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Abstract: In order to evaluate the toxicity of PM2.5 in the Dushanzi area, PM2.5 samples were collected
from December 2015 to July 2016, and a plasmid DNA damage assessment method was used to
analyze the variation in the oxidative damage ability and its relationship with sampling conditions
and toxic components (polycyclic aromatic hydrocarbons, and heavy metals) loaded on the surface of
PM2.5. The results showed that the TD30 values (toxic dosage of PM2.5 causing 30% of plasmid DNA
damage) of both the whole samples and the water-soluble fractions were lower during the heating
period (369 µg/mL and 536 µg/mL, respectively), but higher in the dust period and non-heating
period (681 µg/mL and 498 µg/mL, respectively; and 804 µg/mL and 847 µg/mL, respectively).
Studies on the effect of meteorological parameters showed an increasing trend in TD30 values for
the whole samples and the water-soluble fractions as relative humidity, temperature and wind
speed decrease. TD30 values for the whole samples and the water-soluble fractions were negatively
correlated with Flu (r = −0.690, r = −0.668; p < 0.05), Flt (r =−0.671, r = −0.760; p < 0.05), BaP
(r = −0.672, r = −0.725; p < 0.05), IcdP (r = −0.694, r = −0.740; p < 0.05), Pyr (r = −0.727, r = −0.768;
p < 0.01) and BghiP (r = −0.874, r = −0.845; p < 0.01) during the heating period, while As (r = 0.792,
r = 0.749; p < 0.05) and Sr (r = 0.776, r = 0.754; p < 0.05) during the dust period showed significant
positive correlation. In addition, the TD30 values of PM2.5 collected during sand blowing weather
was the highest (1458 µg/mL and 1750 µg/mL), while the average TD30 value of PM2.5 collected on
hazy days were the lowest (419.8 µg/mL and 488.6 µg/mL). Particles collected on the first day after
snowfall showed a lower oxidizing capacity (676 µg/mL and 1330 µg/mL). The characteristic TD30

values combined with back trajectory analysis indicated that hazy days were heavily influenced by
air masses originating from the southern continent and local emissions, whereas the sand blowing
weather came from the north of the Taklimakan Desert.

Keywords: PM2.5; oxidative damage potential; plasmid DNA damage assessment

1. Introduction

With the advancement of industrialization and urbanization, air pollution has become
a major environmental risk endangering public health [1,2]. Epidemiological and clinical
datasets showed that exposure to excessive PM2.5 can lead to physical diseases, such as
stroke, lung disease, coronary heart disease and lung cancer [3,4]. The main biologically
toxic components in PM2.5, are mainly directly generated from emission sources, such as
industrial coal, motor vehicles, biomass, and other combustion sources [5,6]. Others are
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from an indirect source: particulate matter and gas precursors produced through complex
physical and chemical reactions taking place in atmospheric photochemical reactions or
heterogeneous reactions [7]. However, the biological mechanisms of the adverse health
effects of airborne PM2.5 remain unclear, and a widely accepted hypothesis is that oxidative
damage originates at the surface of the airborne particles. That is, the free radicals (OH)
produced by the bioavailable transition metal ions on the surface of the particles are the
reason the particles can cause oxidative damage [8,9]. Many human, animal and cellular
studies have shown that oxidative damage is a key trigger of lung cancer in vivo [10].
It is generally believed that PAHs and the heavy metals in PM2.5 are the key chemical
components inducing substances with lung cell toxicity [11,12]. After cells were treated
with PAHs and metal extracts, it was found that the toxicity to the cell membrane and
mitochondria increased with the ROS content [13]. Donaldson et al. [14] showed that some
transition metals in the atmosphere, such as iron, zinc and copper, can cause Fenton reac-
tions in lung fluid, releasing free radicals and leading to cell inflammation. Although Ames
tests, micronucleus tests, chromosome aberration tests and comet assay have been used
to study the toxicology of atmospheric particulates, most of these are qualitative in tech-
nique [15–18]. In recent years, many researchers used plasmid DNA assay to evaluate the
toxicity of atmospheric particulates, this is a simple, rapid, and highly sensitive oxidative
potential detection technology that can be used for a semi-quantitative assessment of DNA
damage caused by atmospheric particles [19,20]. Ying Hu et al. [21] used the plasmid DNA
evaluation method to evaluate the toxicity of atmospheric particulates in Beijing, which
showed that the oxidative damage caused by the whole sample of atmospheric particulates
in Beijing was equal to or slightly larger than that by the corresponding water-soluble
part, and the biological activity decreased with increasing dose. Studies, including that
by Sudur Kermilla et al. [22] showed that the damage caused by PM2.5 in the Urumqi
atmosphere to plasmid DNA is related to meteorological factors. Longyi Shao et al. [23–25]
used this method to understand the toxicity of atmospheric particulates in Lanzhou, Beijing,
Xuanwei, and other cities, and they found that water-soluble metals were one of the main
factors causing DNA damage. Studies also showed that polycyclic aromatic hydrocarbons
(PAHs) are important chemicals that cause DNA damage [26].

