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ABSTRACT

In this study, the size—fractionated aerosols were collected using a 8-stage
cascade impactor at Gosan Site of Jeju Island in spring seasons of 2010-2011,
and their chemical compositions were analyzed in order to understand the
pollution characteristics, especially for the acidification and neutralization
properties. The mean concentrations of ionic components during Non-Asian Dust
events were in the order of nss-SO,~ > NO; > HCOs; > Na' > NH,” > Cl >
nss-Ca”” > K° > Mg” > H' and those of elemental components were in the
order of S > Ca > Na > Al > K > Mg > Fe > 7Zn > Ba > Sr > Ti > Pb >
Cr >Ni > Mn > Cu > Mo >V > Cd > Co. The size distributions of NHy',
nss-SOs and S which are mainly originated from anthropogenic pollution
sources were mostly in the ultrafine particle mode (0.4~1.1 um) and showed a
bi-modal pattern. On the other hand, the size distributions of NOj, nss—Ca%,
Na’, Cl, Al Na, Ca and Fe which are, except NOs, mostly influenced by soil
and marine sources were mainly in the coarse particle mode (>3.3 pm) and
showed a mono-modal pattern. Consequently, the anthropogenic components
(NH, ', nss—SO427, S, Zn, Pb) were distributed as in the order of ultrafine > fine
> coarse particles, but the natural components (Na', CI', Mg”', nss-Ca”’, Al, Na,
Ca, Fe, Mg) and NOs were as in the order of coarse > fine > ultrafine particles.
H2SO, and HNOs; were the main contributing compounds on the acidification of
atmospheric aerosol in Jeju area, whereas NHs; and CaCOs; contributed to their
neutralization. The neutralization by NHs in ultrafine, fine, and coarse particles
was 78, 44 and 28%, and that by CaCOs; was 7, 36, 622, respectively. The
measurement of number concentrations of atmospheric aerosols for Asian Dust
and Non-Asian Dust periods has resulted that the overall increases of number
concentrations over 0.30 um are identified during Asian Dust events, especially
159 times higher at the range of 30.0~32.0 pm compared to those for

Non-Asian Dust periods.

- Vi -
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7] olozE2 Ak wel &, spotd 5o tEa QA A=
UEA vehdth ea 2T Ay g7 e g ol whel sksk Aol wig- vhgdk ¢
S HAY ti7] o2& YxtAVo wEt A Z Y AHCoarse particle), W]
M Y AHFine particle), =7 Al 94 A (Ultrafine particle) 522 #F3te] A&l <l
HAHBHE, 2011). 2=dldA= B B ald, 7IAA EAAANA F2 A EHT,

=
A Aol A F2 wEdn. dhdd] mAdAE ARl AL, AsAk w

Z A A= 7] Tl e AFAZre]l #a SF5 A FAelu Aol A
o 2y vAgRE 251HS SE Z1#AY A - s apA] AR
st S Bt =3 vAYAE 7] ol F7IzE AFs7] "l HAd e
2RE F~3=Hd km7tA Z 78 o] 5 (long-range transport)e] 7}sdhe] = A] A
o ool FHALoR Wi BAaHE A BAATE F, 1996 +74 5
2005). 53] A7 W7F 01~1.0 pme S AgAE 554 EPo= AdAd &<
g o, 7] FHe Ba 3 Fe5S FA - dgsts fAg e, H £o2
Hol IAel P FES AT dH A (e A, 2000).

=
=
A2 opAol Aol A FAE EHT AA WA G443 BER A9 09

= oyA &n] FUFR AS A9 L HdE

= oPAoRA G = 7| d e FAe olF A= sty flske] IGAC
(International Global Atmospheric Chemistry Program)¢] APARE (East Asia/North
Pacific Regional Experiment), PEM-WEST (Pacific Exploratory Mission-West),
PEACAMPOT (Perturbation by East Asia Continental Air Mass to Pacific
Oceanic Troposphere) 52 = A& & AF7F 78 = A tH(Carmichael et al, 1997).
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I 2 AdG S5 BAANAE B8 ol AR o2 et fi7] do2E YA

H R 548 2N E ot A onrt k. st YA A E

olzd A% W FAS JATEE el (Hillamo et al, 1993). 223 YA}
1

24e e dRAY AHE 2 FAE olBW 1 JFS e}

T
= st xda, T vzAYFe] AT AolE Holal V] wEe ol YA
2 ety 2A4E wlaske A2 ovrh lek(Hidy, 19725 294 &, 2009). 1
Il olE EHow thy] JdoR2ES Y4AERE xFHI 7] $8te] Cascade Impactor,
MOUDI (Micro-Orifice Uniform Deposit Impactor) S©] o] o] &% 1 ¢jt}, w3k
SMPS (scanning mobility particle sizer), APS (aerodynamic particle sizer Spectro-
meter), API (aerodynamic particle imager), OPC (Optical Particle Sizer) 5% Y7442
YA T A4S ddll FF ol&HL AT(FRA, 2005).

