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In order to investigate the elemental composition in atmospheric aerosols and its sources in the glacier 
area over the Tibetan Plateau (TP), seven totally suspended particle samples were collected continu-
ously at the col of the Zhadang glacier (30°28′N，90°39′E，5800 m a.s.l.), Nyainqêntanglha Range, 
southern TP, from June to October 2006. Twenty-seven elements (Li, Be, B, Na, Mg, Al, K, Ca, Sc, Ti, V, 
Fe, Mn, Zn, Ga, As, Rb, Sr, Y, Cd, Cs, Ba, Tl, Pb, Bi, Th, U) were analyzed by Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS). The result indicates that the concentrations of most elements (especially 
crustal elements) are lower than values at the Nam Co Station during the same period of 2005, and also 
much lower than other sites in the TP such as Wudaoliang and Waliguan. This suggests that elemental 
compositions of aerosols in the Zhadang glacier area may represent the background levels of the 
middle/upper troposphere over the TP. Crustal enrichment factors (EFs) reveal that several elements 
(e.g. B, Zn, As, Cd, Pb and Bi) may have anthropogenic sources. The southern TP is mainly influenced 
by the summer Indian monsoon during the sampling period. Backward air mass trajectory analysis 
suggests that air masses in the region may originate from South Asia. Therefore, anthropogenic pol-
lutants from South Asia may be transported by the summer Indian monsoon to the region which clearly 
affects the atmospheric environment in the southern TP during the summer monsoon season.  

Nam Co, Tibetan Plateau, aerosol, elements, air pollutants 

Aerosol is significant in the global climate change proc- 
esses. It affects both atmospheric composition and radia- 
tive balance of the land surface, as well as the surface 
biological productivity of the ocean and the air-sea CO2 
exchange by means of depositing large amounts of min- 
eral nutrients into the Ocean[1,2]. The background value 
of aerosols from high elevations can also act as valuable 
data for validating global atmospheric models. In addi- 
tion, anthropogenic pollutants absorbed on aerosols can 
be transported for a long distance[3]. The status of global 
industrial pollution and evaluation of environmental 
quality can be revealed by heavy metal concentrations 
from remote and high elevation region[4]. Anthropogenic 

heavy metal contaminations have been discovered from 
ice/snow and aerosols in both polar regions[5―7]. Tibetan 
Plateau (TP), as the third polar region, has very sparse 
anthropogenic activities and thus is to be an ideal region 
to monitor global atmospheric environmental change, 
especially for low and mid latitudes. The pollutants from 
South Asia and Middle East have been detected in ice 
and snow over the TP[4,8―10]. Chemical compositions in 
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aerosols have been studied in the TP[11―16], among them 
pollutants from South Asia has been discovered in the 
Nam Co region during the summer monsoon season[15]. 

Generally, there are two ways to investigate the back-
ground atmospheric pollutants in the TP, one is to re-
cover atmospheric pollutants indirectly through ice and 
snow records, the other is to collect aerosols at relatively 
low place and measure the chemical composition di-
rectly. However, the latter is hard to exclude effects of 
very local human activities. Therefore the better way is 
to collect aerosol samples directly in the glacier area at 
high elevations, which has the advantage of reflecting 
large scale atmospheric condition and being far from 
local potential pollution sources due to high eleva-
tions[17]. Here we present elemental compositions in 
aerosols collected in the Zhadang glacier on Nyainqên-
tanglha Range, southern TP, during summer monsoon 
season in 2006. The sampling site is 50 km away from 
the Nam Co station where a research [15] into aerosol 
composition was carried out. 

