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A method of scanning electron microscopy-energy dispersive X-ray microanalysis (SEM-EDX) has been investi-
gated for the identification of individual Si-rich particles derived from Kosa aerosol.  The elemental composition of indi-
vidual Si-rich particles (

 

α

 

-quartz) having SiO

 

2

 

 content over 80% was determined by SEM-EDX using a standardless

 

φ

 

(

 

ρ

 

z) correction program, and the results were normalized to 100% on the basis of oxide composition.   The distribution
of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

(%) in individual Si-rich particles from real airborne particulate matters showed a sharp and clear
seasonal variation.  It was found that  the distribution was closer to those in the China loess and desert sand in spring time
compared to those of the non-Kosa aerosol, the distribution could be successfully used as an effective indicator. The dis-
tribution of (MgO

 

�

 

CaO)/SiO

 

2

 

(%) was also used for discrimination from Si-rich particles in some Japanese volcanic
rocks such as Andesites.  Individual Si-rich particles derived from Kosa aerosol were clearly discriminated from those
derived from the Japanese igneous rocks by the proposed method.   These results suggest that the alkali elemental com-
position of individual Si-rich particles is a useful indicator to identify the Kosa particles and to investigate transportation
of the Kosa aerosol.

 

Asian dust-storm particles, called as the Kosa aerosol in
Japan, originate from arid and semi-arid areas of China,

 

1

 

 main-
ly during the spring time, and spread to vast areas of northern
China being drived by the wind torrents from the northwest or
west.  It has been shown that the Kosa aerosol traverses the
China continent, crosses Yellow sea and Korea peninsula, and
reaches Japan

 

2–6 

 

and even as far as the north Pacific Ocean.

 

2,6–

12

 

  The chemical compositions and the discriminating methods
of Kosa aerosol have been studied by many investigators using
bulk analysis, but the information obtained is only for average
compositions,

 

2–11,13–17

 

and the contribution to the atmospheric
environment has been confirmed usually by the increase of to-
tal concentrations of characteristic components or elements of
the China loess and desert sand in suspended particulate matter
(SPM).  In these methods, strict evaluation not only of the con-
tribution of Kosa aerosol but also of the origins of individual
particles, is not easy for SPM, which consists of complicated
multi-component mixtures.

 

18

 

  Furthermore, the discrimination
of individual particles derived from China loess or desert sand
and Japanese rocks or soils, so far has been impossible. 

Although the elemental compositions of individual Kosa
particles have been investigated by electron probe microanaly-
sis,

 

12,19

 

 most researches have been carried out concentrating on
the chemical reactions and formation of secondary particulates
on the particles or the internal mixture of minerals and sea-salt
without information on the mineral compositions, because the
particles collected were directly analyzed without surface
washing.  Thus, the pieces of information obtained were only

average compositions of aggregates.  Therefore, the elemental
composition of individual particles in SPM has not yet been
used as an indicator for the identification of Kosa particles.

The aim of this paper is to establish the method for identifi-
cation of individual Kosa particles in airborne particulate mat-
ter by the alkali elemental composition.   Si-rich particles hav-
ing SiO

 

2

 

 content over 80% such as 

 

α

 

-quartz were examined as
an effective indicator of Kosa particles and the elemental com-
position of individual Si-rich particles was determined by
scanning electron microscopy-energy dispersive X-ray mi-
croanalysis (SEM-EDX).   Individual Si-rich particles derived
from Kosa aerosol in real airborne particulate matter were
clearly identified by  differences of the distribution areas of
(Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 (%).

 

Experimental

 

Airborne Particulate and Rain Water Samples.    

