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Abstract

A low-vol sampler was used to collect PM, s samples for half-year in three sampling sites, including industrial park (A1),
school (A2), factory (A3) in Shihezi, China. The result showed that the high levels of Na* and K* were likely originate from
burning Zhundong coal. In general, the atmospheric aerosol of A1, A2 and A3 was alkaline. Most of the OC (organic car-
bon)/EC (element carbon) values were greater than 2.2, which indicated that there was significant secondary pollution.
In the carbon component analysis, the values of OC1, EC2 and EC3 were significantly lower than OC2, 0OC3, 0C4 and EC1.
In addition, OC2 accounts for the largest proportion of OC. Combined with the source analysis of water-soluble ions,
carbon component and HYSPLIT Trajectory Model, the main sources of Shihezi were local coal-fired emissions, road dust
and car exhaust, and pollutants transmitted from western cities. This study provides a basis for investigating the pollution

sources of PM, ; and the influence of Zhundong coal combustion in Shihezi in the future.
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1 Introduction

Fine particulate matter (PM, 5) pollution has become an
inevitable problem with the rapid development of social
economy [1]. PM, ; was defined as particles with an aero-
dynamic diameter of less than 2.5 um [2]. In general, PM, 5
has small size, large contact area, strong activity, long
residence time and transport distance and thus can easily
attach to toxic and harmful substances.

The main chemical components of PM, ; are water-sol-
uble ions, organic and elemental carbons (OC and EC) [3].
Water-soluble ions are the main components of fine parti-
cles [4]. According to previous studies, water-soluble ions
has a direct impact on the atmospheric radiation balance
and the formation of cloud condensation nuclei, which
indirectly affect the regional climate and environment [5,
6]. Carbonaceous aerosols are an important component of

atmospheric aerosols and have important implications for
global climate change, radiative forcing, visibility, environ-
mental quality, and human health [7, 8].

In the last decade, the composition and source of PM, 5
have been studied because of the severe PM, ; pollution in
northern China [9-11]. In Xinjiang, air quality was getting
worse [12], especially in Shihezi. As an important indus-
trial city in the North Xinjiang Economic Belt, Shihezi has
been experiencing continuous deterioration of air qual-
ity in recent years. Therefore, it is necessary to carry out a
detailed study on the main substances and their sources
in the atmospheric PM, ; of Shihezi.
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2 Materials and methods
2.1 Sampling time and location

Three sampling sites were set in Shihezi where are located
at the northwest of China, A1 (N44° 33, E86° 04'), A2 (N44°
30',E86° 06'), A3 (N44° 26', EB6° 10'),respectively (Table 1).
The sampling sites were located in the economic belt
of the northern slope of Tianshan Mountain, and in the
south of the Jungle Basin. There are many breeze and calm
winds in winter, and the terrain are low-lying areas, which
is not conducive to the diffusion of fine particles in the air.
Shihezi is also a man-made city where has special ecol-
ogy, climatic environment and leapfrogging industry has
made pollution increasingly serious. The sampling period
of three sampling sites were from January 1, 2018 to June
30, 2018, for a total of 36 observation days, samples were
taken every 5 days.

2.2 Sample collection

The present work combined the corresponding conditions
and decided to use a low vol-rate sampler (PQ200 PM, 5
sampler, BGlI Company, US). The sampling flow rate was
setas 10 L min~', and the sampling time was 23 h (from
23:00 to 22:00 in the next day). A QMA quartz membrane
(47 mm, Whatman Company, the United Kingdom) was
used. The filter was placed in a muffle furnace at 700 °C
for 7 h before sampling to remove impure substances. The
collected filter was placed in a sealed bag and stored in a
freezer at — 18 °C. Disposable gloves were used for each
sample to reduce human error in the experimental data.

2.3 lon analysis

Four anions (F~, CI7, NO;~, and SO,?") and five cations
(Na*, NH,*, K*, Mg?*, and Ca**) were determined in the
extract of the sample (UP water extraction). A quarter of
the quartz filter was cut, placed in an Erlenmeyer flask,
and added with 30 mL of deionized water (18.2 MQ resis-
tivity) for ultrasonic extraction for 1 h. The Erlenmeyer
flask was removed and shaken to remove bubbles. The
flask was subjected to ultrasonic extraction again for

30 min and filtered with a 0.22 um filter. The solution
was stored in a refrigerator at 4 °C before analysis. F~,
CI~, NO;~, SO,*~ were measured by Dionex ion chromato-
graph (ICS-1100). Na*, K*, Mg?*, and Ca* were measured
by ICP-MS (NexION 350X; PerkinElmer, USA). NH,* was
measured by two-channel ion chromatography.

