K £ | L

¥ 46 0 B E B GE¥)

2 E & E ERENS

%ﬁﬁ%ﬂODBﬁ Erk 1843 B 22 H

2NBEOEHR BEGL ENHNE4RELIR
hNEBEE5EODEH Aerosol mixing states over KOSA source regions: Single particle analysis
: of free tropospheric particles collected with a balloon-borne sampler over

Dunhuang, China :
(EWFRAEMR L2207 0V IVESIRE | PEBBICTRREREY > 7
5 —i2 X DL L 7= HH N TRE R84 O5347)

AXEEZRA (%) Bk RE (BRHAGAMER> S — - BB

AVEEZAAE) Bl fi— (ARBEHER - 88 , KF F4E (BREEMER - &8 ,

HE B (BREFUSAELS Y — - &8 ,
ki P (BREBUSARREL> 5 — - BB

Abstract: Free tropospheric particles were collected using a balloon-borne aerosol sampler on August
29, 2002 and March 24, 2003 at Dunhuang (40°00°N, 94°30°E) in northwestern China, in order to
investigate the mixing states of aerosol particles over KOSA source regions. The morphology and
elemental composition of the individual particles were analyzed with a scanning electron microscope and
an energy dispersive X-ray analyzer. The single-particle analysis revealed that mineral dust particles
were major constituents in coarse mode range (d>1 pm), and sulfate particles were predominantly present
in fine mode range (0.2<d<1 pum) in the free troposphere over the Taklamakan Desert both in spring and
in summer. However, the elemental composition of the individual dust particles significantly differed
between the results of August 2002 and March 2003.  Si-rich particles were dominant in mineral dust on
March 2003. On the other hand, evaporite particles such as Ca- and Na-rich dust particle stood out at
the results of August 2002, although Si-rich particles were a main type of mineral dust as usual.
Additionally, comparison of the elemental compositions of the particles collected over Dunhuang with
those of particles collected over Japan strongly suggests that these particles were significantly modified
by sulfur during their long-range transport. A |

1. Introduction

Asian dust particles (KOSA particles, literally mean “yellow sand” in Japanese) originated
in arid and semi-arid regions in the Asian continent are frequently dispersed to eastern China, Korea
peninsula, Japan, the North Pacific and even to North America. According to recent many
investigations, KOSA particles make important contribution to regional and/or global climate and
environment, because the particles can scatter and/or absorb solar radiation, act as chemical reaction
site and play as cloud condensation nuclei or ice nuclei in the atmosphere. Moreover, it has been
believed that KOSA ﬁarticles will facilitate oceanic primary productivities, scince Fe contained in
KOSA fall intb ocean. Therefore the long-range transport of KOSA particles and chemical and

physical modification of KOSA particles during their transport become matters of great concern, and
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consequently various research campaigns have been made to clarify environmental and climate
effects of KOSA.

However, there have been very few observations for behavior of aerosol particles in the free
troposphere over KOSA source areas owing to technical difficulties. We therefore have strongly
desired observations of the chemical and physical properties for free tropospheric particles and the

particle number-size distribution in the free troposphere over the source areas.

2. Observation and analysis

Knowledge about aerosol mixture states in the free troposphere over KOSA source regions is
essential to assess the impact on environment change caused by KOSA, because KOSA particles
travel long distance mainly through the free troposphere. For that reason, we developed the
balloon-borne sampler to collect free tropospheric particles, and we desired several advéntége points
to the sampler. That is (1) weight saving to allow launching the sampler by rubber balloon, (2)
cutting off the rope between balloon and sampler by the rope cutter after finishing the particle
collection, and (3) recovery of the sample on the basis of GPS signal. Figure 1 shows the
balloon-train for particle collection in the free troposphere and the block diagram of the

balloon-borne aerosol sampler.
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Figure 1. (a) Balloon-train for particle collection in the free troposphere, and (b) block diagram of

the balloon-borne aerosol sampler.
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We niade electron microscopic analysis of the free tropospheric particles over Dunhuang,
China (40°00°N, 94°30°E), which is located in the eastern part of the Taklamakan Desert and has
been suggested to be an important source of KOSA particles. Their particles were collected in the
three different layers—3—5 km, 5-7 km, and 7-9 km above sea level—with a balloon-borne aerosol
sampler equipped three low-volume impactor on August 29, 2002 and on March 24, 2003 (Table.1).
The recovery system worked very well at that time, and it took only several hours to recover the
samples after landing, which seems to avoid the contamination from surrounding air. The distance
between balloon launching and landing positions was about 12 km on August 2002, and 48 km on
March 200. This kind of measurement is very effective to know the mixing state of free
tropospheric aerosols and will bear good ripple effect in the atmospheric science field, although the
handling need the technical skill.

Table 1. . Sampling time and weather conditions.

Date Time Altitude  Sampling Wind Weather
(GMT) (asl) time Direction __ Speed (m/s)-

3:31:12—-3:37:12 3.2-5.2km 6 min NNE-WNW 5

29-Aug-02  3:37:12—3:42:27 5.2—6.9km 5.25 min NW 9.2 Fine
3:42:27—3:45:27 6.9—8.0 km 3min  NNW-WNW 14.3
1:52:07—2:00:52 3—5 km 7.75 min W 11.6

24-Mar-03  2:00:52—2:07:07 5—7 km 6.25 min WNW—-W 16.8 Fine
2:07:07—2:13:37 7—9 km 6.5 min WNW 18.6

The particles collected onto carbon-coated collodion films supported by nickel grids, which
were set on each stage of the low volume impactors, were analyzed with a scanning electron
microscope and an energy dispersive X-ray analyzer, in order to see‘the particle morphology, size,
and elemental composition. The diameter of each particle was calculated as the arithmetic mean of
the longest width and its width orthogonal.

