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Abstract: Under the Japan-China joint project, "Studies on origin and transport of aeolian dust and its

impact on climate (ADEC)", we have observed the aeolian dust in Beijing, Qingdao, and Hefei in

China and Fukuoka, Nagoya, Tsukuba and Naha in Japan since the spring of 2001. The mass concen-

trations of total suspended particles (TSP) observed by the high-volume air sampler and size distribu-

tion observed by the low-volume air sampler were reported in this paper. In addition, the OPC obser-

vation in March 2004 and variation of dry deposition in Tsukuba were also reported. From the obser-

vation (2001-2004) of mass concentration of TSP we explained the seasonal and local variations. The

dust concentration was generally high in spring and intensive observation periods (IOPs) were settled

in spring each year. Some large dust events occurred during IOP-1 in April 2002 while dust storms

were observed in IOP-2 (March 2003) and IOP-3 (March 2004). The particle size was a bimodal

distribution that suggests natural and anthropogenic origins. When the dust storm occurred, the coarser

particles increased. The optical particle counter (OPC) was used to understand the variations of size

and number of aerosol particles in March 2004. The properties of aerosols varied hourly and it is

shown that the OPC has much better time-resolution so it is very useful to observe the short-time

variation of aerosols. The variation pattern of the flux of dry deposition in Tsukuba resembled roughly

that of the TSP.
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1. Introduction

"Kosa" is a well-known aeolian dust that is trans-

ported from the arid and semi-arid regions in China.

The number of Asian dust storm phenomena in China

is increasing recently because the arid and semi-arid

area is spreading. These atmospheric aerosols have

serious effects on human life, agriculture and traffic,

and furthermore heavily impact the global climate such

as the "greenhouse effect". However, it is not clear

whether the dust may cause a positive or negative ef-

fect because it is not well understood which physico-

chemical properties of dust particles bring about the

effect. Therefore, precise observation data and a com-

plex model are necessary to estimate its exact interfer-

ence on the global climate.

Recently several projects have started to observe the

global climate. We started the Japan-China joint project ,

"Studies on origin and transport of aeolian dust and its

impact on climate (ADEC)", in 2000 in order to obtain

precise observation data and make a quantitative pre-

diction model for the estimation of climate change

(Kanai, 2001; Mikami, et al., 2002). In a related project,

Ace-Asia project (Aerosol Characterization Experi-

ment in Asian Region) was started in spring 2001 to

increase our understanding of the effects of atmo-

spheric aerosol particles on the earth’s climate system

(Ma et al., 2004a, b; Topping et al., 2004; Zhang et

al., 2004).

We have already reported some observation data and
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knowledge obtained by geochemical research such as

mineralogical and chemical analyses. They include; (1)

the variations of dust collected in Japan and China

(Kanai et al., 2002a; 2002b; 2003; 2005; Ohta et al.,

2003), (2) the variation of chemical composition dur-

ing transportation from China (Beijing) to Japan (Ohta

et al., 2004; 2005a), (3) the seasonal variation of mass

concentration and chemical composition of aeolian dust

(Kanai et al., 2002a; 2003; 2005; Kamioka and Kanai,

2002; Ohta et al., 2003; 2005b) and (4) properties of

a dust event (Kanai et al., 2003; 2005; Zhang et al.,

2002; 2003a, b; 2004; Ohta et al., 2005c).

In this paper, we present the overall observation data

obtained until May 2005 in order to construct a better

model using this data. Our data will be very useful and

valuable because they are collected from 2001 to 2005

under the ADEC project at strategic observation sta-

tions, i.e., in Beijing, Qingdao and Hefei in China and

Naha, Fukuoka, Nagoya and Tsukuba in Japan. They

are situated along the route of westerly winds. A part

of our data was already used to construct and evaluate

some models (Shao et al., 2003; Han et al., 2004). In

addition to the observation data by air samplers, some

observation data by the optical particle counter (OPC)

in Tsukuba are reported to explain short-time varia-

tions. The four-year observation data of dry deposi-

tion is also reported in this paper.

