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ABSTRACT

The PM;y and PMss samples were collected at the 1100 m site of Mt.
Halla in Jeju Island, which is a background site located at the atmospheric
boundary layer (ABL), during the period of 2012-2013. Their ionic and
elemental species were analyzed, in order to examine the chemical
compositions and emission characteristics of fine particulate matters in
accordance with the different meteorological phenomena. Mass concentrations
of the PMjo and PMs5 were 21.1+11.7 and 12.4+6.9 ug/m®, respectively, during
the non-event days. From the comparison of ion balance, the correlation
coefficients (r) between the sums of cationic and anionic equivalent
concentrations were 0.986 and 0.984, respectively, for PM;y and PM,5 fine
particulate matters, indicating the good correlations.

In PM;yy fine particulate matters, the concentrations of secondary pollutants
such as nss-SO,>, NH,, and NO; were 551, 194 and 1.35 pg/m’
respectively. In PMs5 fine particulate matters, their concentrations were 4.41,
1.65, and 0.53 pg/m?® respectively. Meanwhile, the elemental compositions of
PM;io showed 46.6% for anthropogenic (Zn, Pb, Ni), 31.4% for soil (Al, Fe,
Ca) sources.

Based on the study of size—fractionated particle compositions, the
PM.s/PM;y concentration ratios of nss-SO and NH, were 0.8, 0.9,
respectively, indicating that those species were mostly existed in PMass
particles. On the other hand, marine and soil species such as Na’, Cl, Mg?,
and nss-Ca”" were rich in PMy, particles.

From the study of source origins by the principal component analysis, the
ionic species of PMj fine particulate matters were mostly originated from
anthropogenic  sources, followed next by marine, plant, and mixed

soil-anthropogenic sources. While the compositions of PMs5 fine particulate
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matters were influenced mainly by anthropogenic sources, followed next by plant,
marine, and mixed soil-anthropogenic sources.

During the Asian dust periods, the concentrations of nss—Ca® and NOj
were increased highly as 12.3 and 3.8 times in PMjy, and 3.4 and 5.3 times in
PMss, respectively, compared to non-event days. Especially, the concentrations
of the crustal species such as Al Fe, Ca, Mn, Ba, and Sr showed a noticeable
increase during the Asian dust periods. For the haze events days, the
concentrations of secondary pollutants increased 1.9~5.2 and 1.9~7.6 times in
PMyy and PM;5, respectively. Meanwhile, those for the mist event days were
1.6~2.1 and 1.2~2.1 times higher, respectively, in PM;y and PMss5, compared to

non-event days.
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1.2.1 PMyo Air Sampler
PMyo PlAIA] Al8= 1100324 @4e] A old S7de] PM Sequential Air
Sampler (APM Engineering, PMS-102, Korea)S A X|3}o] AH3}A L, 37|+
& MFC (Mass Flow Controller)7} F-#% 245 Al 2~¥lS AR&3te] 7] H-E
<5 A7HA 167 L/mins A 3t o

1.2.2 PMys Air Sampler
PMss "lAHA] A&+ PMas WINS Impactor’} 2% PM,s; Sequential Air
Sampler (APM Engineering, PMS-103, Korea)& A}-&3lo] |35ttt o] A

i

7o) F7)5%S MFC7F H#&so] %2712¥ 2 A7HA 167 L/ming A&
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1.2.3. Ion Chromatograph

A HA o] F=8A o] &ARS Jon Chromatograph (Metrohm, Modula IC,

|t

Switzerland) & AFg&3to] EA89th F8 o] &(NH,', Na', K, Ca®, Mg?) #4]
o= Metrohm 818 IC Pump® 819 IC Detector, Metrohm Metrosep
Cation-4-150 #e]#& AR, Ho]2(Cl, NOz, SOF) w4l 81
Compact IC Pro¢} 819 IC Detector, Metrohm Metrosep A-SUPP-5 #2|3
AREEATE 18l al #7]4HHCOO, CH3COO ) H m#H(F, CH3S03) A 4

mlm

)

o = 881 Compact IC Pro¢} 819 IC Detector, Metrohm Metrosep A-SUPP-16
T HS AFESEA

1.24 Inductively Coupled Plasma/Optical Emission Spectrophotometer

A A o] (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 AFE3te] 439t ICP-OESE  simultaneous mode, radial/axial
plasma A& 40.0 MHz RF power, Segmented-array CCD (Charge-Coupled

device) Detector7} 23+ ® Al2wlo|t},

1.2.5 Inductively Coupled Plasma Mass Spectrometer

MARAIE FAsE YadE T duder RV U2 vE AEE
(Ti, Mn, Ba, Sr, Zn, V, Cr, Cu, Ni, Co, Mo, Cd &)< ICP-MS (Perkin Elmer,
Model ELAN DRC-e, USA)E AH&-38te] 2483t} o] ICP-MS+= 40 MHz RF
power, DRC (Dynamic Reaction Cell), Quadrupole Mass Spectrometer’} H-2H¢ A
2Elo|tt.

1.2.6 Microwave Digestion System

MARA e RS BEE EFA gl AAAA violamn He Az

EEANH o, mrolAaxg F3l] FX|= olgg|ol MILESTONEAFS] Model START
DE AHE-3FAT



1.27 pH meter

o] &F9e pHE pH meter (ORION, Model 720A, USA)<}
Combination pH ross electrode (ORION, Model 8102BN, USA)¢} ATC probe
(ORION, Model 917005, USA)E Al-&3te] S35t
2. MARA o] Alm AHFH B A

2.1 PMyp "4 A A= 2] S

PM, "]JA®HA] A&+ PMjo Sequential air sampler®} HZE ZE(Pall Co.,
Zeflour™, 47 mm, 2.0 ym, USA)E AF&3lo] 2012\ 1¥€%H 20149 1€ 1<
7hA 39 HA, 24A1%F @9lE F 22370 AFASIAT AR AFH 3] FE5ES
MFC (Mass Flow Controler)7} F-2Hd b5 Al 28-S Agsto] 27]HE 5
A7ZEA 167 L/ming A8 Als FEE dFolx Fek2~¥ Petri Dish
(SPL life Science, PS, 60x15 mm)el] o] HZE ®HSNoZ L& Fez A3

A2 &0 5 dAAIHAAAN Az Al § FAE SASAH

22 PMos PIAIH A A5 2] F

PM,s "lAIHA A8 PMys Sequential air sampler2t HZE FE (Pall Co.,
Zeflour™, 47 mm , 2.0 pm, USA)E AF&3te] 2012 193¢ 20149 149 1¥
b2 39 7+A) 24 hr S = F 206705 A3 3T

23 MAEA dEdFse 54
PMyy, PMys PIAIHA] A& HEE LS tA| A YA &&Fo] H w7}

(72~96 A1ZF) A=xAIZ1 F 0.01 mg A-EMettler Toledo, XP205, Switzerland)S-
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X 20T WEIA wHatgth PMy ARE BHE o]Siete] Aue o
A wAe] AgEEI, UvA Aue fa Aol ALgaenh el PMys

o T8 ol 2EFE VM F 2S0FE7]0A 301, X®71(250 rpm) 1
A ZE FoF AEsle] &E59th 8F A2 FA7] 2 E(Whatman, PVDF syringe
ool S Fo] So] HA

filter, 045 ym)= =84 AES HAE &

A5t

242 +84 X
PM,o, PMy59] 84 o] 2AES Jon Chromatography (IC)Ho = EA] 3kt
%ol NH,4', Na', K', Ca*, Mg?'& Metrohm Modula IC (818 IC Pump, 819 IC

oL
ML
M
il

detector)S AF£3}¢] Metrohm metrosep C4-150 23, 09 ml/min <, 25 ulL
FUHI, 40 mM HNO; £8|de] Aoz BEASAY. 53 A-AFA4L Na', K

