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Individual particle analysis of Asian dust-storm particles over
Higashiosaka in 2005 and 2006
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The particle samples over Higashiosaka were collected by personal air sampler during
asian-dust storms in April of 2005 and 2006. The size and elemental composition of individual
particles were investigated by scanning electron microprobe equipped energy-dispersive X-ray
analyzer. From the results of individual particle analysis of Asian dust storm particles, Si-rich
particles occupied 76.0% in 2.5-10.0 um diameter particles and 93.0% in<2.5 um diameter par-
ticles in April of 2005. In April 2006, Si-rich particles occupied 97.0% in 2.5-10.0 um diameter
particles and 99.7% in< 2.5 um diameter particles. Anthropogenic sulfur contaminated particles
without sea salt were occupied by 2.2% in 2.5-10.0 um diameter particles and 3.6% in<2.5 um
diameter particles in April 2005, and those were occupied by 0.4% in 2.5-10.0 um diameter par-
ticles and 2.9% in less than 2.5 um diameter particles in April 2006. From these results we con-
firmed that the degree of adsorption of anthropogenic sulfur oxides on to Asian dust storm parti-
cles during transport process from China to Japan was small in 2005 and 2006 over Higashio-
saka.

Key words: Asian dust-storm, individual airborne particle, scanning electron microprobe,
energy-dispersive X-ray analyzer, Higashiosaka
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Fig. 1 Location of sampling stations (A) Zhangye,
(B) Yanan, (C) Hohhot and (D) Higashi-
osaka.
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Fig. 2 Changes of mass concentration of PM;, and
PM.; over Higashiosaka in 2005 and 2006.
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Fig. 3 Backward trajectory started at 1500 m over Higashiosaka (A) April, 2005, (B) September,

2005 and (C) April, 2006.
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X-ray spectrum of Si-dominant particle
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Fig. 4 Morphological features and X-ray spectra of dust particles
collected over Higashiosaka.
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Table 1 Types of aerosol particles over Higashio-
saka evaluated by EDX analysis.

(Number of particle X/ total number of particles)»100(%)
April, 2005 Sep., 2005 April, 2006

Type of particles

PMc PM, 5 PMc PM, 5 PMc PM, 5
Si-rich 76.0 93.0 17.0 80.3 97.0 99.7
Si-dominant 8.0 16.3 0.7 73 15.7 9.3
Si-Al 15.0 10.0 1.0 2.7 32.7 6.7
Si-Ca 1.0 3.7 0.3 0.7 13 0.7
Si-Fe 1.0 1.3 0.3 0.3 13
Si-K 0.3 0.3
Si-Mg 0.7 0.3 0.3
Si-Na 13.0 9.0 10.7 423 83 22.7
Si-Ti 0.3 0.3 0.7
Si-Zn 0.7
Si-Fe 1.7
Si-other 38.0 51.7 3.7 25.0 37.0 58.7
Al-rich 1.0 0.3
Al-Si 1.0 0.3
Ca-rich 2.0 37 13 1.3 0.3
Ca-dominant 0.7 0.3
Ca-Cl 0.3
Ca-Si 1.0 3.0 0.3 1.3 0.3
Ca-other 1.0 0.3
Na-rich 14.0 23 78.7 16.0
Na-dominant 6.0 24.0 1.0
Na-Al 0.3
Na-Cl 4.0 0.7 29.7 23
Na-Mg 0.3
Na-Si 3.0 1.3 13.3 12.3
Na-Ti 0.3
Na-other 1.0 0.3 10.7 0.3
Cl-rich 3.0 1.3
Cl-Na 3.0 1.3
Fe-rich 4.0 1.0 1.3 1.0 1.0
Fe-dominant 2.0 0.3 0.3
Fe-Na 1.0
Fe-S 1.0
Fe-Si 1.0 0.7 0.7 0.3
Fe-Zn 0.3
Fe-other 0.3 0.3
Ni-rich 0.3
Ni-Si 0.3
Zn-rich 0.7
Zn-dominant 0.3
Zn-Si 0.3
S-rich 0.3
S-Ca 0.3
Ti-rich 1.6
Ti-Si 13
Ti-other 0.3
Number of particles 100 300 300 300 300 300