2. Sampling locations and instruments

Sampling locations and sampling methods of aeolian

dust are already written in other papers (Kanai et al.,

2002a; 2003; 2005). The network observation sites are

three stations in eastern China (Qingdao, Beijing and

Hefei), four stations in Japan (Naha, Fukuoka, Nagoya

and Tsukuba). Figure 1 shows the aeolian dust sampling

localities in China and Japan (see Table 1 for details).

A high-volume air sampler (HV-1000F; manufac-

tured by Shibata Scientific Technology Ltd.) was em-

ployed for determining the mass concentration of total

suspended particle (TSP) in the air. The flow rate was

maintained at 1000 l/min, and a polyflon filter (PF040,

25 x 20 cm; manufactured by Advantec MFS Inc.) was

used for collection of dust. A low-volume Andersen-

type air sampler (AN-200; manufactured by Shibata

Scientific Technology Ltd.) was used to obtain size

distribution data. The flow rate was 28.3 l/min to in-

duce the ideal particle size classification by aerody-

namic diameter; >11.0 µm (sampling stage 0), 11.0-

7.0 µm (stage 1), 7.0-4.7 µm (stage 2), 4.7-3.3 µm

Fig. 1  Map of sampling localities. Solid circles represent seven observation stations for this study. Open

circles are four observation stations by Yabuki et al. (2002).
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(stage 3), 3.3-2.1 µm (stage 4), 2.1-1.1 µm (stage 5),

1.1-0.65 µm (stage 6), 0.65-0.43 µm (stage 7) and <0.43

µm (backup filter). The filters used for stages 0 to 6

were polyflon filters of 80 mm in diameter (PF050;

manufactured by Advantec MFS Inc.). Those for stage

7 and the backup filter were quartz filters (2500QAT-

UP; manufactured by Tokyo Dylec Co. Ltd.). The op-

eration time varied from several hours to 20 days de-

pending on the situation and location.

The OPC is one of the instruments for measuring

particle size. The details of general instruments of

"light scattering automatic particle counter" are de-

scribed in the JIS B9921 document. The OPC in this

study was made by Yamanashi Gijutsu Kobo Co. Ltd..

A laser light source (67 mA) is collimated to illumi-

nate aerosol flowing out of a nozzle at about 100 ml/

min. A photodetector, 60 degrees off-axis from the light

beam, measures the amount of light scattered from a

single particle. Both the size and number of particles

are measured simultaneously. This OPC instrument has

eight channels, which correspond to the >0.3 µm, >0.5

µm, >0.7 µm, >1 µm, >2 µm, >3 µm, >5 µm and >7

µm particle diameter ranges. The OPC instrument was

beside the air samplers (on the rooftop of C-8 build-

ing, Geological Survey of Japan, Tsukuba Central 7;

see Table 1 for details) and operated in March 2004.

The instrument for dry deposition observation was

manufactured by Shibata Scientific Technology Ltd.. It

has a movable roof with a sensor that is open except during

rain. The duration time for keeping the roof open is ac-

cumulated and recorded. The sampling box size is 178

(L) x 228 (W) x 250 (H) mm. The collection area is 400

cm2. The instrument was operated from 2001 to 2004.

3. Results and discussion

3.1 Mass concentrations of TSP in Japan and east

China

The mass concentrations of TSP in the air were ob-

tained by a high-volume air sampler. We first set up

the instruments in Qingdao in China and Naha,

Fukuoka, Nagoya and Tsukuba in Japan in 2001. Ad-

ditional sampling instruments were prepared in Beijing

and Hefei in 2002, which enabled us to establish a much

better system for systematic observation. Therefore the

observation of aeolian dust particles started from Feb-

ruary 2001 in Tsukuba and Naha, March 2001 in

Nagoya, April 2001 in Fukuoka, May 2001 in Qingdao,

and March 2002 in Beijing and Hefei. The observation

data in eastern China (Qingdao, Beijing and Hefei) and

in Japan (Naha, Fukuoka, Nagoya and Tsukuba) until

2003 are reported in previous papers (Kanai et al.,

2002a; 2003; 2005). All the observation data includ-

ing those after 2003 are shown in Appendix 1 tables.

The completion dates of observation are different for

each observation site. The observation in Tsukuba and

Table 1  List of seven observation stations.