Ca”, Mg® ¢ A9 Accustandardrl9] 1000 ppm Z+=g€H NH, S 1(ZFE2
(NH,):SO; (AldrichAl, % 99.999%)< AF83le] 01 ~ 50 pg/ml =2 343

g2 o gate] 43

[0

gol& ClI, NOs, SO/ € Metrohm 881 Compact IC ProE Al&3&to]
Methrohm Metrosep A-SUPP-5 2] #, 0.7 mL/min %, 50 L =453, 1.0
mM NaHCO3/3.2 mM Na,COs; &2, 200 mM HySO4 A A-gde] o=z &
Astart ZrAAFAAS 14 ZFEZE(AldrichAt KoSO,, 99.99%, KNOs 99.99%,
NaCl 99.999%)= 1000 ppm ¥+8HS ZA S = 01 ~ 50 pg/mL == 34
§4s o] &sto] Adesitt

712HHCOO, CHsCOO) ¥ v (F, CH;S03)A & Metrohm 881 Compact



IC ProE AF&3Fe] Metrosep-A-SUPP-16 #2]3, 0.8 mL/min <, 100 L A&

_ZI___
of 7o E FAFATE EF8&He] FwxE+ 10, 50, 100, 500 pg/LelH, F714F &

TE&HE HEFAS =TTl 59 A8t tH(Andreae et al, 1997).
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W = A = (coefficient of variation) CV = % X 100%

¥ <A x}F(standard deviation) S =

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 (ug/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 Cl F HCOO CH3COO CH3S03

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 1527




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

Agetel mARGT, pH 54 A ABEAS 27} oeF 507

251 A= HA e

Sbol Al wro® Hudk PMy, HEI9 PMys HEl= wlo]a =g AFEsigos
AAg st & 2 ES A9 dA-g #A42 US EPAY ‘Compendium of
Methods for the Determination of Inorganic Compounds in Ambient Air
(Method 10-3)O0%Riol wiel wlolazyl FafHom ALAHES =313
(Mainey and William, 1999). Al532HE A A& F HZZ(PFA,
polyfluoroalkoxy) &7]o Y il of~7]o] 555% HNO3/16.75% HCl &3%4F 10 mL
£ 718 F mlolaraE FAlste] A4 ES &SAZAT mlolazuk= 1000
W RF powerE ZAtste] 2525 16 & &t 180CE FSA7]aL o] 2&oA

15 B3t AN F A48 WS vlolang BalE nhd &9 F417)

.

CICIES

e
X
ld
o

ZE](Whatman, PVDF syringe filter, 0.45 pm&® =&
HNOs/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&3tel Al Fe, Ca, Na, K, Mg, S,

Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd &S EA33c}

=g NE Accustandardrite] ICP&

EH

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 W9o gHoz 3ste] zA8GTh o w A Lus wEYA
(matrix) E32 HA3817] 98] Alm dHE FAAA ALt A &9 3%
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HNOy/8% HCIE AF&-3} 9t

ICP-MS +4 A #4344 A48 27842 Perkin ElmerAhe] 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).

olzfgh W o R 20F° ¥AhHES ICP-OES9 ICP-MS®E #A¢ 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 Element
(nm) (ug/mL) (nm) (ug/mL)
Al 396.153 ~0.0007 Fe 259.939 ~0.0015
Ca 396.847 ~0.0022 Na 589.592 ~0.0030
766.490 ~0.0035 Mg 285.213 ~0.0012
S 180.669 ~0.0283
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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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L "ARA A=

E AT AE 20129 1€ 14 5H 20149 1€ 147HA] A% skek4t 11003

Aol A PMip?}t PMasE At dZFs=sE SAHSIAY AddFseEs d71odd
SAA Ao wet v A E e Egeto
| FEeRNE otg S A&t WAWALY dYF sES AMNSGAT(EA
€ 5, 200D. A7 ¥ PMyd PMys A&
(n=223)¢} 13.7+9.7 pg/m’ (n=206)°] A 3L, 2012F K€ 2013 Foto] v &t
7b wi A A el X g Ak Ao A FA e PMy 41.2 ng/m’, PMys 20.0 pg/m’
Hoh 74z 16, 169 @ X & BIHAsH, 2014). 183 19 g A9
Hlus] 2 Ay ik 11002A19] PMpd PMys AHFsEs +79
Dinghushan A9 H.t} Z+zF 30, 378 @& X5 H YA T, 29202 Elche A
b= v =g AFE HAH(Table 5).

g AAIE F AR, AR, 9, Z4AG mm olhE Aele v

pEA

N

gdnrel A#fsxis PMp 21.9+121 pg/m’ (n=120), PMys 12.246.8 pg/m’
(n=110)°1 At} PMyso 2w
Table 4). o] T A& AF A7|7F L AREWNS AE(n=106)5t] FFs=
E vlas] B A vdAde]l PMd PMys A#3FsEs 22t 21.1+11.7 pg/m’

, 124469 pg/m® ol ow, PMys9 Aol 584%= 1A 3k t).

22 sk, (Figure 1,

1
e
e
=
T
a1
ISN
9]
X
m
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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
ins

Table 4. Mass concentrations of PM;g and PMss at Mt. Halla-1100 site

during non-event days(n=106).

Concentration (ug/m?®)

PM

Mean S.D. Median Max Min
PMg 21.1 11.7 185 599 58
PMss 124 6.9 10.8 38.3 2.9
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Table 5. Mass concentrations of PM;yo and PM,y5 aerosols at Mt. Halla-1100 and

other foreign sites.

Concentration
: 3 e

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

time Ratio

PMjo PM:5

Mt. Halla-1100 Korea 2012~2013 25.0 13.7 0.55
Gosan® Korea 2012~2013 41.2 20.0 0.49
Dinghushan”  China 2009~2012 76.0 51.0 0.67
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

YHyeon et al (2014), PChen et al. (2014), “Wang et al (2013), YUS: Air Quality Statistics Report (2013),
9Galindo et al (2013), "Salvador et al, (2011)

80

—=—PM10 ——PM2.5

Concentration (pg/m?)

Figure 1. Variations of PM, and PMy5 mass concentrations at Mt. Halla-1100
during the study
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y=00417x +42044
R2=09726 (r=0.986)
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Figure 2. Correlations of X[Cationle, versus X[Anionle
for the analytical data of PMj, aerosols

at Mt. Halla-1100 site.
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Figure 3. Correlations of X[Cationl,, versus X[Anionle
for the analytical data of PMss aerosols

at Mt. Halla-1100 site.
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311 PMy o= & % 2 =4

AF% ket 1100 A A 20124 19 1€95H 20143 1€ 14714 2 A s
T 223719 PMp Al &=l thsl] =84 oS FAsAT o] 5 AL A

ubE s 7 9-(Bmm o]/ hHAS ALstal, = PMyy 3 PMys AFH Lol FL3t 106712
A RETS AEste PMy (D, < 10 uim)9] o248 w28 XA, 1 2
7= Table 63 Figure 4°] YeEFHATE FolA nss-SO0~ ¢ nss-Ca’' &= H|& <
(non-sea salt) ¥%2, ‘[nss-SO/41 = [SO/4] - [Nal x 0251'¢9) 23}
‘Inss—Ca”1 = [Ca®”] - [Na']l x 0.04’¢] 2ol ola) AxetAHHo et al, 2003;
Savoie et al, 1987).