The Dushanzi District, as an industrial park featuring large petrochemical processing
industries and power plants, is located on the northern slopes of the Tianshan Mountains
and the southern edge of the Zhungeer Basin in Xinjiang. Previously, seasonal variation
and sources of conventional components (OC/EC, PAHs, water-soluble ions and metals,
etc.) in fine particles collected in Dushanzi were discussed in detail, and on this basis [27],
Liu et al. [28] calculated the seasonal variation in the acidity and water content of fine
particles using a thermodynamic model (E-AIM II). However, toxicological investigations
of PM2.5 samples in the air throughout the year have been rarely reported in the literature.
Therefore, clarifying the oxidative potential and composition of PM2.5 in the Dushanzi
atmosphere is of great significance for revealing the impact of particulate matter on human
health and its seasonal changes. At the same time, it can also provide a scientific basis for
the control of atmospheric particulates in the Dushanzi area.

2. Experiments and Methods
2.1. Sample Collection

The sampling point is located at the roof of the 6th floor a building in the Dushanzi
residential area (44◦19′ N, 84◦53′ E), about 18 m from the ground and about 50 m from
the street, with no obstructions for 1 km in any direction. To the west is a large chemical
industrial zone, and to the north is Kuitun City. Therefore, this sampling point is a mixed
functional area integrating residences, transportation, and industry that can represent the
atmosphere level where residents live. (Figure 1), PM2.5 samples were collected using
a high-volume air sampler (TH—1000, Wuhan Tianhong instruments Co., Ltd., Wuhan,
China), with a flow rate of 1.05 m3/min. The quartz fiber filter (203 mm × 254 mm,
Whatman, UK) was prebaked at 450 ◦C for 4 h to remove any organic matter. After cooling,
it was taken out and placed in a clean tight bag and sealed. Before sampling, we placed the
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quartz filter membrane in a constant temperature and humidity box to equilibrate for 24 h,
then weighed it on a balance and recorded the weighing data. The sampling times were
December 2015, April to May 2016, and July 2016, representing the heating period, dust
period, and non-heating period, respectively, and every sampling time lasted 22 h. The
data regarding the temperature (T), relative humidity (RH), and wind speed (WS) were
offered by the Environmental Monitoring Station, Dushanzi.

Figure 1. Location of the sampling site.

2.2. Plasmid Scission Assay

The DNA damage caused by PM2.5 was quantitatively evaluated through an in vitro
method. The basic principle is that free radicals on the surface of particles can cause
oxidative damage to supercoiled DNA. Initial damage causes the supercoiled DNA to
relax, and further damage causes the DNA to linearize [24]. A PM2.5 filter membrane with
a diameter of 4.7 cm was cut and accurately weighed, then a proper amount of sterile
water was added according to the mass of the particulate matter. The sample solution was
prepared with a concentration of 1000 µg/mL, and the solution was shaken for 20 h so
that the particulate matter on the sample was shaken off the filter membrane. A part of
the solution was used as a whole sample. The other part was centrifuged at 13,000 R/min
for 80 min, and then the supernatant was taken out to serve as a water-soluble sample.
The total volume of each concentration level of the whole sample and the water-soluble
portion was 50 uL, comprising 2 uL of DNA from Escherichia coli (PhiX174-RFDNA,
Promega Corporation, Madison, WI, USA), 7 uL of the stain, and 41 uL of the stock
solution. Five concentration levels were set for each sample (1000 ug/mL, 800 ug/mL,
600 ug/mL, 400 ug/mL, and 200 ug/mL). Samples with different concentration gradients
were electrophoresed on a gel (0.6% agarose) and 0.25% ethidium bromide in 1% EDTA
buffer at 30 V for 16 h. Imaging was carried out using an ultraviolet gel system; optical
density analysis and statistical analysis were carried out on different forms of DNA in
the gel by using the Syngene Genetools software. A measurement response curve was
obtained from the results, and the dose concentration of particles causing 30% of DNA
damage was calculated.

