ISSN 1001—0742

Journal of Environmental Sciences  Vol. 18, No. 4, pp. 701—707, 2006 CN 11—262%X

Article ID: 1001-0742¢(2006)04-0701-08 CLC number: X131.1 Document code: A

Chemical characteristics of aerosol particles (PM,s) at a site of
Horqin Sand-land in northeast China

SHEN Zhen-xing'?", CAO Jun-ji?, LI Xu-xiang!, WANG Ya-qiang’, JIE Dong-mei*, ZHANG
Xiao-ye?

(1. Department of Environmental Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, China. E-mail; zxshen@mail xjtu.edu.cn; 2.
SKLLQG, Institute of Earth Environment, Chinese Academy of Sciences, Xi'an 710075, China; 3. Chinese Academy of Meteorological Sciences,
Beijing 100081, China; 4, Urban and Environment Science College, Northeast Normal University, Changchun 130024, China)

Abstract: The objective of this study was to characterize the mass concentration and chemical compaosition of aerosol particles(PM, )
collected at Tongliao(Inner Mongolia Autonomous Region, China), a site in Horgin Sand-land in northeast China. During spring 2003,
the mass concentration for PM,; was (126 £ 71)ug/m’ in average. Five dust storm events were monitored with higher concentration of
{2551+ 77)pg/m’ in average than the non dusty days of (106 +44)pg/m’. Concentrations for 20 elements were obtained by the PIXE
method. Mass concentrations of Al, Mg, 8i, K, Ca, Ti, Mn, and V, which increased with the PM,; concentration, were higher than the
pollution elements (S, Cl, Zn, Ar, Se, Br, and Pb). Enrichment factor relative to crust material was also calculated, which showed dust
trace elements were mainly from earth upper crust and pollution elements were dominated the anthropogenic acrosols. The SifAl,
Ca/Al, and Fe/Al ratios in PM,; samples at Tongliao were 4.07, 0.94, and 0.82, respectively, which were remarkably different with
those on other source regions, such as “Western desert source region”, “North desert source region” and central Asia source. Air mass
back-trajectory analysis identified three kinds of general pathways were associated with the asrosol particle transport to Tongliao, but
have the similar elemental ratios, implying that elemental signatures for dust acroscl from Horgin Sand-land were different with other

regions.
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Introduction

Soil dust derived from the wind erosion process in
arid and semi-arid region is an important factor on the
climate forcing(Tegen et al., 1996; Sokolik and Toon,
1996}. Desert regions in East Asia were considered as
the major sources for Asian dust according to the
rain-dust records in Chinese historical documents and
present day observations (Zhang, 1984; Merrill et al.,
1989, 1994; Zhang et al., 2003a). Mineral aerosol
particles directly affect the Earth's radiative balance by
scattering and absorbing incoming solar and outgoing
long-wave energy of terrestrial radiation, may modify
the cloud properties by acting as cloud condensation
nuclei (Charlson ez al., 1992), and may influence on
the tropospheric chemistry by serving as media for
various heterogeneous reactions of different chemical
species  (Franket e «l., 1996). The long distance
transport and deposition of eolian dust can also play
an tmportant role in biogeochemical cycles in the land
and oceans (Zhuang et al., 2001; Young et ol., 1991),
and high aerosol concentration in spring also affect the
urban and rural air quality and human health{Harrison
and Yin, 2000; Ren et al., 2003; Wang et al., 2002;
Zhang et of., 2003, 2005). Unfortunately, a more
adequate assessment of regional forcing by dust is
hardly possible because of our poor knowledge of the
dust chemical, physical and optical characteristics and

their temporal and spatial variation.

Recently, accompanying with the international
Asia  Pacific Regional Aerosol Characterization
Experiment (ACE-Asia) ongoing, many studies have
shown the physical and chemical properties of eolian
dust from the arid and semi-arid source regions in
Nothern China and their characterization of spatial
and ternporal variation in remote marine regions and
beyond (Zhuang et al., 2001; Alfaro et al., 2003,
Iwasaka et al., 2003; Zhang et al., 2003a; Arimoto et
al., 2004; Xuan et al., 2004; Cao et al., 2005; Zhang et
al., 2005).