1  Sampling methods and analysis 

From June 25 to October 15, 2006, seven aerosol sam-

ples of total suspended particles were collected con- 
tinuously on Teflon filters at the col of the Zhadang gla-
cier (30°28′N, 90°39′E, 5800 m a.s.l.) on Nyainqêntan-
glha Range (Figure 1). The duration of each sample was 
set from one week to two weeks. The filter holder was 
protected with a rain cover and connected to a vacuum 
pump with average flow rate of 0.4 m3/h. The pump was 
equipped with an automatic air mass flow meter (Taihe 
Automation Control and Instrument Corp.). The air 
volume was converted into standard condition according 
to the ambient conditions at the sampling site. The pump 
was powered by a combination of solar panel system 
and storage battery. Extreme cares were taken during all 
the operations for the purpose of avoiding any possible 
pollution. Blank samples also experienced the same op-
eration as the samples. Totally 27 elements (Li, Be, B, 
Na, Mg, Al, K, Ca, Sc, Ti, V, Fe, Mn, Zn, Ga, As, Rb, Sr, 
Y, Cd, Cs, Ba, Tl, Pb, Bi, Th, U) were determined in 
aerosol samples by Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) (X-7; Thermo-elemental, USA) 
at the Institute of Tibetan Plateau Research, CAS. Values 
of all the measured elements were far higher than their 
relevant detection limit, which are three-fold of the  

 

 
Figure 1  Location map of sampling site. 
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standard deviation (S. D.) of blank samples. The accu-
racy and precision of the analytical protocol were evalu- 
ated by Chinese Loess Reference Material (GBW07408). 
The recovery rate ranged from 81% (V) to 115% (Pb). 
For precision, the corresponding RSD values of element 
concentrations measured in the reference material 
should be less than 5% for most elements, except 13% 
for Cd.  

An automatic weather station (Campbell Scientific, 
Inc.) was set up at the col of the Zhadang glacier, which 
measures wind speed and direction, air temperature, 
relative humidity and air pressure. The measurements 
were done every 60 seconds, averaged into 30 minutes 
by the datalogger, continuously, throughout the sampling 
period (Table 1). During the sampling period, the aver-
age air temperature was relatively low (−0.89 ) with a ℃

large range of 23.4 , the relative humidity varied from ℃

15.51% to 100% and the wind speed was relatively high. 
The prevailing winds were from south (Figure 2), re-
flecting the influence of the summer Indian monsoon. 
 
Table 1  Meteorological parameters during sampling period 

Parameters Accuracy Mean S.D. Range 
Air pressure (hPa) ±0.25hPa 504.68 1.32 499.50―508.3

Air temperautre (℃) ±0.2℃ −0.89 2.31 −13.14―10.28
Relativity humidity (%) ±2-3% 79.74 15.25 15.51―100 

Wind speed (m/s) ±0.3m/s 5.00 2.83 0―17.1 
Mean value and S.D. computed from daily mean value, range derived 
from the minimum and maximum of relevant parameters during sampling 
period. 

 
Figure 2  Frequencies of wind direction during sampling period. 

2  Results and discussion 
2.1  Elemental compositions in aerosols 

Mean elemental compositions in aerosols collected in 
the Zhadang glacier are given in Table 2. By contrast, 

the data from other sites in the TP, Antarctica and Bei-
jing are also tabulated out. Na, Mg, Al, K, Ca and Fe are 
the major elements of the aerosols in the Zhadang gla-
cier. The total concentration of these six elements ac-
counts for about 95.2% of all the measured elements. 

Compared with data at Nam Co station during summer 
monsoon season, 2005, glacier site has clear low mass 
concentrations of crustal elements such as Al, K, Ca, Fe 
and Mn, among them concentrations of Ca and Mn are 
only one fifth of those at Nam Co station. Research has 
shown that the aerosol particles at low elevations in the 
TP derive mainly from local dust[14], while the atmos-
phere over the glacier region at high elevations is much 
cleaner (lower dust aerosol) than at low elevations[21]. 
Therefore the results of this study prove that aerosol 
particles of high elevations reflect the atmospheric 
background in a large scale region. The concentrations 
of As and Zn in the glacier region are similar to those of 
Nam Co station, which may indicate that these two ele-
ments have been long-range transported from South Asia 
by Indian summer monsoon[15], and their concentrations 
are consistent in atmosphere at various elevations with-
out the effect of local dust.  

