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ABSTRACT: A 1.2 m snow pit was recovered on July 29th, 2009 from the Bogda Glacier, eastern
Tianshan (X 1U). The sample site temperature of -9.6 “C indicates that the unique glaciochemical re-
cord was well preserved and suitable for the reconstruction of air pollution levels in this previously un-
explored region. Samples were analyzed for major ions (Na', K', Ca®", Mg*", NH,", CI, SO/*, NO5,
HCOO', and CH;COO"). NO3™ and SO, were characterized by significant high levels of pollution con-
centration. Most air masses backward trajectories ending in December 2008 have passed the Urumgqi
City center, while some even traveled across the primary nuclear weapons testing venue of the former
Soviet Union (STS). The mean pH value of snow samples is coincident with the average value of
Urumgi’s aerosol, and the ratio of [NO;]/[SO,”] in the snow pit generally agrees with the value of the
Urumgqi winter aerosols. In addition, the [HCOO')/[CH3COO’] ratio of snow samples is only 0.7, lower
than unity. These analyses indicate that SO,* and NOjy'in the Bogda Glacier are the result of anthropo-
genic pollutions.
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INTRODUCTION

High elevated cold glaciers situated in mid-
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latitude regions are well suited for reconstructing at-
mospheric concentrations of trace species and for
documenting the impact of humans on the environ-
ment (Olivier et al., 2003). Ice core records from the
glaciers of Tianshan have provided unique insights
into past atmospheric pollutions (Lee et al., 2003).
Chemical composition of precipitation in eastern
Tianshan, China, is strongly influenced by fossil fuel
combustion and agricultural and industrial practices
(Wake et al., 1992; Galloway et al., 1987; Zhao and
Sun, 1986). The enhanced sulfate and nitrate concen-
tration has already been observed in the twenticth
century and was attributed to SO, and NO, emissions
from fossil fuel consumption (Preunkert et al., 2001;
Schwikowski et al., 1999; Doscher et al., 1995).
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Tianshan is a remote area of the Eurasian conti-
nent. Both aeolian deposits from the arid regions of
Central Asia and anthropogenic sulfate and nitrate
pollution can be sources of SO42' and NOj3  on glaciers
in this area (Lee et al., 2003; Hou et al., 1999; Wake et
al., 1992; Williams et al., 1992).

The results of a snow pit survey for major ions at
Bogda Glacier during the 2009 field season are shown
in the study. The discussion also exhibits snow pits
with the same sampling season from Glacier No. 1,
Miaoergou Ice Cap, and Haxilegen Glacier No. 51,
respectively, to form a comparative study of different
glaciers in the Tianshan area. SO42' and NOys’, the two
most disputed chemical species as well as their rela-
tionship with Ca*" and other ions found in dust are
discussed in this article. The results attribute the high
SO42'and NOj  levels in the Bogda Glacier to anthro-
pogenic pollutions.
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STUDY AREA AND SAMPLE ANALYSES
Study Area

Tianshan is bordered on the north by the Gur-
bantunggut and Muyun Kum deserts, on the south by
the Taklimakan desert in the Tarim basin, and on the
east by the Gobi desert. Mt. Bogda is located about
2 400 km from the nearest ocean, approximately 69
km west and commonly downwind from Urumqi, a
city of one million people and the economical and in-
dustrial center of the Xinjiang Uygur Autonomous
Region. The mountain is controlled by high atmos-
pheric pressure from Mongolia all the year round, and
consequently, glaciers in this area have a typical con-
tinental climate. The westerly jet stream prevails
across this high mountain. Temperatures are charac-
terized by the large diurnal and annual temperature
range and the small amount of precipitation is concen-
trated in the summer (Wu et al., 1993; Shi and Li,
1991).
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Figure 1. Map showing the location of the Bogda Glacier and the surrounding geographic environment.

The glacier where these observations were con-
ducted is located at the head of the Sigong River, 3 km
north of the highest peak of Mt. Bogda (5 445 m a.s.l.).
The glacier peaks at an altitude of 4 348 m a.s.l., and
the glacier tongue goes down to 3 600 m a.s.l.. This

glacier is a cirque-valley glacier with an area of 2.96

km?; it flows toward the north in the accumulation
area and turns to the west in the ablation area. The
mean air temperature at the firn line (about 3 800—
3900 m a.s.l.) is about -9 ‘C and the annual precipi-
tation is 670 mm (Okitsugu et al., 1983).