438 T & Si-rich $i T %17.0%, Na-rich ¥f T 2378.7
%% 50, 4AHDOE LT %), Na-rich f 72
HETH o720 TS UAOR T & LTl Clrich K
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259D THY, DT Na-rich i 75516.3% % i T
Wiz, NS DA @R T TliX Ca-rich ¥ ¥, Fe-rich
WY OHFEPRDO SN, FEEDEEITPMe B L O
PM.; TH. OB HHEATR & 2742 D), PMc Tlifpdi
BTF25, PMos T IEEN TSR E LA AEEGEZRL
TWwhbEEZ N5,

3.2.2 2006F4B DM FD 21 THIF4E 200654
HSHIZEIM S W7z & o BB IC K & <,

PM,,%%0.93 mg/m®, PM.;%%0.20 mg/m*T & - 72
PMc OG5 TIlEZ D97.0%%F Si-rich KL TlhHod S5
TWw7o & 5|2 Si-rich ¥ 1 ® T 3 Si-other ¥ 1
(87.0%), Si-Al¥ ¥ (32.7%) H LM EWEET
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F LA L TW72o PMs® 53 Tl&, Si-rich K 1-7%
Kbz O Tz, Sirich K FoHm TR % fF
1E L 72 DX Si-other ¥ T, Si-Na #.¥ Si-dominant
KL, Si-Al# T3 RN AR L Tz, 20054
DEWEFICIERD &, 20064F 1% PMc 7 5 U2 PMes
& B IZ Si-rich KT 254 0 2 B &K X VOIEF T
Hotzo FEMKEE IFHRMFOIEICB VT, JE
WP, PMec id— RN T & % 2 5N 5 i ik
THELHET 5, WWHETDH, PMwA0.1 mg/m’iE
FEThE, PMc MR 723N E SRS 5
A%, PMio7%0.9 mg/m*H2 % & T2 % & TR ISR %
{ Si-rich K F25KE 5% 5D 5 Z L bh o7z,
3.23 FEXELREOLE [idoEBH 7O
7 A4 TR RE, FORETH L HEARED 1IE
OFEF L W U7z 7230 b 3 A R SGA B g
BHELeT (36°59°N, 109°48'E) TR L -#+ T,
Table 2Ti¥ “Yanan” & FEitL7ze F72, PHEKEE
TRREINKRAZT T VR FOTEMEE D
g sz &L, PENZEN B G RXERMGEHE
(“Hohhot” & # i, 40°5IN, 111°49E), 5% 1
(“Zhangye” & % it, 39°52N, 100°23’E) T 5
N7=ABD 7 4 THIER R % Table 212, F-Z2h
ZFNONIE % Fig. 112" L7z (Okada et al, 2005,
Okada and Kai, 2004; Okada and Kai, 1995) .
Si-rich fL 12 DWW TIZHE 1% 6 W EMTFT O
7 U VAT OERREIZT00583%TH D, 2005
41 O WK PMc (76.0%), 2005%E9H @ # #) I
® PM.s (80.3%) LIZIZFAUMETH S, LA L, 2006
{E4AF @ PMc Tl Si-rich K. T72%97% % 5 ©, #Hipo
KR TH B WEHAT O T O L Y H10%DL 15
WEZIR L720 JEDRT- D7 4 FRIGEOK R0 5 1%
FOR B K O ek §-H o Sirich FLF- 0 9 %
HEITHET 5 DIE Na-rich #. T & Ca-rich . 7T
5h%, ZOHTHEIC Narich B FOEBIIkKE L,
FHERFEDIA ® PMce % 5 £ 79%2%E kD Na
rich i FCThHO SN TWBE, ZRIZHLETLZ ST
(ZEPIE M E O RBH I % Na-rich # 7O # & % A
% &, Yanan O T30 51381 £ 19, Hohhot
% Zhangye DEAKHF TH13~1.7% L T HENPTH
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Table 2 Types of loess and aerosol particles in
China evaluated by the EDX analysis.

