YANIAE 2AHIZE SUbste] o] EdAR
EE wdle AFEE Hola vk E dd AREENa, Mg)e A Al 29
Zpob m A Apell A 2A o] 22t 315, 23.6%, HIEAAD ZH7 581, 46.0% 2 &
A Aol =A4817F B @ Ao g xAE U tH(Figure 25~26).

2
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Table 24. Concentrations and their ratios of elemental species in PM;, and

PMss aerosols during Asian dust (AD) and non-event (NE)

days.
Concentration (ng/m?) Ratio
Species PMio PMs5 PMig PM,5
AD NE AD NE AD/NE AD/NE
Al 1804.0 414.4 408.4 48.2 44 8.5
Fe 2092.5 240.5 347.0 66.1 8.7 5.2
Ca 22215 234.4 303.2 33.1 9.5 9.2
Na 2253.3 1321.2 271.5 163.3 1.7 1.7
K 935.0 161.4 2715 h3.6 5.8 5.2
Mg 1094.4 222.8 166.6 25.9 49 6.4
Ti 48.2 14.5 10.5 2.0 3.3 5.2
Mn 32.4 6.2 10.1 2.6 5.2 3.9
Ba 19.7 2.7 4.2 0.7 74 6.4
Sr 15.0 2.7 2.7 0.4 5.6 6.6
/n 51.7 15.3 22.8 5.9 3.4 3.9
\Y 12.2 4.3 6.3 2.5 2.8 2.5
Cr 4.2 3.2 1.1 14 1.3 0.8
Pb 33.9 74 17.8 3.7 4.6 49
Cu 54 1.9 2.2 0.7 2.8 3.2
Ni 9.7 4.6 3.2 1.2 2.1 2.6
Co 1.1 0.2 0.2 0.1 5.1 4.3
Mo 09 0.3 0.4 0.2 2.6 2.1
Cd 1.0 0.6 0.6 0.4 1.7 14
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Figure 22. Comparison of concentrations and their ratios of elemental species in
PM,o aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 23. Comparison of concentrations and their ratios of elemental species in
PM,5 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

Asian dust and non—-event days.
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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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3l PMzs fAHe] w7F w2 Aoz dEyn 3 A5 A o|2AHE F

A
b
e

PM;y, QAo A nss-SO,2 > CI° > NO; > Na® > NH,” > HCO; > K'

\

nss-Ca” > Mg? > CH;COO > HCOO > CHsSO; > H' > F o= =

flo

off
Ll

=5 Bt wkde] PMys QA AE nss-SO4 > NOy > NHy” > K >
Na" > HCO; > ClI' > nss-Ca®" > Mg® > HCOO > CH;COO > CH3SO; >
H > Fwoz 52 555 YeU At (Table 2, Figure 26~27). 183 1% 7]
590 AE(NH,, nss-SOs, NO3 )2 PMyy QAo 27~4.08, PMas 1Al A
27~708 FX7F ZF7heke] e AEERT A4 =4 TUeke S 29
ol AF Al <9 V1Y LAEAE] EY, gAY 2HdEA v
=2 HTs AASE Aoz dudr.

¥ Figure 28~299] Az}e} o] o1F A] NH', nss-SOs, NO; A &2 nj &L
PMiy @AM 2+2F 161, 31.7, 266% = AA AE Fol| 744%°] =45 A&t
At ey PMys fAel A= ol AR5 Hl&o] 77t 239, 454, 241%=

A x749] 935%% AT Ao ol& HEEY Aol AA Frtete Ao®E Y

o
ol

Bt} ol AY A WA Aol A91H AAPEES FZ PMys UA7F PMy
QAo wlal Aol F Aoz AztE oW,

Hido] sl 7199 Na', ClI' & 95 A PMyy YAl Al 2+zh 75, 10.7%, PMos
IANA 7kt 15, 07%2 PMost PMys Aol A 25 @akele] ujs) we
24uE etk E97]199) nss-Ca® A A% A PMyy Al E 2.1%
2 made 18%0 e =AT PMyy AAelAE A% Al 04%, @Akl
08%% 988 e mee nan,
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Table 25. Concentrations and their ratios of ionic species in PM;y and PMss

aerosols during haze (HZ) and non-event (NE) days.