Mass concentrations of all the elements in the Zha-
dang glacier are much lower than those of Waliguan and 
Wudaoliang, which may be caused by higher dust load-
ings at two sites[4]. Waliguan and Wudaoliang are closer 
to big deserts of the northwest China than our site. 
Similarly, most element concentrations in the glacial 
region are lower than those of the south slope of the Mt. 
Everest. Although the sampling site on Mt. Everest is 
located at the southern fringe of the TP, its relatively low 
elevation and sparse vegetation coverage and sampling 
period (pre-monsoon) will induce high aerosol concen-
trations[18].  

Hence the atmosphere over the Zhadang glacier is 
very clean, which could be considered as the representa-
tive of the middle/upper troposphere of the TP. However, 
the element concentrations in the glacier region are sig-
nificantly higher than those in Antarctica. Because Ant-
arctica is far from human inhabits and almost covered by 
ice and snow. Most element concentrations are lower 
than those of Beijing by several orders of magnitudes 
because of strong dust storm and serious pollution in 
Beijing[20]. 

2.2  Possible sources 

(i) Enrichment factors.  Enrichment factors (EFs) were  
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Table 2  Elemental concentrations (ng/m3) in aerosols collected in the Zhadang glacier and compared with data from other sites 

Tibetan Plateau 

Zhadang glacier  Other sites of Tibetan Plateau Elements 

Min Max Mean S.D.  Nam Coa) Waliguanb) Everest c) Wudaoliangd) 

Antarctice) Beijingf)

Li 0.007 0.191 0.053 0.061        
Be 0 0.009 0.002 0.003        
B 0 2.138 0.541 0.814        
Na 0.135 43.697 12.023 13.972   541―1150  11713.72  1600 
Mg 2.049 64.257 17.793 20.956  12 1430―3230 490 4118.56  2040 
Al 4.91 188.125 57.071 60.308  131 2110―3410  21390.48 1.875 5330 
K 2.479 96.212 26.997 30.69  82 1190―2200 392    
Ca 3.978 144.963 51.139 59.83  251 2010―4280 483   9050 
Sc 0 0.035 0.01 0.011   0.52―1.4 0.16 3.83   
Ti 0.12 12.44 3.675 4.059  10 106―220 73 716.13  330 
V 0 0.661 0.281 0.212  0.06 3.02―5.88 1.3  0.036  
Fe 0 69.971 21.167 23.243  94 1720―3910 500 10453.67  3730 
Mn 0 2.5 0.839 0.74  3.7 27.5―52.9 11.4 192.5  110 
Zn 0.096 8.566 2.446 2.702  1.8 9.5―26.3 11.2  0.13 330 
Ga 0 0.06 0.016 0.02     6.55 0.0005  
As 0 0.37 0.135 0.13  0.04 0.70―3.37 0.14   20 
Rb 0.019 0.466 0.141 0.147   6.2―14.9 1.9 40.96 0.0062  
Sr 0.022 1.279 0.317 0.42     94.36 0.684 20 
Y 0.002 0.058 0.018 0.019     4.33   
Cd 0 0.043 0.009 0.014    0.04  0.0013 2.43 
Cs 0.004 0.064 0.021 0.02    0.22  0.0002  
Ba 0 1.39 0.466 0.549      0.0103  
Tl 0.001 0.009 0.003 0.003      0.0002  
Pb 0.081 0.762 0.294 0.217    4.4  0.041 110 
Bi 0 0.02 0.006 0.006      0.0003  
Th 0.002 0.039 0.012 0.012    0.21 2.72   
U 0.001 0.016 0.004 0.005    0.026  0.0003  

a) Aerosols collected at Nam Co station, July―October, 2005, 4718 m a.s.l.[15]; b) aerosols collected at Waliguan, northeastern TP, 1992―1995, 3814 m 
a.s.l.[11]; c) aerosols collected in the south slope of the Mt. Everest, March―May, 2002, 5100 m a.s.l.[18]; d) aerosols collected at Wudaoliang, July―August, 
1994, 4612 m a.s.l.[16]; e) aerosols collected at Antarctic Peninsula, January, 2000―December, 2001[19]; f) PM10 aerosols collected at Beijing Normal Uni-
versity, summer of 2002[20]. 