PMy 949 o] 24 %2 nss-SO, > NHy” > NOs > Na' > HCOs > CI” >
nss-Ca®” > K~ > Mg® > CH,COO > HCOO > CH;SO3 > F > H +o&
2 FEE JERQTE ©] F nss-SOf Aol 551 ng/m’E Mg =&

A3, Thro® NHy' o 1.94pg/m’, NOs ©] 1.35 pg/m’® =2 2194 719 A2 s
o] ¥ F&E HtHTable 6). SO 2 A 124 wiEF A o] ofym A
TEAQ SOt AR Aay ZF 3 dd st &5 T oA wiEo] #
T Eo] &alEo SOL R AFET E ogiy] FellA F3e wrEol siM =
H.SO7F A3 7%= stop(ullgoF &5, 2003; 44 &, 2008). 18]31 NHy 2 df
7] T GEYole °oF 90% = 7] T SISOy, FAHHNO:), ¢
I gkgste]l QFEE(NHY) colz2Es desm, of 10 % F=+ OH Sz =
AgA(Warmeck, P, 1988). th7] T ¢hEuES &itol, dilol25 3 whg
shol gabel R m (NHMHSO,), A4 w(NHINOs), o 8ok s(NHCD ¢ 2%
548 WA (Adams, P. ] et al, 2001). 123l vy Ao A$
JTEEY wEF Tl wel = Wsh s o, 2kt Fiol o

A 5ol gdo] 9= 7o 1% 3 dtt(Masiol et al, 2012; °]std S

off

.
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il
f

Fl
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b
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242 T2 AR ALHAAHAA DAY FHT F& XT3 FolA ol
N 348 AA dA uel AiaskstEe] wjEaFe] ksl e FAl 7]
ol o= 3 1TH(Van derA et al, 2008; Richter et al, 2005).HFHo] &

%(Na®, CI)# E%¥(nss-Ca*, K) 719 AEL 22 od=Zd g R e
FEE UERE 28y F84 K ol22 AA A48 10% =] B
FozHEH FHFHL YHAE F2 A A7 (biomass burning) 5 UHA 29
of o& wAste Ao® Wy JrH(evA 5, 2009 F5H, 2014;
et al, 2004).

Z

cMurry

PMp9] A4S HA7|9EE A8 B Ay 93 719 AR (nss-SO7,
NOs;, NHy)ol 81.0%= 7FHd =& XS HAT 1 5oz f9dd=(Na',
Cl, Mg™)e Aol 87%, EF71Y AE(nss-Ca™)ol 24%, 714 A&
(CH;COO", HCOO ol 1.9%°] /45 Attt olefgh ARES F3hEd
shebal 1100 A 9] PMyy 2L 94 7|99 d8S 714 wo] vty S o

oL

2 9 7Y, BEY 7Y, AEAY o7 FAo oIS Po] w= How %

A1 2 tH(Figure 5).
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Table 6. Concentrations of ionic species in PMjy aerosols at Mt. Halla-1100 site.

Concentrations (ug/m®)

Species
Mean S.D. Median Max Min

H' 0.01 0.01 0.01 0.06 0.00,
NH, 1.94 1.37 1.50 6.67 0.25
Na" 0.46 0.30 0.41 1.43 0.04
K’ 0.19 0.12 0.15 0.55 0.05
nss-Ca*’ 0.26 0.29 0.17 1.79 BDL
Mg* 0.14 0.21 0.08 1.46 0.00,
nss-SO4~ 5.51 3.78 413 19.86 0.92
NOs 1.35 1.53 0.89 7.59 0.02
Cl 0.34 0.28 0.29 1.50 0.02
HCOs 0.41 0.42 0.28 2.30 0.03
F 0.01 0.01 0.01 0.07 0.000,
HCOO 0.08 0.15 0.05 1.46 0.00;
CH3COO 0.13 0.21 0.11 1.98 BDL
CHsSOs 0.02 0.03 0.01 0.14 BDL

BDL: Below Detection Limit
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Concentration (pug/nr’)
o

NH* Nz* K- nss-Ca® Mg*  bss-80s  NOs cr
0.9
o
=
=
& 06 4
=
g
©
g
o
g
o 03 4
Q
0.0 A
i b HCO=" F= HCOO~ CH:COO~ CH:S80s"

Figure 4. Comparison of ionic concentrations in
aerosols at Mt. Halla-1100 site.

Others
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50.7%

Others @ H" 0.0s%, HCO3™ 3.8%, F~ 0.13%,
HCOO™ 0.7%, CH3COO™ 1.2%, CH3S03™ 0.2%

PMio

Figure 5. Composition ratio of ionic species in PMjg

aerosols at Mt. Halla-1100 site.
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(n=106)¢] FX%E& Table 7% Figure 691 YEINAT. &9 2} L2359 Ht
TE= S>Fe>Na>Ca>Al>Mg >K>Zn>Cr >V >Ni > Ti>

Pb > Mn > Mo > Cu > Ba > Sr > Co > Cd £ & Yehfidct o] F <¢4
7199 S %7} 7420 ng/m’E 7P =gka, 1t ogE B9 7199 Fe, Ca,
Al F%7F Z+7F 2292, 1769, 1324 ng/m’, 319 719 Na2 1942 ng/m’=
AT B dlde] A 719S dEE Mg 667 ng/m’e] FEE B
th(o]FF %, 1997; Christina et al, 2006). £ E%3 AArztoz 98
HE Aoz 4¥Ad K& 574 ng/m*S BATh Zn 403 ng/m’e FEE e
Wi, F2 A5, golo] R 5 AEatd g edYdoR deA Utk T
Cr, V, Ni& Zt7} 21.3, 137, 127 ng/m*’e2 ZAIE YL, o]EL F2 od dAx
2 F&o] BA ure o3 mEHE Ao Huy i 9rh TiE 88 ng/m’
of g HYon, wFo Uiz dHA ATHR7IF T, 2014). PbE= 76
ofg] AP HAoNA B 53] AFdme] <
A A A wAgTE oo f-Eubetel A= 1988 E FAFU{FE ALESIE
Z Al lojAl Al o= AFEEHA FAR =R FHAE o3
= TEE Hola g ASE dui(AdE F, 2012; Choi, 2006). o] <]l W]
% 5% A% Mn, Mo, Cu, Ba, Sr, Co, Cd 52 Z+7F 538, 20, 16, 1.6, 0.9,
=

==

b

L PMy "M A e (A4 E 245 Figure 701 Hlatskgivh, 19 e] Aot
2ol AaAFREE Fo A4 719 AE(S, Zn, Pb, Ni)o] 46.8%, EF71A A+
(Al, Fe, Ca)e] 314%, A7l A(Na, Mg)ol 152%9 XA4& YehliAnaL

ol HEZEX A9 90B4%= s AA s = Aoz FAAFHAT
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Table 7. Concentrations of elemental species in PM;jy aerosols at Mt.
Halla-1100 site.

Concentration (ng/m?)

Species
Mean S.D. Median Max Min

Al 1324 162.8 715 1,015.7 2.1
Fe 229.2 299.0 129.8 2,387.7 2.1
Ca 176.9 200.0 107.8 1,216.4 4.2
Na 194.2 163.2 146.7 852.5 5.2
K 57.4 69.6 30.1 375.7 1.0
Mg 66.7 68.4 47.0 358.7 2.1
S 742.0 825.5 514.8 5,142.1 15.2
Ti 8.8 9.8 4.9 51.2 0.2
Mn 5.8 5.6 4.3 274 0.03
Ba 1.6 1.3 1.2 7.2 0.1
Sr 0.9 1.1 0.5 7.1 0.04
Zn 40.3 1185 14.4 929.9 0.04
\% 13.7 20.4 7.9 112.8 0.0
Cr 21.3 29.0 10.6 180.4 0.04
Pb 7.6 17.4 2.9 139.4 0.1
Cu 1.6 1.7 1.1 9.0 0.0
Ni 12.7 185 6.0 126.2 0.1
Co 0.2 0.2 0.1 14 0.002
Mo 2.0 3.8 0.6 30.6 0.001
Cd 0.1 0.2 0.0 1.3 0.004

BDL: Below Detection Limit
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Figure 6. Comparison of elemental concentrations in PM;j, aerosols at MLt.
Halla-1100 site.
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Others @ Ti 0.5%, Mn 0.3%, Ba 0.1%, Sr 0.1%, Zn 2.3%, V 0.8%, Cr 1.2%,
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Figure 7. Composition ratio of elemental species in PM;y aerosols at Mt.
Halla-1100 site.
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3.2 PMys %A
321 PMys o] AR =5 9 x4

PMys PIAI G2 Asak, 54, stedds, 27 5 A8 A4, a8 g
T SoA AH wiEEE 12 Y AHprimary aerosol) @t th7] & 3leturgo] 9§
A E = 23 Y AH(secondary aerosol) & TAHTHFEAS 5, 2016, Aldabe et
al., 2011; Pandolfi et al., 2011; Myles et al., 2010, 2009). PM>5%] 22} A} A+
o B2 Fiol AF wE¥ SOz NOi, NHz 9] 13 =4 7] FolA
HES-S do7 AAdHE 22 S dEHo (g &, 2008, Yao et al, 2002).