Snow samples were collected during the 2009
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field season at the accumulation zone of Bogda Gla-
cier, and no melt-water was observed in the snow pit.
Thus, the melt effect can be neglected. This can also
be verified by very good chemical record profiles with
clear fluctuations as well as a lack of change in the
5'®0 mean value when comparing with results from
1983 and 1992 (Wake et al., 1992; Okitsugu et al.,
1983).

Sample Analyses

A 120 cm (43°49'33"N, 88°19'32"E, 3 997 m
a.s.l.) snow pit was successively sampled at the Bogda
Glacier on July 29, 2009. The snow pit samples were
taken at 10-cm intervals through the entire pit depth
and sampling was made by personnel wearing dis-
posable polyethylene gloves and masks to minimize
contamination. All samples were transported to the
Tianshan Glaciological Station’s laboratory in Lan-
zhou in a frozen state, and then kept in a cold room at
-20 C. The ionic concentration profiles have high
correlation between the neighboring samples, indicat-
ing that no contamination was introduced into the
samples during the preparation and measurement pro-
cedures.

The major ions (Na+, K, Ca2+, Mg2+, NH,", CI,
SO,*, NO5, HCOO", and CH;COO) were analyzed
by a Dionex DX-320 system with a CS12A separation
column. All sample handling was done in a class-100
clean room in order to minimize contamination. Take
Ca”" and Mg2+ for example, the detection limits of
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these two ions are 0.8 and 0.75 ng-g”, respectively.
The pH was analyzed by a pH Meter (PHJS-4A) (un-
certainty of less than 1%o for 0 to 14 measurement
range). These methods have been described by Zhao
and Li (2004) and Zhu et al. (20006).

DISCUSSION
Overview

To provide a general indication of the chemical
characteristics of the snow samples, a summary of
equivalent concentrations for the ten measured major
water-soluble ions is presented in Table 1. Items like
> An, Y Cat and Y Cat/Y An are also calculated.

Y An=[CI +[NO; ]+[SO4> +[CH;COO |+

[HCOOT]

Y Cat=[Na J+[NH, T+[K T+[Mg> J+[Ca’]
> Cat/Y An=([Na J+[NH, +K +[Mg* ]+
[Ca” ])/([CIT+[NO5[SO,™ ]+

[CH;COOJ+H[HCOOY)

The sharing percentage indicates that Ca®" and
SO,” are the dominant ions on Bogda Glacier, which
account for 32.7% and 15.5% of the total ions in the
snow samples, respectively. These two ions account
for nearly half of the ten ions, followed in order by CI,
Na®, NH,", Mg*", NO5, CH;COO", HCOO', and K.

The fact that measured cations are several times
greater than measured anions in the glaciers of Tian-
shan has already been confirmed many times by pre-
vious studies (Kreutz et al., 2001; Wake et al., 1992).
While the ratios of measured ) Cat/} An in the

Table 1 Measured major ion concentrations (peq-L™) in snow pit samples of Bogda Glacier

Sample Depth (cm) | Na* NH,” K" Mg* Ca* | CI' NO; S0/ HCOO CH,;COO

09-6831 0-15 124 38 13 402 792 | 135 1.8 2.9

09-6832 15-30 31 50 09 54 158 | 39 29 36

09-6833 30-45 390 73 223 55 329 | 366 48 7.2

09-6834 45-60 22 52 06 29 162 | 1.7 59 76

09-6835 60-75 23 83 09 22 161 | 26 46 9.1 0.2 0.3

09-6836 75-90 219 211 19 139 1046 | 252 190 447 43 5.8

09-6837 90-105 234 135 22 161 960 | 243 214 570 10.4 13.9

09-6838 105-120 88 398 45 77 593 | 101 245  66.7 9.8 13.1

Mean value 0-120 141 13.0 43 117 525 | 147 106 249 6.2 8.3

Percentage 8.8% 81% 27% 73% 327% | 92% 6.7% 155%  5.2% 3.8%
> Cat=95.7 > An= 64.7

>Cat /Y An 1.5
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Miaoergou Ice Cap, Glacier No. 1, and Haxilegen
Glacier No. 51 snow are 3.0, 2.7 and 1.6, respectively,
the ratio in Bogda Glacier snow is only 1.5 (Table 2).
This low value is not due to a decrease in cation con-

centrations in Bogda Glacier, but rather as a result of
the sulfate levels that are four to nine times higher in
Bogda Glacier snow than in other glaciers (Fig. 2).