2 Ao = t7] oldZ2ES dxAVIER FE, AFHste] dAER sExA
W O 54& vlaustazt sATh ol & 9] =l sl A X Gl AFE 2LARR] S of A
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Cascade Impactor

¥ oo]J2F AlRE 8-stage non-viable type?] Cascade Impactor (Thermo
Andersen, Model 20-800, USA)E AF-&3to] AHASATH A5 AAFH A AFEgF ohet
JaAEE Y] FH LEL ol g3lel dolzEe BUSE Yol wES B
B ool2E YAt B9 A BB AR Gy, f40] 90°2 FA
s whgel A wAyel 2 YAE 1§
A Ak ol W FEE RE A7k Al RAT D, FEAA Fe AAES A
w2l U plate) &2 WA U= A o® ixE S ZEshe W oltiLodge

et al, 1986 A3, 2001). AEH = ti7]oo25S JAEE 8GA(>9.0, 58, 4.7,

rE

il

3.3, 21, 1.1, 065, 043< ym)Z &3t AHT = A= Al=d"Holn, AZAFH A

frg2 283 L/min= 4 s}t

1.2.2 Aerodynamic Particle Sizer Spectrometer
AAY doj2F S5t 37198 Y AAF71(APS, Aerodynamic Particle Sizer
Spectrometer) S A}-g3lo] 53 7tA o2 AA AT APS (Grimm Aerosol

Technik GmbH & Co., Model #179/#365 Spectrometer, Germany):= 9749 0.25



~32um, 30-channel, %% W% 0.1~1500 pg/m’ZAHo] 7}sa Fakgk B33

qol 5% 2470l

1.2.3 Ion Chromatograph
7] olojZ2Ee FQ2 o] AR EX o= lon Chromatograph (Metrohm, Modula
IC, Switzerland)& AH&3Ath. Fol&(NH,, Na', K', Ca”, Mg”) ®Adx
Metrohm Metrosep C2-150, C4-150 ##]#, €0]2(S0,”, NO3, Cl) #Ad=
Metrohm Metrosep A-SUPP-4, A-SUPP-5 #2#S AF&&9aL, A7)

s

A714

=% AZ7](Metrohm, Model 819 IC detector)S AF-&3F3 T}

1.2.4 Inductively Coupled Plasma Spectrophotometer

7] oo]2E9o YAAE(Al Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V,
Cr, Pb, Cu, Ni, Co, Mo, Cd)= ICP-OES (PerkinElmer, OPTIMA 7300DV, USA)
S AbEsle] EA35E9tE ICP-OESE simultaneous mode 7}s ¥, rdial/axial plasma

Aeigoln, 40.0 MHz RF frequency & ZAME & A=S 4= St

1.2.5 Inductively Coupled Plasma Mass Spectrometer

ool 29 wge] PAAE(Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo,
Cd) EAjelli= ICP-OESSH 37 ICP-MSE ® 3 sto] A&ttt o] W ICP-MS+&=
PerkinElmerA}9] =2 ELAN DRC-eE A}-&-3F%1tt.

1.2.6 Microwave Digestion System

Y7 ololEe A2HREL AR VeE EFgode] AHAA vpo] 2w

1.27 pH Meter
T84 o] gE899 pHi pH meter (ORION, Model 720A, USA)¢}t Combination
pH ross electrode (ORION, Model 81-02, USA)S A}-&3to] =43} t}.



2. 47] dAZE A7 AF

21 7] C2E Am AH

AAE o2 AR AFHE Y3 Cascade Impactors TAFEZAH Ao Eg Ay
Lo AR AT PAE oojEE A8E 8-Stage Cascade Impactor (Thermo
Andersen, Model 20-800, USA)¢} Membrane filter (MCE, Germma Sterile, SF
15174, 80 mm)E AF&3te] 213 3t} Cascade Impactors= QA= 7] we} inlet
(9.0 uym °]), 1H(5.8~9.0 um), 29+(4.7~5.8 pum), 39(3.3~4.7 um), 4v(2.1~3.3
um), 5%H(1.1~2.1 ym), 6(0.7~1.1 pm), 7H0.4~0.7 ym)e] F SEAZ &, Al
AL 5 d=s 7T Advh AEAFH Al FEFE 27 o] 283 L/mino] 5
T5 AAGY. A7 Sk gi7] doJ2E Als= 20109 43, 20119 3]
= F 7AEe 24 AH A HTable 1 #x). o2& Aadds A5 At §F
of &35 dAACIHAA HAx(HF 48 AIHAIA FF 5 nFAE= st
& SAAH. 28 FAE & e #4 dA7bA Pt 20T 4

At

i
i

T BT

-/

Table 1. Time table for sampling the size—fractionated atmospheric aerosols.

Sampling Order Sampling time

Ist (Non-Asian Dust) 2010  3/13 9:00~3/15 15:20 (54 hr 20 min)
2nd (Asian Dust) 2010 3/20 9:00~3/21 13:00 (28 hr)

3rd (Non-Asian Dust) 2010  5/1 9:00~5/4 9:00 (72 hr)

4th (Non-Asian Dust) 2010  5/8 9:00~5/9 9:00 (24 hr)

5th (Non-Asian Dust) 2011  3/19 19:15~3/21 9:00 (34 hr 45 min)
6th (Asian Dust) 2011 5/1 11:30~5/3 9:30 (46 hr)

7th (Non-Asian Dust) 2011 5/7 10:10~5/9 10:30 (48 hr 20 min)

22 o E2E FEE =4
7] doizE
o A =743t

APS)E Ab&ste]l & 3070 channel® #2], A3tk APS &nl= ofeldlA 54

SEE 20109 1€ 19959 20119 12€¥€ 3197bA] A4S 4

T A= F7)198d A A 7] (Aerodynamic Particle Sizer,



A& A o] A ~"l(Environ Check In stainless steel outdoor
housing, Grimm, Model #365)% F238FR 1, 0.25~32.0 um 2712 YJAE 3070 +
rog FEste] GAE FEiE FAHSIAH. olFA FA4% HolHe FEkEe