80120.3336.07Ocean University 
of China

Qingdao

52117.1631.90Anhui Institute of 
Optics and Fine 

Mechanics

Hefei

100116.3539.93Institute of 
Atmospheric 

Physics

Beijing

40127.6926.20Okinawa branch 
of the Japan 

Weather 
Association

Naha

57130.3733.55Fukuoka 
University

Fukuoka

74136.9635.15Nagoya 
University

Nagoya

44140.1436.06Geological 
Survey of Japan

Tsukuba

Elevation
above S.L.

m)

Longitude
(E)

Latitude
(N)

Location nameObservation 
station
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Fukuoka continued until May 2005. Figure 2 shows the

four-year variations (2001-2004) of mass concentrations

of TSP observed in Fukuoka, Tsukuba and Naha.

During the ADEC project, the intensive observation

periods (IOPs) were each spring (IOP-1: April 2002,

IOP-2: March 2003, IOP-3: March 2004). In Fig. 2,

the periods of IOPs are also shown. It was noticed that

the mass concentrations of TSP during IOP-1 are the

highest while those during IOP-2 are the lowest. The

reason is because the ground conditions in China were

different each year. It is assumed that the soil was wet

and dust particles were difficult to be airborne in 2003.

In order to confirm the differences of dust amount ob-

served at seven stations, the time-weighted average

daily mass concentration of TSP during March and

April is shown in Table 2 and Fig. 3. This is not the

average mass flux, but the average concentration per

day because the wind flow is neglected. From Table 2,

it is obvious that the average concentration of TSP in

March and April 2002 is the highest and that in 2003

is the lowest except in Naha. In 2004, those in Beijing,

Fukuoka and Tsukuba are higher than those in 2003.

This result is supported by the number of "Kosa" days

in Japan. The total number of the observed

points and days is 803 point-days in 2001, 1183

point-days in 2002, 169 point-days in 2003 and

497 point-days in 2004 (Japan Meteorological

Agency, 2005).

In the spring of 2002, two typical dust events

were observed in China and Japan; on 20 March

and 8 April. Figure 4 shows the variation of mass

concentrations of TSP at our observation sta-

tions. The strong dust event brought the aerosol

for a short time and the concentration increased

rapidly. In Beijing, the mass concentration of

TSP was 367 µg/m3 until 1045 CST (20 March),

increased to 11.6 mg/m3 for 6 hrs, decreased to

3 mg/m3 on the next day (21 March) and finally

decreased to 1.5 mg/m3 (22 March). The con-

centration in Beijing was very high during the

Fig.2  Mass concentrations of TSP observed in Fukuoka, Tsukuba and Naha from 2001 to 2004.

Table 2  Average daily mass concentrations of TSP during March and April each year at seven stations.

*

observation station
year

2001 24 Apr. -
7 May 70.8 15 Mar.

- 24 Apr. 77.5 26 Feb.
- 24 Apr. 60.7 9 Mar. -

23 Mar. 66.5
2002 1 Mar. -

22 Apr. 1121 2 Mar. -
19 Apr. 332 15 Mar.

- 19 Apr. 243 1 Mar. -
1 May 107.7 25 Feb.

- 25 Apr. 72.0 1 Mar. -
24 Apr. 88.1 26 Feb.

- 24 Apr. 58.0
2003 7 Mar. -

23 Apr. 344 17 Mar.
- 28 Apr. 170 4 Mar. -

2 May 46.4 28 Feb.
- 11 Apr. 38.2 3 Mar. -

1 May 44.4 7 Mar. -
21 Apr. 30.3

2004 8 Mar. -
25 Apr. 399 2 Mar. -

26 Apr. 53.9 27 Feb.
- 26 Apr. 70.0 9 Mar. -

26 Apr. 20.2

* : calculated from the data obtained by low-volume air sampler unit : g/m3
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Fig.3  Average daily mass concentrations of TSP during March and April
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event, while those in Japan were lower by an

order of magnitude than in Beijing. The sus-

pended particles were dispersed and fell out

during the transport to Japan. As a result, the

dust concentration is observed as "the average

concentration" for several days in Japan while

it is "real-time" concentration for a short pe-

riod in China. The detailed climatic analysis

for these dust episodes was reported by Zhang

et al. (2002; 2004), Lee et al. (2004) and Guo

et al.(2004). The same decreasing trend of dust

from China to Japan is also reported in the dust

episode in 2001 (Mori et al., 2003).