Concentrations (ug/m®) Ratio
Species PMiy PMo5 PMiy PM:5
HZ NE HZ NE HZ/NE HZ/NE
H" 0.01 0.01 0.01 0.00 0.9 1.2
NH," 1.23 2.22 6.04 1.84 3.3 3.3
Na’ 3.36 2.45 0.38 0.26 14 15
K" 0.81 0.33 0.53 0.16 2.4 3.2
nss—Ca®' 0.92 0.33 0.10 0.06 2.8 1.6
Mg*' 0.49 0.32 0.07 0.04 1.6 1.6
nss-SO  14.20 0.35 11.50 4.25 2.7 2.7
NOs 11.89 2.95 6.11 0.87 4.0 7.0
Cl 4.77 3.02 0.17 0.14 1.6 1.2
HCO3 0.50 0.39 0.29 0.24 1.3 1.2
F 0.02 0.01 0.00 0.00 3.4 2.0
HCOO 0.16 0.08 0.04 0.03 2.1 1.3
CH;COO 0.38 0.27 0.03 0.04 14 0.8
CH3503 0.03 0.02 0.02 0.01 14 1.3
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Figure 26. Comparison of concentrations and their ratios of ionic species in
PM;y aerosols during haze (HZ) and non-event (NE) days.
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Figure 28. Composition ratios of ionic species in PM;jy aerosols during haze
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Table 26. Concentrations and their ratios of elemental species in PM;, and

PM,5 aerosols during haze (HZ) and non-event (NE) days.

Concentration (ng/m>) Ratio
Species PMio PM3s5 PMio PM>5
HZ NE HZ NE HZ/NE HZ/NE
Al 937.1 414.4 145.9 48.2 2.3 3.0
Fe 713.2 240.5 89.3 66.1 3.0 1.3
Ca 726.7 234.4 57.7 33.1 3.1 1.7
Na 1912.1 1321.2 182.9 163.3 1.4 1.1
K 434.6 1614 175.9 53.6 2.7 3.3
Mg 405.1 222.8 35.7 259 1.8 14
Ti 23.8 14.5 2.0 2.0 1.6 1.0
Mn 14.5 6.2 4.0 2.6 2.3 1.6
Ba 7.0 2.7 14 0.7 2.6 2.2
Sr 6.3 2.7 0.8 04 2.4 2.0
/n 31.5 15.3 10.5 59 2.1 1.8
\Y 9.1 4.3 3.1 2.5 2.1 1.2
Cr 8.6 3.2 0.9 14 2.7 0.6
Pb 33.2 7.4 14.6 3.7 4.5 4.0
Cu 4.4 1.9 1.2 0.7 2.3 1.7
Ni 6.7 4.6 1.0 1.2 15 0.8
Co 0.4 0.2 0.1 0.1 2.1 14
Mo 0.8 0.3 0.3 0.2 2.3 1.7
Cd 0.8 0.6 0.4 04 1.5 1.0
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Figure 32. Composition ratios of elemental species in PMjy aerosols during
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CHsSO; > HCOO > H' > F #2922 %o 252 nyr}l vhde] PMys A=
nss-SO,° > NH; > NOs; > HCOs; > Na® > K' > CI' > nss—Ca’* > Mg* >
CH;SO; > CH;COO > HCOO > H > F «£o% =& 5L-2 Yot

MR ] oledESe] BEE o A7 We TRae] wEAd 4E W
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Table 27. Concentrations and their ratios of ionic species in PMjo and PMss

aerosols during mist (MT) and non-event (NE) days.

Concentrations (ug/m®) Ratio
Species PMi PM;5 PMj, PM:5
MT NE MT NE MT/NE MT/NE
H' 0.01 0.01 0.00 0.00 1.0 1.1
NH,' 3.97 2.22 3.28 1.84 1.8 1.8
Na’ 2.19 2.45 0.28 0.26 0.9 1.1
K" 0.32 0.33 0.18 0.16 1.0 1.1
nss—Ca”' 0.34 0.33 0.08 0.06 1.0 1.3
Mg* 0.30 0.32 0.05 0.04 0.9 1.1
nss-SO24  10.95 5.35 8.87 4.25 2.0 2.1
NOs 3.47 2.95 0.77 0.87 1.2 09
Cl 2.07 3.02 0.14 0.14 0.7 1.0
HCOs 0.37 0.39 0.32 0.24 1.0 1.3
F 0.00 0.01 0.00 0.00 0.6 0.4
HCOO 0.06 0.08 0.02 0.03 0.8 0.6
CH3;COO 0.34 0.27 0.02 0.04 1.3 0.5
CH3503 0.06 0.02 0.02 0.01 2.7 1.9