 

SPM sam-
ples were collected on the mixed cellulose ester membrane filters
(Advantec, A300A110C, 3.0 µm in pore size,110 mm in diameter)
for 13 days by a low-volume air sampler with a cyclone classifier
(< 10.0 µm) (Shintaku Machine Manuf., Model S-2) with a flow
rate of 20 L min

 

�

 

1

 

 at Kofu and Fujiyoshida, Yamanashi Pref., cen-
tral Japan in 1995.    Other SPM samples were collected on the
polycarbonate filters (Millipore, ATTP, 0.8 µm in pore size, 47
mm in diameter) for 3–5 days by the same sampler with a flow
rate of 20 L min

 

�

 

1

 

 at Fujiyoshida, Yamanashi Pref., central Japan,
in 2000.   PM10 samples were collected on the regenerated cellu-
lose filters (Fuji Photo Film, FR-100, 1.0 µm in pore size, 47 mm
in diameter) for 7–12 days by a low-volume air sampler (Ruppre-

 

# Domestic Research Fellow, Japan Science and Technology Cor-
poration, Honmachi, Kawaguchi, Saitama 332-0012

cht & Patashnick Co., Partisol Model 2000) with a flow rate of
16.7 L min

 

�

 

1

 

 at Kofu in 1996-1997.   
Rain water samples were collected by sequential collection ev-
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ery 1 mm (5 mL) of precipitation from the beginning of rainfall
using Horiba Raingoround II metal-free rain-water sampler.  The
particles in rain waters were filtered off through a 0.45 µm mem-
brane filter, and the initial precipitation (1 mm) was used in this
study.

 

Japanese Igneous Rock, China Loess and Desert Sand Pow-
ders.    

 

In order to obtain the general elemental composition of Si-
rich particles in the Japanese igneous rocks, China loess and
desert sand, some igneous rock powders

 

20

 

 e.g., granite (JG-2), gra-
nodiorite (JG-1a, JG-3), andesite (JA-1, JA-2), basalt (JB-2) and
rhyolite (JR-1) were supplied by the Geological Survey of Japan.
The China loess (CJ-1), and simulated Asian mineral dust (CJ-2)
prepared from Tengger desert sand were supplied by the National
Research Center for Environmental Analysis and Measurement,
China.  They were used after hydrochloric acid (1

 

�

 

1) treatment
for SEM-EDX analysis.  In this study, the particles with size be-
low 10 µm were used for analysis.

 

Sample Preparation.    

 

All of the reagents used were of ana-
lytical-reagent grade.  Deionized and distilled water was used
throughout.   Hydrophilized poly (tetrafluoroethylene) membrane
filters (Millipore, Omunipore JH, 0.45 µm in pore size and 25 mm
in diameter) were used for filtering out the residual particles after
hydrochloric acid washing.   The pieces of 5 mm in diameter cut
from the filters were used for particle analysis.  Particles on the fil-
ters were washed in a 10 mL volume of hydrochloric acid (1

 

�

 

1)
for 20 min by ultrasonication.  The residual particles were filtered
off through a 0.45 µm membrane filter, and washing with water of
3 mL was repeated for 5 times to remove any hydrochloric acid
from the particles on the filters.  After drying for 30 min at 110 ˚C
in an electric oven, the particles on the filters were detached by
both sides-adhesive carbon tape and were fixed on the aluminum
sample stands (15 mm in diameter, 5 mm in height) for SEM-
EDX.  Thereafter, the particles were carbon coated (

 

∼

 

 200 Å) and
the specimens were subjected to the SEM-EDX analysis.

 

Analytical Method.

 

    The particles were examined with a
scanning electron microscope (SEM, Hitachi S-3000N) equipped
with an energy dispersive X-ray microanalyzer (EDX, Horiba
EMAX550).  The elemental analysis by EDX was carried out on
accelerating voltage 

 

�

 

 20 kV, probe current 

 

�

 

 0.3 nA and dead
time 

 

�

 

 20–30%.  The takeoff angle for the EDX detector was
fixed at 35˚.  These conditions were found to be suitable for good
X-ray analysis and allowed reasonable secondary electron imag-
ing.  The electron beam was usually irradiated at the central part
of an individual particle to get the average composition, and the
data was accumulated for 100 s.   Particles with radii over 1.0 µm
were used for analysis in this study.  For the qualitative analysis,
an element in the particle was determined when the characteristic
X-ray intensity was three times standard deviation (

 

σ

 

) of the back-
ground intensity under the peak.  For the quantitative analysis, X-
ray analysis data were processed by a standardless 

 

φ

 

(

 

ρ

 

z) routine
supplied by Horiba, and the results were normalized to 100% on
the basis of oxide composition.