3.2 Size distribution of aeolian dust

The low-volume air sampler was at the same

observation station as the high-volume air sam-

pler. The observation data are shown in the

Appendix 2 tables. As shown in previous pa-

pers (Kanai et al., 2002a; 2003; 2005), the size

of aeolian dust is a bimodal distribution. It is

well known that the particulate matters have

two origins; natural and anthropogenic (Wil-

son and Suh, 1997). One peak around 0.5 µm

corresponds to anthropogenic aerosol consist-

ing mainly carbon particles and another peak

around 4-5 µm contains aeolian dust particles,

i.e. mineral particles probably transported from

China. The typical result of the aerosol size

distribution in Tsukuba in 2004 is shown in Fig.

5. The bimodal distribution in spring is more

obvious than other seasons. It is also shown

that the coarser particles increase in spring [i.e.,

(2)-(4) in Fig. 5], when dust storm often oc-

curs. Therefore the variation of size distribu-

tion is larger in 2002 than in 2001, 2003 and

2004, which indicates many dust events were

observed in 2002. The concentration of the finer frac-

tion, which is assumed to be of anthropogenic origin,

increased in winter and fall [for example, (1), (7) and

(8) in Fig. 5]. This increase may be due to the combus-

tion of fuels. In Qingdao, the finer fraction sometimes

increased in winter (Kanai et al., 2003; 2005), and it

is assumed that the release of carbon increased by the

use of coal. Streets et al. (2001) estimates that a quar-

ter of the global carbon output is from China. Decesari

et al. (2001) also reports that the total carbon content

in the aerosol is low in summer and high in winter in

Italy.

3.3 OPC data

The size distribution by the low-volume air sampler

shown in Section 3.2 is obtained by measuring the

weight of size-segregated fraction. Several µgs are

necessary for stable measurement by a balance. This

means that the usual sampling period ranges from sev-

eral days to twenty days depending on the aerosol

concentration, place, time and circumstance (Kanai et

al., 2002a; 2003). Therefore the size distribution ob-

tained by the low-volume air sampler is the average

for a sampling period and obtaining a short-time varia-

tion is difficult for the sampler.

Since the OPC instrument measures both the num-

ber and size of particles simultaneously and the inter-

val of data acquisition is 1 second, the time resolution

of OPC is much better than the low-volume air sam-

pler. The size-segregated number is obtained by sub-

tracting each channel data to obtain the 0.3-0.5 µm,

0.5-0.7 µm, 0.7-1 µm, 1-2 µm, 2-3 µm, 3-5 µm, 5-7

µm and >7 µm ranges. Figure 6 shows a typical curve

of the particle number concentration. The OPC data is

the number of particles, not the mass weight, so it

cannot be compared directly with that by air sampler.

However assuming that the particles are spherical and

the mass density is 2.65, the mass distribution can be

Fig.4  Mass concentrations of TSP during March and April 2002 in (a) east

          China and (b) Japan.

          Typical dust events were observed on 20 March and 8 April 2002.
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obtained. Although the size classification of OPC is a

little different from that of the low-volume air sam-

pler, each fractional count per cubic meter was calcu-

lated using 12hr-data. The observed hourly data is

shown in the Appendix 3 table.

Using the difference of number (n) or mass (m) and

classification diameter (d), δn/δlog d and δm/δlog

d were calculated by assuming a spherical particle with

a mass density of 2.65. A typical distribution observed

on 31 March is shown in Fig. 7. It shows a bimodal

distribution; one peak around 2.5 µm and the other less

than 1 µm. These peaks may correspond to the natural

and anthropogenic origins as shown in Section 3.2. The

number of coarser particles was low before noon and

high in the afternoon.

The air sampler data and OPC data obtained from 19

March to 29 March and from 29 March to 8 April (OPC

data are until 1 April) are compared. The OPC data are

averaged during these periods. Figure 8 shows both dis-

tributions by the air sampler and OPC that were calcu-

lated in the same way. It seems that the value by

the OPC is higher than that by the air sampler

and the peak diameter by the OPC is smaller

than by the air sampler. This may be the result

of the real dust particle is not spherical and its

density is lower. Organic materials, sea salts and

light mineral materials might make discrepan-

cies between the instruments.