 
originally used to investigate the element origins in Ant-
arctic atmosphere dust[22], which has been widely util-
ized in the evaluation of heavy metals in environmental 
geochemistry. Generally, Al was selected as the refer-
ence material for EF calculation. Taylor and McLen-
nan’s[23] average upper continental crust composition 
was used as the elemental composition of the crust ma-
terial. EFs are defined as follows:  

aerosol

crust

( / )
( / )

X R
X

X R

C C
EF

C C
= , 

where X represents the element of interest; EFX the EF 
of X; CX the concentration of X, and CR the concentra- 
tion of a reference element. In this study Al was selected 
as the reference material, and elements with an EF 

higher than 10 are considered to be of anthropogenic 
origin[15]. 

Figure 3 shows the EFs of elements in aerosol sam- 
ples collected in the Zhadang glacier. Crustal elements 
such as Mg, Ca, Ga and Rb have EF values around one, 
indicating they are attributable predominantly to natural 
dust. Values of elements such as B, Zn, As, Cd, Pb, and 
Bi are greater than 10, with values of As and Cd being 
even higher than 100, suggesting these elements are af- 
fected by anthropogenic pollutants, especially for As and 
Cd. These enriched elements originate from a wide vari- 
ety of anthropogenic sources except small quantities of 
natural sources. Pb emitted from battery production, 
trash burning, smelting industry as well as the petrol  
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Figure 3  Enrichment factors of elements in aerosols in the Zhadang 
glacier area. 
 

burning[24]. Zn may be derived from combustion of fos-
sil fuels, industrial metallurgical process and waste in-
cineration[25,26]. Cd is widely utilized in alloying, elec-
troplating and dyeing Industries[27]. There are still sparse 
industry activities on the TP while the heavy metal con-
tamination is widely exists in big cities in South Asian. 
For example, concentration of anthropogenic elements 
in fine fraction is higher than that in the course fraction, 
and the fine fraction is increasing with time in Visakha-
patnam of India[28]. Meanwhile, heavy metal concentra-
tions of aerosol in summer monsoon season in Delhi are 
higher than in other seasons[28]. In addition, EF values of 
Cd and Pb in aerosols in Delhi are above 50000[24], and 
EF values of As, Zn and Pb in Dhaka are around 1000[29]. 
Therefore we suggest that the pollution elements in the 
glacier are mainly from these big cities. The natural dust 
in the TP may also have some contribution to the high 
As EF value because of the relatively high As concen-
tration in the Tibetan soil[30]. 

Influence of anthropogenic emissions has been de-
tected in ice/snow and aerosols on the TP. By studies on 
chemical components in snow pits at different sites in 
the TP, Xiao et al.[4,21] reported that spatial distribution 
of dust aerosol shows low loading in the south while 
high in the north, however, heavy metal concentrations 
have a reverse pattern, suggesting the heavy metals over 
the TP come primarily from anthropogenic sources 
emitting in South Asia. The former aerosol studies over 
the TP also support the result[9,11,15]. The long-range 
transport contaminants from South Asia couldn’t be 
discovered at Waliguan[9] and Wudaoliang[11], since the 
north extent of the summer Indian monsoon only 
reaches to the Tanggula Mountains in the central TP[31]. 