 

Results and Discussion

Analysis of Si-Rich Particles by SEM-EDX.    

 

SEM-EDX
is an effective method for the elemental analysis of micro at-
mospheric particles, which have irregular shape or rough sur-
face.

 

21–26

 

  Therefore, the elemental composition of individual
particles in SPM has been determined by many investigators
by using standardless-based EDX.

 

12,25,26

 

   However, they have
analyzed the particles directly without surface washing, as a

result of which only the average compositions of aggregates
are available.   In the present work, hydrochloric acid washing
was carried out prior to SEM-EDX in order to disperse the in-
dividual mineral particles and clean the surface.   Figures 1 and
2 show the effects of water and hydrochloric acid (1

 

�

 

1) wash-
ing procedures on the distributions of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 (%)
in Si-rich particles from China loess (CJ-1) and SPM collected
at Fujiyoshida on Apr. 6–10, 2000, respectively.  These results
indicated that the dissolution of alkaline elements from Si-rich
particles during hydrochloric acid washing can be neglected.
Surfaces of most Si-rich particles, such as quartz or volcanic
glass, were relatively plate-like and flat compared to those of
other particles such as soot, fly ash, iron oxides, sulfates, or
carbonates.  Therefore, the particles were directly subjected to
the SEM-EDX using a standardless 

 

φ

 

(

 

ρ

 

z) correction program

 

Fig. 1. Effects of water and hydrochloric acid washing on
the distribution of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 in Si-rich particles
from China loess (CJ-1).

Fig. 2. Effects of water and hydrochloric acid washing on
the distribution of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

  in  Si-rich particles
from SPM collected at Fujiyoshida in Apr. 6–10, 2000.
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after hydrochloric acid washing.  No polishing procedures of
particle surface were done, as such polished surfaces do not
provide original information on morphological features.

For checking the reliability of the standardless 

 

φ

 

(

 

ρ

 

z) data,
the glass particles (rhyolite, JR-1) were directly analyzed by
the method described above without polishing their surfaces.
Lengths measured for both short and long axis of particles
were 2–9 µm (av 5 µm) and 2–14 µm (av 7 µm), respectively.
Five repetitive measurements of the same particle showed rea-
sonable precisions; relative standard deviations (RSDs) were
3.3, 0.3, 0.3, 1.7, 7.1 and 11% for sodium, aluminum, silicon,
potassium, calcium and iron, respectively.    Ten independent
particles were also analyzed in order to evaluate the effects of
irregular shape and rough surface.  As shown in Table 1, the
measurements gave sufficient RSDs and analytical results of
the elements detected were in good agreement with the certi-
fied values

 

20

 

 as bulk composition without polishing the particle
surface, except for calcium and iron, of relatively low contents.
The detection limit (DL) was evaluated by the following rela-
tion: DL 

 

�

 

 (3

 

C

 

σ

 

)/

 

I

 

net

 

, where 

 

C

 

 is the concentration (wt%) of
analyte in JR-1, 

 

I

 

net

 

 is the peak net intensity and 

 

σ

 

 is the stan-
dard deviation of the background intensity under the peak.
The DL of elements having sufficient RSDs of measured inten-
sity and contents were as follows; Na

 

2

 

O:0.30%, Al

 

2

 

O

 

3

 

:0.56%,
SiO

 

2

 

:0.39%, K

 

2

 

O:0.21%, CaO:0.18%, Fe

 

2

 

O

 

3

 

:0.10%.   The
DL of other elements could not be directly determined due to
the lack of adequate standard specimens.  However, the values
were presumed to be near to those of neighboring elements in
X-ray spectrum.   Although the DL of aluminum was higher
compared to those of other elements because of the aluminum

 

K

 

α

 

-line  from the sample stand, the value could be neglected
compared to those from real Si-rich particles.