Horgin Sand-land, located in the east of the Inner
Mongolia Autonomous Region of China, 350 mm of
the mean annual precipitation, was proved to be one
of important source region by model simulations of
Asian dust emissions in Gobi and desert regions in
northern China (Zhang e al., 2003b). Horqin
Sand-land, covering a land area of about 50600 km?, is
also the biggest one among the four largest sand-lands
in northern China (including Mu Us Sand-land,
Hunshan Dake Sand-land, Horgin Sand-land, and
Hulun Beer Sand-land). Asian dust, originating from
Horqin Sand-land and other desert regions, are
transported from Asia to the North Pacific and beyond
by northerly or westerly wind and can easily influence
airborne aerosol loading over downwind regions such
as north China, especially Beijing(Zhang et al., 20053),
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Korea and Japan, and so on. However, few research
studies focused on the chemical characteristics of soil
dust from Horgin Sand-land. The studies were
designed to investigate the mass concentration and
characterization of elemental composition of fine size
aerosol particles{PM,s) at Horqin Sand-land (Tongliao
station).

1 Method

1.1 Aerosol sampling

Tongliao station (43° 36'N, 122° 16'E, 178 m
above sea level) is located in the centre of the Horgin
Sand-land, 5 km from Tongliaoc downtown (Inner
Mongolia Autonomous Region, China). There were no
major industrial activities surrounding the sampling
site. Sampling site is on the rooftop of the building of
Tongliao Meteorological Agency, at 12 m above the
ground level. Aerosol samples were obtained with a
mini-volume sampler (Airmetrics, Springfield, Ore-
gon, USA) operating with a flow rates of 5 L/min on
46.2 mm diameter Teflon membrane filters (PM,; Air
Monitoring PTFE Filters, Whatman). This kind of
sampler is convenient for field observation for that it
is equipped with a storage batlery to avoid power
failure during serious weather condition (such as high
wind speed during dust storm). Particles with
acrodynamic diameter <2.5 p.m(PM,;) were collected
daily from 3 March to 31 May 2005. Each sample had
a 24-h sampling period from 10:00 in the morning to
10:00 next day morning. A total of 90 aerosol samples
were colleted in spring 2005(90 d) at Tongliao station.
During the sampling period, meteorological data,
including ambient temperature, ambient pressure,
ambient relative humidity(RH), wind speed, and wind
direction, were also recorded four times (at 02:00, 08:
00, 14:00, and 20:00 Beijing time} in each sampling
day at the Tongliao site by Tongliao Meteorological
Agency.
1.2 Mass and elemental analysis

The aerosol mass were determined gravime-
trically using a Sartorius MCS5 electronic microbalance
with a +1 pg sensitivity (Sartorius, Gittingen,
Germany}. Before weighted, Teflon membrane filters
were equilibrated for 24 h at a constant temperature
between 20 and 23°C and relative humidity between
35% and 45%. Each filter was weighted at least three
times before and after sampling by a 24-h equili-
bration. The mean net mass for each filter was
obtained by the average post-weight data subtracting
the pre-weight. The precision of the weighing were
<10 g for blank filters and <20 pg for filter samples.

The elemental concentration of PM,s; samples
were analyzed directly by a proton induced X-ray
emission (PIXE} methed using the 2.5 MeV protons
with a 50 nA beam current produced by the twin 1.7
MYV beams tandem accelerator at the Institute of Low

Energy Nuclear Physics, Beijing Normal University
(Zhang, 1993; Zhu and Wang, 1998). All concen-
trations were corrected for backgrounds from blank
filters. 20 eclements concentration for each sample
were determined, which are Mg, Si, P, S, Cl, K, Ca,
Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Br and Pb. This
PIXE method has been widely used to study the
chemical components of aerosols particles in China in
recent years (Zhang et al., 2003a, 2001, 2005; Ari-
moto et af., 2004; Cao er al., 2005).