Although heavy mental pollutants were detected at the 
Nam Co station during summer monsoon season[15], the 
glacier site in our study seems to be more sensitive to 
reflecting pollutants from South Asia than Nam Co sta- 
tion, which is supported by higher EF values of Zn and 
As at the glacier site. 
(ii) Transport pathways.  In order to further investi- 
gate air masses transport pathways during the summer, 
7-day backward trajectories (100 500, 1000 m above 
ground level, AGL) were computed using the Hybrid 
Single-Particle Lagrangian Integrated Trajectory 
(HYSPLIT-4) model developed by State Oceanic Ad- 
minstration and China Meteorological Administration 
(http://www.arl.noaa.gov/ready/hysplit4.html). Up to 20% 
errors of the traveled distance are typical of those tra- 
jectories computed from analyzed wind field[32]. Thus, 
calculated air mass pathways indicate the general air- 
flow rather than the exact pathway of an air mass. Gen- 
erally, most air masses come from the Bay of Bengal 
and Indian subcontinent during the summer monsoon 
season. Figure 4 is a typical backward trajectory during 
the sampling period, showing air masses from the Bay 
of Bengal passing through India and Bangladesh, and 
crossing the Himalaya then reaching to sampling site. 

During the last two decades, South Asia has been un- 
dergoing rapid industrial and economic development, 
which induces fast increasing of aerosols and gaseous 
pollutants emissions. The air pollution in both India and 
Bangladesh is becoming serious[24,33,34]. The brown 
cloud made of atmospheric contaminants observed in 
Indian subcontinent in 2002 has aroused considerable 
attention to air pollution in this region[35]. It will produce 
multifarious impacts on agriculture and climate on local 
and regional scales. Recent studies have suggested that 
deep convection associated with the Indian summer 
monsoon can lift boundary layer pollution from India 
into the upper troposphere, and then the strong Tibetan 
anticyclone formed during this period will ‘trap’ an-
thropogenic emissions lifted from the northeast India 
into the TP directly[36]. Besides, the contaminants in the 
southern slope of Mt. Everest can also be transported 
into the TP by means of valley wind[37]. Moreover, stud-
ies on the precipitation stable isotope ratio in the TP re-
vealed that the Indian summer monsoon may reach the 
Tanggula Mountains[31]. These evidences indicate that 
pollutants derived from South Asia can be transported to 
the Nyainqêntanglha Range region during the Indian 
sum- mer monsoon season. 
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Figure 4  A typical HYSPLIT backward trajectory during the sampling period. 

 

3  Conclusions 

Concentrations of 27 elements of aerosols collected in 
the Zhadang glacier, southern TP, during the summer 
monsoon season were measured. Analysis results sug- 
gest concentrations of most elements, especially crustal 
elements, are lower than those at lower elevations of the 
same region during the same period and other sites in 
the TP. Thus the atmosphere of the glacier region is very 
clean during the summer, which may represent the 
background levels of the middle/upper troposphere. 

For the first time atmospheric pollutants from South 
Asia are revealed by aerosol samples collected in the 
glacier region. These results support heavy metal pol- 
lutants in the atmosphere over the southern TP which 

were also detected in ice/snow in the TP. According to 
EF calculations, elements of B, Zn, As, Cd, Pb and Bi 
have high enrichment, and the EF values are higher than 
those at low elevations in the same region. This indicates 
that the glacier region reflects the pollution from South 
Asia more sensitively. Both relatively serious pollution 
status in the big cities in India and Bangladesh and air 
masses in the region coming predominantly from South 
Asia during the summer support that the atmospheric 
environment of the Nyainqêntanglha Range has been af- 
fected by pollutants from South Asia.  

The authors appreciate the arduous outside sampling work of Liang 
Maohui, Ciren Duojie and excellent lab work of Gao Shaopeng, as well as 
great help from Huang Jie, You Qinglong and Zhang Yongjun.  

