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Abstract

A single particle analysis, called low~Z electron probe X-ray microanalysis was applied to characterize the
atmospheric aerosols collected during Asian Dust storm events in the year of 2000 and 2001. Most frequently
encountered chemical species were the soil-originated species such as aluminosilicates, silicon dioxide, and
calcium carbonate. Also various species such as carbon-rich, organics, sea salts, and some reacted calcium
carbonate were identified. The observation of internally mixed particles of calcium carbonate, calcium nitrate
and/or calcium sulfate shows the occurrence of the heterogeneous reaction between Asian Dust particles and NOx
and/or SOy species in the atmosphere.
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Table 1. Cut-off diameters and sampling times for each
stage of May impactor.

(a) Sample collected on Mar. 7, 2000.

Stage number 1 2 3 4 5 6

Cut-off diameter (Lm) 16 8 4 2 1 0.5
Sampling time (min.) 208 88 88 43 13 5

(b) Sample collected on Apr. 7, 2000.

Stage number 1 2 3 4 5 6

Cut-off diameter (1Lm) 16 8 4 2 1 0.5
Sampling time (min.) 38 8 8 5 5 5

(c) Sample collected on Mar. 22, 2001.

Stage number 1 2 3 4 5 6

Cut-off diameter (um) 16 8 4 2 1 0.5
Sampling time (min.) 53 30 30 15 20 2

(d) Sample collected on May 17, 2001.

Stage number 1 2 3 4 5 6

Cut-off diameter (Lm) 16 8 4 2 1 0.5
Sampling time (min.) 195 75 22 17 17 2
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Table 2. Classification of individual aerosol particles of Asian Dust sample collected on Mar. 7, 2000 (cut—off diameters
of stages 1 to 6 are 16, 8, 4, 2, 1, 0.5 um, respectively).

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Sum

Carbon~rich - 2 — 2 9 64 77
1.0% 1.0% 3.0% 21.3% 5.5%

Oraanic 10 2 9 1 15 28 75
g 10.0% 1.0% 3.0% 5.5% 5.0% 9.3% 5.4%

S0 3 10 24 13 23 1 84
2 3.0% 5.0% 8.0% 6.5% 7.7% 3.7% 6.0%

. 2 10 12 10 12 3 49
AlSi/FeOx 2.0% 5.0% 4.0% 5.0% 4.0% 1.0% 3.5%

ALSi 5 49 78 41 94 34 301
5.0% 24.5% 26.0% 20.5% 31.3% 11.3% 21.5%

ALSI/C 51 60 ) 37 25 12 77
51.0% 30.0% 30.7% 18.5% 8.3% 4.0% 19.8%

. 9 13 19 6 15 3 65
AlSi/CaCO; 9.0% 6.5% 6.3% 3.0% 5.0% 1.0% 4.6%

, 6 7 13 7 i 6 50
CaCOs 6.0% 3.5% 43% 35% 3.7% 2.0% 3.6%

2 1 13 3 38 85
Na;SO. - 1.0% 0.3% 6.5% 10.3% 12.6% 6.1%

, ~ ~ i 9 3 8 30
Na (S04, NOs3) 0.3% 45% 1.0% 6.0% 22%

. o _ 4 3 4 i 2 14
AlSi/reacted sea-salts 2.0% 1.0% 2.0% 0.3% 0.7% 1.0%

] _ 10 4 3 5 7 29
Reacted sea-salts 5.0% 1.3% 1.5% 1.7% 2.3% 21%

, 2 14 28 12 37 12 105
Others 2.0% 7.0% 9.3% 6.0% 12.3% 40% 7.5%

NEIC? 12 17 16 kY 19 62 158
12.0% 8.5% 5.3% 16.0% 6.3% 20.7% 11.3%

Sum 100 200 300 200 300 300 1400
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

'Reacted sea—salts : reacted sea—salts 2 Na:SOs8} Na(SO4, NO3) 3}8HE2- o] Alsiel|A] o] Wb Fe] mba ol o7 3}dL. e.g. NaNOs,
Na (NOs, Cl), Na (SOy, CI). Na (NOs, SO4, CI), (Na, Mg)NO3, (Na, Mg)SOs, (Na. Mg) (NOs, CI), (Na, Mg) (SO, Cl), (Na, Mg) (NO3, SO4), (Na,
Mg) (NO3, SO4, C) 5-