B4 Dyl w45 =(dN/dlogD,) #o= e AT

3. JoEE Ag B4

A ofo]2E Almve &4 d7HA] #HELZ 4] (SPL life Science, PS, 90x15
LBt = Ao o] -20C Waie] R3S

AEE 27 A2 F RE 02 mL

30%, Shakeroll A 1A]3F W&sto] =84 AEsS §EAAY &&d942 FA7] 2

oANS 84 A& Aol o]&stAtt

oolZ e FQo o|&AHEELS Jon chromatography (IC)HOo®E  #A3¢t).
NH,, Na', K', Ca’, Mg” %ol ZFE&dE Aldrich o] 13 ZFEAY 284
E AFESto] AT 28l 25 Ad AL 01, 05, 1.0, 5.0 pg/mL X8
S A3t #FA AT 42 Metronm Modula IC (907 IC pump, 732 IC
detector) ¢} Metrohm Metrosep C2-150 2] #, 1.0 mL/min 2, 100 uL Al&55F¢
@ 2.0 mM nitric acid eluent &7, ¥+ Metrohm Metrosep C4-150 column, 1.0

mL/min flow rate, 50 pL injection volume, 4.0 mM HNOj; eluent®] Z7H o2 12

st e,
3 SOS, NOs, Cl gol&¢ ®xa434L 0.1, 05 1.0, 5.0 ng/mL F74

S AFESEY] FAea, -89S 153 HEEF((NH2S0s = 99.999%, KNOs
99.99%, NaCl = 99.99%)% ZTTE Ab&ste] AT 42 Metrohm
Modula IC®+ Metrohm Metrosep A-SUPP-4 1.0 mL/min flow rate, 25 uL

injection volume, 1.8 mM NaHCOs3;/1.7 mM NaxCOs eluent, 0.2%6 mM H>SO4

suppressor solution %+ Metrohm Metrosep A-SUPP-5 column, 0.7 mL/min



flow rate, 50 pL injection volume, 1.0 mM NaHCOs3/3.2 mM Na.COs eluent, 100

Table 29 2t}

Z(Xi_E)Q

N-1

¥ A2} (standard deviation) S =

WA= (coefficient of variation) CV = X 100%

% 1|

IDL =3.14 X S (98% confidence level, n=7)

Table 2. Instrumental detection limit (IDL) and coefficient of variation (CV)

for Ion chromatography analysis (n=7).

Species NH," Na’ K" Ca™
IDL(ng/L) 3.9~119 2.2~9.1 b3~14.1 46~15.1
CV (%) 1.8~6.1 24~31 4.2~5.1 4.3~6.5
Species Mg”' SO NO; cr
IDL(ng/L) 2.4~14.8 81~25.3 9.0~11.3 2.2~8.0
CV (%) 3.6~44 2.2~1.2 2.1~3.2 09~2.0




Y2+ "= EPA9 ‘Compendium of methods for the determination of
inorganic compounds in ambient air (Method 10-3) W o & wlo]a 23} Haf %
e Abgste] E3ak gdomw SE3AT IEHE HEZIE(PFA) £7]° ¥,
555% HNO3/16.75% HCl €&4F 10 mLE 713k & wlo]a =35 FAH1000 W)3}
Ak o] W k= 107 FF 180CTE AsAl71a, o] koA 5EiF FAAZ

T AAE] Aeow WSt welaRs wdlE 73 &l 3% HNOs/8%

N
P
il

Cl £33 5 mLE 93 FA7] ZE (045 im)2 B84 JAE A2 F 265
Abgete] SHZ g ado A 25 mL7t =S 845t

AAYE A A5&H dAEL ICP-OESS ICP-MSE AF&3te] S, Al Fe,

an

u

Ca, Mg, K, Na, Zn, Pb, Mn, Ti, Ba, Cu, Sr, V, Ni, Cr, Mo, Cd, Co 5 20%¢ ¥
S 245 ICP-OESe #5892 AccuStandardAl] ICP-OES-€ 1000
pg/mlL A4S Z&gok Tk gdow 108 3 100 pg/mL AFEAE whE
T, ol AEAS AAY == FAste] A ST o] wf 34 &= wjEE
(matrix) T35 HA8A[7]7] ko] Aze] dAe] #A43 $U3 #]E& 2 HNO;
7} HCLE &9 42H89(3% HNOy 8% HCDS A&3tadth.

AAFA A A AR BFENL ARG FEA B uE JRES 001

>

~50 mg/L, A&% AEE2 0.001~05 mg/L M2 A AT, T3 ICP-MS<
¥ 8942 PerkinElmerAl Multi-Element Solution 3 (Ag, Al, As, Ba, Be, Bi, Ca,
Cd, Co, Cr, Cs, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, TI, U, V,
Zn) ¥ Multi-Element Solution 5 (B, Ge, Mo, Nb, P, Re, S, Si, Ta, Ti, W, Zr)
10 pg/mL §H& E3tsto] A3 sz 3Aste] AU HATA A4 A
AbEE BEENE 1~500 pg/L MR 2ASATH o w 20%E] AAPRS B4

st7] $1%F ICP-OES$H ICP-MSe] =3 321 H =3 A= Table 3, Table 49 2t}



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

analysis.