2.3. Chemical Analysis

The concentrations of the elements were determined via ICP-MS. The method detec-
tion limits (MDLs) of the elements were in the range of 0.1~1 ng m−3, and the uncertainty
was less than 5%. Twenty-one metallic elements were determined: Li, Be, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, Cs, Ba, Ti and Pb. Reagents and sample
blanks were set up in the experiment, and the analysis process for all samples strictly
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abided by the experimental operation rules. Please refer to the literature for detailed
experimental procedure [27].

PAHs were extracted by the Soxhlet extraction method according to the method of Yu
San et al. Thirteen kinds of USEPA priority PAHs were analyzed: Flu, Phe, Ant, Flt, Pyr,
Baa, Chr, BbF, BkF, BaP, IcdP, Daha and BghiP. The detection limit (MDL) of the method
was between 0.01 and 0.1 ng m−3, and the recovery rate was more than 80%. Please refer
to the literature for the detailed experimental procedure [26].

2.4. Statistical Analyses

SPSS software (IBM SPSS Statistics 26) was used for statistical analysis. The corre-
lations were determined based on the Spearman correlation coefficient. The probability
levels of 0.01 and 0.05 were taken as the critical values for statistical significance [29].

3. Result and Discussion
3.1. Mass Concentration of PM2.5

The mass concentrations of PM2.5 gathered in the Dushanzi District during the sam-
pling times are displayed in Figures 2 and 3. The monitoring data illustrated that the daily
mass concentrations of PM2.5 varied significantly ranging from 22.5 µg/m3 to 233.58 µg/m3

(Figure 3), generally fluctuating around the national standard for daily PM2.5 (GB 3095-2012,
75 µg/m3). Apart from that, the average daily mass concentrations of PM2.5 gathered dur-
ing the heating period was 131.19 µg/m3 (Figure 2), which was lower than those observed
in northern cities, such as Xian (257.1 ± 143.3 µg/m3), Shijiazhuang (234 ± 139 µg/m3),
Jinan (156.6 µg/m3), and Handan (240.6 ± 120.7 µg/m3) in winter [30–32], but higher than
those in southern cities such as Chengdu (115.41 ± 65.28 µg/m3), Shanghai (94.6 µg/m3),
and Nanjing (79.92 µg/m3) [33–35]. The average daily mass concentrations of collected
PM2.5 were 69.92 µg/m3 and 39.92 µg/m3 during the dust period and the non-heating
period, respectively, which is generally lower than the national standard for daily PM2.5
(GB 3095-2012, 75 µg/m3). To sum, PM2.5 accumulation in the heating period indicated the
most serious pollution.

Figure 2. The seasonal distribution of oxidative capacity and PM2.5 mass concentrations. (W: whole
samples; S: water-soluble fractions).
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Figure 3. Correlations between the TD30 values of the whole sample and water-soluble fractions
with PM2.5 mass concentrations.