20thers : e.g. AlSi/Ca (COs, SO4), AlSi/CaSO4, AlSi/Ca (CO3, NO3, 8O4), Ca(COs, NO3), Ca (COs, SOs), CaSO4, FeOx, (NH4):S04, (Na, Mg) (Cl,
NO» 5

NEIC : Q] Aol o3l X-ray A% 2 o] 3}sb2g B73l7]) 93 g $43) 21 UA &8

Jozr T3 4712 A8 E% aluminosilicates
7} FFo92H NO., SO.2F ¥H-&3t 34 YAE 2
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HE 24 AEE WS g dAr A es
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ol ol = mA YA} J Aol M KoSOu7} Adeg 4R
==t

sl

R=54
=

3.1 2000 38 70l MF, EME AR

20004 39 79 AlgoA= (& 2 FX) carbon-
rich, organic, silicon oxide, aluminosilicates (AlSi=Z
7)) 5o Hage] G ARG EY AlSY
FeO,, AISi/C, AlSi/CaCOs3, AlSi/reacted-sea salts$}
Zre] aluminosilicates7} tF2 3etE3a Ea"o] 9)
= Y4AE CaCOs, NaSOs, Na (S04, NO3) S-o] vt
ZAH A Na (S04, NO3) 2 75 YAHE-2 NaSOy
£} NaNO; 3}3&Zo| internal mixture2 2 3}
VAEE o)At o) H4FE F =AU 9

ol 43 AlSi, AlISi/C, AlSi/CaCOs8} 72 =of 719
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Mg) (NO3, SO4), (Na, Mg) (NO3, 8Os, Cl) 5 3 37]
49 YRSl WAFHNA. £ 20149 othersel &=
AlSi/Ca(NOs, SO} 72 aluminosilicates7} BHE-
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WAS G o[BS 2 PAFelrt u £ 20009 3
9 799) Aw} AR vl£ale Zejuh CaCO 3
4 7d ABAME AA Y 3.6%H 20 o] Al
M 1.0%24 Hoh AA LA= o 28] 3 2000
39 79 AlgelA HAY 2.1%e] &AW Hb
gk g YA Sl 12%, 6%tell A 13%= Wt
He § A 54%=2 3 EAH 8o 2u) o4}

o2 zAaE 28y 39 79 ARAAY 1
3 9 YA 39 )7t NaSO.= oz
Mge] wlekd ZgHd (Na, Mg) (NOs, SO9sh 22
Sk Pelz B3 HAE Sl =8 B3
sl A7) Alsiel EAlEl Helz SghellA 10%
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Table 3. Classification of individual aerosol particles of Asian Dust sample collected on Apr. 7, 2000 (cut-off diameters
of stages 1 to 6 are 16, 8, 4, 2, 1, 0.5 um, respectively).

Stage | Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Sum

Carbon-rich 3 3 — ! 19 28
3.0% 1.5% 1.0% 1.0% 9.5% 2.5%

Organic 6 6 3 1 30 48
8 6.0% 3.0% 1.0% 15% = 1.0% 15.0% 4.4%

sio 4 16 28 10 15 91
2 4.0% 8.0% 9.0% 14.0% 5.0% 7.5% 8.3%

. 2 3 10 4 2 31
AlSi/FeOx 2.0% 1.5% 5.0% 5.0% 2.0% 1.0% 2.8%

AlSi 28 74 83 76 37 386
28.0% 37.0% 44.0% 41.5% 38.0% 18.5% 35.1%

AISi/C 27 56 37 2 27 222
27.0% 28.0% 26.5% 18.5% 11.0% 13.5% 20.2%

. 4 10 11 5 2 40
AlSI/CaCO, 4.0% 5.0% 40% 5.5% 2.5% 1.0% 3.6%

1 ] 4 | 2 11
CaCOs 1.0% 0.5% 1.0% 2.0% 1.0% 1.0% 1.0%

3 7 1 12
(Na, Mg) (Cl, $O) - - 0.5% 1.5% 3.5% 0.5% 1.1%

o o B 1 _ 20 5 29
AlSi/reacted sea—salts 0.5% 15% 10.0% 25% 36%

] R _ 1 6 24 26 59
Reacted sea=salts 0.5% 1.0% 3.0% 12.0% 13.0% 54%

, 2 1 10 19 18 68
Others 2.0% 5.5% 4.0% 5.0% 9.5% 9.0% 6.2%

NEIC? 23 18 5 10 16 75
23.0% 9.0% 1.5% 2.5% 5.0% 8.0% 6.8%

Sum 100 200 200 200 200 200 1100
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