(Number of particle X / Total number of particles)x100(%)

Type of particles Loess Aerosol
Yanan"' Hohhot ™ Zha\ngyc*3
Si-rich 72.0 69.6 83.2
Si-dominant 22.0 12.5 5.0
Si-Al 20.0 423 58.8
Si-Ca 5.0 3.6
Si-K 1.0
Si-Mg 0.8 10.1
Si-Na
Si-Ti
Si-Zn
Si-Fe 1.0 8.6 5.0
Si-other 23.0 1.8 42
Al-rich 1.3
Al-dominant
Al-Si 1.3
Ca-rich 23.0 17.7 12.6
Ca-dominant 2.0 9.9 59
Ca-Mg 2.0 1.0 4.2
Ca-Al
Ca-Si 17.0 49 1.7
Ca-P
Ca-Fe
Ca-Cu
Ca-S 0.8 0.8
Ca-other 2.0 1.0
Na-rich 1.3 1.7
Na-dominant 0.8
Na-S 0.3 1.7
Na-Si 0.3
Cl-rich 0.5
Cl-Na 0.3
CI-Si 0.3
K-rich 0.8
K-Si 0.8
Mg-rich 1.0
Mg-other
Mg-Si 1.0
Fe-rich 2.0 52 1.7
Fe-dominant 1.0 1.3
Fe-Al
Fe-Ca 1.0
Fe-Si 3.6 0.8
Fe-S 0.3 0.8
Fe-other
Ti-rich 3.0 1.0
Ti-dominant 1.0 1.0
Ti-Si 1.0
Ti-Ca
Ti-other 1.0
Cu-rich
Cu-Al
S-rich 23
S-dominant 0.8
S-Si 0.5
S-Na 1.0
S-Mg
S-Ca
Number of particles 100 385 119

*1: This work; *2: Okada et al.,(2005); *3: Okada and Kai (1995)
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162 T - S - ZEID - ARER - I

T-% Cl-rich ¥, T % 7 — & 7 L AN S 2 L EVEATE S
P T Ry

22T, bRtz S EERE LA EEICBWTA
FREIR & Z 2 SN D E B A WG L7k 125,
EOMERARTICIE L 2h%2iT 2L L,
%5725 — % 7 5 Na-dominant $ -, Cl-rich ¥I
TRBAL, BYDORTIZOVWTAL S, Ca DHIXE
BIEERD72, KiR%E Fig 5ICR Lz BEDEE T
D Al, S, Ca DM ERILIZEWTIZ S ODFEFEIRTERR
ENTY, ZOEBEAERTNVI ) 7 A8 CaCO;T
HOLNTWDEDNDbh ol FRITH L, 200544
H®DPM,sB X U'PMc Tld S 2 &bh T2 bR
TWb, TREFNDHEICONWT S/Ca ZFHRA2E S
5, NBEREBEOIRE L S5 S/Ca lbA70.80 L%
ARTRLTFHUE PMes TIEAR T2 b 8 5 H47133.6%,
PMc Tl322% TH o 720 F 72 IEF I ©20054E9 H
& PM.s T S 2 & GhF 2% BAEME L7225, PMce Tl
BEAEEENTESY, S/Calb%0.8V L% R34

(A) Loess (Yanan) /
n=100 ;

%

\

(B) PM, 5 Apr., 2005 (C) PMc Apr., 2005
n=56 - n=90

P n
(D) PM, ; Sep., 2005 L (E) PMc Sep., 2005
n=91 i n=31 3

.?f \ £ E

b

(F) PM, 5 Apr., 2006 (G) PMc Apr., 2006 }\
n=209 S« n=280 s

/ "
-"-.‘ K
% \

Fig. 5 Relative weight ratios of Al, S and Ca for (A)
Leoss, (B) PM.;s April, 2005, (C) PMc April,
2005, (D) PM.s September, 2005, (E) PMc
September, 2005, (F) PM.s April, 2006 and
(G) PMc April, 2006.
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