Table 2 Sharing percentage of SO, and Ca*" (%) of total ions and ) Cat/> An ratio in four different glaciers

Glaciers of Tianshan SO~ Ca** > Cat > An > Cat/yAn Data source
Miaoergou Ice Cap 8.8% 43.8% 39.5 13.1 3.0 Li X Y etal., 2008
Glacier No. 1 7.5% 44.0% 44.6 16.4 2.7 TGS data*
Bogda Glacier 15.5% 32.7% 95.7 64.7 1.5 This study
Haxilegen Glacier No. 51 3.9% 20.6% 10.3 6.6 1.6 Dong et al., 2010

*. TGS data, mean value of four snow pits of Glacier No. 1 during 2003-2006.
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Figure 2. Comparison of SO.*, NO; concentrations
(ueq‘L'l) in snow/ice of Polar regions and High
Asia. MG. Li X Y et al., 2008; UG1. TGS (Tian-
shan Glaciological Station) data, mean value of
four snow pits during 2003-2006; IG. Aizen et al.,
2004; TP. Kang et al., 2008; Ant. Xiao et al., 2002;
Gr. Dibb et al., 2007.

The SO42' and NOj™ concentrations of the four
glaciers in Tianshan (Miaoergou Ice Cap, Bogda Gla-
cier, Glacier No. 1, and Inilchek Glacier) are much
higher than those of Antarctica, Greenland, and the
Tibetan plateau (Fig. 2). Snow from Bogda Glacier
contains two to four times more SO42' and NOj3™ than
the three other glaciers in Tianshan. The high values
of SO4~and NOs in Bogda Glacier snow compare
well with sulfate levels in polluted snow surrounding
major industrial regions in the former Soviet Union
(Belikova et al., 1984).

SO427 and NO; have more potential sources.
Continental dust and sea spray can produce SO,%, thus
forming the primary aerosol to the atmosphere (Lee et

al., 2003; Legrand and Mayewski, 1997); marine bio-
genic activity (Saltzman et al., 1983) and sporadic
volcanic eruptions are also responsible for the secon-
dary aerosol of SO42' (Zielinski et al., 1994; Herron,
1982). Proposed sources of NO3™ in snowpack include
marine aerosols; meteoroids; auroral activity, which is
related to solar activity; cosmic ray bombardment,
which is inversely related to solar activity; and X rays
from supernovae (Parker et al., 1978; Wilson and
House, 1965).

Researchers hold differing views on the source of
SO,* and NO;  in glaciers of Central Asia, especially
in the Tianshan snow pack. Terrestrial dust is believed
to be the main source of SO4* and NO;” by many re-
searchers (Kreutz et al., 2001; Sun et al., 1998; Wil-
liams et al., 1992); while Wake et al. (1992, 1990) at-
tribute SO, to anthropogenic pollutions in snow from
Bogda Peak. Studies carried out on the former Soviet
Union and Kazakhstan also regard it as originating
from SO, emissions (Olivier et al., 2003; Belikova et
al., 1984). The following analysis demonstrates that
the high values of SO42' and NOj in the Bogda Gla-
cier mainly come from anthropogenic pollutions.

Correlation among the Various Chemical Species
To connect SO42' and NOj to their sources, cor-
relations among the ions were investigated using fac-
tor analysis (Table 3). Factor 1 loadings are highest
for NO5/, SO~ , NH,", and Ca*". The conclusion that
high concentrations of SO4> can be found in precipi-
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tation is derived from many previous studies like Wil-
liams et al. (1992) and Hou et al. (1999), which
chiefly accepts the factor of acolian dust, based on the
high correlation of SO,* with Ca®" in the snowpacks.
However, the hypothesis that SO, and Ca®" origi-
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nated from terrestrial dust in the form of CaSO;, in the
snow of Bogda Glacier can be easily overturned by
the distinctive feature of their profiles when compared
with profiles obtained from the other glaciers in Tian-
shan (Fig. 3).