Instrument: PerkinElmer, Model OPTIMA 7300DV

Plasma conditions

RF power: 1.4 Kw

RF Frequency: 40 MHz

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 Nebulizer (CETAC Tech., U-5000AT)

Element Wavelength Detection Limit Element Wavelength Detection Limit
(nm) (ng/L) (nm) (ng/L)
Al 396.152 ~2.2 Fe 259.940 ~2.4
Ca 396.847 ~3.3 Na 589.592 ~36.9
K 769.896 ~2.4 Mg 279.553 ~10.2
Ti 334.904 ~0.6 Mn 259.373 ~0.9
Ba 445.403 ~0.6 Sr 216.596 ~0.9
Zn 206.200 ~1.8 \Y 311.071 ~2.3
Cr 284.325 ~0.6 Pb 220.353 ~0.9
Cu 224.700 ~0.3 Ni 231.604 ~0.6
Co 238.346 ~0.6 Mo 202.032 ~0.3
Cd 226.502 ~0.3 S 180.731 ~30.0




Table 4. Instrumental conditions and detection limit (IDL) for ICP-MS

analysis.

Instrument: PerkinElmer, Model ELAN DRC-e000

Plasma conditions

RF power: 1.5 Kw

RF Frequency: 40 MHz

Gas Flow rate

Carrier gas = Ar 09 ~ 1.05 L/min

Auxiliary gas= Ar 1.2 L/min

Coolant gas= Ar 15.0 L/min

DRC parameters

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

Sampling depth = 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

Element Mass  Detection Limit Element Mass  Detection Limit
(amu) (ng/L) (amu) (ng/L)

Ti 50 ~0.015 Pb 208 ~0.003
Mn 95 ~0.003 Cu 63 ~0.006

Ba 138 ~0.003 Ni 60 ~0.009

Sr 38 ~0.003 Co 99 ~0.006

\Y ol ~0.006 Mo 98 ~0.003

Cr 92 ~0.003 Cd 110 ~0.006

Zn 66 ~0.009

_10_
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Figure 1. Correlations of 2 [Anionleq versus 2 [Cation]e

for the analytical data of particles.
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(NH4)250, 59 @H= ooz SA3u71E 5, 2010). °]= SO7F 7] =
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ol ga 5 Feeibe s doA dF(haze)E AATOEZAN AY TAE 29
st AEH ofe] kA B4 giaAE vuA A &3S v = AoR o

2Fo
58 umel A o2ty REel JulE molth Ko A% AQRR F2 7Y &9
Faha vl dAsh 20 9 GGAN e Fge wath o Kit of
2 71915, A K

2008; McMurry et al, 2004).
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1997). 18] a2 HNO32 EF AEo CaCOs¥ (5)9] Hkg-of oJs] Aol Ak
Ade AAIT dHA ArtHYao et al, 2003; Zhuang et al, 1999; Plate and
Schulz, 1997; Pakkanen, 1996).

2NO; + NaCl — NaNOs; + NOCI (1)
HNOs; + NaCl — NaNO; + HCI (2)
2HNO3; + MgCl, — Mg(NO3), + 2HCI (3)
2HNO3 + CaCl; — Ca(NO3): + 2HCI (4)
2HNO3; + CaCOz — Ca(NOs): + HyCOs )

g AECl Na, Cl& dAgez 33~47 pme Zd JANA dAA =&
TEE YUY 28 435 A9 gy 73ke] dAtE EEE BT o
S ARES Y FAAGANA F2 2 dAF Gl EExs= Ao deA
ow, & AFdAE o]o dAe= AH(E YEATHH SR
al, 1998, Gao et al, 1996; Wolff, 1986). HtHe| HCO;3; ¢ 5ol 0.7~1.1 um,
21~33 pm, 4.7~58 ymolA =& FE== YeryAL. E Ao A HCO; &+
H FE245H 3t ZA34E o]&ant. 183 HCO; &= dlo]2Fol A A7
= dQ CaCOs, MgCO;, NH; 52 ol wet e w28 Hlv. webr HCO; 9

, 1999; Li-Jones et

978 BEE pHY @714 BASY vES B¥MoR neste F o 4
AEZ Baw Ao Amdc
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Table 5. Ionic concentrations of atmospheric aerosols for each sampling

periods.
Concentration (ng/m”)

Species

Ist 3rd 4th 5th 7th Mean
Mass 576 66.3 34.4 31.3 36.3 45.19
H 0.003 0.020 0.011 0.012 0.011 0.011
NH,4 1.82 2.16 0.58 2.26 2.29 1.82
Na’ 0.85 4.39 3.43 1.11 0.62 2.08
K 0.82 0.74 0.36 0.17 0.21 0.46
nss-Ca” 1.27 1.38 0.69 0.71 0.57 0.92
Mg” 0.21 0.31 0.19 0.16 0.16 0.20
nss-SOs~ 3.92 11.28 4.00 3.13 5.62 5.59
NOs3 2.15 6.00 3.55 551 2.50 3.94
Cl 1.09 3.44 2.83 0.39 0.43 1.64
HCOs 5.04 0.42 1.10 3.69 2.00 2.45

- 0.02

N

72

i

e

.

7

/
A

H' Concentration ( pg/m-})

Concentration (pg/m-)

NHy* Na* K wss-Ca™ Mg nssSO% NOy Ck  HCOy

Figure 2. Comparison of ionic concentrations during the Non-Asian Dust

periods.
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Table 6. Ionic concentrations of size—fractionated aerosols during the Non-Asian

Dust periods.