2.4 Carbon component analysis

At present, there are many methods for analyzing OC
and EC in aerosols at home and abroad, which can be
mainly divided into thermal decomposition method and
thermal decomposition-optical analysis method. Optical
analysis is the most widely used and well-recognized,
mainly by thermal transmission (TOT) and thermal reflec-
tion (TOR) [13, 14].

The measurement of filter was carried out using
advanced Desert Research Institute’s (DRI) Thermal/
Optical Carbon Analyzer operated on IMPROVE_A (Inter-
agency Monitoring of Protected Visual Environments_
A) protocol to analyze OC and EC [15]. The analytical
method is IMPROVE A.

2.5 Quality control and assurance

Five experimental blanks and water sample blanks per
experiment were set up to remove experimental error
and ensure the reliability of the data. All the vessels in
the experimental process were washed three times with
deionized water. The target recovery for all elements was
in the range of 100% + 20%. The correlation coefficients
of the standard curves were greater than 0.999. The limit
of detection (LOD) is the concentration of the signal-to-
noise ratio (S/N) of 3. In order to ensure the reliability of
the results, a calibration procedure was run before and
after the sample was taken every day. Repeated analy-
sis was performed for every 10 samples. The standard
deviation of the repeated analysis for water-soluble ions
and carbon component was 0.54-4.97%, 2.90-12.80%.
For OC and EC, the LOD of OC, EC were 0.54 ug cm™,
0.06 pg cm~2 respectively. For water-soluble ions, the
LOD ranged from 0.002 to 0.030 pg m™3.

Table 1 Descriptions of the

Sampling sites
three sampling sites in Shihezi pang s

Environmental characteristics

Type of functional area

Al North of the Shihezi Industrial transportation mixed area
A2 Central part of the Shihezi Cultural and educational area
A3 South of the Shihezi Industrial area
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3 Results and discussion
3.1 Concentration of PM, .

The 24-h average PM, s concentration in A1 varied from
4.32 ug m~3 (15 June 2018) to 573.80 ug m~3 (11 Janu-
ary 2018). The total mean and standard deviation were
108.09+ 144.60 pg m~>. The 24-h average PM, - mass con-
centration in A2 ranged from 5.65 ug m~3 (30 June 2018)
t0 558.17 ug m~3 (11 January 2018). The total mean and
standard deviation were 79.95 +84.22 ug m—3. The 24-h
average PM, : mass concentration in A3 ranged from
5.27 ug m~3 (20 May 2018) to 492.16 ug m~3 (11 Janu-
ary 2018) (Fig. 1). The total mean and standard deviation
were 102.00+ 114.65 pug m~3. The concentration in A1
and A3 was lower than those in Raipur (150.90 ug m3),
and similar to Beijing (102.45 pg m~3). A2 was lowest
in three sampling siate, but higher than those in lksan
(37.30 pg m~3) and Guangzhou (57.75 pg m~3) [16-19].
According to the latest China Ambient Air Quality Stand-
ard GB3095-2012, the concentration of PM, 5 in A1, A2,
A3 has exceeded the daily average secondary standard
of 75.00 ug m~3. The discovery caused serious health
problems for local residents.

The highest monthly average PM, ; concentration was
detected in January in A2 (197.96 ug m~), and in Febru-
ary in A1(343.26 uyg m=3), A3 (277.50 ug m~3). The lowest
concentration was detected in June in A1 (7.88 ug m3),
A2 (10.57 ug m™), and in May in A3 (16.96 pg m3).
From the Fig. 1, the values of January and February
were higher than other months can be seen, which was
a special phenomenon may be related to district heating
and climate.
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3.2 The characteristics of water-soluble ions
3.2.1 Concentration of water-soluble ions

In general, 5042‘, NO;~, and NH,* were the major com-
ponents of water-soluble ions,similar to the researchs in
other cities [20-22]. As shown in Fig. 2, the total concen-
tration of 50,7, NO;"and NH,* accounted for 81.57%,
75.27%, 81.60% of all water-soluble ionsin A1, A2 and A3,
respectively. The proportion of A1 and A3 in this set of
data was basically the same, the fluctuation trend of water-
soluble ions at the three sampling sites was expressed in
Fig. 2. This indicated that the sources of contamination of
water-soluble ions at the two sampling sites (A1and A3)
may be similar. In A2, The concentration of Ca?" was sig-
nificantly higher than the other two sampling sites. This
may be related to the emission of building dust. Ca®* was
the lowest water-soluble ions in A1 and A3, accounting for
0.62% and 0.77%, respectively. And the concentration of
Mg?* was low in three sampling sites.