53] 25 um °o]ske] mAExe HEAA o] AX P ZWHA ZFEFE b

3% 5§l §ol

PMos A& & 206705 A sttt o] T A, A5, 9, A4 mm
ol’h)S At PMyy # PMys AF Lol sdd 10671 A EETS AEstd
T FEA o2 FEE AT ol2lg o] 2R FEE Table 8
3} Figure 8o vlaatgict. Aol Al o] PMys HIAIYAS] o] 2AE wE&
nss-SO,4 > NH,” > NO3 > HCO3; > K" > Na' > CI" > CH3;COO >
nss-Ca®" > Mg® > HCOO > CH3SO; > F > H' o2 %7 yeyltt o
S AR 5T d94 719S Y E nss-SO4, NHY, NOy & Z+2F 441, 1.65,
053 pg/m’z ¥& FEE BJth 53] nss-SOF& & AA SOF Foll 99.4%2] ]
&< AR, Aol FElE SO~ ¥ ofF mug Aoz A ALt

dubg oz w=AR S v AdALe] A9 nss-SO,” o HE NOs o 71¢ &) 4
fAo® =& Age BT ol NOy Aol oux] A&y #dAe] =
al

Aol ol A7) wEolt AdyAT ZAyE AR, EA

_26_



A9 Mg, FH, FF, 75, weld, Adstelel A PMys vAIYAE] nss-SO.*
/NOs ¢ H7} Z+2zF 055, 1.39, 094, 1.99, 1.48, 1.66¢] #< Holx Jrhx4gh
2016; ©194 A, 2014; Z. H. Shon et al, 2012; Wang et al, 2005, 2006). ©]*# EA]
A Ao A nss-SO4” /NOy 9] H|7F ¥re Z& A5k 3o & NOxo| wiE%
o] @7] wjolrh =] w9 WEH =} o zy7b 334, 3579 o=
A ARt a2 3e BAtHelEd F, 2010, ol T, 2002). E 9
Foll A ekt 1100 32419 nss-SO~/NO; M= PMys WIAIG Aol A 8402 413
AT AEe wsl 9o 2 @S vEhdla Ak ofHF ek 1100 7] o A]
nss-SOL /NO; F=n7F Aoz o & #& el 2 Aex 5o <

g Q9A o wWlE FFol e EAAGC v vr] wEZ]l Ao FAH

in|
)

L
a

rlr

e 719 AE< Na', CI, Mg®¢ »x+= 7tz 011, 0.09, 0.04 pg/m*E H.¢ar
Bk 719 RS nss-Ca® e 0.05 pg/m’Y =E5E YerTh o)X 8 PM,ysol
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Table 8. Concentrations of ionic species in PMss aerosols at Mt. Halla-1100 site.

Concentrations (ug/m®)

Species
Mean S.D. Median Max Min

H" 0.004 0.004 0.003 0.03 0.0003
NH, 1.65 1.22 1.27 5.50 0.24
Na" 0.11 0.09 0.09 0.72 0.004
K’ 0.12 0.08 0.10 0.38 0.01
nss-Ca*’ 0.05 0.05 0.04 0.20 0.00
Mg* 0.04 0.04 0.03 0.21 0.00
nss-SO4~ 441 3.44 3.36 18.94 0.64
NOs 0.53 1.10 0.15 6.43 0.00,
Cl 0.09 0.10 0.09 1.01 0.01
HCOs 0.26 0.32 0.15 1.42 0.01
F 0.01 0.01 0.003 0.05 BDL
HCOO 0.03 0.04 0.02 0.32 BDL
CH3COO 0.07 0.08 0.06 0.49 BDL
CHsSOs 0.01 0.01 0.01 0.04 BDL

BDL: Below Detection Limit
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Figure 8. Comparison of ionic concentrations Iin
PM,5 aerosols at Mt. Halla-1100 site.
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Table 9. Concentrations and their ratios of ionic species in PM;o and

PMs5 aerosols at Mt. Halla-1100 site.

Concentration (ug/m?®)

Species PMI%Z/SEVI]O
PMio PM:5
H' 0.01 0.00, 0.5
NH,' 1.94 1.65 0.9
Na' 0.46 0.11 0.2
K’ 0.19 0.12 0.6
nss-Ca”' 0.26 0.05 0.2
Mg? 0.14 0.04 0.3
nss-S0O,> 551 441 0.8
NO; 1.35 0.53 0.4
Cl 0.34 0.09 0.3
HCO; 0.41 0.26 0.6
F 0.01 0.01 0.5
HCOO 0.08 0.03 0.4
CH;COO" 0.13 0.07 0.5
CH3S0; 0.02 0.01 0.5
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Table 10. Cross correlations between ionic species of PMiy aerosols at Mt. Halla-1100 site.

nss— nss—

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

Na' -008  1.00

K’ 060 003 100

nss-Ca” 036 013 052 100

Mg 033 025 000 -002 100

nss-SO,/ 093 002 058 035 043 100

NO3° 049 018 044 057 007 027  1.00

Cl -010 08 001 0I5 020 -0I1 026 100

F 004 002 014 034 -016 000 028 001 100

HCOO -004 012 000 005 -001 -009 -005 -009 -0.05 1.00

CH:,COO  -0.11 -016 -0.09 -002 -007 -016 -0.09 -015 0.9 0.94 1.00
CH:3S0s 009 -033 004 008 -003 009 -015 -039 008 0.28 0.35 1.00
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Table 11. Cross correlations between ionic species of PMys aerosols at Mt. Halla-1100 site.

Spices  NH,/ Na' K Iésai: Mg? Qé}_ NO;  CI F  HCOO CHCOO CH:SOs
NH, 1.00

Na’ 023  1.00

K 066 029  1.00

nss-Ca*' 0.37 0.07 0.49 1.00

Mg?* 032 001 008 018 100

nss-SOZ 094 032 063 037 032  1.00

NO; 038 003 028 025 -003 009 100

Cr 011 035 023 020 012 009 012 100

F -003 -001 -013 017 -002 -005 010 -021  1.00

HCOO 009 003 004 006 -010 007 006 -002 005 1.00

CH:COO0  -0.04 002 -012 013 -014 -004 002 -012 039 0.76 1.00
CHsSOs 032 -009 012 004 016 032 -004 -019 009 0.13 0.20 1.00
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Table 12. Cross correlations between elemental species of PM;y aerosols at Mt. Halla-1100 site.

Al Fe Ca Na K Mg S Ti Mn Ba Sr Zn \% Cr Pb Cu Ni Co Mo Cd
Al 1.00
Fe 054 1.00
Ca 073 054 1.00
Na 028 032 038 1.00
K 071 05 082 044 1.00
Mg 079 051 091 057 082 1.00
S 059 084 063 043 068 064 1.00
Ti 025 008 025 003 032 027 016 1.00
Mn 057 053 076 043 076 076 056 016 1.00
Ba 069 054 08 039 08 08 064 03 073 1.00
Sr 075 054 093 046 084 092 069 031 079 08 1.00
Zn -003 -007 -001 014 -003 001 003 017 -009 0.05 -0.03 1.00
\Y% 003 032 020 030 020 015 016 -017 045 008 015 -0.03 1.00
Ccr 001 037 011 021 011 007 014 -011 046 006 007 -0.01 08 1.00
Pb 012 017 027 023 021 023 023 001 022 025 022 05 008 003 1.00
Cu 053 062 051 030 055 049 059 019 061 055 054 000 020 021 010 1.00
Ni 014 077 014 017 016 007 047 -010 031 011 011 0.00 064 073 -0.01 042 1.00
Co 034 050 05 027 044 046 038 008 073 043 049 002 074 08 019 038 057 1.00
Mo 018 081 012 019 018 009 055 -010 023 013 014 -007 043 049 -001 041 092 032 1.00
Cd 038 048 049 040 056 049 065 010 042 045 054 058 016 008 058 041 028 029 031 1.00
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Table 13. Rotated varimax factor analysis for ionic species in PMjy
aerosols at Mt. Halla-1100 site.