_81_



20 3

= Mist
C——/ Noa-Event
- ¢~ Ratio (MT/NE)
O -
2 o
S -
= =
E 10 =
= ol
o b
3
o o
NH Na~ K- assCa™ Mgh™ nss-80.F NOy ct
1.0 3
5 5t
E=—=1Non-Event 14
'
0.8 - ©- Ratic QMTATE) /!
2
g
=
°
=
&
)
1
0.2
0.0 -0

H* HCOs F- HCOO-  CH:COO- CH.SOs
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Table 28. Concentrations and their ratios of elemental species in PMpy and

PM;5 aerosols during mist (MT) and non-event (NE) days.

Concentration (ng/m>) Ratio
Species PMip PMs;5 PMiy PMs5
MT NE MT NE MT/NE MT/NE
Al 290.3 414.4 92.5 48.2 0.7 1.1
Fe 231.9 240.5 50.8 66.1 1.0 0.8
Ca 199.7 234.4 35.8 33.1 09 1.1
Na 1091.3 1321.2 162.7 163.3 0.8 1.0
K 170.3 161.4 66.4 53.6 1.1 1.2
Mg 197.2 222.8 27.2 259 0.9 1.1
Ti 11.1 145 1.9 2.0 0.8 09
Mn 6.7 6.2 2.3 2.6 1.1 0.9
Ba 2.5 2.7 0.5 0.7 0.9 0.7
Sr 2.6 2.7 0.4 04 1.0 1.1
7n 24.5 15.3 10.1 59 1.6 1.7
\Y 8.1 4.3 4.1 2.5 1.9 1.6
Cr 3.5 3.2 1.8 14 1.1 1.3
Pb 8.9 7.4 4.7 3.7 1.2 1.3
Cu 53 1.9 0.8 0.7 2.8 1.2
Ni 45 4.6 1.7 1.2 1.0 14
Co 0.2 0.2 0.0 0.1 0.9 09
Mo 0.4 0.3 0.2 0.2 1.2 1.2
Cd 0.8 0.6 0.4 04 1.3 09
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Figure 41. Composition ratios of elemental species in PMjy aerosols during mist
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Table 29. Seawater enrichment factors for ionic species of PMy and PMs5

aerosols.

X (Cx/Cra+) Acrosol/ (Cx/Cra+)seawater

(PMio) Non-event Asian Dust Haze Mist
K’ 3.4 5.2 6.0 3.6
Ca* 4.3 17.7 7.8 4.8
Mg** L1 1.3 1.2 L1
SOs” 9.8 17.7 179 21.0
Cl 0.7 0.7 0.8 0.5
< (Co/Cra) Acrosol/(Cx/Cria)scavater

(PMzs) Non-event Asian Dust Haze Mist
K’ 158 28.7 34.3 16.1
Ca®' 7.2 13.1 7.8 8.0
Mg* 1.4 1.4 16 1.4
SO~ 72.9 107.1 135.8 136.4
Cl 0.3 0.3 0.2 0.3
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Table 30. Crustal enrichment factors for elemental species of PM;, aerosols.

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

: Non-event Asian Dust Haze Mist
Fe 1.3 2.7 1.7 1.8
Ca 15 3.3 2.1 1.8
Na 8.9 35 5.7 10.5
K 1.1 15 1.3 1.7
Mg 3.3 3.7 2.6 4.1
Ti 3.8 2.9 2.7 4.1
Mn 2.0 2.4 2.1 3.1
Zn 41.1 31.8 374 93.8
\Y 14.0 7.3 13.7 33.0
Pb 88.8 94.1 1772 153.7
Cu 15.3 10.0 15.7 60.4
Ni 55.5 26.8 36.0 76.8
Co 5.0 5.8 4.7 6.4
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Table 31. Crustal enrichment factors for elemental species of PMs5 aerosols.