A special finding in this study was the concentration of
K* and Na™ at three sampling sites where were significantly
higher than other cities in China (Table 2). K" and Na*
reached the highest value in January and February, when
heating began. This was a very common phenomenon
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Fig.2 The proportion of water-soluble ions in Shihezi

Table 2 The concentration levels of Na* and K* in domestic cities

Sampling site K*(ug m™3) Na*(ug m™) References
Al 4.20 431 Current study
A2 0.67 4.70 Current study
A3 3.75 3.59 Current study
Beijing 1.68 0.53 [25]
Shanghai 0.63 0.57 [26]
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in northern China. In this study, the combustion of coal
(Zhundong Coal) in Xinjiang was used to explain this phe-
nomenon. Zhundong coalfield was one of the discovered
super-large coal fields in Xinjiang Autonomous Region
[23]. Zhundong Coalfield’s estimated reserves reach 390
billion tons, and the transportation distance between
Zhundong Coalfield and Shihezi is about 300 km. Zhun-
dong Coal (ZDC) has attracted much attention due to its
high content of alkali, especially potassium oxide and
sodium oxide [24].

In Shihezi, the Zhundong Coal usually came from Xin-
jiang Shenhua, Zhundong Wucaiwan, Zhonglian, Tianchi
Energy and so on,which was heavily used for industrial
production.

Therefore, the high levels of K" and Na* in PM, s were
likely to originate from burning Zhundong coal, such as
the burning of Zhundong Coal in heating companies,
small boilers and other factories.

3.2.2 The monthly change of water-soluble ions

In this study, samples were collected for half year, which
was divided into heating season (January to mid-March)
and non-heating season (Mid-March to June) according
to the heating time. In A1, A2, A3, the highest monthly
concentration of water-soluble ions were detected in Jan-
uary (187.14 ug m=3), February (102.11 pg m3), January
(148.36 ug m3), respectively (Fig. 3).

In three sampling sites, the value of water-soluble ions
follows the trend of heating season > non-heating season.

This finding was similar to most northern cities in China
that have the highest value in winter possibly due to cen-
tral heating [27] [28]. Monthly changes in water-soluble
ions in three sampling sites were the same as PM, . In A1
and A3, the levels of CI” and K* increased rapidly in June
may be due to the burning of local biomass [29]. High con-
centration of SO,>~ and NO;~ were found in June, which
indicated that significant vehicle exhaust and industrial
emissions still existed during non-heating seasons. The
high concentration of NH," in the heating season may be
caused by the discharge of domestic waste from surround-
ing farms or rural areas [30].

Similar to 3.2.1, the high concentrations of K* and Na* in
the heating season again indicate that they are related to
the combustion of Zhundong coal, and that air pollution
has a direct relationship with coal burning in the heating
season.

3.2.3 Chemical characteristics of water-soluble ions

Aerosol acidity is important for atmospheric treatmenta-
cidity and alkalinity reflect atmospheric pollution in a city
or region [31]. Calculation formula follows by (1), (2):

Cation = Na*/23 + NH}/18 + K" /39 + Mg** /12 + Ca** /20
)

Anion = SO}~ /48 + NO; /62 + CI™/35.5 + F7/19
)
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Table 3 Monthly changes of

anion/cation in Shihezi Sampling site January February March April May June Average
Al 1.28 1.43 0.77 0.64 0.99 0.77 0.98
A2 1.00 1.17 0.79 0.70 0.62 0.62 0.82
A3 1.27 1.13 1.01 0.83 0.81 0.51 0.93
507 3.3 The characteristics of carbon component
15 Al
304 3.3.1 The concentration of carbon component
20-
10 H_L D Comparing the values of three sampling sites from Fig. 4,
0 . . . . the trend of TC, OC and EC in three sampling sites was
:é . - ! 2 3 4 3 6 basically the same. Values of TC, OC and EC during heating
§ 409 A2 season were significantly larger than non-heating season.
g M Overall, the OC concentration was relatively high and the
M EC was relatively low. What's more, Fig. 4 indicated that
§ 101 carbonaceous aerosol was one of the important compo-
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Fig.4 The monthly average concentration of OC and EC in Shihezi

If anion/cation less than 1, then atmospheric aerosol in
this region is alkaline; if it is more than 1, then it is acidic.