Concentration (ng/m”) / Particle size (um)

Species 04~ 07~ 11~ 21~ 33~ 47~ 58~ 90 Up
0.7 1.1 2.1 33 47 5.8 9.0

H 0.001; 0000 0.001 0.001s 0002 0001 00017 0.002
NH,' 0379 0812 0308 0125 0061 0043 0043  0.051
Na’ 0181 0241 0245 0333 0369 0257 0214  0.233
K’ 0071 0093 0073 0050 0044 0048 0.037  0.045
nss-Ca® 0021 0051 0123 0177 018 0149 0145  0.069
Mg 0004 0012 0033 0041 0040 0031 0029 0015
nss-SO4 1213 2126 1070 0387 0275 0168 0179  0.174
NO;5~ 0164 0415 0560 0722 0727 0453 0464 0437
Cl 0041 0105 0142 0253 0370 0252 0266  0.205
HCO; 0261 0447 0260 0451 0315 0399 0181  0.133
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Table 7. Elemental concentrations of atmospheric aerosols for each sampling

periods.

Species Concentration (ng/m®)/Particle size (um)

Ist 3rd 4th 5th th Overall
Al 1380.6 12589 1367.8 712.4 305.5 1005.0
Fe 9954.5 506.3 209.2 663.2 166.2 4199
Ca 2398.3 1098.0 1183.6 12139 538.8 1286.5
Mg 1489.7 439.5 455.8 352.6 1334 574.2
Na 2916.6 618.3 631.0 10254 309.8 1100.2

2337.1 431.6 599.6 6479 328.9 869.02
S 4404.1 3670.6 1442.5 1585.0 2259.2 2672.3
/n o965.7 693.9 640.4 144.8 534 419.6
Ti 71.7 59.9 22.1 574 44.8 51.2
Mn 72.0 22.8 3.3 17.8 8.6 25.9
Ba 101.4 180.0 179.6 10.6 0.2 95.3
Sr 115.2 107.7 121.0 7.0 3.6 70.9
\Y 15.2 8.0 4.4 11.1 9.6 9.7
Cr 26.9 55.0 39.9 31.7 10.7 32.8
Pb 150.5 215 109 12.3 7.0 40.4
Cu 19.7 29.9 30.5 104 4.8 19.1
Ni 82.7 18.0 105 25.1 11.7 29.6
Co 5.1 0.6 0.3 1.0 0.3 15
Mo 63.5 0.6 04 0.7 0.3 13.1
Cd 3.8 1.9 0.7 0.6 04 15
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Figure 4. Comparison of elemental concentrations during the

Non-Asian Dust periods.
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Table 8. Elemental concentrations of size—fractionated aerosols during the

Non-Asian Dust periods.

Concentration (ng/m’) / Particle size (um)

Species 04~ 07~ 11~ 21~ 33~ 47~ 58~ 90 Up
0.7 1.1 2.1 3.3 47 5.8 9.0
Al 95.8 943 1466 1326 1374 1292 1579 1113
Fe 196 223 533 87 1144 491 317 469
Ca 86.7 1362 1463 1672 2347 1337 2455  136.2
Mg 555 352 723 1052 1176 541 882 461
Na 661 977 187.3 2377 1414 1095 1217 1338
K 1014 1114 1712 1002 1096 759 1487 506
S 4836 8115 4932 2179 2047 1310 1506 1746
Ti 24 55 47 135 74 5.3 47 77
Mn 1.1 2.3 3.8 42 5.8 3.0 35 2.2
Ba 94 55 94 180 143 100 204 84
Sr 8.2 52 123 112 117 128 46 5.0
Zn 861 1248 496 282 368 343 3714 225
\Y% 16 1.8 1.1 12 1.4 0.8 1.0 0.8
Cr 2.0 1.4 5.1 84 4.1 3.8 3.3 47
Pb 36 216 5.2 13 1.4 1.8 24 3.2
Cu 3.8 16 2.1 1.7 2.1 2.2 3.2 25
Ni 25 2.0 6.0 5.4 6.0 2.7 24 2.7
Co 0.3 0.1 0.1 0.1 0.2 0.1 0.3 0.3
Mo 13 13 13 15 15 15 29 1.7
Cd 0.2 0.3 0.2 0.1 0.1 0.2 0.4 0.1
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Table 9. Concentrations and their ratios of ionic components in ultrafine,

fine and coarse particles.

Concentration (ug/m?) Ratio
Species Utrafine(U)  Fine(F)  Coarse(C) UF  UC FC
NH," 12 0.4 0.2 27 60 22
Na' 0.4 0.6 1.1 07 04 05
K' 0.2 0.1 0.2 13 09 07
nss—Ca®’ 0.1 0.3 0.6 02 01 05
Mg* 0.02 0.1 0.1 02 01 06
nss-SO;~ 3.3 15 0.8 23 42 18
NO;5~ 0.6 13 2.1 05 03 06
Cl 0.1 0.4 1.1 04 01 04
HCOs5 0.7 0.7 1.0 10 07 07
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Figure 7. Composition ratios of ionic components in ultrafine, fine and coarse
particles.
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Table 10. Concentrations and their ratios of elemental components in

ultrafine, fine and coarse particles.