In the present work, the particles having SiO

 

2

 

 content over
80% were referred to as Si-rich particles.   Most of the Si-rich
particles are presumed to be quartz, because it is the major
component in silicate minerals from the China loess and desert

sand.

 

27

 

   Major elements detected by SEM-EDX in the individ-
ual Si-rich particles were sodium, magnesium, aluminum, sili-
con, phosphorus, potassium, calcium, titanium, manganese
and iron.   Aluminum was detected in all Si-rich particles.
When silicon and aluminum were detected with high back-
ground, the particle was regarded as a soot.

 

28

 

   Figure 3 shows
examples of the number frequency (%) of elements detected in
Si-rich particles from SPM, rain water, China loess, desert
sand and Japanese igneous rocks.   Magnesium, potassium and
iron were detected frequently in Si-rich particles from SPM
and rain water collected in the spring time.  Besides these ele-
ments, calcium was detected frequently in rain water, reflect-
ing the different sources of the China loess or desert sand,
compared to SPM collected in different periods.  Magnesium,
potassium and iron were also detected frequently in Si-rich
particles from the China loess (CJ-1) and Tengger desert sand
(CJ-2).   Sodium instead of magnesium, and sodium and calci-
um together with the above three elements were detected fre-
quently in Si-rich particles from granite (JG-2) or granodiorite
(JG-1a) and andesite (JA-1), respectively.  Si-rich particles
were rarely detected in basalt (JB-2).  Therefore, although the
discrimination of the Kosa particles seem to be possible by the
simultaneous detection of magnesium, potassium and iron,
strict evaluation on the basis of these elements was difficult.

Figure 4 shows examples of the distributions of
(Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2 

 

(%) within the ranges of SiO

 

2

 

 from 60 to
100% in individual particles from SPM, Tengger desert sand
(CJ-2) and basalt (JB-2), and schematic diagram of the compo-
sition ranges of main minerals in SPM.  Each point indicates
an individual particle.  In this range of SiO

 

2

 

 (%), the major
mineral components in real airborne particulate matter are pre-
sumed to be as follows : 

 

α

 

-quartz, volcanic glass, plagioclase,
alkali feldspars and clay minerals.  However, strict information
on the crystal structures of individual mineral particles was not
obtained, because the application of X-ray micro-diffractome-
ter to micro particles below 10 µm in diameter was difficult.

 

Table 1. Analytical Results of Glass Particles Having Irregular Shape and Rough Surface by SEM-EDX using Standardless

 

Φ

 

(

 

ρ

 

z)

Rhyolite (JR-1)
Certified value, %

as bulk composition

 

a)

 

Na

 

2

 

O MgO Al

 

2

 

O

 

3

 

SiO

 

2

 

P

 

2

 

O

 

5

 

K

 

2

 

O CaO TiO

 

2

 

MnO Fe

 

2

 

O

 

3

 

4.02 0.12 12.83 75.45 0.021 4.41 0.67 0.11 0.099 0.89
1 4.7 13.2 77.3 4.2 0.54 0.65
2 3.9 12.9 78.2 4.5 0.54 0.63
3 5.0 13.6 76.9 4.0 0.74 0.79
4 4.3 13.3 77.5 4.1 0.5 0.80
5 5.6 15.6 74.6 4.2 0.42 0.75
6 3.8 14.9 77.6 3.7 0.64 0.53
7 5.2 13.5 76.6 4.2 0.59 0.71
8 4.7 13.0 77.5 4.4 0.35 0.5
9 4.4 13.8 77.5 4.1 0.50 0.71

10 5.3 14.1 76.6 4.3 0.60 0.57
Av

 

b)