From Table 3, the acidity and alkalinity of the aerosols
at the three sampling sites can be found. First of all, over-
all averages were all lower than 1, which indicated that
the aerosols at the three sampling sites were alkaline.
Secondly, the aerosols in the heating season were basi-
cally acidic. This may be due to a large amount of sulfides,
especially sulfur dioxide, produced by heating coal in
winter. After this series of conversions, the sulfate level
in the atmosphere gradually increased and reached the
highest in winter [32]. In non-heating season, the levels of
NO,~ and SO, >~ were reduced due to elevated tempera-
tures, resulting in decreased anions levels [33]. However,
the levels of Na*, Mg?*, and K* increased slightly which
were likely caused by sandstorm in Xinjiang [34].

nents in PM, 5, in which OC was the main contribution
and accounted for 19.49% of PM, s in Shihezi, which was
slightly smaller than of Beijing (30%) [35]. But the high
value of TC can be found, this may be due to a certain
experimental error between the filter during the acquisi-
tion and the calculated value of PM, ;.

3.3.2 Analysis of secondary organic carbon (S0C)

The recent rise in OC/EC and SOC/OC indicates that sec-
ondary carbonaceous species are increasingly polluted
[36]. In 1995, Turpin and Huntzicher proposed the follow-
ing formula to calculate the SOC follow by (3).

SOC = OC — EC x (OC/EC)min 3)

where SOC is secondary organic carbon, OC is total organic
carbon, and (OC/EC) min is the minimum value of all OC/
EC[37].

Turpin and Huntzicher studied air samples in the Los
Angeles Basin and concluded that an OC/EC ratio of 2.2
could be used as a threshold for secondary pollution [38].

From Table 4, most of the OC/EC values were greater
than 2.2, indicating significant secondary pollution. This
situation may be due to two reasons. First, a large amount
of carbon-containing aerosols were emitted during the
coal burning in winter. Secondly, the height and tempera-
ture of the atmospheric mixed layer were relatively low

Table4 The average Samplingsite ~ TC(ugm™)  OC(ugm™)  EC(ugm™  (OC/EQmin  SOC(ugm™)
concentration of Carbon
component in Shihezi Al 22.93 18.25 468 2.68 5.71
A2 23.87 20.63 3.25 424 6.85
A3 21.10 16.11 4.99 249 3.68
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in winter, and the wind was relatively small, which was
not conducive to the spread of OC, so SOC was formed by
more collisions in a small space.

In addition, the average value of SOCin A1, A2 and A3
were 5.17, 6.85, 3.68, and accounting for 24.90%, 28.70%,
17.44% of TOC, respectively. The value of SOC in A3 was
lower than A1 and A2 where the concentration of OC in
the exhaust of motor vehicles was large. The SOC of the
three sampling sites accounted for about 22.84-33.20%
of the OC, the ratio was slightly lower than Beijing and
Sanya [39, 40].

3.3.3 Analysis of carbon components

The carbon components were mainly divided into OC
(OC1,0C2,0C3,0C4) and EC (EC1, EC2, EC3), and different
components also represent different sources of pollution.
According to previous research, OC1 mainly comes from
biomass combustion, OC2 mainly comes from coal com-
bustion, OC3 and OC4 mainly comes from road dust, and
EC1 mainly comes from automobile exhaust, EC2 and EC3
mainly comes from diesel emissions [41-44].

According to Fig. 5, the proportion of carbon compo-
nents of A1, A2 and A3 was similar, and the concentration
levels were basically consistent. The characteristics pre-
sented were M-type, OC1 and EC2, EC3 was significantly
lower than OC2, OC3, OC4 and EC1. The sources of the
three sampling sites were mainly coal-fired emissions, road
dust and automobile exhaust. The OC2 of three sampling
sites was the largest proportion of OC, so the most impor-
tant pollution in the three sampling sites was coal-fired
emissions [45].