3.2. Oxidative DNA Damaged by PM2.5

Figure 2 presents results regarding the oxidative damage to plasmid DNA caused by
PM2.5 collected in the Dushanzi District. The average TD30 values of the whole samples
(W) were 369 µg/mL, 681 µg/mL, and 498 µg/mL, and the corresponding average TD30
values of the water-soluble fractions (S) were 536 µg/mL, 804 µg/mL, and 847 µg/mL
during the heating, the dust, and the non-heating periods, respectively. This showed
that both the whole samples and the water-soluble fractions of PM2.5 showed seasonal
variation, wherein the oxidative damage during the heating period was greater than that
in the non-heating and dust periods, which was consistent with the variation tendency of
the PM2.5 concentration. The higher oxidative damage to plasmid DNA caused by PM2.5
during the heating period is attributed to the long-term floating of ash and soot aggregates
from coalfired power plants, household coal fire, and automobile exhaust emissions. Under
these conditions, the surface of the particulate matter adsorbs a great deal of toxic and
harmful substances [36]. For the non-heating period, Tao et al. [37] indicated that the strong
exchange of Arctic cold air and the northern warm current in spring produces significant
pressure and temperature gradients, which makes the surface wind speed rise sharply and
lifts the surface dust to promote the formation of dust weather. Pietro et al. [29] reported
that the dust particles are mainly composed of coarse irregular minerals, fly ash, and small
amounts of fine soot aggregates. It is generally believed that fine particles are more toxic
than coarse particles, which may be a reason for the lower oxidative damage during the
dust period [38]. It should be noted that the TD30 values of the water-soluble fractions were
higher than those of the whole samples during the whole study period, which indicated
that some of the PM2.5 components were insoluble in water. The above TD30 values varied
with the seasons, indicating that there were spatiotemporal differences in the biological
activity of PM2.5 in the Dushanzi District.

3.3. Relationship between PM2.5 Mass Concentration and TD30 Values

PM2.5 is not only used to measure the local air quality but is also the basis of epidemi-
ological investigation and research. As show in Figure 3, during the heating period, the
mass concentration was less than 75 µg/m3 from 8 to 10 December. With the decreasing
of PM2.5 mass concentration, the TD30 values gradually increased, indicating that the
oxidative damage gradually decreased. During the haze period, 21 to 26 December, the
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mass concentration was higher than 75 µg/m3, and the TD30 values decreased gradually
with the increase of mass concentration, indicating that the oxidative damage increased
gradually. On the contrary, there were no significant correlations between PM2.5 and TD30
values during the dust and non-heating periods. Therefore, the method of evaluating the
oxidative damage ability of PM2.5 only by the mass concentration dose not really reflect the
degree of harm to human health. The toxicity of PM2.5 is determined by the atmospheric
environmental factors, the chemical components and the harmful components adsorbed
on the surface of inhaled particulates.

3.4. Relationship between the TD30 Values, PM2.5 Mass Concentrations, and
Meteorological Conditions

As shown in Figure 4, the temperature (T) and visibility (V) showed the same variation
in different periods, for which the variation trend was heating period < dust period < non-
heating period. The trend for the relative humidity (RH) was on the contrary, and the wind
speed (WS) was the highest in the dust period. To further explore the potential impact
mechanism of meteorological factors on PM2.5 and the impact of oxidative damage on
plasmid DNA, SPSS software was used to analyze the Pearson correlation between these
parameters. The effects of RH, WS, and T on oxidative damage to plasmid DNA and the
mass concentration of PM2.5 were studied.

Figure 4. Seasonal variation in meteorological parameters in Dushanzi District.