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

: Non-event Asian Dust Haze Mist
Fe 3.2 2.0 14 2.2
Ca 1.8 2.0 1.1 1.8
Na 9.4 1.8 35 8.6
K 3.2 2.0 35 3.6
Mg 3.2 2.5 15 3.1
Ti 4.5 2.8 15 3.9
Mn 7.1 3.3 3.7 5.7
Zn 136.2 62.1 80.0 214.8
\4 65.0 17.6 20.6 85.5
Pb 380.5 218.3 500.7 447.8
Cu 47.4 179 27.1 51.8
Ni 127.2 39.6 35.0 162.8
Co 11.3 5.7 5.2 9.3
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MAMAL Fa ol EHRES M ol G4 FoleER TAH 9

2 AZEY. 2832 NHY EYE9 9714 52 (CaCOs CaO 5)3 HE-&-314
= o] mAH Ao E¥EIITH(o]FS 5, 2011).
wekA SO ¢ NOY 9 =2 =Astd gz oz HySOs HNOsol &3 AHA

o]Z 9l PMy, PM,s Al AAH Sol2(nss-SO,, NO3, HCOO,
CH;COO )3 A71A ol&(H', NHy, nss-Ca’)e] BHs=Z 7|4ddd=z +
w3te] Table 3201 WERATE g, Aapel Zo] Hl@ddde] Fol &3} Fol
o FEsx g Zb7zb 0148, 0.165 peq/m’, WAIG Al A ZHZE 0110, 0.112
eq/m’® PMjp?t PMpsell A B5F diA A o2 wsze Gk 3§ vehdodoh

714384 HE2E A Al PMppoll A Eol3 Sol29 WHdsE: e ZH7)

0473, 0528 peq/m*= YEFEO ™, PMys QA A = o] &3} ol 2o ok
= go] Z+zh 0282, 0.319 peq/m*Z PMyoll A tha o] 2 zo]E& dehfiich ¢

Aol = PMyy QAR A oFol3p Folo Fafs Fho] 7}7F 0455, 0497 n
eq/m’E W52 FAE Hom, PMys 4AlAY BEFeR 3 Al 747
0.346, 0.369 peq/m’= FAFSH Fx15 YeldIdth = 8 Al PMy?t PMss
ol A Folex gol&o FHaF Fo] 27t 0.246, 02913 0.196, 0.214 peq/m’

2 ZARE AT
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Table 32. Comparison between the sums of equivalent concentrations of basic

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

Equivalent concentration (peq/m®)

PM;, PMz5
Cation Anion Cation Anion

H" 0.009 nss-SO 0.048 H' 0.005 nss-SO/~ 0.014

NH4 0.123 NOs 0.111 NH4 0.102 NOs3 0.097

Ron nss-Ca” 0.016 HCOO  0.002 nss-Ca”  0.003 HCOO  0.001
event

CHsCOO  0.005 CH;COO  0.001

Total 0.148 Total 0.165 Total 0.110 Total 0.112

H" 0.008 nss-SO4& 0.216 H" 0.006 nss-SO* 0.074

NH," 0.348 NOs3 0.304 NH4 0.266 NOs3 0.243
Asian

Dust nss-Ca”  0.117 HCOO 0.002 nss-Ca” 0.011 HCOO  0.001

CHsCOO  0.005 CH3COO  0.0005

Total 0.473 Total 0.528 Total 0.282 Total 0.319

H’ 0.008 nss-SO& 0.192 H' 0.006 nss-SO* 0.098

NH,4 0.401 NOs3 0.296 NH4 0.335 NOs3 0.269

Haze nss-Ca® 0.046 HCOO  0.004 nss-Ca”  0.005 HCOO  0.001

CHsCOO  0.006 CH;COO™ 0.001

Total 0.455 Total 0.497 Total 0.346 Total 0.369

H' 0.008 nss-SO4& 0.056 H' 0.005 nss-SO 0.012

NH4 0.220 NOs3 0.228 NH, 0.187 NOs3 0.201

Mist nss-Ca®* 0.017 HCOO  0.001 nss-Ca” 0.004 HCOO  0.000,

CH3COO  0.006 CH3COO  0.0004

Total 0.246 Total 0.291 Total 0.196 Total 0.214
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+ 2
WHTH(Table 33). 2, BA# 444 golo] Bdsr Fol
)

ol g3t 7N Lol Lo F Fru]