2 Results and discussion

2.1 Temporal variations of PM,; mass concen-
tration

Daily PM,; mass concentration and observational
meteorological data from 2 March to 31 May at
Tongliao site are shown in Fig.1. The average mass
concentration of PM, s at Tongliao station was (126 &
7Dg/m® during the whole spring 2005. During the
field sampling period, five dust storm events (DS)
were observed at Tongliao station on 6 March (DS1),
5—7 April (DS2), 13—14 April (DS3), 27—30 April
and 1st May (DS4), and 30 May (DS5), corresponding
with PM,; loading of 276, 299, 287, 222, and 203
pg/m?, respectively, higher than the spring mean value
(Table 1). The average mass concentration of these
five dust storm events was (255 £ 77)wg/m’. The hig-
hest PM,; mass concentration was 399 pg/m’ on 13
April, which was almost 4 times than the daily
average mass concentration during non dust storm
period (NDS) of (106 =44)ug/m?*. Previous studies of
PM,; mass concentration during Asian dust storm in
other regions can compare with our measurement.
Continuous monitoring of airborne particles at
Chongwan-chongju, in Korea, showed that the
average maximum concentration of strong dust storms
in 2002 was 166.9 ng/m’ for PM,s (Chung et al.,
2003). High PM,; concentration was also measured
during a heavy dust storm event over a site near Asian
dust source regions, Xi'an on 14 April 2002, which
showed PM,; concentration was 740 pg/m?, 3 times
more than daily average concentration during NDS
condition of 200 pg/m’ (Cao et al., 2005). Most of the
dust storm events at Tongliao were associated with
high wind speed (Table 1), which exceeding spring-
time average value of 3.9 m/s. For example, observed
the wind speeds of DS1 (on 6 March) were 6.4 m/s at
08:00, 88 m/s at 14:00, and 64 m/s at
20:00. Low relative humid(ranging from 29% to 41%)
and low ambient pressure were also observed during
most DS events (Fig.1). It implies that the occurrences
of dust storm at Horgin Sand-land are commonly
associated with dry, low pressure and high wind speed
conditions. This phenomenon was also observed at
ZBT station (Yulin, Shannxi Province, China) during
the dust storm happened (Zhang et al., 2003a). Table
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1 shows the dust storm data for spring 2005, including
PM,; mass loadings, trace elemental concentrations,

and meteorological data.
Compared with the dust storm events, NDS

Table 1 Summary statistics for the concentration of PM,s, dust clements, and meteorological data during dust storms in spring 2005 at

Tongliao
Dust storm event ”Concentration, pgm? B Pre, RH, WD,
PM; s Si Al Mg K Ca Ti Mn Fe Pa % m/s
DS1(6 March) 2760  40.1 10.3 2.5 4.0 6.8 0.67 0.22 7.3 99070 26 1.6
D82(5—7 April) 299.1 480 12.0 1.7 57 9.8 0.75 0.24 92 98028 32 52
DS3(13—14 April} 2873 456 11.3 1.4 4.4 8.0 0.72 0.18 83 98871 19 5.7
DS4(27—30 April,1 May) 2224  44.0 10.9 2.8 42 7.8 0.74 0.21 82 97778 26 6.4
DS5(30 May) 203.0 509 10.9 0.7 62 10.2 0.98 0.31 11 97940 41 4.9

Notes: DS. dust storm events; Pre. pressure; RIL relative humidity, WD. wind speed
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Fig.]1 Temporal variations of PM,,(a), rclative humidity(b), and wind
speed(c) at Tongliao during 2 March to 31 May

conditions with calm or weak wind had a background
aerosol loading of 106 pg/m® in the whole spring,
which exceeded the American EPA's new PM,; air
quality standard of 24 h mean value of 65 pg/m® and
year mean value of 15 pg/m*. This high background
loading at Horgin Sand-land implies that fine size
particles pollution was very serious in north China,
even if in the small or middle cities near the desert
regions, which the industry was not developed.