Table 3 Factor loading matrix for the ions in snow pit of Bogda Glacier

Element Component

Factor 1 Factor 2 Factor 3 Extraction
Ccr 0.68 0.72 0.02 0.99
NOy 0.87 -0.45 -0.18 0.98
SO, 0.87 -0.46 -0.15 0.98
Na" 0.62 0.78 -0.04 0.99
NH," 0.71 -0.50 -0.33 0.87
K 0.23 0.83 -0.44 0.94
Mg** 0.19 0.11 0.93 0.91
Ca’ 0.81 -0.06 0.56 0.98
Fraction of variance (%) 45.0 313 19.2
Cumulative (%) 95.5

All snow pits analyzed at Haxilegen Glacier No.
51, Glacier No. 1, and Bogda Glacier were sampled at
the same season, and thus they can reflect climate in-
formation from last winter to the late spring of each
place. Obvious concentration peaks of SO42'and NOs”
can be seen at the most upper part of the snow pit in
Haxilegen Glacier No. 51 and Glacier No. 1, which
show the same position and a quite similar pattern
with the concentration peaks of Ca>" (Fig. 3). Profiles
in Bogda Glacier were different from the front two
glaciers. CI', Na™, and Ca>" have the same pattern pro-
files with Haxilegen Glacier No. 51 and Glacier No. 1,
but SO42', NO;, and NH," profiles were characterized
by only one concentration peak at the bottom of the
snow pit. This special phenomenon cannot be ex-
plained by the elution process because Ca’” and Na”
are located in front of NO; and NH," in the elution
sequence (Li et al., 2006; Eichler et al., 2001; Tranter
et al., 1992; Brimblecombe et al., 1987). If the record
was influenced by the percolation process, the con-
centration peak of Ca®” and Na' at the upper part
should be smoother than that of NO; and NH,".

Dust storms in the spring and precipitation in the

following summer can bring terrestrial impurities to
the glacier surface, which can then be reflected by the
ionic concentration profiles (Li et al., 2006, 1999,
1995, 1994; Wake et al., 1994; Gao et al., 1992). The
snowpack of Bogda Glacier can reflect climate infor-
mation from the winter of 2008 to the spring of 2009.
This suggests that the concentration peaks of Ca",
Na', and CI at the upper part of the Bogda Glacier
snow pit resulted from the input of local-to-regional
dust aerosols derived by strong winds in the spring of
20009.

Crustal dust in the form of CaSO,4 was the source
of sulfate because of the high correlation of Ca*" with
SO~ (Hou et al., 1999; Williams et al., 1992). How-
ever, unlike the other three glaciers, the SO,” profile
of Bogda Glacier shows very poor similarity with Ca*"
in the upper part of the Bogda Glacier snow pit (Fig.
3). Thus, CaSO, is unlikely the main compound
through which SO, travels to the glacier and terres-
trial dust is not the source of SO4* on Bogda Glacier.

SO42', NO5’, and NH," profiles on Bogda Glacier
correlated very well with each other, as they were
characterized by the only concentration peak at the
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bottom of the snow pit, which can be identified as a
winter deposition in 2008. According to previous
studies done on Glacier No. 1, the Factor 1 in Table 3
that contains NO;", NH,", and SO42' in the snowpack
has already been interpreted as an anthropogenic
source component, including emissions from fossil
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fuel combustion and biomass burning as well as natu-
ral fertilizers (Li et al., 2006; Lee et al., 2003). The
particular geographical position of Bogda Glacier
makes anthropogenic pollutions from Urumqi the
most likely source of SO42' and NO;".

Glacier No. 1
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Figure 3. Profiles of ion concentration in snow pit on different glaciers in Tianshan. Profiles of Haxilegen
Glacier No. 51 modified from Li X Y et al., 2008; profiles of Glacier No. 1 from TGS data, 26th July, 2006.

Backward Trajectory Analysis

The Hybrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT) model of NOAA Air Re-
sources Laboratory has been demonstrated as one of
the most effective tools to model the air trajectory
(Ming et al, 2007; Marenco et al., 20006;
Ramachandran, 2005; Falkovich et al., 2001).

Urumgqi (86°37'E—88°58'E, 42°45'N—44°08'N), the
capital of Xinjiang Uygur Autonomous Region of
China, is in the middle area of Xinjiang, on the north
foot of Tianshan and the south edge of the Junggar
basin (Fig. 1). For the past two decades, Urumgqi has
been suffering from heavy air-pollution and was

evaluated as one of the ten heaviest air polluted cities
in the world in 1998 (Li J et al., 2008; Mamtimin and
Meixner, 2007). Urumgqi has been suffering from a
very heavy haze that is caused by increasing vehicle
exhausts, coal-fired power plants, and domestic heat-
ing and cooking for the past several years. The severe
haze not only damages health and agriculture, but also
changes the earth’s radiation balance (Li J et al., 2008;
Kaiser and Qian, 2002). The anion concentrations of
aerosol from Urumgqi were in the order of SO42'>
NO;>CI>CH,(COO),*>F, and the SO, and NOy
contributed 19.27% and 3.75% to the total aerosol
mass, respectively (Li J et al., 2008). Particulate mat-
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ter, also known as particle pollution or PM, is a com-

plex mixture of extremely small particles and liquid

droplets. Particle pollution is made up of a number of

components, including acids (such as SO4* and NO3),

organic chemicals, metals, and soil or dust particles. It

was reported that the annual average PM,;, values in
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Urumgi were as high as 405 pg'm” in the 2002 winter