'Reacted sea-salts : e.g. NaNO3, Na2SO4, Na (SO4, NO3), (Na, Mg)NO;, (Na, Mg)SOs, (Na, Mg) (NOs, SO.), (Na, Mg)Cl, (Na, Mg) (SO, Cl), (Na,

Mg) (NOs, CI), (Na, Mg) (C1, NO;, SO4) 5

*Others : e.g. AlSi/Ca(CO3, NO3), AlSi/CaS0Q4, AlSi/Ca(COs, SO4), AlSi/Ca (S04, NO3), Ca (COs, NOs), CaSOq, (Na, Mg) (SO, Ch), Na (NOs, Cl),

(NH4):504 %

'NEIC: g7}l ¥ &t X-ray 29 23 o] hehEg $-73)7) 912 Hug

ZA3t . & 3621 2] othersel = AlSi/Ca (COs,
NOs), AlSi/CaSQy, AlS1/Ca (504, NO3)9} 72 alumi-
nosilicates7} 9F-8-8F-CaC032} EAE o] gl= Uz}
&, Ca(CO;, NO;3), CaSO,9} 22 nb-$-3H-CaCOs,
(Na, Mg) (SO, CI), Na(NOs, Ch#} Z-& kg3t 3
A YA, (NHy):S04 50| gt

3.3 2001 3§ 2290] s, A5t AR

2001 39 2249 AlseAE (& 4 =) carbon-
rich, organic, silicon oxide, aluminosilicates®} AlSi/
FeO,, AlSi/C, AlSi/CaCO;, AlSi/reacted calcium
carbonate 2} 7o) aluminosilicates7} ©h& 3}8lz3)
EA4H sE dAE, 283 CaCOs, uH-3-8H-

T8 A A g

CaCO:s (e.g., Ca (NOs3),, CaSQs, Ca (NOs, SOy)) S9]
WAEE 5 2000422 AaMAYE 2 7149
UAEe] wWakeh £ o] AlgME organic YA}
7} 653 A 52.3%, AA| Ao 2= 12.8%2 x}A| 5t
20009 = Alg2] 2 o)A} wbAE g 18] 1 Si0,
7b z2d 9y ¥Hk opet mA JHM = oF 4%
A=A v)go} Frtstel AA 10.5%F A3
o} o] Alg 3 7192 R} W4le) aluminosili-
cates} EAF ] glE CaCO;7F AA L 6.1%, alu-
minosilicates2} &z 5 o] 9] 81-2-8-CaCO; 0.7%,
CaCO0; 3.8%, 1k-8-3+-CaCOs 1.3% 24, CaCO:$} vt
€% -CaCOs 33} 550 FxA A WA=
E 4049 othersol] & (Ca, Mg)CO;, CaCO3/Si0;,
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Table 4. Classification of individual aerosol particles of Asian Dust sample collected on Mar. 22, 2001 (cut- off diameters
of stages 1 to 6 are 16, 8, 4, 2, 1, 0.5 um, respectively).

Stage | Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Sum

A | | 7 24 33
Carbon-rich - 0.3% - 0.3% 23% 8.0% 21%

N 6 8 8 6 20 157 205
Organic 6.0% 27% 2.7% 2.0% 6.7% 52.3% 12.8%

Si0 10 27 44 36 33 18 168
2 10.0% 9.0% 14.7% 12.0% 11.0% 6.0% 10.5%

. | 7 7 g 12 2 40
AlSi/FeOx 1.0% 2.3% 2.3% 3.7% 4.0% 0.7% 2.5%

ALSi 9 88 58 11 68 2 356
9.0% 29.3% 19.3% 37.0% 22.7% 7.3% 22.3%

ALSI/C ol 101 120 72 82 20 456
61.0% 33.7% 40.0% 24.0% 27.3% 6.7% 28.5%

. 5 25 25 26 16 97
AlS1/CaCOs 5.0% 8.3% 8.3% 8.7% 5.3% - 6.1%

. , B 3 4 2 ] | 1
AlSi/reacted CaCO; 1.0% 1.3% 0.7% 03% 03% 0.7%

7 i " 2 5 60
CaCO; - 2.3% 37% 3.7% 8.7% 1.7% 3.8%

1 I 8 2 4 5 ] 21
Reacted CaCOs 1.0% 27% 0.7% 1.3% 1.7% 03% 1.3%

Others? 4 9 12 14 27 20 86
4.0% 3.0% 40% 47% 9.0% 6.7% 5.4%

NEIC 3 16 9 6 3 30 67
3.0% 5.3% 3.0% 2.0% 1.0% 10.0% 42%

S 100 300 300 300 300 300 1600
um 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