The mass concentration of soil dust can be
estimated by summing the concentration of several
elements predominantly associated with soil, plus
oxygen assuming the compounds involved are the
most common oxides (Malm et al, 1994). The
following equation can be used to calculate the dust
concentration by elemental concentrations:

Cait = 2.2Cn + 2.49Cs + 1.63C, +
242G+ 1.94Cy, (1)

where (g is the calculated soil dust concentration,

and Cy, Cg, Co, Cr, and Cy represent the elemental
concentration of Al, Si, Ca, Fe, and Ti in PM.,
samples. The average soil dust PM,; mass
concentration were 59 pwg/m’ during the whole spring,
174 pg/m® during DS period, and 41 pg/m’ on
non-dusty days. For the five dust storm events,
calculated of the dust concentrations for PM,s were
153,186, 173, 168, and 197 pug/m’, respectively.

It was particularly valuable to assess the
contributions of Asian dust (geological materials)
emitted by the wind erosion process to the aerosol
particles at Horgin Sand-land. It showed that
geological mineral dust accounted for 54% of PM,;
samples. The residual about 46% of PM,; was
assumed to be pollution aerosols and unidentified
materials. Our result reflected the significant
contribution of anthropogenic sources from the remote
upwind regions or south of Tongliao site {Tongliao
City) to the aerosol mass concentration. Previous
studies on the Asian dust also found the phenomenon
that pollution-derived aerosols often mixed with the
natural soil dust, even if at Asian dust source regions
of Chinese desert areas(Arimoto et al., 2004; Alfaro et
al., 2003; Prospero et al., 2003; Zhang et al., 2003a).
Chemical analysis of PM,; samples also confirmed
that soil-derived dust mixes with anthropogenic
acrosol at Tongliao station, and these data will be
discussed later.

2.2 Elemental composition of PM,;

A major objective of our studies was to
characterize the chemical composition of acrosol dust
particles at Tongliao station. We calculated the
arithmetic mean concentrations of 20 elements, which
were shown in Table 2. Chemical results showed that
high elemental concentrations were mainly for the
eight typical dust elements, which are Al, Si, Mg, Ca,
Fe, K, Mn, and Ti. The mean concentrations for eight
dust elements were 3.8 23.6, 152 +14.3, 1.3 +1.3,
31+£26,3.0+£28,2.1+1.5,01%0.1,and 0.2+0.2
ng/m’, respectively. Most elements content of PM,; at
Tongliao were similar with the chemical results for the
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same size fraction samples collected at ZBT, an
ACE-Asia ground station (Arimoto et al., 2004), in
which the mean elemental concentrations for Al, Si,
Mg, Ca, Fe, K, and Mn were 4.3, 8.8, 1.5, 5.2, 2.5,
1.5, and 0.1 ug/m’, respectively. However, the
important difference of Si concentration should be
noticed. For instance, Si concentration at Tongliao
was almost two times than that at ZBT, showing dust
at Horqin Sand-land was characterized by a high Si
concentration. During dust storm events, most element
concentrations were higher than the spring mean
values (Table 1). For example, mass concentrations
for Si, Al, Ti and Fe during dust storm episodes were
4 times, Ca, Mg, Mn, and K were 2 or 3 times, more
than those of spring mean concentrations. The
calculation of enrichment factor relative to earth upper
crust can compare the elemental composition between
aerosol samples and crust materials (Taylor and
Melennand, 1995). This method was often used to
identify the elements origin from natural source or
anthropogenic source. The enrichment factors (EF) for
20 elements were calculated as follows:

EFcrust= (Cclt:'mem /Crefcmemc)axr / (Celement /Cmfmm)mm (2)

where Cemn 1S the concentration of any elements,
Crreace 15 the concentration of reference element.
Typically, Al, Fe, and Si were often chosen as the
reference element. The EF, qresults of 20 elements are
shown in Table 2. The values of EF_, for Al, Mg, Si,
K, Ca, Ti, Mn, and V were in the same range of 1 to 5
in both the DS and NDS samples. Therefore, these
nine clements are mainiy from crust origin.