 

4.7 13.8 77.0 4.2 0.54 0.66

 

σ

 

c)

 

0.57 0.82 0.93 0.21 0.10 0.10
RSD, % 12 5.9 1.2 5.0 19 15

Recovery, % 117 108 102 95 81 74

a) Cited from the Ref. 20.  b), c) Averages and deviations were calculated from measurements of independent ten particles.
Blank space: Not detected or trace amounts near to their detection limits.
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In this study, the relationship between the sum of the contents
of alkaline elements (Na

 

2

 

O

 

�

 

K

 

2

 

O) and the content of SiO

 

2

 

 in
individual Si-rich particles was examined as an indicator.

 

Discrimination of Si-Rich Particles in China Loess,
Desert Sand and Japanese Igneous Rocks.    

 

 Si-rich parti-

cles in the real airborne particulate matters consist of particles
derived from a variety of sources, e.g., China loess, desert sand
and Japanese igneous rocks.   Therefore, the discrimination of
Si-rich particles in China loess, desert sand and Japanese igne-
ous rocks was examined.  Figures 5 and 6 show distributions of
(Na

 

2

 

O

 

�K2O)/SiO2 (%) in Si-rich particles from granite (JG-2)
and granodiorites (JG-1a and JG-3), and andesites (JA-1 and
JA-2) and basalt (JB-2), compared to those from China loess
(CJ-1) and Tengger desert sand (CJ-2), respectively.  Each
point expresses one individual Si-rich particle.   Initially, it was
expected that the discrimination between Japanese plutonic
rocks, e.g., granites or granodiorites, and China loess or desert
sand would be the most difficult due to low volcanic activities
in the inland areas of China continent.   However, the distribu-

Fig. 3. Number frequency (%) of elements detected in Si-
rich particles (SiO2 � 80%).
N indicates the total number of Si-rich particles measured.
Number frequencies of  elements are the relative ratios of
number of particles which contain interest elements to the
total number (N) of Si-rich particles measured.

Fig. 4. Examples of the distributions of (Na2O�K2O)/SiO2

in individual particles from SPM, Tengger desert sand and
basalt, and schematic diagram of the composition ranges of
main minerals in SPM.

Fig. 5. Distributions of (Na2O�K2O)/SiO2 in Si-rich parti-
cles from Japanese plutonic rocks (granite and granodior-
ites), China loess and desert sand.

Fig. 6. Distributions of (Na2O�K2O)/SiO2 in Si-rich parti-
cles from Japanese volcanic rocks (andesites and basalt),
China loess and desert sand.
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tions of (Na2O�K2O)/SiO2 (%) obtained from individual Si-
rich particles showed a sharp and clear difference.  China loess
(CJ-1) and Tengger desert sand (CJ-2) showed similar distribu-
tions, and these widely differed from those of the Japanese ig-
neous rocks.  Si-rich particles were rarely detected in andesite
(JA-2) and basalt (JB-2).  Therefore, it was found that the con-
tributions of Si-rich particles from volcanic rocks such as JA-2
and JB-2 can be neglected in case of the Kosa particles identifi-
cation.

Figure 7 shows a comparison in the distributions of
(Na2O�K2O)/SiO2 (%) in Si-rich particles from SPM collected
at Fujiyoshida, rain water collected at Kofu, granodiorite (JG-
1a), andesite (JA-1) and Tengger desert sand (CJ-2).  The dis-
tributions of (Na2O�K2O)/SiO2 (%) in Si-rich particles from
SPM and rain water collected in spring time showed similar
observations to that of the desert sand, although the chemical
compositions of those from rain water may be changed from
the original compositions, if they were exposed to the clouds
with high acidity for a long time.  However, the distributions of
JA-1 and SPM collected at Fujiyoshida were somewhat similar
in low-SiO2 (%) area.  Figure 8 shows the distributions of
(MgO�CaO)/SiO2 (%) in Si-rich particles from andesite JA-1
and SPM collected at Fujiyoshida. Use of (Na2O�K2O)/SiO2

(%) together with (MgO�CaO)/SiO2 (%) was recommended
for the discrimination of Si-rich particles in Japanese volcanic
rocks such as andesites.    These results show that the differ-
ences in distribution areas of (Na2O�K2O)/SiO2 (%) are larger
compared to the ranges of analytical errors and significance.