'Reacted calcium carbonate : e.g. Ca(CO3, SO4), CaSO4, Ca(CO3, NO3), Ca(CO;, NO;, SO4) 5

20Others : e.g. AISI/K (CO3, NO3), K2S04, FeOx, (NH4):S04, (Ca, Mg)CO;, CaCO:/SiOx, CaSO4/SiOx, (Na, Mg)CI, (Na, Mg) (COs, NO3), (Na,
Mg)SOs. NaxSOq, Na(NOs, SO4) 5

NEIC : 9} #boll W & X-ray A%| €3 o] a}gs RFalr] 1% A1

=X

5] 2t QA o

e
dlo

CaS0./Si09) 72+& =oF <lpel uke-a —CaCO;,
AISi/K (COs, NO5)$} 742 aluminosilicates7} HF-2-3F
K =3 33133 EAEH e UAE, KaSO04,
FeQ,, (Na, Mg)Cl, (Na, Mg) (CO3, NO3), (Na, Mg)
SOs, NaxSOu, Na (NOs, SO 8} 72 ukegt #o o
A2} (NHe):S04 5] et o] Almel Ay ]S n)
olglont Al 20008 = AL AlgelME & 4 ¢l
R K £ Hego] B2 YAEe) BAR A,

3.4 20014 58 172l AH, EME AR

20019 549 179 Algd A= (& 5 F=x) carbon-
rich, organic, silicon oxide, aluminosilicates2} AlSi/C,
AlSi/CaCOs, AlSi/Ca (COs3, NO3), AlSi/reacted sea—
salts¢} 7o) aluminosilicates7} A= o] gl YA
L, 283 CaCOs;, Ca(COs3, NO3), (Na, Mg)NO3,

g=e7|#A st A 194 A4 s

K;S04 5-0] M E ek F2 BoF 7142 A=
™, 20015 39 229 AlselA A w]go] F7H)
B Si0y7} ©HA] 20009 =9 Alm e ¥W]%d W
£ (58%)2 Jehdol =8 CaCOs7} 7] & A
Abs}E-3 w8 Ca(COs NOs) ¢JAHE©] alumino-
silicates®} EAQH 9 FehE 2.0%, Ca(CO;,
NO;) 2 3.0% 275 deh 22 vhs3t 4
zkel (Na, Mg)NO; 1.0%, aluminosilicates$} E2}
Heol ol kgt sl sixl 24%= Y 719
UAREe] 2001 3Y 224 AlReMES o el
WA 138 o] Alge B AREH 3 7t
2 & FAE Hola itk o] AlgeA ] alumi-
nosilicates A= K €45 o&F 3 gler
oA el KE £33 3}ehge| whg-g 3t
FEEo] BAFH = Holoh K& 233 8%
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Table 5. Classification of individual aerosol particles of Asian Dust sample collected on May. 17, 2001 (cut- off diameters
of stages 1 to 6 are 16, 8, 4, 2, 1, 0.5 um, respectively).