The relationship between Mg, Si, Fe, Ca, K, Mn,
Ti and Al in Tongliao PM;s samples were plotted in
Fig.2. The correlation coefficient (r) for the dust trace
elements versus Al ranged from 0.86 to 1.0. These
high correlations also verify the crystal origin of these
nine dust elements. The ratios of 20 elements to Al
were calculated and shown in Table 2. Si, Al, Ca and
Fe are four major elements in mincral dust, and the
ratio of 8i/Al, Ca/Al and Fe/Al will be described
detailed in the following section.

The mean value of Si/Al ratio in PM,s at
Tongliao was 4.07 of total samples, and there was no
significant difference between DS and NDS condition,
indicating the major source for Si was dust aerosol.
These Si/Al ratios were consistent with average

Table 2 Concentration and enrichment factor (EF) for 20 elements and relationships between dust elements and Al

in PM,; aerosol particles

Total samples Concentration, ng/m’ EF e Ratios te Al
n=9 Mean SD Mean Sb Total samples DS (n=12)  NDS (a=78)
PM,; 13 % 10 7.0 % 10
Al 18 X 10° 3.6 % 10° 0.8 02
Mg 13 % 10° 14 % 10 1.5 1.8 0.50 0.19 0.55
Si 152 % 10° 14.8 X 10° 0.9 0.1 4.07 4.06 407
p 1.7 % 10° 2.1 % 107 0,046 0.046 0.046
s 24 X 1 23 X 10 2394 250.0 111 (.33 1.23
cl 1.1 % 10° 10 X 1% 249.6 205.6 0.55 0.11 0.61
K 2.1 X 10° 1.5 % 10° 1.7 09 0.76 0.44 0.81
Ca 3.0 X 10° 27 X 10° 1.6 0.3 0.94 0.76 0.97
Ti 2.5 % 107 2.5 X 1 0.9 0.2 0,063 0.067 0.063
v 22 % 10 24 X 10/ 34 32 0,007 0.005 0.008
Cr 37X 10 41 X 10 9.4 12.8 0015 0.006 0.017
Mn 1.0 % 10° 69 X 10° 24 1.7 0.039 0.020 0.042
Fo 3.0 X 10° 28 % 10} 1.0 0.0 0.82 0.78 0.83
Ni 1.9 % 10" 1.9 % 10 59 5.6 0.007 0.003 0.008
Cu 6.7 % 10! 54 % 10" 26.4 17.4 0.024 0.013 0.026
Zn 65 X 10° 5.9 X 10° 283.1 360.9 0.34 0.090 038
As 6.5 % 10" 49 X 10" 1036.9 1266.6 0.030 0.008 0.034
Se 6.4 X 10 5.0.% 10" 37815.0 460004 0.031 0.008 0.034
Br 93 X 107 6.5 % 10! 1079.8 1180.3 0.043 0.011 0,048
Pb 12 % 1¢° 9.5 X 10 263.5 295.1 0.059 0.017 0.066

Notes: 5D, standard deviation; n. sample number
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Fig.2 Relationship between dust elements and Al in PM,, at Tongliao site

composition of Si/Al of global upper crust or
sedimentary rocks of 4.04 (Pye, 1987). In contrast, the
Si/Al ratio in PM, and PM,; at ZBT, which represents
the “Northern desert source region” (Zhang et af.,
2003a), were 2.8, and 1.9, respectively(Arimoto ez al.,
2004; Alfaro et al., 2003). So the dust aerosol at
Horgin Sand-land characterized by a high Si/Al ratio
distinguished form “Northern desert source regions”.
Other observations also showed the Si/Al ratio of
eolian dusts from Sahelian region ranges from 3.18 to
3.6, and soil dusts from the Tadzhikistan (central
Asia) had a ratio of 3.06 (Gomes and Gillette, 1993),
while for the dusts from northern Morocco varied
from 2.67 to 2.87 (Bergametti et al., 1989). So dust
aerosol at Tongliao showed a high Si/Al ratio,
implying that elemental signature of dust from Horgin
Sand-land is different with other source regions.