Concentration (ng/m”) Ratio
Species
Ultrafine Fine Coarse U/F u/C F/C

Al 158.4 232.6 446.5 0.7 0.4 0.5
Fe 34.9 113.3 201.7 0.3 0.2 0.6
Ca 185.7 261.3 625.1 0.7 0.3 0.4
Mg 75.6 1479 255.0 0.5 0.3 0.6
Na 136.5 354.1 426.2 04 0.3 0.8
K 1774 226.1 320.7 0.8 0.6 0.7
S 1079.3 596.8 550.8 1.8 2.0 1.1
Ti 6.6 15.1 209 04 0.3 0.7
Mn 2.8 6.6 12.1 0.4 0.2 0.5
Ba 124 22.8 44.3 05 0.3 0.5
Sr 11.2 195 28.4 0.6 04 0.7
/n 175.8 64.8 109.1 2.7 1.6 0.6
A% 21.0 54 7.3 3.8 29 0.7
Cr 2.8 11.2 134 0.3 0.2 0.8
Pb 2.8 19 3.3 15 09 0.6
Cu 45 3.2 3.2 14 05 0.4
Ni 3.7 9.5 115 0.4 0.3 0.8
Co 0.3 0.2 0.8 14 0.3 0.2
Mo 2.2 2.3 6.4 0.9 0.3 0.4
Cd 04 0.2 0.6 15 0.6 0.4
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Figure 8. Comparison of elemental concentrations in ultrafine, fine and coarse
particles.
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Table 11. Comparison between the sums

B, Su A ¢ Aol
Q) Afoll A= HNOsol
sl o}

=

=

- o}
RIS e}

of equivalent concentrations of basic

cations and acidic anions in particles.

Overall Ultrafine particle
Cation(peq/L) Anion(peq/L) Cation(neq/L) Anion(peq/L)
H 457 NOs 1263 H 253 NO; 6.37
NH, 1882  SOs 2695  NH; 51.74 SO+ 61.41
Ca” 10.28 Ca”™ 3.85
Total 33.67 Total 3958  Total 5812 Total 67.78
Fine particle Coarse particle
Cation(peq/L) Anion(peq/L) Cation(neq/L) Anion(peq/L)
H 3.81 NOj 1625  H 596 NOs 13.95
NH, 16.13  SOs” 2705  NH4 371 SO 9.67
Ca” 13.47 Ca”™ 11.90
Total 33.41 Total 4330  Total 2157 Total 23.62
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Figure 10. Correlations between the sums of equivalent concentrations

of neutralizing substances and acidic anions in particles.
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7] £ A4 EHAELS g)FEE NHs CaCOs MgCOs; 53 728 o714 E4 o
o3 FshEar, o] T NHs, CaCOs0]l 2 F38te 7|osta & Aoz 43 3l

o 2 XE F3}2l A (neutralization factor,

30
a0

NF)E T3t 1 7| =g 7+ (Galloway et al, 1989).

N

I\
N [S07 7T + [NOy

[Ca*"]

NF 24 —
Ca [SO27] + [NO,]

glo] AellA [SOS ], INOs 1, INHL'], [Ca’'1 2t ] Gaksolrh & Qg
Mz dlol2Ee] of2 A AAEFH 9 A & FIJAAE e T2 9

4 A& (NH;, CaCOpEel 9@ T3tes ddEE A8
Table 129 Ao 1<l vle} o] NHel o F3h&< 50%°] 3L CaCOsel
ot FEEL 42%S HERHAT ol S SUlAl, vAl, 2 AR R FEske] Ay
HEl, NHzll 3 F34& SulA, mAl, =0 gaola] 2tz 78, 44, 28% = =]
A dAlM NHgell o)3h =37 71 @eol dojutas & 4 Slrh kel CaCOs
2 2 YRRl A

an, =oAL Akl M= NH;, WAkl A= CaCOs A2l T3l o 2 &=

nAAL e E A

Table 12. Neutralization factors by NHs and CaCOs in particles.

Species NE g NF .+
Overall 0.50 0.42
Ultrafine Particle 0.78 0.07
Fine Particle 0.44 0.36
Coarse Particle 0.28 0.62
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Table 13. Ionic and elemental concentrations of atmospheric aerosols duing

Asian Dust periods.

Concentration (ug/m’, ng/m’)"

species

2m (2010/3) 6™ (2011/5) Mean
H+ 0.001 0-0006 0.001
NH," 9.7 29 6.3
Na’ 5.9 3.9 49
K’ 2.3 05 1.4
nss—Ca”' 16.1 104 13.2
Mg*' 15 1.0 1.2
nss-S07 185 6.1 118
NO3 11.1 10.4 10.8
clr 5.7 7.8 6.8
HOOs™ 64.1 25.1 44.6
Al 2704.7 21651.7 12178.2
Fe 2119.9 17182.0 9651.0
Ca 3669.7 11015.0 7342.4
Mg 1863.7 70685 4466.1
Na 3275.4 2978.0 3126.7
K 1134.8 6481.4 3808.1
S 12818.6 2771.8 7795.2
7n 863.9 1195 494.2
Ti 496.6 253.3 374.9
Mn 536.8 288.1 4125
Ba 4488 106.7 2777
Sr 344.3 62.9 203.6
\ 68.8 30.8 49.8
Cr 235.9 30.2 133.1
Pb 632.6 24.1 328.3
Cu 725 36.1 54.3
Ni 119.2 36.8 78
Co 20.1 5.9 13
Mo 45.3 0.8 23
Cd 11.4 0.9 6.1

YUnits; pg/m’ - H', NHy, Na', K, nss-Ca”", Mg”', nss-SO¢, NO;, CI, HCOs
ng/m — Al Fe, Mg, Ca, Na, K, STi, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd
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Figure 13. Composition ratios of ionic and elemental components for Asian Dust

periods.
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Table 14. Concentration and their ratios of ionic and elemental components
in ultrafine, fine and coarse particle during Asian Dust event
on March 20, 2010.