(Feng et al., 2005).

Urumgqi air pollution intensity in general is in the

order of winter>spring>fall>summer in terms of sea-

sonal variations. Clearly, winter is the most polluted

season, as a result of heavy coal combustion in this
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Figure 5. Daily backward trajectories arriving at the sampling site (Continued Fig. 4).

season. Urumgqi City has a typical inland climate with
a dry-cold winter, so there is a half-year for house
heating domestically and industrially from October 15
to April 15 of the next year. Coal combustion for heat-
ing in winter is one of the main contaminants found in
air pollution. The coal-burning kilns spew out large
quantities of sooty waste and chemical compounds
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compounds such as sulfur dioxide and nitrogen diox-

ide, which are still being emitted into the atmosphere

endlessly. Summer is the least polluted season in

Urumgi, because there is more precipitation as well as

a lack of heating (Li J et al., 2008).

Furthermore, cluster analysis of the pollution in-

dex curves based on the original data of Urumgqi in
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2004 and 2005 shows that each curve in a calendar
year peaked at both sides, and the intermediates were
low (Huang, 2006). This distinctive feature indicates
that Urumqi had higher levels of pollutions in the
winter, especially in December. Ten heavy pollution
days in December 2005 had an air pollution index of
Grade V (heavy pollution), and took account for 62.5
percent of the total most polluted days in the whole
year. Sulfate dioxide and nitrogen dioxide as well as
micro-particles were overweight. Increasing air
pollution found in Urumgqi City during the winter is
characterized by successive occurrences of foggy
weather in December. These pollutants can then be
carried by westward wind on to Bogda Glacier easily,
resulting in high concentrations of SO4* and NO5".

Winter air pollution in Urumgqi City can be fur-
ther demonstrated by backward trajectory analysis,
which has been applied widely in the field of atmos-
pheric sciences (Ming et al., 2007; Kahl et al., 1997).
Five-day-long backward trajectory of air masses ar-
riving at the sampling site (43°49'33"N, 88°19'32"E)
in winter 2008 has been obtained from the website
(http://ready.arl.noaa.gov/HY SPLIT.php) (Figs. 4 and
5).

The trajectories ending on the 1st, 6th, 8th, 14th,
18th, and 23rd of December originated from the arid
regions of west central Asia, and passed the Urumqi
city center, suggesting that the high concentrations of
SO42', NO5’, and NH," were caused by coal-burning
from Urumgi.

The trajectories ending on the 13th, 14th, and
20th of December originated from the northwest Sibe-

ria regions travelling across the Semipalatinsk test site.

The Semipalatinsk test site (STS) (50°7'0"N,

78°43'0"E) was the primary nuclear weapons testing

venue of the former Soviet Union (Olivier et al., 2003).

It is located in Northeast Kazakhstan, at the south val-
ley of the Irtysh River. The nuclear test site was lo-
cated around 150 km west of the Semipalatinsk town,
near the border of the East Kazakhstan Province and
Pavlodar Province with most of the nuclear tests tak-
ing place at various sites further to the west and south,
and some as far as the Karagandy Province. The
Bogda Glacier is therefore assumed to be also affected
by emissions of SO,, heavy metals, and nuclear fallout
from the Semipalatinsk test site in winter.

Xiaoyu Zhang and Ross Edwards

The backward trajectory analysis confirms that
anthropogenic emissions from Urumgqi and STS are
important sources of sulfate and nitrate to the snow of
Bogda Glacier downwind from the city and the testing
site. Anthropogenic sources of ions in the snow of
Bogda Glacier can also be demonstrated by the fol-
lowing supplementary analyses.