Ll
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El
_O‘L
rr

=5 #rbetch SOF 9 AHdst 71 &2 PMy dAIA Hl@dd, SAaf o

a1
o0
X
fu
i
o
L

Xt

T3k {F714H AR st Vo es 919 U WRoR ARSI ti7] 9
714k aliphatic acid, olefinic acid, aromatic acid & 1003 ©]*e] t}ekstk 7}
EEAN FHE A5, oF M dddEer 4yl £EAHHCOOH)
OFA|EAHCH;COOH)Y! Ao® A duk(else &, 2011). ¥ AgdA=
HCOO ¢} CH3COO ¢ d&s= =9 st Tldess
AT f714ke] AR st 719 E&2 PM, YAMAE vldEAdY, AL A
wHE Al Z4ZE 38, 1.5, 2.0, 24%°] 3L, PMys YAl A= Z42F 1.3, 04, 0.4, 0.4% =
T4k s A 3e Vo= E B

olg]gt AWES T BH, uAAY wAwA e AAstE FR BN =
0] 291 nss-SO/~, NOs ol 93 9GS a7/ goy, o5 3 A7|= T8 A

o

RS H', NH), nss-Ca®’ 59 97|14 o]0

i
~N
N
o
fr
Ho
N
r>f
oo

r
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Table 33. Acidification contributions (%) of acidic anions during non-event,

Asian dust, haze and mist days.

Acidification contribution (%)

PMio

PM35

Inorganic acid

Organic cid

Inorganic acid

Organic cid

nss-S0,4 674 HCOO™ 1.0 nss-S0/4 862 HCOO™ 0.7
Non-

NO3~ 288 CH;COO 28 NO;3~ 125 CHsCOO™ 0.6
event

Total 96.2 Total 3.8 Total 98.7 Total 1.3

nss-S0,/4 57.6 HCOO™ 04 nss-S0/4 762 HCOO™ 0.3
Asian

NO3~ 41.0 CH3COO 1.0 NOs3 234 CH;COO 0.2
Dust

Total 985 Total 15 Total 996 Total 0.4

nss-S0,/4 594 HCOO 0.7 nss-SO/4 729 HCOO 0.3
Haze NOj3 386 CH;COO 1.3 NOs 267 CH;COO 0.1

Total 98.0 Total 2.0 Total 99.6 Total 0.4

nss-S0O,4 783 HCOO 04 nss-S0O,/4 93.8 HCOO 0.2
Mist NOj3 19.2 CH3COO 20 NOs3~ 58 CHsCOO 0.2

Total 976 Total 24 Total 996 Total 0.4
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duixo g 7] Fo FAstE AxAsES HSO, HNOso 2 7 ghw o]
7] A=Al FdErh el - NHs, CaCOs, MgCOsz 53 22
7144 &4 93l 35, o] 5 NHs CaCOsel =2 w3t 7]ostar
o2 dHA AdtHKang et al, 2009). o] & F Ed 93 Fsle= th9

fr rlo
., o2

32,

1>
=2

o8] 3}¢l A (Neutralization Factor, NF)E Fslo] 1 A= sfgFz oz 3}

gt = 9 tHGalloway et al., 1989).

NF,, = LV
VM Inss— SOPT 1+ [INOy 1+ [HCOO™ 1+ [CH, COO™ |
[nss— Ca*™" ]
NF o0, =

[nss— 50427 ]+ [NO; |+ [HCOO™ |+ [CHJ CcOO™ ]

A9 A A [NH, ], [nss-Ca*], [nss-SO. 1, [NOs 1= 72 Aie dEsrs
LhER T

H A 717F &< R Yot o3 F30A= PMjgdt PMys Y bell Al 2H2zt
0.77, 0912 uyelow, wxbzhgol] ok F3pdzk= 7H2b 010, 0.030.2 e}
U, PMipt PMys A 25 dRYole] o3t F3Qlx7t = vehvy, ghakz
#9 A% PMp Al A PMys 92 Bth F8127F =2 Aoz 2AE A

AL, AF W Al PMy gARl A= dhEYote] ofd FslAtE ZH7E 0.66,
0.81, 0.760] 31, ghakzsrel] o)dt Faldab= 747F 0.22, 0.09, 0.0622 FAF Ao
bz ol 9 st FapAAE b = A vERgh T3 PMys YAl Al R o}
of 9% FaAAE FAL AF, #HE Al Z47E 083, 091, 0.88% UER o,
Azbgre] o8k F3kel e zhzE 003, 0.01, 0,028 AF Al Yol o =