As shown in Figure 5, a significant negative correlation was found between the mass
concentration of PM2.5 and RH (R = 0.526, p < 0.01). The TD30 values of the whole samples
and the water-soluble fractions were negatively correlated with the RH values (R = −0.113,
R = −0.079, p < 0.05); these results showed that the RH in the atmosphere played a positive
role in promoting the PM2.5 mass concentration and DNA oxidative damage. A positive
effect of RH on PM2.5 concentration was found in several Chinese cities, including Beijing,
the Sichuan Basin, and Suzhou [39–41]. There are two main mechanisms by which RH
has a positive effect on the PM2.5 concentration and DNA oxidative damage. First, higher
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humidity causes PM2.5 to adsorb more water vapor, which contributes to the accumula-
tion of toxic substances and significantly increases the mass concentration of PM2.5 [42].
Second, high humidity promotes the gas-to-particle distribution, increasing the content
of hygroscopic components, especially ammonium nitrate; thus, further increasing the
absorption of water and the mass concentration of PM2.5 [43]. The mass concentration of
PM2.5 and T were found to be significantly negatively correlated (R = −0.691, p < 0.01); T
and TD30 values of the whole samples and the water-soluble fractions showed a significant
negative correlation. (R = −0.103, R = −0.179, p < 0.05). Briefly, these indicated that tem-
perature had a dissipative effect on PM2.5 and a positive effect on DNA oxidative damage.
A negative effect of T on the PM2.5 concentration was detected in other Chinese cities,
such as Beijing, Fuxin, and Nanchang [44–46]. This negative effect is mainly attributed
to temperature-related atmospheric convection and evaporation loss of PM2.5. Primarily,
under high temperature conditions, there are strong thermal activities, such as turbulence,
which accelerate the diffusion of PM2.5 mass concentration. Secondly, a high temperature
causes an increase in the evaporation amount of PM2.5 components, such as vapor, and
volatile and semi-volatile components. Meanwhile, a high temperature is beneficial to
the surface focusing of particles and adsorption in terms of DNA oxidative damage [47].
The mass concentration of PM2.5 was found to be significantly negatively correlated with
wind speed, (R = −0.446, p < 0.01), and negatively correlated with the TD30 values of the
whole samples and the water-soluble fraction (R = −0.038, R = −0.112, p < 0.05), which
indicated that the wind speed had a dilution effect on PM2.5 and a positive effect on DNA
oxidative damage. The dilution effect of wind speed on PM2.5 has two aspects: on one
hand, a greater wind speed is more likely to disperse accumulation pollutants; on the other
hand, an increase in wind speed leads to the evaporation of volatile components, reducing
the mass concentration of PM2.5 indirectly [48,49].

Figure 5. Correlations between the TD30 values of whole samples and corresponding water-soluble fractions and the
examined environmental factors.
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3.5. Correlations between Chemical Components and DNA Damage

Some studies have demonstrated that DNA damage is associated with PAHs and
heavy metals [24,50]. Thus, to examine the most likely source of particle-induced oxidation
in PM samples, the components detected in PM2.5 were correlated with the TD30 values.
It can be seen from Figure 6 that the concentrations of total PAHs during the heating
period were greater than those during the dust period and the non-heating period. The
concentrations of heavy metals during the heating period were lower than those during
the dust period and the non-heating period. As shown in Table 1, in the whole study
period, except for Phe in the dust season and IcdP and BghiP in the non-heating season, the
individual PAHs were negatively correlated with TD30 values. The correlations between
TD30 values and Flu (p < 0.05), Flt (p < 0.05), BaP (p < 0.05), IcdP (p < 0.05), Pyr (p < 0.01)
and BghiP (p < 0.01) were very significant during the heating period in particular, which
indicated that the oxidative damage of DNA increased with the increasing PAHs content.
ΣPAHs in PM2.5 could stimulate the production of ROS and lead to DNA damage [51],
which is consistent with the results of our study.

Figure 6. Concentrations of the components of PM2.5 under special weather condition.

There was no strong negative correlation observed between heavy metals and TD30
values during the study period. Only in the heating period did we observe a weak nega-
tive correlation between heavy metals and TD30 values; however, during the dust period,
As (p < 0.05) and Sr (p < 0.05) showed significant positive correlations with TD30 values,
indicating that the contribution of heavy metals in particles causing DNA damage depends
not only on the content, but also on the meteorological conditions and the reaction condi-
tions of the heavy metals themselves. Transition metals in the atmosphere can exchange
electrons in liquid solution through Fenton reactions, which promotes the formation of
active oxides from free radicals and causes DNA damage [14]. The acidity of atmospheric
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particles improves the water solubility of heavy metals [52]. In combination with the
aerosol thermodynamic model (E-AIM), Liu et al. [28] studied the water content and pH of
particulate matter in Dushanzi, finding that the water content and acidity of particulate
matter in winter were higher than those in other seasons, this indicated that although the
metal content was small in winter, favorable meteorological conditions in winter provide a
good reaction setting for metal reactions. To sum, PAHs and heavy metals can cause some
damage to plasmid DNA, but in this study, the contribution of PAHs to DNA damage was
higher than that of heavy metals.