Seasonal and Temporal Variations of the Distribution of
(Na2O�K2O)/SiO2 (%) in Si-Rich Particles from Real Air-
borne Particulate Matters.    Figure 9 shows the temporal
variation of the distribution of (Na2O�K2O)/SiO2 (%) in Si-
rich particles from SPM collected at Fujiyoshida in 2000.  Ex-
cept for spring time (March–May), Si-rich particles were rare-
ly detected in SPM from Fujiyoshida.  The distributions of
(Na2O�K2O)/SiO2 (%) in Si-rich particles detected in spring

time correspond well to those of China loess and desert sand.
Airborne particulate matters collected from the locations sur-
rounding Mt. Fuji contain quartz of lower concentration.  It has
been known that the basaltic geology around Mt. Fuji  originat-
ed from eruptive materials containing low percentages of
quartz.   A lower amount of quartz should be found in the geo-
logical materials in Fujiyoshida that are mainly basaltic.
Therefore, it was suggested that the contributions of Si-rich
particles from the locations surrounding Mt.Fuji could be ne-
glected even in spring time where wind erosion of land and
rise of the particles from the ground occur easily.  As a result, it
was presumed that most of the Si-rich particles detected in
SPM from Fujiyoshida in spring time were derived from the

Fig. 7. Distributions of (Na2O�K2O)/SiO2 in Si-rich parti-
cles from granodiorite, andesite, Tengger desert sand, SPM
and rain water.

Fig. 8. Distributions of (MgO�CaO)/SiO2 in Si-rich parti-
cles from andesite and SPM collected at Fujiyoshida.

Fig. 9. Temporal variation of the distribution of (Na2O�
K2O)/SiO2 in Si-rich particles from SPM collected at
Fujiyoshida in 2000.
Lines indicate the distribution areas of granodiorite (JG-
1a), andesite (JA-1), China loess (CJ-1), Tengger desert
sand (CJ-2) and rain water collected at Kofu in Apr. 22–23,
2000.
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Kosa aerosol.   Although some particles did not distribute in
the areas of China loess and desert sand, they were presumed
to arise from Japanese igneous rocks.  As a matter of fact, it
was found that the Si-rich particles in Kosa aerosol collected
during Apr. 6–10, 2000 originated from a different source
compared to those collected in other periods even in spring
time.

In order to obtain the better information on the distribution
of Si-rich particles derived from Japanese igneous rocks, the
airborne particles at Kofu that are mainly granitic and sedi-
mentary in nature were analyzed.  Figures 10 and 11 show the
seasonal variations in the distributions of (Na

 

2

 

O 

 

�

 

K

 

2

 

O)/SiO

 

2

 

(%) in Si-rich particles from PM10 and SPM, respectively,
from Kofu City.  As clarified from these results, the distribu-
tion showed a sharp and clear seasonal variation.  In winter
(Dec. and Jan.), the distributions of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 (%)
showed a similar tendency even in the different years, and cor-
responded well not to those of the China loess and desert sand
but to those of granitic rocks.  In February, the distribution
gradually became closer to those of China loess and desert
sand.  In summer, when the contribution of Kosa aerosol is
presumed to be low or negligible, Si-rich particles detected in
SPM are characteristic of locations surrounding Kofu, and the
distribution differed widely from that of Kosa aerosol in spring
time.  However, some particles were distributed in areas of
China loess or desert sand.  This suggests that the weak Kosa
aerosol comes flying as a background except in spring time.