 



 

3442 LI ChaoLiu et al. Chinese Science Bulletin | December 2007 | vol. 52 | no. 24 | 3436-3442 

1 Bishop J K B, Davis R E, Sherman J T. Robotic observations of dust 
storm enhancement of carbon biomass in the North Pacific. Science, 
2002, 298(5594): 817―821 

2 Seinfeld J H, Carmichael G R, Arimoto R, et al. ACE-ASIA: Regional 
climatic and atmospheric chemical effects of Asian dust and pollution. 
Bull Am Meteorol Soc, 2004, 85(3): 367―380  

3 Nishikawa M, Kanamori S, Kanamori N, et al. Kosa aerosol as eolian 
carrier of anthropogenic material. Sci Total Environ, 1991, 107: 
13―27 

4 Xiao C D, Qin D H, Yao T D, et al. The global pollution revealed by 
Pb, Cd in the surface snow of Antarctic, Arctic and QingHai-Xizang 
plateau. Chin Sci Bull,1999, 44(23): 2558―2563  

5 Lammel G, Rohrl A, Schreiber H. Atmospheric lead and bromine in 
Germany: Post-abatement levels, variabilities and trends. Environ Sci 
Pollut Res, 2002, 9: 397―404 

6 Maring H B, Duce R A. The impact of atmospheric aerosols on trace 
metal chemistry in open ocean surface seawater. 3. Lead. J Geophys 
Res, 1990, 95(C4): 5341―5347 

7 Xiao C D, Qin D H, Yao T D, et al. Spread of lead pollution over 
remote regions and upper troposphere: Glaciochemical evidence from 
polar regions and Tibetan Plateau. Bull Environ Contam Toxicol, 
2001, 66(6): 691―698  

8 Kang S C, Qin D H, Mayewski P A, et al. Evidence of the Kuwaiti oil 
fires in the Dasuopu Glacier ice core, central Himalaya. J Glaciol, 
2001, 47(158): 519―520 

9 Kang S C, Mayewski P A, Qin D H, et al. Twentieth century increase of 
atmospheric ammonia recorded in Mt. Everest ice core. J Geophys Res, 
2002, 107(D21), 10.1029/2001JD001413, 4595, ACL13-1―ACL13-9 

10 Li Y F, Yao T D, Wang N L, et al. Atmosphere pollution revealed by 
Cadmium in the Guliya Ice Core, Qinghai-Tibet Plateau: 1990―1991. 
Environ Chem (in Chinese), 2000, 19(2): 176―180  

11 Wen Y P, Xu X B, Tang J, et al. Enrichment characteristics and origin 
of atmospheric aerosol elements at Mt. Waliguan. Q J Appl Meteorol  
(in Chinese), 2001, 12(4): 401―408  

12 Yang L Y, Wang M X, LÜ GT, et al. The observation and Research for 
the Continental Aerosol Background Characteristics in the Northern 
Part of the Qinghai-Xizang Plateau. Plateau Meteorol (in Chinese), 
1994, 13(2): 135―143 

13 Liu H Y, Zhang X Y, Shen Z B. The sources of aerosol in the lower 
layer atmosphere at Wudaoliang over Qinghai-Xizang Plateau, 
Plateau Meteorol (in Chinese), 1997, 16(4): 337―344 

14 Zhang X Y, Shen Z B Zhang G Y.Characteristics of Tibetan local dust 
storm and the contribution to long distance transportation of East Asian 
dust. Sci China Ser D-Earth Sci (in Chinese), 1996, 26(2): 147―153 

15 Cong Z Y, Kang S C, Liu X D, et al. Elemental composition of aerosol 
in the Nam Co region, Tibetan Plateau, during summer monsoon 
season. Atmos Environ, 2007, 41: 1180―1187 

16 Liu H Y, Zhang X Y, Shen Z B. The chemical composition and 
concentration of atmospheric aerosol at Wudaoliang and its seasonal 
variation. Plateau Meteorol (in Chinese), 1997, 16(2): 122―129 

17 Kang S C, Mayewski P A, Qin D H, et al. Glaciochemical records 
from a Mt. Everest ice core: relationship to atmospheric circulation 
over Asia. Atmos Environ, 2002, 36(21): 3351―3361 

18 Giaveri G, Bergamaschi L, Rizzio E, et al. INAA at the top of the 
world: Elemental characterization and analysis of airborne particulate 
matter collected in the Himalayas at 5,100 m high. J Radioanal Nucl 
Chem, 2005, 263(3): 725―732  