Table 1. Spearman’s rank correlation coefficients (r) between TD30 values and PM2.5 components.

Heating Dust Non-Heating

Components W S W S W S

Flu −0.690 * −0.668 * −0.319 −0.262 −0.377 −0.394
Phe −0.619 −0.723 * 0.663 0.632 −0.083 −0.096
Ant −0.538 −0.494 −0.203 −0.158 - a - a

ΣPAHs Flt −0.671 * −0.760 * −0.437 −0.350 −0.164 −0.208
Pyr −0.727 ** −0.768 ** −0.501 −0.443 −0.194 −0.237
BaA −0.527 −0.494 - a - a −0.100 −0.163
Chr −0.464 −0.556 −0.481 −0.537 −0.216 −0.254
BbF −0.399 −0.385 −0.226 −0.411 −0.163 −0.278
BkF −0.465 −0.468 −0.301 −0.412 −0.078 −0.203
BaP −0.672 * −0.725 * - a - a −0.193 −0.207
IcdP −0.694 * −0.740 * −0.260 −0.166 0.617 0.674 *

DahA −0.281 −0.451 - a - a - a - a

BghiP −0.874 ** −0.845 ** - a - a 0.339 0.410

Li −0.532 −0.509 0.635 0.643 0.018 −0.025
Be −0.380 −0.437 0.562 0.577 −0.055 −0.125
V −0.379 −0.271 0.586 0.552 −0.015 −0.094
Cr 0.516 0.625 0.166 0.066 −0.010 −0.061
Mn −0.359 −0.361 0.597 0.536 −0.080 −0.163
Fe −0.451 −0.446 0.619 0.577 0.016 −0.084

Heavy Co −0.411 −0.281 0.631 0.584 −0.035 −0.099
metal Ni −0.089 0.090 −0.283 −0.134 0.424 0.518

Cu −0.448 −0.465 0.622 0.589 0.144 0.113
Zn −0.404 −0.429 −0.264 −0.254 0.565 0.527
Ga −0.402 −0.310 0.524 0.498 0.248 0.246
As −0.480 −0.626 0.792 * 0.749 * −0.014 −0.099
Se −0.736 * −0.666 * −0.081 −0.182 −0.205 −0.402
Rb −0.483 −0.453 0.653 0.623 0.016 −0.059
Sr −0.351 −0.168 0.776 * 0.754 * 0.068 −0.010
Ag −0.421 −0.449 0.108 −0.060 −0.260 −0.399
Cd −0.246 −0.454 −0.460 −0.402 0.417 0.349
Cs −0.338 −0.280 0.632 0.641 0.026 −0.049
Ba −0.381 −0.165 0.529 0.507 0.322 0.350
TI −0.219 −0.179 −0.211 −0.397 −0.191 −0.226
Pb −0.324 −0.480 0.225 0.277 0.062 −0.088

** p < 0.01; * p < 0.05; a not available.

3.6. Oxidative Damage to Plasmid DNA Induced by PM2.5 under Special Weather Conditions

Previous studies found that PM2.5 pollution levels and their potential toxicity are
greatly affected by meteorological conditions [53]. During the sampling period of this
study, the collected PM2.5 had unique oxidative potential characteristics under special
meteorological conditions such as snowfall, haze and sand blowing weather, that were
encountered. As shown in Figure 6, 12 December was the first day after snowfall, and
the concentrations of each component in PM2.5 were relatively low. The TD30 values of
the whole samples and water-soluble fraction of the samples were 676 and 1330 µg/mL,
respectively, which were greater than those of other samples in the heating period; this
indicated that PM2.5 caused less oxidative damage to plasmid DNA. It was also reported
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that under the action of rainwater, some polluting gases in the atmosphere can be adsorbed
and dissolved in water, reducing the concentrations of polluting gases in the air [54].
Therefore, the high TD30 value on this day was due to the snowfall removing and washing
away toxic and hazardous substances from the atmosphere resulting in a reduction in
oxidative damage due to conditions in the atmosphere.