Species Factor 1 Factor 2 Factor 3 Factor 4
NH," 0.92 -0.11 -0.04 0.23
Na® 0.01 0.90 -0.05 0.04
K’ 0.59 -0.06 -0.03 0.54
nss-Ca*' 0.31 0.15 0.04 0.76
Mg*' 0.60 0.37 0.07 -0.41
nss—SO4% 0.94 -0.10 -0.08 0.10
NO3 0.35 0.27 -0.04 0.67
Cl -0.05 0.93 -0.04 0.09
F -0.15 -0.07 0.03 0.69
HCOO™ -0.02 -0.04 0.96 0.01
CH;COO™ -0.12 -0.11 0.96 0.03
CH;3S05 0.12 -0.52 0.42 -0.05
Eigenvalue 2.72 2.21 2.06 2.04
Variance (%) 22.6 18.4 17.2 17.0
Cumulative (%) 22.6 411 58.2 75.2
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Table 14. Rotated varimax factor analysis for ionic species in PMss
aerosols at Mt. Halla-1100 site.

Species Factor 1 Factor 2 Factor 3 Factor 4
NH," 0.84 0.02 0.19 0.37
Na" 0.14 0.12 0.70 0.03
K’ 0.56 -0.05 0.41 0.45
nss-Ca*' 0.28 0.07 0.12 0.68
Mg*' 0.53 -0.21 -0.06 -0.06
nss—SO4% 0.88 0.05 0.24 0.19
NO3 0.00 -0.03 0.04 0.76
Cl -0.05 -0.07 0.75 0.13
F -0.11 0.30 -0.47 0.45
HCOO" 0.03 0.90 0.12 -0.02
CH3COO -0.07 0.93 -0.15 0.10
CH;3S05 0.62 0.27 -0.37 -0.17
Eigenvalue 2.59 1.91 1.73 1.67
Variance (%) 21.6 159 14.4 139
Cumulative (%) 21.6 375 51.9 65.8
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Table 15. Rotated varimax factor analysis for elemental species of
PM; aerosols at Mt. Halla-1100 site.

Species Factor 1 Factor 2 Factor 3
Al 0.83 0.04 0.00
Fe 0.55 0.64 0.12
Ca 0.92 0.11 0.09
Na 0.44 0.22 0.29
K 0.89 0.13 0.11
Mg 0.94 0.05 0.10
S 0.70 0.36 0.25
Ti 0.38 -0.23 0.06
Mn 0.78 0.39 0.01
Ba 0.89 0.05 0.12
Sr 0.95 0.08 0.09
Zn -0.10 -0.07 0.87
\Y% 0.05 0.82 0.01
Cr -0.01 0.88 -0.03
Pb 0.16 0.01 0.79
Cu 0.60 0.36 0.06
Ni 0.06 0.94 0.06
Co 0.42 0.70 0.03
Mo 0.10 0.80 0.07
Cd 0.45 0.20 0.78
Eigenvalue 7.43 4.47 2.21
Variance(%) 37.2 22.4 11.1
Cumulative(%) 37.2 59.5 70.6
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Figure 12. Clustered back trajectories of

air masses at Mt. Halla-1100 site.
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Table 16. Concentrations of ionic species for the inflow pathways of

cluster 1~3.
Concentrations (j1g/m®)

Species Cluster 1 Cluster 2 Cluster 3

PM; PM;s PMiy,  PMss PMy,y,  PMys
H' 0.01 0.005 0.01 0.01 0.01 0.005
NH4 2.07 1.79 1.67 1.44 1.67 1.34
Na® 0.47 0.10 0.50 0.18 0.42 0.10
K" 0.22 0.14 0.14 0.11 0.14 0.08
nss-Ca*’ 0.33 0.06 0.14 0.04 0.12 0.03
Mg?* 0.13 0.04 0.20 0.04 0.14 0.05
nss-S04~ 5.74 4.64 5.15 4.42 5.00 3.77
NOs 1.70 0.71 0.72 0.21 0.61 0.13
Clr 0.38 0.11 0.29 0.08 0.23 0.06
HCOs 0.39 0.25 0.51 0.40 0.43 0.25
F 0.02 0.01 0.01 0.01 0.01 0.01
HCOO" 0.07 0.03 0.07 0.04 0.10 0.03
CH3;COO 0.12 0.07 0.10 0.08 0.19 0.08
CH3S03 0.01 0.01 0.02 0.01 0.04 0.01
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Table 17. Mass concentrations of PMio and PMs5 aerosols at Mt. Halla-1100
site during Asian dust (AD) days.

Concentrations (ug/m®)

Particulate
PM,5/PM
Matter PMo PM,- 25/ . 10

Ratio
1st AD(13.03.19) 132.0 30.3 0.23
2nd AD(14.01.01) 104.4 32.0 0.31
Mean AD 118.2 31.1 0.26
NEV 21.1 12.4 0.59

DNE: Non-Event

Table 18. AD/NE ratios of PM;y and PMs5 aerosols at Mt.
Halla-1100 site during Asian dust days.

AD/NE Ratio

Particulate

Matter PMyo PM, 5
1st AD 6.3 2.4
2nd AD 49 2.6
Mean 5.6 2.5
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Figure 13. 5-Day back trajectories for the Asian dust days on Mar 19th,
2013, Jan 1th, 2014 at Mt. Halla-1100 site.
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S AF Al PMod PMos A1) o] 24 X2 Table 19, Figure 14~159] 1}
EFilth. |4 PMy, 9Ake] o] =73
> Na" > HCO; > ClI > K > Mg* > HCOO > CHsCOO > F > CH3SO;

nss-SO4 > NO; > NH, > nss-Ca”

Mz
Mo

> H' =013, PMas GAIAM = nss-SO,4 > NHy > NO; > K' > HCO; >
nss-Ca®" > HCOO > Na' > CHsCOO™ > ClI' > Mg* > CH3S0; > F > H'
Fo 2 zUdatet nAdAte] FRE AR o 43S veha ok

FAbel A Ade] AAER o] 2 ES Hwd A ELV]Y9 nss-Ca®'>
PMyy JAbel Al 3Ale} ml@ddel 7b2h 321, 0.26 ng/m’, PMys 4Ab=
0.21, 0.05 pg/m*= A} Aol PMyo3} PMys AMolA 242t 1230, 38u 2 F %
7b AA Fvehe Ao® FAMEATE 1Eal 914 7199 nss-SO4 0] FAF
Al PMip2t PMos AAbell A zhzh 11.86, 849 pg/m’= wl@AY el 551, 441 n
g/m’ B8] Z}7h 22, 199 FE7F =dvh NOs AR Al &4 Al PMpd
PMys QAo A Z+zF 970, 331 pg/m’= vl@dde] uls] z+zt 72, 630 =&

N
£

st Ao delA oy PMy YA E S7hso] Hlud 2 o
Al nss—Ca®' 9} g7 BatslE ol AAasbslEoe] A o] F-2H A
&5 4o CalNOy),, CaSOst 22 o FHE PMy dAbel ZxH0S 7he
Aol & Ao 7 FAddAvh(Rengarajan at al, 2011; AlAol % 2005). T35 NH,
& FAF Al PMyod PMos 4AH7F vldddel vls 2+ 2.0, 229 % PM,, 44
N Hth PMys Al O F7bste 43S Btk a8l dubdog giv)s
°] NHz= 7l FHz A&t AHdEdd F3nkss doA F=
NHHSO,, (NH)2SOs;, NHUNOzol & FEel= &4 3= Aoz I3 A Aozl
T 5, 2010). = K' FAF Al PMp?t PMas fAkell Al 242t 3 =
o7 FAHATH