 

29

 

In the spring time, the distribution of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 (%) is
very close to those of not only China loess and desert sand but
also of Kosa aerosol collected at Fujiyoshida.  In Fig. 11, the
bulk concentrations (0.45 µg m

 

�

 

3

 

) of quartz from SPM collect-
ed in Mar. 15–28, increased roughly twice of that (0.20 µg
m

 

�

 

3

 

) in Mar. 2–15, and the distribution area of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/
SiO

 

2

 

 (%) also widely changed.

Figure 12 shows the relationship between the contents of
SiO

 

2 

 

(%) determined by standardless 

 

φ

 

(

 

ρ

 

z) and Si 

 

K

 

α

 

 intensi-
ties normalized to the total sum of characteristic X-ray intensi-
ties of elements with atomic number over 11.   They showed
good correlation with each other.  Osán et al.

 

23

 

 described the
particles having Si 

 

K

 

α

 

 normalized intensities over 80% quartz,
without X-ray micro-diffraction analysis.  According to Osán
et al.,  the particles having SiO

 

2

 

 content over 80% obtained by
standardless 

 

φ

 

(

 

ρ

 

z) can be regarded as quartz.    Furthermore,
the minimum content of SiO

 

2

 

 in quartz was confirmed as fol-
lows.  The atmospheric concentration ratio (2.3) of 

 

α

 

-quartz in

 

Fig. 10. Seasonal variation of the distribution of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 in Si-rich particles from PM10 collected at
Kofu in 1996 and 1997.
Lines indicate the distribution areas of granodiorite (JG-
1a), andesite (JA-1), China loess (CJ-1), Tengger desert
sand (CJ-2) and rain water collected at Kofu in Apr. 22–23,
2000.

 

Fig. 11. Temporal variation of the distribution of (Na

 

2

 

O

 

�

 

K

 

2

 

O)/SiO

 

2

 

 in Si-rich particles from SPM collected at Kofu
in 1995.
Lines indicate the distribution areas of granodiorite (JG-
1a), andesite (JA-1), China loess (CJ-1), Tengger desert
sand (CJ-2) and rain water collected at Kofu in Apr. 22–23,
2000.

Fig. 12. Relationship between analytical results of SiO

 

2

 

(%) by standardless 

 

φ

 

(

 

ρ

 

z) calculation method and Si 

 

K

 

α

 

intensities normalized to the total sum of characteristic X-
ray intensities of elements with atomic number over 11.
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SPM collected on Mar. 15–28 to that for Mar. 2–15, 1995, was
determined by ordinary X-ray diffraction analysis (XRD) after
preconcentration,30 and the α-quartz content ratios (A) among
two samples by SEM-EDX were calculated from the numbers
of Si-rich particles counted by changing the definition of mini-
mum content of SiO2 as α-quartz.  Deviation from the ratio de-
termined by XRD was evaluated by A/2.3.  The results are
shown in Figure 13.  When the minimum content of SiO2

counted as α-quartz by SEM-EDX were 80–85%, they corre-
lated well.    As a result, although there may be volcanic glass
in low SiO2 area (80–85%), the particles having SiO2 content
over 80% could be regarded as α-quartz.

    These results suggest that the individual α-quartz parti-
cles in airborne particulate matters are a useful indicator to
identify the Kosa particles and to investigate the transportation
of Kosa aerosol.  The present method can not only identify the
Kosa particles, but also can provide direct information on the
sources of other Si-rich particles.

The authors thank Dr. Masataka Nishikawa and Dr. Noboru
Imai for the use of the simulated Asian mineral dust sample
(CJ-2) and GSJ reference samples “Igneous rock series”, re-
spectively.
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Fig. 13. Comparison among the bulk content ratio of α-
quartz determined by XRD and the content ratios of those
calculated from the number of Si-rich particles counted by
SEM-EDX.
Two SPM samples collected at Kofu in Mar. 15–28 and
Mar. 2–15, 1995 were used,and the number of particles
counted were 45 and 57, respectively.