We simultaneously performed balloon-borne OPC(Optical Particle Counter) measurements,

aerosol particle collection near the surface atmosphere, and lidar measurements in Dunhuang, China.

3. Result and summary
3.1.  Existence of mineral dust particles both in the spring and the summer free troposphere
Electron microscopic experiments revealed that most of the coarse particles collected in
the free troposphere over Dunhuang in spring and even in summer composed of mineral dust
particles. Figure 2 shows the representative mineral dust particles collected using the
balloon-borne sampler. The observation suggests that dust particles constantly exist in the free
troposphere over Dunhuang, although the number concentrations are higher in spring than in
summer. Balloon-borne OPC and lidar measurements also suggested the existence of dust
particles in the free troposphere not only in spring but also in summer. Mineral types of the
individual particles collected in the lower free troposphere showed a significant difference
considerably between the cases of spring and the summer. The comparison with the previous

results and the meteorological data suggested that the aerosol particles collected over Dunhuang
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on March 22, 2003 exhibited the mixing state of aerosol particles under dusty condition. On
the other hand, the particles collected on August 29, 2002 showed relatively high number
fractions of Ca- and Na-rich particles, which are considered to be evaporite. It seems that the
relative abundance of Ca- and Na-rich particles increases when the mineral dust concentration is
low.

3.2. The Taklamakan Desert as a possible source of background KOSA observed over Japan

Mineral dust particles were predominantly existed in coarse mode range in the free
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Figure 2. Scanning electron microscopic images (left) and X-ray spectra (right) on representative
mineral dust particles collected in the free troposphere over Dunhuang. The particles of (a) and (b)

are examples of aluminésilicate, and calcite (CaCOs) containing a little aluminosilicate.

troposphere over Dunhuang in summer. According to air-mass forward trajectories, the air masses
observed in the summer passed over Japan (Figure 3). It can be suggested that the Taklamakan
Desert is a possible source region of KOSA particles which diffuse to downwind areas such as Japan
islands through the free troposphere evén in summer seasons. The results could support the
previous research that discussed background KOSA on the basis of aircraft borne measurements

made over Japan.

3.3. Mixing state of the fine particles over the KOSA source area:

We classified the fine aerosol particles (0.2 < d < 1.0 um) collected in the free troposphere
over Dunhuang into four types (sulfate particles, biomass burning particles, mineral dust particles,
heavy metal particles), according to detected elements and size. Figure 3 shows Number
fractions of particle types in each altitude on March 24, 2003 and on August 29, 2002. In the free
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troposphere, sulfur particles were main particles in fine mode ranges (0.2<d<1.0 ym). In particular
this tendency was more significant in diameter range of 0.2—0.3 um, and the dominant number
fractions of sulfur particles could be independent on atmospheric condition. On the other hand, the

number fractions of sulfur particles in diameter range of 0.3-1.0 um showed large variation in each

samplé. In this size range, the mixing state of aerosols is affected relativels} strohé by dust particles.w
Balloon-borne OPC measurements also supported the above results. Besides sulfur particles and
mineral dust particles, we also found the particles derived from biomass burning and heavy metal

particles in fine mode range in the free troposphere over Dunhuang.
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Figure 3. Number fractions of particle types in each altitude on March 24, 2003 and on August 29,
2002. Each type are represent sulfate particle (Type I), particle derived from biomass burning
(Type II), and mineral dust particle (Type III).

3.4. Modification of KOSA particles by sulfur

Figure 4 shows the relatii'e weight ratios of Al, S, and Ca for the individual mineral particles
of six cases. The dashed line in the scatter-plot shows the weight ratio of S/Ca for gypsum
(CaSO4H,0) (=0.8). If there are many points plotted to the right of the dashed line, it can be
assumed that considerable uptake of SOx on mineral particles hardly occurs. Most of the dust
particles collected in the free troposphere and in the surface atmosphere in Dunhuang, from relative
weight ratios of S to Ca in Fig. 4.11, indicated the value of lower than 0.8. The mineral dust
particles collected in the free troposphere over KOSA source regions strongly suggest that

-436-



significant uptake of SOx by dust particles hardly occurred. Also the mineral dust particles in the
surface atmosphere in Dunhuang did not relate with sulfur not only during dust storm but also non
dust storm. In contrast about half of dust particles collected in the free troposphere over Japan was
seemed to be dust particles significantly modified by sulfur. The fact is of considerable interest
when dischssing the modification during their long-range transportation. The results suggest that
the significant modification of KOSA particles have not occurred at least in an initial stage of their
long-range transport, and will be occur in the humid air along with high concentration of sulfur

dioxide.
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Figure 4. Relative weight ratios of Al, S and Ca for mineral particles collected (a) 3-5 km above sea
level over Dunhuang on March 24, 2003, (b) 5-7 km above sea level over Dunhuang on March 24,
2003, (c) 3-5 km above sea level over Dunhuang on August 29, (c) near the surface atmosphere at
Dunhuang on April 29, 2002, (e) near the surface atmosphere at Dunhuang, and (f) in the' free

troposphere over Japan.
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