The sum of the particles with a 0.3-1 µm di-

ameter and those larger than 1 µm diameter are

assumed to be the anthropogenic dust and min-

eral dust, respectively. The hourly variations

of fractional and total mass concentrations

from19 March to 1 April are shown in Fig. 9.

The dust concentrations vary largely with time.

Mass concentration of larger particles is some-

times higher (on 19 March, 31 March - 1 April

in Fig. 9) than that of smaller particles during

the observation period. Rainy days are also

indicated in the figure, and it seems that the

mass concentration of larger particles was lower

when it rained. This decrease is the result of

the "wash out" effect by rain. Although the

Fig.5  Concentration of aeolian dust against particle size obtained by using a low-volume air sampler in Tsukuba in 2004.

Fig.6  A typical curve of particle number against average diameter ob tained

         by the OPC.

          The observation period is from 1200 JST to 2359 JST, 31 March

          2004.

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

0 2 4 6 8 10
average diameter ( m)

 c
ou

nt
 

 m

108

106

104

102

1

pa
rt

ic
le

 n
um

be
r /

 m
3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m

Du
st

 
g 

/m
3

（1）22�Jan.-10�Feb. （2）1�Mar.-19�Mar. （3）29�Mar.-8�Apr. （4）16�Apr.-26�Apr.

（8）2�Dec.-22�Dec.（8）21�Oct.-11�Nov.（6）20�Aug.-10�Sep.（5）1�Jun.-21�Jun.

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m
Du

st
 

g 
/m

3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m

Du
st

 
g 

/m
3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m

Du
st

 
g 

/m
3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m

Du
st

 
g 

/m
3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m

Du
st

 
g 

/m
3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m
Du

st
 

g 
/m

3

0
5

10
15
20

>1
1.

0
7.

0-
11

.0
4.

7-
7.

0
3.

3-
4.

7
2.

1-
3.

3
1.

1-
2.

1
0.

65
-1

.1
0.

43
-0

.6
5

<0
.4

3

particle size m

Du
st

 
g 

/m
3



Mass concentration and particle size of atmospheric aerosol in east Asia (Kanai et al.)

― 279 ―

wind velocity and direction may effect on the dust prop-

erties, there was no apparent relation with the observed

variation that was detected. The local weather along

with an air mass that covers a larger area might con-

trol the particle distribution properties.

Semidiurnal variation of the size classified particle

number is shown in Fig.10. Table 3 shows their rela-

tive standard deviation during 19 March - 1 April 2004.

The fact that the standard deviation of the coarser

particles is larger than that of finer ones suggests that

the amount of coarser aeolian dust varies easily with

climatic conditions. The rapid increase of dust con-

centration was inferred from the observation on 20

March in Beijing (see Section 3.1).

In conclusion, the large variation of dust concentrations

observed by the OPC indicates that the OPC is extremely

sensitive and has excellent time-resolution so it is very

useful to observe short-time variation of aerosols.

3.4 Variation of dry deposition in Tsukuba

From the spring of 2001, the dry deposition was

collected in Tsukuba. The results are shown in Table

4. The flux of dry deposition ranges from 0.02 to 0.14

g/m2/d. The high flux was observed each spring ex-

cept in 2003 when few large dust storms were observed.

There are two types of deposition; dry and wet. Dry

deposition is the mass of dust that is transported by

wind and deposited. On the other hand, wet deposition

is the mass of dust that is deposited with rain. The flux

of dry deposition seems to be in a linear relation with

the atmospheric mass concentration of TSP because it

depends on the atmospheric concentration and deposi-

tion rate. Figure 11 shows the mass concentration of TSP

Fig.7  A typical curve of (a)δn/δlog d and (b)δm/δlog d

          against particle diameter.

          It was observed on 31 March 2004 in Tsukuba. Fig.8  Comparison of size distributions determined by a low-

           volume air sampler and OPC.

          (a) Observed on 19 - 29 March 2004.

         (b) Observed on 29 March - 1 April (OPC) and 8 April

          (sampler) 2004.
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and flux of dry deposition in Tsukuba from 2001 to 2004.