2

QA7 b A ekt olel e AER mol PMyst PMus UAIA AH4
49 FoE F2 Guuotl o) Uolupvl, wuBHel % FhE PMs
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Table 34. Neutralization factors by ammonia and calcium carbonate in PMjy

and PMs5 aerosols during non-event, Asian dust, haze and mist

days.
Neutralization N, Mauco,
Factor PM PM,5 PM PMys
Non-event 0.74 0.91 0.10 0.03
Asain Dust 0.66 0.83 0.22 0.03
Haze 0.81 0.91 0.09 0.01
Mist 0.76 0.88 0.06 0.02
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PMp 9] o] 24 % ¥EE nss-SO2 > CI > NO; > Na' > NH, >
HCO; > K" > nss—Ca® > Mg® > CH;COO > HCOO > CH;SO; > F > H
£o® ¥, o] T Na', ClI, Mg*o] z}7} 245, 302, 032 pg/m’2 g oz
ES FEE BATL PMy gAY oJ2AR 24 994 719 4R (nss-SO.,
NO;, NHy)o| 59.3%= 7} =i, thgoz #%7|d A8 (Na', Cl, Mg’)ol
32.6%, EY71Y AE(nss-Ca®)ol 1.8%2 ARE Y agja Y48
o] AL &9 AHE(Na, Mg) 581%, £ (Al Fe, Ca) 335%, 919 A&
(Zn, Pb, Ni) 1.0%9] =A4¥]S YERATH

PMys; 1AF9] o] 24 %X nss-SO7 > NH, > NO; > Na' > HCO; >
K' > CI' > nss-Ca* > Mg* > CHyCOO > HCOO > CH3SO; > H" > F
Fo2 = ey, o] F A4 7199 nss-SO,, NHy, NOs 9] F%=7F 7t

7t 425, 1.84, 0.87 ng/m’®2 =& AFS Btk v gAte] o] 2R 24

e

AA 719 AF(nss-SO,2, NH,, NOs)ol A 874%, G719 (Na', CI,
Mg? )& 56%, E%7]9(nss-Ca®)o] 0.8%= A&ttt YA EL a9 AR
(Zn, Ph, Ni) 2.6%, 319 & (Na, Mg) 46.0%, E% A% (Al Fe, Ca) 35.8% ]
2405 Yehpglo

Z Aol v AId AL 5 28] (PMas/PMp)E nss-SO,4, NH o] 22+ 0.8, 0.8
o7 gRE mAYAd ExE9i, Na', Cl, nss-Ca®, Mg 7tz 0.1, 0.0,

02, 012 F2 Zgate] Bxst= HaFS Bt
H
H

o

2 uA A Aol Eeds AR 2 A, PMpd Al A= @l
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A3, dd, AEAY, ES £o2 JTS e Aow A

T A ARERE AFE 2499 VF FHS sHUSoERH F9
HE 71F7F M = WEG3%)E AR e, nAAe] B4 7Y
AR (nss-Ca?)# 194 719 A (nss-SO4, NH,, NOy)S S 3yt

28 B A9HUe W Be BEE AW, A9 719 4ENa, CHE B

=
E=oka, mAdAE 15368 S8kl AREE
£ nss-Ca* %7} PMyy QANA 7.280, PMos QAFel A 3441 =9ka A4A

£2 Al Fe, Ca, Mn, Ba, Sr¢] %7} PM;y YAl A 4.4~958) Z 718kl th,
AT AlelE= NHy', nss-SOs”, NOs, §%=7F PMy 9AFel A 242F 2.7~4.00,
PMas 47t Al 2.7~7.08 2 PMyy YAkl Bl PMas &bl A wX7F A &
7vatdeh. v Alolli= NHY', nss—-SO4%, NO3 ¢ 5%=7F PM, 9AHllA 1.2~2.0
wl, PMys dAFell Al 0.9~2.18) S7hskdeh ol A mAkx o] mAw=|o] 242
AL Aol 2 At A EFAte] Yol war, AF-of BHE Aol m Al YAt

N 27 ©@EAe dgo] = Ao e} A2 ke FFe mch
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