[HCOO')/[CH3COO’] Mass Ratio Analysis

Talbot et al. (1988) indicated that direct emis-
sions from motor vehicles and biomass combustion
processes are important sources of atmospheric acetic
acid and these sources have a [HCOO']/[CH;COO7]
ratio of less than 1.0. Those influenced mainly by
natural sources on the other hand, vegetation emis-
sions in particular, have the ratio larger than unity.
The mean value of [HCOO]/[CH;COO'] in Bogda
Glacier is 0.7, lower than unity and indicating that the
main contribution is from anthropogenic sources. This
is consistent with previous studies on Glacier No. 1.
East Tianshan lies in an arid environment, and there-
fore the direct emission from vegetation cannot be a
major source to the organic species, nor can forest
fires (Lee et al., 2003). Thus, the principal source for
these two organic species in Bogda Glacier must be
motor vehicle exhaust, fossil fuels combustion (coal in
particular), and biomass burning in Urumgqi. The an-
thropogenic influence on this investigated glacier has
been verified again.

[INOs)/ [SO42'] Mass Ratios Analysis

Coal combustion and mobile motor vehicle ex-
haust emission (NO,) are an important contributor to
SO42' and NOj™ in aerosols. Therefore, the mass ratio
of [NO3']/[SO42'] has been used as an indicator of the
relative importance of stationary versus mobile
sources of sulfur and nitrogen in the atmosphere (Shen
et al., 2007; Yao et al., 2002). The high [NO;57)/ [SO42']
ratio is usually ascribed to the predominance of mo-
bile sources over stationary sources of pollutants
(Xiao and Liu, 2004; Arimoto et al., 1996). In Bogda
Glacier, the ratio [NO;)/ [SO42'] in snow pit samples
ranged from 0.37 to 0.77 (averaging 0.43), and was
basically consistent with the 0.20 in the Urumgqi win-
ter aerosols (Li J et al., 2008). The relatively higher
[NO;)/[SO4>] ratio in Bogda Glacier than that of
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Urumgqi winter aerosols can be ascribed to the extreme
abundance of SO42'. This also indicates that the pollu-
tion from Urumgqi is the principal contributor to the
high levels of SO42' and NOj3™ in Bogda Glacier snow.

Low pH Value

Usually, SO,*, NOy, HCOO", and CH;COO" in
the air are in an acidic form and contribute signifi-
cantly to the free acidity of precipitation, especially in
remote areas (Lee et al., 2003; Baltensperger and Kern,
1988; Backman and Peden, 1987; Galloway and
Gaudry, 1984; Keene and Galloway, 1984). The acid-
ity, however, can be abased in the atmosphere by ei-
ther directly reacting with mineral dust, carbonates in
particular, or being scavenged in water droplets. The
process that eventually results in the increase of pH in
the atmosphere is a well-known phenomenon (Lee et
al., 2003; Mori et al., 1998; Mauptit and Delmas, 1994;
Williams et al., 1992).

The mean pH value of Bogda Glacier snow is 5.9
with a range of 5.4—6.2, which is much lower than that
of Glacier No. 1 (6.9, 6-9, respectively), while the pH
value correlates well with the average pH value of
5.80 in Urumgqi aerosol (Li J et al., 2008). These re-
sults indicate that there are much higher secondary
aerosols, mainly SO42' and NOj;  in the aerosols from
Urumgqi and this polluted aerosol has been carried on
to Bogda Glacier.

CONCLUSIONS

The snow pit samples in Bogda Glacier provided
the record of anthropogenic polluted SO4* and NO; .
(1) Most backward trajectories that end in December
2008 passed the Urumgqi City center, while some even
traveled across STS (the primary testing venue for the
former Soviet Union’s nuclear weapons), suggesting
that the high concentration of SO,”, NO;™ in Bogda
Glacier undoubtedly came from pollutants. (2) The ra-
tio of [NO3']/[SO42'] in Bogda Glacier agreed with the
value of the Urumqi winter aerosols and the
[HCOOJ/[CH;COO7] ratio is 0.7, lower than unity.
Both of the two mass ratios indicate that SO42' and
NO; in Bogda Glacier mainly came from anthropo-
genic pollutions. (3) The mean pH value of Bogda
Glacier snow is lower than that of Glacier No. 1, and
it correlated well with the average pH value of

Urumgqi aerosol, strengthening support for the hy-
pothesis that SO42' and NO;™ has been carried on to
Bogda Glacier by polluted aerosols from Urumqi.

Future ice core drilling efforts in this region will
provide longer glaciochemical records and give a
more historical perspective to anthropogenic pollu-
tions.
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