FAL A A A7l wE 2AS s E A, 23 L dE 42 nss-SO.,
NOs, NHy = AL A PMyy Akl A A A 5 76.0%E HEbH Ao whd
PMzs A7t A= AAl A2 & 902%E 2A8kol PMys fAbellA 24 o &2
4% Bt E3F nss-Ca”'& PMyy YAIA 9.6%= v@Adol vl 4.0H)

Fo 242 VERRAI, PMys 9AIAE nss-Ca’ol FAbsh wAS A 247}
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12, 0.7%= 1.6¥] =3kch.(Figure 16~17).

e AE(Na', ClI, Mg?)el z4H= A Al PM), QAFelA 82%= B &4
A Al 249 87%RTE B S B, PMys YA 3 AL Alo] 22% =
g vE @ 248 Ytk s AEAG AJE<0 HCOOH,
240 FA Al PMyy At A 0.7%2 BldAdd Al 249 1.9%K

H =z=
o vre A4S By, vhH PMys Y AFoll A A Aloll 21%= v &ALl H] 3
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Table 19. Concentrations and their ratios of ionic species in PMjo and PMs5s

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

Concentrations (ug/m®) Ratio
Species PMjg PMs5 PM;q PM,5
AD NE AD NE AD/NE AD/NE
H' 0.00, 0.01 0.00, 0.004 0.2 0.4
NH," 3.87 1.94 3.71 1.65 2.0 2.2
Na’ 1.39 0.46 0.19 0.11 3.0 1.7
K’ 0.71 0.19 0.42 0.12 3.7 3.6
nss-Ca”' 3.21 0.26 0.21 0.05 12.3 3.8
Mg* 0.33 0.14 0.06 0.04 2.4 14
nss-SO,°  11.86 551 8.49 441 2.2 1.9
NOs 9.70 1.35 3.31 0.53 7.2 6.3
Cl 1.01 0.34 0.14 0.09 3.0 1.5
HCOs 1.02 0.41 0.29 0.26 25 1.1
F 0.10 0.01 0.01 0.01 7.0 1.8
HCOO 0.12 0.08 0.19 0.03 1.5 5.5
CH3COO 0.11 0.13 0.17 0.07 0.8 2.3
CHsS03 0.02 0.02 0.02 0.01 0.9 1.7
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Figure 14. Comparison of concentrations and their ratios of ionic species in
PM;o aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 15. Comparison of concentrations and their ratios of ionic species in
PM5 aerosols during Asian dust (AD) and non-event (NE) days.
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Figure 16. Composition ratios of ionic species in PMj aerosols during Asian
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Figure 17. Composition ratios of ionic species in PMys aerosols during Asian

dust and non-event days.
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G4 A PMyo bS] 94 RS mwet s A Ca > S > Fe > Al >
Mg >Na>K>Ti>Mn>7n>Cr >Pb>Ni>Ba>5Sr >V >Cu>
Mo > Co > Cd ¢+ 2 F%7} =tH(Table 20, Figure 18).

AL A EYY FQ 9aAEe Al Fe, Ca, K¥ Ti, Mn, Ba, Sr 59 "=
AiES HE@dde B8] PMyy kel A 2h2F 87, 55, 11.5, 5.7, 6.1, 6.5, 7.6, 12.3
W S7kekdth. 12l al Na A2 A Al 238 S7bsklal, Mg A2 9.14
7kt Aom vebyth 29a A9F 71 A2l S, Ph, Ni, Cd =

2.1, 26, 1.2, 34¥] Fx7} S7tekes AES BT o

98 A2 799 ARSe] FAGE ol f FAL Bdste] FH BR A

rﬁL
o,
O
é
=
%
—_
©
=
i
32
£
23
a2
=2
r o
o
X
N,
r‘(o

Ca)ol PM10 O]x]’oﬂ h85H%U = H]
A EE(Zn, Pb, Ni)2 21.2%% ZAF Alo] 22u] ©+2 AU E HJYow ELA

13.9%, Hldddel 152%= A Ao ZAR|7F ¢ v AR ZAEIIT

(Figure 19).
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Table 20. Concentrations and their ratios of elemental species in PM;y aerosols

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

Concentration (ng/m®) Ratio
Species PMo PMio
AD NE AD/NE
Al 1158.2 1324 8.7
Fe 1254.4 229.2 55
Ca 2038.1 176.9 11.5
Na 449.1 194.2 2.3
K 328.7 574 0.7
Mg 608.0 66.7 9.1
S 1554.6 742.0 2.1
Ti 53.8 8.8 6.1
Mn 379 5.8 6.5
Ba 12.3 1.6 7.6
Sr 10.8 09 12.3
Zn 25.6 40.3 0.6
\Y 9.6 13.7 0.7
Cr 25.0 21.3 1.2
Pb 199 7.6 2.6
Cu 55 1.6 3.3
Ni 15.2 12.7 1.2
Co 1.0 0.2 5.3
Mo 2.4 2.0 1.2
Cd 0.4 0.1 3.4
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Figure 18. Comparison of concentrations and their ratios of elemental species in
PM)y aerosols during Asian dust (AD) and non-event (NE) days.
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L, PMose 362 ng/m’2 @AY 124 pg/m® o uvla) 29v] =& Aoz FAL
H Ak PMys/PM o] & Eeleh A3, 06122 PM, Akl v3] PMas HA
o] wE7F =& Ao YEEth Ed AR Al o] 2R FEE PMy dAbelA
nss-S0O4 > NOj; > NH," > nss-Ca®** > Na' > CI' > K' > CH;COO >
HCO; > HCOO > Mg® > F > H' > CH380; 0% %8 =3 ®th
gbEo] PMys QA A= nss-SO& > NH,” > NO; > K" > CI' > Na' >
HCOO > HCO3; > CH;COO > nss-Ca® > Mg® > CH380; > H > F+2

2 52 v5E5 YeY Y (Table 21, Figure 20~21). 183 094 719 A&
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FE7F S7bet] e AR sRy A4 g SUbehe %S By olv dF
Al A9 Ve edEAE] EY, dlAEe A=A vlE =& nF
& AAstE ow ddEh
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Table 21. Concentrations and their ratios of ionic species in PM;, 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' 0.02 0.01 0.01 0.004 1.8 2.5
NH, 5.26 1.94 447 1.65 2.7 2.7
Na’ 0.63 0.46 0.22 0.11 14 2.0
K' 0.60 0.19 0.35 0.12 3.1 2.9
nss-Ca*’ 0.68 0.26 0.06 0.05 2.6 1.1
Mg 0.15 0.14 0.03 0.04 1.1 0.7
nss-SO, 1066 551 8.30 4.41 19 19
NOs 7.08 1.35 4.01 0.53 52 7.6
Cl 0.62 0.34 0.28 0.09 1.8 2.9
HCO5 0.20 0.41 0.08 0.26 0.5 0.3
F 0.03 0.01 0.01 0.01 2.2 0.7
HCOO 0.17 0.08 0.08 0.03 2.2 2.4
CH3COO 0.21 0.13 0.06 0.07 16 0.9
CH3SOs3 0.01 0.02 0.02 0.01 0.7 16

_61_



E==Haze
—Non-Event
- & —Ratio (HZ/NE)

Concentration (ug/m*)

NH Nzt K+ nss-Ca® Mg 0ss-SOF  NOs cr
0.9 6
mmm Hare
—Non-Event
— @ —Ratio (HZ/NE)
o
5, 06 La
E’.
=
2
=
H
o
2
=}
C 03
00 4

HY HCO:

Figure 20. Comparison of concentrations and their ratios

F- HCOO~

CH:COO~ CH:50:"

Ratio (HZ/NE)

Ratio (HZ/NE)

of ionic species in

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

s Haze
E—Non-Event
-@ -Ratio (HZ/NE)

Concentration (ug/m?*)
"

nssCa™ Mg~

nss-S0 NOs cr

0.6

04 4

Concentration (jg/m’)

00

E==Haze
—=Non-Event
—-© -Ratio (HZ/NE)

H HCOs

o,
Y
. ~ 2
e RS PR
. ~ -
_T_i i_h
e | 0
-

HCOO~

CH:COO~ CH:50:

Ratio (HZ/NE)

Ratio (HZ/NE)

Figure 21. Comparison of concentrations and their ratios of ionic species in
PM5 aerosols during haze (HZ) and non-event (NE) days.