Stage | Stage 2 Stage 3 Stage 4 Stage S Stage 6 Sum
Carbon-rich 3 ! 4 - 13 26 47
3.0% 0.3% 1.3% 4.3% 8.7% 2.9%
Oreanic 2 7 9 12 25 123 178
g 2.0% 2.3% 3.0% 4.0% 8.3% 41.0% 11.1%
si0 3 2 2 21 13 10 03
2 3.0% 73% 8.0% 7.0% 43% 3.3% 5.8%
ALSi 2 84 78 20 47 6 257
22.0% 28.0% 26.0% 6.7% 15.7% 2.0% 16.1%
ALSUC 30 79 77 162 38 1 387
30.0% 26.3% 25.7% 54.0% 12.7% 0.3% 24.2%
. 2 i 14 1 3 1 )
AlSi/CaCOs 2.0% 3.7% 47% 3.7% 1.0% 0.3% 2.6%
.. i 10 14 3 4 ~ EY)
AlSI/Ca(CO3, NO3) 1.0% 3.3% 47% 1.0% 1.3% 2.0%
] 3 3 R 6 21
CaCOs 1.0% 1.0% 1.0% 2.7% 2.0% - 13%
] 2 12 7 5 12 ~ 48
Ca(CO3, NOy) 2.0% 4.0% 23% 5.0% 4.0% 3.0%
B 1 3 1 i B 16
(Na. Mg)NOs 0.3% 1.0% 3.7% 0.3% 1.0%
. N 4 10 8 3 13 1 39
AlSifreacted sea~salts 4.0% 33% 27% 1.0% 43% 0.3% 2.4%
10 5 5
K250, - - - - 3.3% 1.7% 0.9%
Othere? 4 2 32 27 89 27 203
| 4.0% 8.0% 10.7% 9.0% 29.7% 9.0% 12.7%
NEIC? 26 36 27 7 2 100 22
26.0% 12.0% 9.0% 2.3% 8.7% 33.3% 13.9%
Sum 100 300 300 300 300 300 1600
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

'Reacted sea—salts : e.g. NaNOs, Na:SO4, Na (NOs, SOy), (Na, Mg)NOs, (Na, Mg) (S04, NO3) 5

2Others : e.g. AlSi/Ca(CO3, SO), AlSi/Ca(SQ4 NO3), AlSi/Ca (NO»), AlSi/CaSOs, AlSi/Ca(NO;, SO, CO;3), Ca(COs, NOs, SO4), Ca(NOs),, Ca
(S04, CO3), Ca(NO;, SO4), CaSO4, AISI/K,S04, AISI/K (CO3, SO4), AISI/K (S04, NO3), K (CO3, NO3), KNO3, K (SO4, NO3), K(NO3, SO4, CO3),
AlSi/FeOx, FeOx, Na(NO;, Cl), NaNO3, Na;SO4, Na (8§04, NO3), (Na, Mg)NO3, (Na, Mg) (NO;, SO.), (Ca, Mg)COs, (NH4).S0, 5

NEIC : g zbell A & X-ray 28 25lo] 3}ab3& 273b7] $18 Qg F83) 20 A 4o

o] AL Algellr] EAE AL FApe]| AAoz:
Agolvt. K2 Z3Heh 33hgo] vhg-3t KoSOs 97k
T 52ellM 3.3%, 6l Al 17% WA A o=
2000 = At M A A 2 Fehgoly
A 2001 3Y 22 A|Bef|A] others® RFEH
Az ujgoz AL YAHAD ARG o
2001 549 17 AlRellA] 2 A w)ge] el
Zolt}. & 54 A2 othersell = AlSi/Ca (CO;, SO.),
AlSi/Ca (SO4, NO3), AlSi/Ca (NOs)2, AlSi/CaSOsa,
AlSi/Ca (NOs, SO4, CO;3)2F %22 aluminosilicates7}
HEg-3-CaCOs 9} EAIE ] Qe YAME, Ca(NOa),
Ca (S04, CO3), Ca (NOs, SO), CaSOs, Ca(COs, NO3,

SO)% e CaCO;7)} wr-esle] A7 33zz,
AISI/K2SO4, AISIK (COs, SO4) AISI/K (SOs, NO3)SH
72 aluminosilicates”} ¥+2-8F K 23§ 3}3tE3 &
AHe] 9l AL, K (COs, NO3), KNOs, K (SO,
NO3), K(NOs, SOy, CO3)8} 22 K2 £33} 353
o] uk-g- A} A7 EFE, Na(NOs, Cl), NaNOs,
Na;S04, Na (S04, NO3), Na (NO3, CO3), Na (NO3,
CO3, SO4), (Na, Mg) (NO3, CO3), (Na, Mg) (NOs;, SO4)
s} 7ol uhg3t 9 YA, AlSi/FeO,, FeO,, (Ca,
Mg)COs, (NH.),804 E-0] ¢]c}.

200005} 2001de] A} 2EAJA] A= 25
o ¥4 AFE Ha 20008 % bl N ubE
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