_ Concentration (pg/m® ng/m’)" Ratio
SPECIEs Utrafine)  Fine(F)  Coarse©)  UF  UC  FC
NH,' 3.1 35 32 09 1.0 11
Na' 0.05 16 43 00; 0.0 0.4
K 05 0.7 1.1 0.8 05 0.7
nss-Ca’’ 0.2 42 11.7 005 0.0 0.4
Mg*' 0.03 0.5 1.0 0.1 0.0 0.5
nss-SOF 4.4 58 8.2 0.8 05 0.7
NO; 1.3 45 5.3 0.3 0.3 0.9
cr 0.1 1.2 45 00, 00 0.3
HCO; 5.4 18.6 40.1 0.3 0.1 05
Al 264.3 812.0 16284 0.3 0.2 05
Fe 153.8 545.4 1420.7 0.3 0.1 0.4
Ca 311.7 1981.3 1376.8 0.2 0.2 1.4
Mg 825 104.9 16763 0.8 0.1 0.1
Na 132.9 557.2 2585.3 0.2 0.1 0.2
K 256.9 435.1 442.8 0.6 0.6 1.0
S 1910.2 3351.6 7556.9 0.6 0.3 0.4
Ti 2.4 486 4456 0.1 0.0, 0.1
Mn 9.1 88.2 4395 0.1 0.0 0.2
Ba 70.5 306.7 716 0.2 09 43
Sr 6.4 487 289.2 0.1 0.0 0.2
7n 107.1 304.9 456.9 0.4 0.2 0.7
\% 2.1 125 54.2 0.2 0.04 0.2
Cr 9.8 635 157.6 0.1 0.1 0.4
Pb 32.8 169.1 430.7 0.2 0.1 0.4
Cu 4.0 24.9 437 0.2 0.1 0.6
Ni 11.2 725 355 0.2 0.3 2.0
Co 0.7 5.7 13.7 0.1 0.1 0.4
Mo 4.2 8.7 32.4 05 0.1 0.3
Cd 0.7 2.8 79 0.2 0.1 0.4

YUnits; pg/m’ - NHy', Na', K, nss-Ca”, Mg”, nss-SOf, NOs, Cl, HCO3
ng/m’ — Al Fe, Mg, Ca, Na, K, STi, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd
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Table 15. Concentration and their ratios of ionic and elemental components
in ultrafine, fine and coarse particle during Asian Dust event
on May 1, 2011.

_ Concentration (pg/m® ng/m’)" Ratio
SPECIEs Utrafine)  Fine(F)  Coarse©)  UF  UC  FC
NH,' 0.9 0.9 1.0 1.1 0.9 0.9
Na' 0.7 0.9 2.2 0.7 0.3 0.4
K' 0.2 0.2 0.1 1.4 1.8 13
nss-Ca” 0.8 35 5.9 0.2 0.1 0.6
Mg*' 0.1 0.3 0.6 0.2 0.1 0.5
nss-SO 1.6 16 19 1.0 0.9 0.8
NO;- 0.1 5.2 5.1 0.0 0.0 1.0
Cr 13 18 48 0.7 0.3 0.4
HCO; 45 6.9 136 0.7 0.3 05
Al 193.9 74226 14035.1 0.0 0.0, 05
Fe 170.3 5850.2 111615 0.0 0.0 05
Ca 33.1 3352.9 7629.0 0.0, 0.001 0.4
Mg 43.2 2336.4 4638.9 0.0 0.0, 05
Na 24.7 831.4 2121.8 0.0 0.0, 0.4
K 2185 21284 4134.6 0.1 0.05 05
S 656.5 817.7 12976 0.8 05 0.6
Ti 7.1 76.8 169.5 0.1 0.04 05
Mn 79 1127 1675 0.1 0.05 0.7
Ba 2.0 378 66.9 0.1 0.0 0.6
Sr 13 21.4 40.1 0.1 0.05 05
7n 23.9 463 493 05 05 0.9
\% 3.2 103 17.3 0.3 0.2 0.6
Cr 19 9.4 19.0 0.2 0.1 05
Pb 12.0 70 5.1 1.7 2.4 14
Cu 2.6 10.8 227 0.2 0.1 05
Ni 16 13.4 21.8 0.1 0.1 0.6
Co 0.1 2.0 39 0.04 0.0 05
Mo 0.1 0.3 0.3 05 0.4 0.8
Cd 0.3 0.4 0.3 0.7 0.9 14

YUnits; pg/m’ - NHy', Na', K, nss-Ca”, Mg”, nss-SOf, NOs, Cl, HCO3
ng/m’ — Al Fe, Mg, Ca, Na, K, STi, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd
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Table 16. Concentrations and their ratios of ionic and elemental components

during Asian Dust and Non—-Asian Dust periods.