_62_



Others : H+ 0.04%, HCOs™ 0.8%, F~ 0.1%,
HCOO™ 0.7%, CHsCOO™ 0.8%,
CH5S05™ 0.1%

Haze

22
BRRAAAR AN N e
iﬁi\\\$§§§§ K

S RN 18%
EE N
St : 2

Others : H" 0.0s%, HCOs™ 3.8%, F~ 0.13%,

HCOO™ 0.7%, CH3;CO0™ 1.2%,
CH3S05™ 0.2%
Non-event

Figure 22. Composition ratios of ionic species in PMjy aerosols during haze

and non-event days.

cr Others
1.5% 1.4%
R

{2 0008250,
g%y%\\\\\\b\b\n

S
: Nor A3 NHS Q3R Na

22.3%

[ e s 5

ey e b b E b e
i i R RN
ZiEniaen - Hleidiasiaciinand /T 19%
b
// nss-Ca®
0.3%
N
nss-S0.* N Mg
295,

Others : H" 0.1%, HCOs™ 3.6%, F~ 0.1%,
HCOO™ 0.4%, CHsCOO™ 0.3%, HCOO™ 0.5%, CHsCOO™ 1.0%,
CH3S05™ 0.1% CH3S05™ 0.1%

Haze Non-event

Others @ H+ 0.06%, HCO3™ 0.4%, F~ 0.03%,

Figure 23. Composition ratios of ionic species in PMs5 aerosols during haze

and non—-event days.

_63_



AF Al PMy YA YA EE vustda, 21 A3E Table 229 Figure
24~25° WERlATE. A5 Al PMy 94 944% #== S > Ca > Fe >
Al > Na>Mg >K >7n>Cr >Ti > Mn >Pb >Ni >V >Ba>Cu >
Sr > Mo > Co > Cd svo2 =4 Yeyth

A Al EY7IE AJEQ Al Fe, Ca2 Hl&ddd Hvla] PMyy YJAFellAl 242t
29, 2.1, 289 =7Fst¥ Y. 18]3l Ti, Mn, Ba, Sr A2 24~31¥ =2 ¥ %
7t FAE Bk b Q1914 71l S, Ph, Cd A& ALl Hl&)
Zkzk 14, 1.8, 239 © F7Feke 54 e WEtAT =3 A5 A K2 ¥
Ao B3 PM;p fANA 279 =2 S7HES EATh

P AT Al 7 Ak RES] 24 A} wus) B At A9 A4

FBL

A 46.8%° wls] 1.3u) wrokt 1
U E A TAE(AL Fe, Ca)el ZAHE PMyy GAIA] 59 v AA
b 446, 31.4% %2 A5 Alo HAAAHT =& 2AHE BT

B

i-(Zn, Pb, Ni)=> PMyy Akel 359% = H]3

v}

1

N
N
o3

T 9w

i
flo

a AFd T awk: dAF WA A124¢ 49 59, 13d

349 44, 139 10€¢ 30¢, 139 11€¥ 05¢¥)¢ 7|5 (air mass) |54 =25 <213

Botth 1 A3 Figure 349 #Z°] 500 met 1500 m =AM B5F T 559

THAGE AA AFE FAEHASS & F AT oY d AHE Hol T

Sl AR R vAEACE VRE wE FAdEL e deR
al

dFAd Al FEvE g E e S S ol W

>

_64_



Table 22. Concentrations and their ratios of elemental species in PM;y aerosols

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

Concentration (ng/m®) Ratio
Species PMio PMio
HZ NE HZ/NE
Al 380.8 1324 2.9
Fe 487.2 229.2 2.1
Ca 503.6 176.9 2.8
Na 200.3 194.2 1.0
K 155.2 574 2.7
Mg 163.1 66.7 2.4
S 1,040.2 742.0 1.4
Ti 21.6 3.8 2.4
Mn 15.3 5.8 2.6
Ba 4.1 1.6 2.5
Sr 2.8 09 3.1
Zn 379 40.3 0.9
\Y 7.6 13.7 0.6
Cr 25.3 21.3 1.2
Pb 14.0 7.6 1.8
Cu 3.3 1.6 2.0
Ni 13.3 12.7 1.0
Co 0.3 0.2 1.8
Mo 2.0 2.0 1.0
Cd 0.3 0.1 2.3
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Table 23. 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 0.005 0.004 1.2 1.1
NH,' 391 1.94 3.29 1.65 2.0 2.0
Na’ 0.40 0.46 0.10 0.11 0.9 0.9
K" 0.32 0.19 0.22 0.12 1.6 1.9
nss-Ca?’ 0.64 0.26 0.08 0.05 2.5 14
Mg* 0.19 0.14 0.05 0.04 14 1.2
nss-SO,4  11.38 551 9.30 441 2.1 2.1
NOs 2.22 1.35 0.64 0.53 1.6 1.2
Cl 0.25 0.34 0.10 0.09 0.7 1.1
HCO3 0.61 0.41 0.28 0.26 15 1.1
F 0.01 0.01 0.00 0.01 09 0.4
HCOO 0.07 0.08 0.04 0.03 0.9 1.2
CH3;COO 0.09 0.13 0.05 0.07 0.7 0.7
CH350;3 0.02 0.02 0.01 0.01 1.0 1.3
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Table 24. Concentrations and their ratios of elemental species in PMjg

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

Concentration (ng/m®) Ratio
Species PMo PMio
MT NE MT/NE
Al 318.7 132.4 2.4
Fe 4179 229.2 1.8
Ca 431.1 176.9 2.4
Na 213.6 194.2 1.1
K 130.1 o574 2.3
Mg 144.6 66.7 2.2
S 1672.0 742.0 2.3
Ti 255 3.8 29
Mn 11.2 5.8 1.9
Ba 3.6 1.6 2.2
Sr 2.3 09 2.6
Zn 65.6 40.3 1.6
\Y 194 13.7 1.4
Cr 31.3 21.3 15
Pb 9.2 7.6 1.2
Cu 34 1.6 2.1
Ni 185 12.7 1.5
Co 0.3 0.2 1.9
Mo 2.8 2.0 14
Cd 0.2 0.1 1.6
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Table 25. Seawater enrichment factors for ionic species of PMy and PMs5

aerosols.

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

(PMo) Non-event Asian Dust Haze Mist
K’ 10.3 12.7 23.9 19.9
Ca* 151 98.7 28.1 41.7
Mg** 25 2.0 2.0 4.0
SO~ 48.5 35.1 69.0 1159
Cl 0.4 0.4 0.5 0.4
X (Ci/Crxia+) Acrosol/ (Cx/Cra+)scawater

(PMz5) Non-event Asian Dust Haze Mist
K’ 26.8 57.0 38.8 56.2
Ca®' 13.2 28.7 7.9 20.6
Mg** 3.2 2.7 1.2 4.1
SO~ 161.1 184.5 149.2 378.6
Cl 0.5 04 0.7 0.6
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Table 26. Crustal enrichment factors for elemental species of PM;, aerosols.