The ratio of Ca/Al in PM,; samples at Tonglao
was 0.94 in average, which compared quit well to a
Ca/Al ratio approximately | of PM,;s and TSP samples
collected at ZBT (Arimoto et al., 2004; Zhang et al.,
2003a). But the difference of Ca/Al ratio between DS
events and non dusty days should be noticed (Table
2). Ca/Al ratio during NDS was larger than in DS.
This abundance of Ca during NDS reveated the
presence of local pollution acrosol particles that were
richer in Ca than desert mineral dusts. For example,
cement particles can be released by the city
construction sites. This Ca rich phenomenon during
non dusty days was also observed at ZBT by Alfaro et
al.(2003), which showed the Ca/Al ratio were 0.79 for
DS samples and 1.14 for NDS samples. The Ca/Al
ratio in dust samples at Horqin Sand-land was
remarkable different with those at “Western desert
source region”, which showed a high Ca/Al ratio of
1.7 (Zhang et al., 2003a). Therefore, elemental signa-
ture of soil dust from Horgin Sand-land was different
with “Western desert source region”.

Special attention should be paid to Ca(referred
water-soluble (WS) Ca™) materials, such as Calcite,

for which were involved in troposphere atmospheric
chemistry reactions. Many investigators have
suggested that some of the sulfate particles (like
Gypsum) formed in the atmosphere through
homogeneous and heterogeneous reactions. For
example, Ca-rich mineral (Calcite) reacted with
pollution aerosols such as sulphur oxide and formed
gypsum (Zhang and Iwasaka, 1999). Arimoto et al.
(2004) observed the important variations of the Ca/Al
ratio and the ratio of SO& to WS Ca® between a
Chinese desert region site of ZBT and a downwind
region station of Gosan in Korea. Ca/Al ratio and SO/
to WS Ca® ratio at ZBT were higher than those
observed at Gosan, and the possible reason for these
difference were mainly due to gas-particle conversion,
size selective fractionation, or aerosol types mixing.
Variation of element ratios (such as Ca/Al) during
long distance transport process reflects changes of
mineralogical composition of aerosol particles. The
variation of mineralogical composition can influence
on the optical properties (extinction coefficient, single
scattering albedo, and asymmetry parameters) of dust
aerosols, for which are determined by the relative
abundance of various minerals and how the minerals
mixed together (Sokolik and Toon, 1999).

We show the Fe/Al ratio in PM,; samples
investigated at Tongliao was 0.8 in average, and no
significant difference was observed between DS and
NDS, similar with Si/Al ratio. This Fe/Al ratio was
different with that of 0.6 for PMy; and PM, samples at
ZBT {Arimoto et al., 2004; Alfaro et al., 2003). In
contrast, aerosol particles at central Asia
{Tadzhikistan) had low Fe/Al ratio of 0.4 {Gomes and
Gillette, 1993). The Fe/Al ratio seems to be a good
signature on the regional scale allowing us to identify
the dust aerosol source, for example to distinguish
central Asian dust source region from East Asia dust
source regions. The difference of Fe/Al ratio involved
in the output flux of Fe from Asian source regions to
the North Pacific Ocean and beyond, and will
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influence on ocean biogeochemical cycles and
regional/global climate changes(Jickells et al., 2005).