The proportion of OC1 was less than 5%, indicated that
the proportion of biomass burning was small. Compared

35

—a— Al
304 —o— A2
—A— A3

Propotion (%)

T T T T T T I
0OC1 0ocC2 0C3 0ocC4 EC1 EC2 EC3
Carbon conponent

Fig. 5 The proportion of carbon components in Shihezi
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with other results (Fig. 3), OC1 and NH,* were found in
A1, which may be caused by burning straw in some rural
areas around the north of city. EC1 was higher than EC2
and EC3, which shows that one of the main pollutants was
not diesel emissions, but automobile exhaust.

3.4 Hysplit trajectory mode

The HYSPLIT Trajectory Model developed by the National
Oceanic and Atmo-

spheric Research Center (NOAA) is a common source
analysis model. This model is mainly used to explain the
transport trajectory and diffusion pattern of atmospheric
pollutants in the atmosphere [46].

The simulation time is 72 h, the starting height is 500
meters, and the starting point coordinates were set in the
city center (N44° 27',E85° 94'). The simulation time is from
January 1, 2018 to June 30, 2018. A backward trajectory
was generated every 6 h, 720 backward trajectories were
generated and then trajectory clustering was performed
to obtain a total of four trajectories (Fig. 6).

The first type of trajectory was the most important
trajectory, accounting for about 61%. It was observed
every month that the PM, ; concentration was higher
than the standard mass concentration, which indicated
that the atmosphere of Shihezi was likely to be affected
by the transmission of air pollution in the area where the
track passes. Followed by the second type of trajectory,
although the proportion was the lowest, but it has the
highest PM, 5 concentration, so this trajectory may also
increase air pollution in Shihezi, and it most likely came
from the desert and may caused atmospheric dust pollu-
tion, which was consistent with the analysis results in 3.2.3.
The third and fourth types of trajectories were from fara-
way foreign regions, the transmission distance was long,
and the PM, ; concentration was lower than the standard
value. It can be clearly found that the airflow in Shihezi
mainly came from the west, northwest of Shihezi, and the
area was the northern Xinjiang economic belt where has
lots of industrial cities, such as Karamay, Kuitun, Urumqi
and so on. Therefore, Shihezi may also be affected by the
transmission of atmospheric pollutants from western cit-
ies (Table 5).

4 Conclusion

During the sampling period, the average PM, ; mass
concentrations at the three sampling sites in Shihezi
were 108.09 + 144.60 pg m~3, 79.95+84.22 ug m > and
102.00+114.65 pg m3, respectively. In Shihezi, the time-
varying sequence of water-soluble ions was heating sea-
son > non-heating season. In general, SO,>~, NO5~, and
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Fig. 6 Backward trajectory
cluster distribution in Shihezi
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Table 5 D.is'Fribution Clustering Source region Pathway region Occurrence (%) Mass con-
characteristics and PM, 5 probability centration
concentrations of various (ug m-3
backward trajectories
1 Kazakhstan Bortala, Karamay 60.69 101.93
2 Mongolia Gurbantungut Desert, Urumgi 8.19 202.51
3 Russia Kazakhstan, Karamay 18.89 41.98
4 Kazakhstan Bortala, Kuitun 12.22 66.57

NH,* were the major components of water-soluble ions.
By analyzing the sources, high levels of Na* and K* may
came from burning Zhundong coal. The carbonaceous
aerosol was an important component in atmospheric
fine particles, of which OC was the main contribution.
Similarly, the temporal change order of OC and EC of
Shihezi was heating season > non-heating season. The
OC/EC values at three sampling sites were greater than
2.2 can be found, indicating the presence of significant
secondary pollution. The carbon component concentra-
tions in A1, A2, and A3 were similar and were charac-
terized by M-type. The ratios of OC1, EC2 and EC3 were
significantly lower than OC2, OC3, OC4 and EC1. Com-
bining with the analysis results of water-soluble ions, it
was shown that the emission sources of Shihezi were
mainly local coal emissions and automobile exhaust.

According to the HYSPLIT Trajectory Model, Shihezi is
also affected by the transmission of atmospheric pollut-
ants from western cities.

This study deepened the theoretical research of PM, -
pollution in Shihezi, analyzed the local pollution sources
and the spatial and temporal distribution, and provided
a strong basis for local governments to control PM, 5
pollution.
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