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

: Non-event Asian Dust Haze Mist
Fe 4.0 25 2.9 3.0
Ca 3.6 4.7 3.5 3.6
Na 4.1 1.1 1.5 1.9
K 1.2 0.8 1.2 1.2
Mg 3.0 3.2 2.6 2.7
Ti 7.2 5.0 6.1 8.6
Mn 5.9 4.4 5.4 4.7
Zn 337.9 245 110.5 228.6
\Y 147.4 11.8 28.3 86.8
Pb 288.0 86.0 183.2 143.6
Cu 41.5 15.7 29.2 35.7
Ni 480.6 65.7 175.2 289.8
Co 139 85 8.7 10.8
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Table 27. 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/~ 0115 H’ 0.004 nss-SO/~  0.092

NH4 0.108 NOs 0.022  NH4 0.092 NOs3 0.008

Ron nss-Ca” 0.013 HCOO 0.002  nss-Ca* 0.003 HCOO 0.001
event

CHsCOO  0.002 CHsCOO  0.001

Total 0.130 Total 0.140 Total 0.099 Total 0.102

H" 0.002 nss-SO/ 0247 H' 0.002 nss-SO/~ 0.177

NH,4 0.215 NOs 0.156  NH4 0.205 NOs3 0.053
Asian

Dust nss-Ca”  0.160 HCOO 0.003  nss-Ca* 0.010 HCOO 0.004

CHsCOO  0.002 CHsCOO  0.003

Total 0.377 Total 0.408  Total 0.218 Total 0.237

H’ 0.017 nss-SO/~ 0222 H' 0.011 nss-SO/~ 0.173

NH,4 0.292 NOs 0.114  NH4 0.248 NOs3 0.065

Haze nss-Ca®" 0.034 HCOO 0004 nss-Ca®” 0.003 HCOO  0.002

CH;COO™ 0.004 CH;COO™ 0.001

Total 0.342 Total 0.344  Total 0.261 Total 0.240

H' 0.011 nss-SO/ 0237 H' 0.005 nss-SO  0.194

NH4 0.217 NOs 0.036  NH4 0.182 NOs3 0.010

Mist nss-Ca®* 0.032 HCOO 0.002  nss-Ca* 0.004 HCOO 0.001

CH;COO™ 0.002 CH;COO™ 0.001

Total 0.260 Total 0.276  Total 0.191 Total 0.206
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5.0%5 15 9.
F714kS] AbgE Tl e Ssh BAT Pwo AA W7 Fol 7]

AF2- aliphatic acid, olefinic acid, aromatic acid & 100 °]Ate] tpefksk 7p=X&
A FHE EAE Y, ol 7MY v oRE ¢4zl LEAHHCOOH)H oAl
ELHCH;COOH)S! Aoz delx] doh(o]ls &, 2011). & AF-elA+= HCOO
¢} CHsCOO ¢ B#FsRE 7T o2 #F714F Fol=9 A3}t 7%
ko fr71hke] At 7loleS PMy YAl A= R, &AL AR, 1 A
Zy7y 2.8, 1.1, 2.2, 1.1%°]aL, PMys 4AFIA &= Z+2F 1.9, 29, 1.2, 0.9%= 7|4
of vl & ¥ VA EE Bt

ol gt ANES T HH, gt 1100 A wAH A 9] 4 s= 2 F
714k &ol&9l nss-SO,, NOs ol 98 94&F& = wown oF F3 A=

FQ AES H, NHy, nss-Ca” 59 97|14 go]eo] #oJeta s & +

2 2439
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Table 28. 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-SO,2 817 HCOO™ 1.2 nss-S0/24 89.8 HCOO™ 0.7
Non-

NO3~ 155 CHsCOO 1.6 NO;3~ 83 CHsCOO 1.2
event

Total 97.2 Total 2.8 Total 98.1 Total 19

nss-S0O/4 605 HCOO 0.7 nss-S0/4 745 HCOO™ 1.8
Asian

NO3~ 383 CH3COO 04 NOs3 225 CH3COO 1.2
Dust

Total 989 Total 1.1 Total 97.1 Total 2.9

nss-S0,/4 646 HCOO 1.1 nss-SO/4 719 HCOO 0.7
Haze NOj3 33.2 CH3COO 1.0 NOs 269 CH3COO 04

Total 978 Total 2.2 Total 98.8 Total 1.2

nss-S0,/4 859 HCOO 0.6 nss-SO/4 941 HCOO 0.4
Mist NOj3 13.0 CHsCOO 0.6 NOs3~ 50 CH3COO 04

Total 989 Total 1.1 Total 99.1 Total 0.9
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duixo g 7] Fo FAstE AxAsES HSO, HNOso 2 7 ghw o]
7] YA =2 A 28l iy NH;, CaCOs, MgCOs 53 22
7144 &4 93l 35, o] 5 NHs CaCOsel =2 w3t 7]ofstar
o2 dHA AdtHKang et al, 2009). o] & F Ed 93 Fsle= v
o) 3}l AH(Neutralization Factor, NF)& T3t 1 HAEE /gy o=z Hrt

gt 4= 9 tHGalloway et al., 1989).

fr rlo
., o2

32,

1>
=2

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

GO s —SOF |+ [NO | +[HCOO™ | +[CH, COO™ |

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

H A 717F &< R Yot o3 F30A= PMjgdt PMys Y =bell Al 2H2zt
0.77, 0902 uyEelow, wxbzbgol] ok F3pdzk= ZH2E 0.09, 0.03o.= e}

%9 4% PMy 9414 PMys 97 2o} F3191471 B8 A0 2AEA,
A, A U Al PMyy GAANAE gmueld 9@ A 247 053,
0.85, 0.79¢] 31, ¥Fakzhgro] o9k Z3elb= b7 039, 0.10, 01202 AL Aol
WAk o] @ F3HeI47k b A ek B PMys dAA gEoh
o S1% FHAAE FAL, AT, W A 77 087, 103, 0.89% Lhehgom,
001, 0.02% @AY Al FELjolel] o F3}
AR 4 EA e ol e ANES FFHNRE, PMydt PMys A4
A HYEA

< TE
PMjp fi#tell A F2 dojutar las A 5 UMk
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Table 29. 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 0.77 0.90 0.09 0.03
Asain Dust 0.53 0.87 0.39 0.04
Haze 0.85 1.03 0.10 0.01
Mist 0.79 0.89 0.12 0.02
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V.42 £

71 A A Ze § 28 ek 1100 A A PMyt PMas Bl AW A S )3 8t
ol 3}atxd B 2 v Ay gy g AES Atk

n&Edd el PMp PMys 235t 2b2 21.1+11.7 pg/m’, 124469 pg/m’c]
At

PMy o] &A% X% nss-SO7 > NH," > NO; > Na' > HCO; > CI >

o
Jm

2,
o
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=93, nss-SO44, NHY', NOs o] Z+7F 551, 194, 1.35 pg/m’s2 =& F:23 y
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Vg oL, o dYrY AENa', Cl, Mg?)el 87%, EY7|Y AHE
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(Al, Fe, Ca) 31.4%, a9 A %(Na, Mg) 152%¢] ZAH|S w3t}
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(nss-SO4, NH,', NO3 ) A& %7 =& ZH3FS Bt

71N E 2= A Ao PMy A2HFE7F 49~6.38 75 AL, PMos=
24~26" A5ttt nss-Ca®’ FEE PMy Aol A 12.38, PMys §)Akol A]
388 =kar, YA Al Fe, Ca, Mn, Ba, Sre] %7 PM;y YAl Al 55~
12.3v] Z7}ak k.

AR Aol NHy', nss-SO,%, NOs, 5%7F PM, QAA 242 1.9~5.24),
PMas fAFl Al 1.9~7681 = PM;, 4AFel Bl PMys 4AbelAl =7t 34 &
7batgith. HHE Aleli= NHY', nss—SOs”, NOs © %=7F PMyy Y4AkelAl 1.6~2.1
Hl, PMys AAbel A 1.2~2.18] Z7kstdeh ol A7l ghefik 1100324 m A A=
AL Aloll PMyg dAtell Al EFQdabe] frelo] =a1, AF9 vhE Alo &= PMys 9

J_,j__
Aol A oA edEAde Est ZrheE 54 JERT.
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