Concentration (ug/m’, ng/m>)"” Ratio

Species

Asian Dust (AD) Non-Asian Dust (NAD) AD/NAD
NH, 6.30 1.82 35
Na' 4.88 2.08 2.4
K 1.42 0.46 3.1
nss—Ca”’ 13.16 0.92 14.3
Mg 1.24 0.20 6.1
Cr 6.76 1.64 4.1
NO; 10.77 3.94 2.7
HCO3 22.28 1.22 18.2
nss-SO,* 11.77 5.59 2.1
Al 12.18 1.23 9.9
Fe 9.65 0.57 17.0
Ca 7.34 1.29 5.7
Mg 4.47 0.57 78
Na 3.13 1.10 2.8
K 3.81 0.85 45
S 7.80 2.67 2.9
Ti 504.62 44.47 11.4
Mn 480.18 32.32 14.9
Ba 297.81 95.02 3.1
Sr 210.66 70.61 3.0
7n 456.06 410.71 1.1
\Y% 63.73 9.41 6.8
Cr 126.88 32.31 39
Pb 340.70 40.22 85
Cu 46.25 19.25 2.4
Ni 74.85 29.56 25
Co 21.99 1.86 11.8
Mo 23.31 13.42 1.7
cd 7.7 1.4 5.4

DUnits; pg/m® - NHy', Na', K', nss-Ca®’, Mg®', Cl', NOs, HCOs , nss-SO,*, Al, Fe, Mg, Ca, Na, K, S
ng/m° - Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd
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A} Alell Na, Ca, Fe, K, Mg, Mn, Cd 94 AEE9 EYsEdxs RE 974 |

Table 17. Seawater enrichment factors of size—fractionated ionic components

during Asian Dust periods.

Species  Seawater (Cx/Cniat) Acroso/ (Cx/Cna+)secawater

0 mio BT UL ar Tas a7 58 o 90w Men
SO~ 0.26 2114 45775 1795 727 593 766 628 512 927
Ca™ 0.04 2737 4397 5486 8643 76.34 1030 66.02 47.87 67.34
K’ 0.04 2413 3040 1273 617 466 777 434 351 7.28
Mg™* 0.12 061 132 200 257 224 259 173 151 196
Ccr 1.80 092 119 064 064 067 097 080 083 0.77

Table 18. Seawater enrichment factors of size—fractionated ionic components

during Non-Asian Dust periods.

Speaes Seawater (CX/CN3+)Acrosol/(Cx/CNa+)Scawatcr

x) ratio 04~ 07~ 11~ 21~ 33~ 47~ 58~ 90
07 11 21 33 47 58 90 up

SO 0.26 2571 3393 1679 447 287 252 321 281 10.34

Mean

Ca™ 0.04 284 531 1260 1324 1275 1447 1685 7.24 11.09
K 0.04 974 969 740 372 295 464 433 473 533
Mg 0.12 016 039 104 094 083 093 102 048 0.76
Cl 1.80 013 024 032 042 056 054 069 048 044
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Table 19. Crustal enrichment factors of size-fractionated elemental components

during Asian Dust periods.

(Cx/Canaerosol/ (Cx/Cancrust

Species  Crust

(X) ratio 0.40.~7 071~1 1.12.~1 2.13.~3 3.34.~7 4.75;3 5.89;) 33 Overall
Na 0.35% 118 130 108 036 043 055 127 061 0.71
Ca 0.3731 194 178 143 128 177 167 121 2091 1.62
Fe 04353 193 217 184 165 169 198 240 0.77 182
K 0.3483 08 08 08 08 08 100 309 28 090
Mg 0.1664 320 329 243 172 184 169 246 077 222
Zn 0.0009 953 3527 2518 5292 39.06 6591 23519 40949 45.09
Pb 00002  18.02 189.32 20540 68.13 11600 86.82 34683 647.87 134.81
Ti 00093 1042 570 158 161 131 236 35 074 331
Mn 0.0075 898 498 451 369 359 251 677 294 452
Ni 00002 1537 1226 50.55 10.04 4571 6645 4564 24528 32.03
Cu 0.0003 213 179 101 106 122 193 609 336 149
\4 00007 1063 817 593 401 399 390 11.02 22.81 5.84
Co 00001 1539 1587 1360 611 745 1349 2149 1131 1067
Cd 0.0012 066 044 014 044 027 043 214 122 042
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Table 20. Crustal enrichment factors of size—fractionated elemental components

during Non-Asian Dust periods.

(CX/CAI)Aeroso]/(Cx/CAl)Crust

Species  Crust

(X) ratio 0.40‘~7 071~1 1.12‘~1 2.13?3 3.34.~7 4.75; 5.89;) ilg) Overall
Na 0.359% 347 214 236 286 499 355 288 192 347
Ca 03731 328 417 277 458 338 267 387 243 328
Fe 04353 097 046 087 191 143 083 054 047 097
K 0.3483 131 270 169 229 217 335 339 304 1.31
Mg 0.164 250 338 253 517 480 298 226 350 @ 250
Zn 00009 22428 26308 29475 29783 23632 37093 147166 99830 22428
Pb 00002 14242 7523 6356 BL77 4921 17847 11448 18709 14242
Ti 0.0093 741 322 444 579 1091 341 625 273 741
Mn 0.0075 265 296 306 567 420 345 330 147 @ 265
Ni 00002 11922 7713 10289 21859 20277 20440 10478 12974 11922
Cu 0.0003 737 669 562 499 420 484 563 1327 737
\4 00007 1044 867 927 1416 1323 1043 2710 2381 1044
Co 00001 3068 17.11 850 1458 559 999 558 26.83 30.68
Cd 0.0012 089 18 105 072 078 098 231 153 089
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