The trend of the mass concentration of TSP roughly

resembles that of the flux of dry deposition. The aver-

age flux of dry deposition in Tsukuba during 2001-2004

was 0.066 g/m2/d while that in Qingdao, China is re-

ported to be 0.06-0.2 g/m2/d during May 2001 to No-

vember 2002 with a mean value of 0.13 g/m2/d (Zhang

et al., 2004), which is higher than that in Tsukuba.

4. Conclusion

The authors have observed the aeolian dust in

Beijing, Qingdao, and Hefei in China and Fukuoka,

Fig.9  Hourly fractional and total mass concentrations observed by the OPC in Tsukuba in 2004 .

Fig.10  Semidiurnal variation of the size-classified particle number in Tsukuba in 2004.

Table 3  Relative standard deviation (RSD) of size-classified

              particle number from 19 March to 1 April 2004.
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Nagoya, Tsukuba and Naha in Japan since the spring

of 2001. The mass concentrations of TSP observed by

a high-volume air sampler and size distribution ob-

served by a low-volume air sampler were reported. In

addition, the OPC observation in 2004 and dry depo-

sition observation were achieved in Tsukuba.

(1) From the TSP observation, we obtained the sea-

sonal and local variations in the ADEC project. The

dust concentration was generally high in spring, and

IOPs were in the spring each year. Some large dust

events occurred in IOP-1. However, few dust storms

were observed in IOP-2 and IOP-3. The dust sampling

was conducted, and the mineralogical and geochemi-

cal properties of aeolian dust were determined (Kanai

et al., 2003; 2005).

(2) Size distribution was the same as that in previ-

ous papers (Kanai et al., 2002; 2003; 2005). It shows

a bimodal distribution that suggests two origins, i.e.,

natural and anthropogenic. When a dust storm occurred,

coarser particles increased. The sampling of size-seg-

regated particles was also carried out, and the

geochemical properties of dust were determined (Kanai

et al., 2003; 2005; Kamioka and Kanai, 2002; Ohta et

al., 2003; 2005b).

(3) The OPC instrument was used to understand

short-time variations of size distribution and particle

number. Hourly variation in March 2004 was observed

and revealed that the dust concentrations vary largely

with time, and the mass concentration of larger particles

is lower when it rains. The variation of coarser particles

is larger than that of finer particles. It is shown that the

OPC has much time-resolution property so it is very

useful to observe the short-time variation of aerosols.

(4) Dry deposition was observed in Tsukuba during

2001-2004 and its variation pattern resembled roughly

that of the TSP. The average flux was lower than that

in Qingdao, China.

.

Acknowledgements: The authors would like to thank

S. Terashima and Y. Matsuhisa of the AIST for pro-

moting the project. We also thank M. Kanai, M. Bros

of the AIST, L. Sheng of Ocean University of China

and many students of Nagoya University, Hiroshima

University and Fukuoka University for their assistance

for the measurements and observations. We also ac-

knowledge S. Yabuki and Y. Yamada of RIKEN for

information on the OPC, and I. Isobe and A. Suzuki of

the AIST for their helpful comments on the manuscript.

This study was partly supported by the Special Coor-

dination Fund of the Ministry of Education, Culture,

Sports, Science and Technology of Japan.

References

Decesari, S., Facchini, M.C., Matta, E., Lettini, F., Miccea, M.,

Table 4  Flux of dry deposition in Tsukuba.