19 Mishra V K, Kim K H, Hong S, et al. Aerosol composition and its 
sources at the King Sejong Station, Antarctic peninsula. Atmos 
Environ, 2004, 38(24): 4069―4084 

20 Sun Y L, Zhuang G S, Wand Y, et al. The air-borne particulate 
pollution in Beijing-concentration, composition, distribution and 
sources. Atmos Environ, 2004, 38: 5991―6004 

21 Xiao C D, Kang S C, Qin D H, et al. Transport of atmospheric 
impurities over the Qinghai-Xizang (Tibetan) Plateau as shown by 
snow chemistry. J Asian Earth Sci, 2002, 20: 231―239 

22 Zoller W H, Gladney E S, Duce R A. Atmospheric concentrations and 
sources of trace metals at the South Pole Sci, 1974, 183(4121): 
198―200 

23 Taylor S R, McLennan S M. The geochemical evolution of the 
continental crust. Rev Geophys, 1995, 33(2): 241―265 

24 Khillare P S, Balachandran S, Meena B R. Spatial and temporal 
variation of heavy metals in atmospheric aerosol of Delhi. Environ 
Monit Assess, 2004, 90: 1―21 

25 Chueinta W, Hopke P K, Paatero P. Investigation of sources of 
atmospheric aerosol at urban and suburban residential areas in 
Thailand by positive matrix factorization. Atmos Environ, 2000, 34: 
3319―3329   

26 Rogge W F, Hildemann L M, Mazurek M A, et al. Sources of fine 
organic aerosol. 3. Road dust, tire debris, and organometallic brake 
lining dust: roads as sources and sinks. Environ Sci Technol, 1993, 
27(9): 1892―1904 

27 Pacyna J M. Atmospheric trace elements from natural and 
anthropogenic sources. In: Nriagu J O, Davidson C I, eds. Toxic 
Elements in the Atmosphere. New York: John Wiley Sons, Wiley 
Interscience Publications, 1986. 33―52 

28 Niranjan K, Thulasiraman S, Satyanarayana G V, et al. Temporal 
characteristics of aerosol optical depths and size distribution at 
visakhapatnam, India. Aerosol Sci Technol, 2000, 32(4): 284―292  

29 Begum B A, Biswas S K, Kim E, et al. Investigation of sources of 
atmospheric aerosol at a hot spot area in Dhaka, Bangladesh. J Air 
Waste Manage Assoc, 2005, 55(2): 227―240  

30 Cheng Y A, Tian J L. Background Value and Distribution Characteristic 
of Soil of Tibet (in Chinese). Beijing: Science Press, 1993. 3―45 

31 Tian L, Masson-Delmotte V, Stievenard M, et al. Tibetan Plateau 
summer monsoon northward extent revealed by measurements of 
water stable isotopes. J Geophys Res[Atmos], 2001, 106(D22): 
28081―28088 

32 Stohl A. Computation, accuracy and applications of trajectories―A 
review and bibliography. Atmos Environ, 1998, 32: 947―966 

33 Monkkonen P, Uma R, Srinivasan D, et al. Relationship and variations 
of aerosol number and PM10 mass concentrations in a highly polluted 
urban environment——New Delhi, India. Atmos Environ, 2004, 38: 
425―433 

34 Begum B A, Kim E, Biswas S K, et al. Investigation of sources of 
atmospheric aerosol at urban and semi-urban areas in Bangladesh. 
Atmos Environ, 2004, 38: 3025―3038 

35 UNEP and C4. The Asian Brown Cloud: Climate and Other 
Environmental Impacts. Nairobi: 2002, UNEP 63 

36 Li Q, Jacob D J, Logan J A, et al. A tropospheric ozone maximum over 
the Middle East. Geophys Res Lett, 2001, 28(17): 3235―3238  

37 Hindman E E, Upadhyay B P. Air pollution transport in the Himalayas 
of Nepal and Tibet during the 1995―1996 dry season. Atmos Environ, 
2002, 36(4): 727―739 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