In comparing with the soil dust trace elements,
the EF . values for S, Cl, Zn, As, Se, Br, and Pb were
much larger than 5, implying the important
contributions of non crystal materials to these
elements. S, Cl, Zn, and Br were taken as important
pollution elements for their high concentrations in
PM,;. The mean mass concentration of § in ambient
PM,; in spring 2005 at Tongliao was 2.4 pg/m’, which
was in the same level with that monitored at other
source regions in north China (Zhang et ol., 2003a).
The temporal variations of mass concentration and
EFqqfor S were plotted in Fig.3. It shows the highest
concentration of S during spring 2005 was 12.6 pg/m’
on 5 April (DS82). In most cases, high concentration
and EF for S occurred during dust storm events, and
the mean concentration of S during DS (3.6 pg/m’)
was higher than the mean value of 2.2 jwg/m® on NDS,
suggests dusty air contained higher level of pollution
material than non dusty air. A recent study on a very
strong dust storm at Beijing on March 2002 also
reported this fact (Zhang et al., 2005). Other pollution
elements such as Cl, Zn, Ar, Se, Br, and Pb were
similar with S, showed higher concentrations during
DS than NDS condition.
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Fig.3 Temporal variations of mass concentration and EF, for §

2.3 Transport pathway of dust storms ai Tong-
liao site

Five-day air mass back trajectories arriving at
1000 m above ground level (at 06 UTC) were
calculated for Tongliao using the NOAA HYSPLIT 4
trajectory model to investigate the soil dust transport
pathways. During the 12 dusty days of five dust storm
events in spring 2005, three groups(A, B and C) of air
mass ftrajectories that passed over Tongliao were
identified. Trajectory group A was that the air masses
passed from north to southeast through Gobi and
desert regions Mongolia, and then moving southeast to
Tongliao. Dusty days on 6 March, 13 April, 27 to 30
April, 1st May, and 30 May belong to this kind of
pathway. The route of group B passed from the west
to the east through the Gobi and desert areas of north
Xinjiang Province, west and central part of Inner
Mongolia Autonomous Region to Tongliao. This kind
of transport pathway includes dusty days on 5—6

April. Another pathway of group C passed through the
southeast Russia and then turned south through east
boundary of Mongolia and northeast of Inner
Mongolia to Tongliao. Dusty days on 7 April, 14 April
were this kind of pathway. The ratios of dust elements
to Al for the twelve dusty days were similar as shown
in Table 1, although the air mass transport pathways
are different. [t demonstrated that elemental signatures
of aerosol particles from Horgin Sand-land were
different with other sources.

3 Conclusions

At Tongliao, the mean concentration for PM,;
during s pring 2005 was (126 £ 71)pg/m’. Five dust
storm events were observed with higher concentration
of (2551 77)g/m’ than non dusty days mean concen-
tration of (106 +44) pg/m®. Large amount of fine size
aerosol particles output from Horqin Sand-land will
effect the climatic changes and environmental quality
in the East Asia-Pacific regions.

Soil dust was the major component of PM;; at
Horgin Sand-land. The EF,., for Al, Mg, Si, K, Ca, Ti,
Mn, and V were lower than 5, showing these dust
trace elements are maily from earth crust source. The
Si/Al, Ca/Al, and Fe/Al ratios in PM,; samples at
Tongliao were remarkable different with those on
other source regions, such as “Western desert source
region”, “North desert source region”, and central Asia
source, suggesting elemental composition of dust
aerosol at Tongliao were different with other regions.
Compared with dust trace elements, S, Cl, Zn, As, Se,
Br, and Pb, which the FF_., much were larger than 5,
were dominated the anthropogenic pollution aerosols.
Mass concentrations of Al, Mg, Si, K, Ca, Ti, Mn, and
V, which increased with the PM,; loading, were
higher than the concentrations of pollution elements,
such as §, Cl, Zn, Ar, Se, Br, and Pb,

Three general air mass trajectories which passed

over Tongliao were identified during DS in spring
2005. Whatever the air masses transport pathways, the
similar ratios of elements to Al were obtained, further
demonstrated the chemical characteristics of dust
aerosol at Horgin Sand-land were different with other
source regions.
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tions and comments. The authors wish to thank the
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