total hour

date time date time hour g/m2/d
1 30-Mar-01 18:16 07-May-01 11:48 618 0.143
2 07-May-01 11:58 04-Jul-01 15:40 924 0.036
3 04-Jul-01 18:30 01-Oct-01 10:55 1676 0.057
4 03-Oct-01 15:13 04-Dec-01 14:45 1000 0.049
5 04-Dec-01 15:00 01-Mar-02 14:55 1674 0.049
6 01-Mar-02 15:29 01-Apr-02 14:58 577 0.143
7 01-Apr-02 15:07 10-Jun-02 13:31 1267 0.067
8 10-Jun-02 13:55 01-Aug-02 15:09 766 0.137
9 01-Aug-02 15:30 05-Nov-02 11:28 1071 0.056
10 05-Nov-02 11:55 27-Dec-02 15:10 746 0.028
11 27-Dec-02 15:20 - - - -
12 03-Feb-03 17:21 03-Apr-03 13:13 1016 0.060
13 03-Apr-03 13:13 02-Jun-03 13:38 800 0.054
14 02-Jun-03 13:43 07-Aug-03 16:30 863 0.051
15 07-Aug-03 16:35 30-Sep-03 13:42 604 0.099
16 30-Sep-03 13:55 02-Dec-03 9:48 877 0.021
17 02-Dec-03 10:00 20-Feb-04 10:50 1555 0.051
18 20-Feb-04 10:55 08-Apr-04 16:25 915 0.103
19 08-Apr-04 16:30 15-Jun-04 11:08 1148 0.057
20 15-Jun-04 11:13 02-Aug-04 10:42 981 0.032
21 02-Aug-04 10:46 01-Oct-04 16:10 1124 0.029
22 01-Oct-04 16:20 31-Dec-04 10:00 1401 0.056

flux of dry deposition
No.

start end



Bulletin of the Geological Survey of Japan, vol.56 (7/8), 2005

― 282 ―

Fig.11  Comparison of (a) mass concentration of TSP and (b) flux of dry deposition in Tsukuba from 2001 to 2004.
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アジア東部における大気中エアロゾル濃度，粒径分布及びつくばにおける
乾質降下物の観測とOPC観測

金井　豊金井　豊金井　豊金井　豊金井　豊･････太田充恒太田充恒太田充恒太田充恒太田充恒･････上岡　晃上岡　晃上岡　晃上岡　晃上岡　晃･････今今今今今井井井井井　　　　　登登登登登・・・・・清清清清清水水水水水　　　　　洋洋洋洋洋･････高橋嘉夫高橋嘉夫高橋嘉夫高橋嘉夫高橋嘉夫･････甲斐憲次甲斐憲次甲斐憲次甲斐憲次甲斐憲次･････林林林林林　　　　　政政政政政彦彦彦彦彦・・・・・張張張張張　　　　　仁仁仁仁仁健健健健健

要　旨要　旨要　旨要　旨要　旨

日中共同研究「風送ダストの大気中への供給量評価と気候への影響に関する研究（ADEC）」のなかで，中国の北
京，青島，合肥，及び国内の福岡，名古屋，つくば，那覇で2001年春から風送ダストの観測を開始した．本報告で
は，ハイボリュームエアサンプラーによる全浮遊粒子（TSP）濃度とアンダーセン型のローボリュームエアサンプ
ラーによって得られる粒径分布を報告する．更に，つくばにおける 2004 年３月のOPCによる観測結果や乾質降下
物の変動も報告した．
長期にわたるTSP観測によって季節変動や地域差が明らかになった．ダスト濃度は概して春に高濃度となり，集
中観測期間(IOPs)が毎年春季に設定された．IOP-2（2003年 3月）やIOP-3（2004年 3月）では大きなダストイベン
トがほとんど観測されなかったが，2002年 4月の IOP-1 では大きなダストイベントが観測された．ダストの粒径分
布は，自然起源と人工物起源とを示す二山形を示した．ダストイベントが起こった時には，粗粒フラクションが増
加した．粒径分布と粒子数の短期変動を明らかにするために，OPCによる観測が2004年の３月に行われた．粒子特
性は時間ごとに変動しており，OPCは時間分解能がよいのでエアロゾルの短期変動の観測に非常に有用であること
が示された．つくばにおける乾質降下物の変動パターンは TSP のパターンとほぼ類似していた．
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Appendix 1  Mass concentrations of TSP in (1) Tsukuba, (2) Nagoya, (3) Fukuoka, (4) Naha, (5) Beijing, (6) Qingdao and (7) Hefei by

                     a high-volume air sampler. The times in the appendix tables are shown as the local time in Japan (JST) and China (CST).
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Appendix 2  Size-segregated aeolian dust concentrations observed by a low-volume air sampler in (1) Tsukuba, (2) Nagoya, (3) Fukuoka,

                    (4) Naha, (5) Beijing, (6) Qingdao and (7) Hefei.
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Appendix 3  Cumulative particle number for each hour observed by the OPC in Tsukuba during 19 March - 1 April 2004.
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