The samples from 22 to 26 December, which was a haze period, and 22 April, which was
sand blowing weather, both had higher mass concentration values (more than 160 µg/m3), but
their oxidative potential was different; the oxidative potential of haze particles was significantly
higher than that of dust particles. Haze pollution is an atmospheric phenomenon caused by
dust, smoke, and other dry particles masking the clarity of the sky, it is characterized by a high
density of aerosols, especially PM2.5 fine particles, in ambient air and low levels of visibility.
Due to adverse meteorological conditions and excessive emissions of air pollutants, this has
become more frequent in China in recent years and has aroused widespread public discussion
due to its negative impact on human health [55,56]. During this haze period, the visibility was
less than 5 km, the wind speed was low in the range of 0.8~1.4 m/s, and the RH was low: 83%,
81%, 83%, 80% and 80%, on 22 to 26 December, respectively. These adverse weather conditions
favor the accumulation of toxic components, further promoting greater particulate-induced
DNA damage. It can be seen that TD30 values of the whole samples and the water-soluble
fractions were 419.8 and 488.6 µg/mL, respectively, ranging from 239 to 647 µg/mL, and from
321 to 674 µg/mL (S), respectively. The results showed that the particle-induced DNA damage
increased until it reached a maximum. These results are consistent with previous studies
in Beijing [24].

Dust storms are a common phenomenon in arid and semi-arid areas. The climate of
Dushanzi is typical of the continental climate, where drought, less rain, and sandstorms
are the prominent climatic characteristics of the sand and dust period. Sand blowing
weather occurred on 22 April, and the content of each component in PM2.5 that day was
relatively high, especially the content of heavy metals. Previous studies observed that in
sand blowing weather, it is generally accepted that the particles are mainly composed of
coarse, irregular minerals, to which the heavy metal content of crustal elements contributes
significantly [57]. The TD30 values of the whole sample and the water-soluble fraction
of PM2.5 was 1458 µg/mL and 1750 µg/mL, respectively. This illustrates that the PM2.5
collected during the dust period caused relatively lower oxidative damage to plasmid
DNA, which further indicates that the toxicity of fine particles is greater than that of
coarse particles.

Figure 7 shows the backward trajectories of haze weather and dust weather arriving at
the research site. During the haze period, air mass trajectories, originating mainly from the
southern continent, moved southwestward, and crossed the Tianshan Mountains, coupling
with local emissions and resulting in the formation of hazy days. In the sand blowing
weather, the air mass mainly originated from the north of Taklimakan Desert, passed
through Kuitun City and most of the Zhungeer Basin, and finally arrived at the sampling
site with a slow speed; this confirmed the reason for the low oxidative damage of particles
from that day.
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Figure 7. Forty-eight hour back trajectories of air masses arriving at the sampling site.
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4. Conclusions

(1) The daily mass concentration of PM2.5 ranged from 22.5 µg/m3 to 233.58 µg/m3

and the average daily mass concentrations of PM2.5 gathered during the heating, dust,
and non-heating periods were 131.19 µg/m3, 69.92 µg/m3, and 39.92 µg/m3, respectively.
During the days of sand blowing and haze weather, the mass concentration exceeded
160 µg/m3.

(2) The oxidative damage caused by PM2.5 particles during the heating period was
greater than that in the non-heating and dust periods. The TD30 values for both whole
samples and water-soluble fractions tended to increase with decreasing relative humidity,
temperature, and wind speed.

(3) The concentrations of total PAHs during the heating period were greater than those
during the dust period and the non-heating period. Except for Phe in the dust season and
IcdP and BghiP in the non-heating season, the individual PAHs were negatively correlated
with TD30 values. The correlations between TD30 values and Flu, Flt, BaP, IcdP, Pyr and
BghiP were very significant during the heating period in particular. In this study, only
during the heating period, there was a weak negative correlation between heavy metals
and TD30 values.

(4) PM2.5 collected on hazy days triggered the highest oxidative damage to plasmid
DNA; on the contrary, the oxidative damage caused by PM2.5 collected on a sand blowing
day was lower. The oxidative damage caused by particles collected on the first day after
snowfall was also relatively low. Combined with the backward trajectories, it was found
that the hazy days’ air masses mainly originated from the southern continental region
and local emissions, while the sand blowing days’ air masses mainly originated from the
northern Taklimakan Desert.
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