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Heavy pollution in North China has attracted extensive attention in recent decades, and numerous studies have been conducted in
developed regions, while studies on the heavily polluted Fenwei Plain in Northwest China are still scarce. In this study, we
analyzed the continuous air pollution records of Weinan city on the Fenwei Plain from 2016 to 2020 to provide specific prevention
and control strategies for the region. From 2016 to 2020, pollutant concentrations showed an overall decreasing trend, with a slight
increase in O; concentration. The study found that during the COVID-19 lockdown period, O3 was also significantly affected by
the lockdown policy. During the prevailing COVID-19 pandemic in 2020, anthropogenic emissions were reduced due to restraints
on commercial and social activities. NO, responds sensitively during COVID-19, and PM, s has a delayed response. We applied
pathway analysis to investigate the contribution of different pollutants and meteorology to PM, 5. The results show that CO and
NO, have the largest positive comprehensive effect, while wind speed and temperature have the largest negative comprehensive
effect. Spearman’s correlation analysis shows that NO, contributes significantly to O3 production in different AQI ranges. We

advocate that the NOy should be given more attention and become the new focus of air control.

1. Introduction

Both accelerated economic growth and rapid urbanization
occurred in China during the past 40years. China’s ur-
banization rate has increased, twice as much as Economic
Reform and open up. While the economy is growing at a
high rate, it is also generating serious environmental
problems. Air pollution has always been a critical topic for
research in China, and it has attracted increasing public
attention, although the causes and influencing factors of air
pollution have never been fully explored and identified. The
long period and high-resolution air pollution observation
are needed to clarify the atmospheric pollution status in
China [1]. The increased number of private cars and con-
sumption of fossil fuels, as well as other anthropogenic
factors, have led to the high level of CO,, PM, s, PM,q, O3,

SO,, and NO, in atmosphere [2]. Globally, about 87 percent
of people live in environments with high PM2.5 concen-
trations (above standard limits set by the World Health
Organization), and in low- and middle-income countries, 90
percent of the population lives with unsafe air pollution,
according to previous studies [3]. Many surveys have studied
the link between aerosol pollution and adverse health
consequences [4-6]. For example, when PM, s binds with
PAHs, they can cause cancer and mutations linked to
pollution of the atmosphere by human activities [7]. Further
observations have shown that the type of city and its local
emissions (e.g., residents heating-derived coal combustion
emissions) have a great influence on the measured con-
centrations of air pollutants [8-10].

Air pollution (concentration, degree of pollution) varies
significantly in different areas, depending on the city, energy
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mix, and local population. The Chinese government has
taken note of the problem and adopted different solutions
for different cities, proposing a “one city, one policy” policy
for targeted governance. Therefore, we focus on Weinan city
in the Fenhe and Weihe River plain to provide reference for
the local government to control local pollution reasonably.
The data from various air quality monitoring stations can be
used to analyze the local aerosol pollution, and the estab-
lishment of air pollution forecast plays an important role
[11].

In the past, many researches concentrated on the
characteristics, sources, and mechanisms of PM contami-
nation and their negative health effects in most of Chinese
megacities (e.g., Beijing and Shanghai) were published
[12-16]. Moreover, the reduction of social activities and
business during the COVID-19 pandemic has decreased the
total emissions of air pollutants to a certain extent, but the
O; pollutant levels have not been reduced. Therefore, re-
search on changes during the COVID-19 period is beneficial
to the control of air pollution [17]. There were also some
scholars which have conducted recent studies on the Fenwei
Plain, which have examined the impact of rural solid fuel
burning on biomarkers in women and have fully explained
the air pollution-associated health hazards [18]. The char-
acteristics and potential sources of atmospheric pollutants in
Linfen area near the Weihe Plain were also reported [8].
These works concluded that the local pollution was aggra-
vated by unfavorable meteorological conditions, such as
weak wind speed, high humidity, low air temperature, and
low boundary layer height. Therefore, meteorologies have
been considered as the main factors of atmospheric pollu-
tion [19]. A city scale study (68 major cities in seven geo-
graphic regions) in China has shown that the PM,;
pollution was significantly influenced by different meteo-
rological factors and other human factors, which also pre-
sented the spatial and seasonal variation [20]. However, the
factors causing air pollution are relatively complex, different
cities have unique industrial and agricultural development
models, cultural characteristics, and geographical charac-
teristics; therefore, it is not enough to only study the air
pollution situation of big cities.

As the area surrounded by mountains, the adverse
meteorological conditions occurred frequently in Fenwei
Plain (Weinan city), which further influenced the air pol-
lution. Air pollution in the region is serious, and the gov-
ernment has issued a comprehensive air pollution control
document. The Fenwei Plain is located southwest of the
Beijing-Tianjin-Hebei “2 + 26 urban circle. It is the general
term for the Fenhe Plain, the Weihe Plain, and its terraces.
The main cities include Xi’an, Xianyang, Weinan in Shaanxi
Province, and other cities in Shanxi Province. In these cities,
including Yuncheng, Linfen, and Lvliang, government
documents encourage a focus on the air pollution situation
in the Fenwei Plain, but there are few reports on air pollution
in this region. Given that previous work is mainly interested
in large cities and neglected in small- and medium-sized
cities, we take the Weinan city (Fenwei Plain) as a case to
study the five-year air pollution. The purposes are to explore
the variations in the atmospheric pollution levels and air
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quality index (AQI) and to reveal the controlling factors of
atmospheric contaminants by using the correlation coeffi-
cient and path analysis, in particular the COVID-19 influ-
enced period during 2020.

2. Methodology

2.1. Study Region. Weinan city is located in the eastern part
of the Fenwei Plain (108°58'~110°35'E and 34°13'~35°52'N)
with a total area of 13030 km”. The terrain is centered on the
Weihe River, comprising five major mountains in the north
and south, two plateaus, and central Pingchuan. As shown in
Figure 1, the geographical location of Weinan city is sur-
rounded by the Beishan Mountains in the north and Qinling
Mountains in the south. Such natural topographical factors
make it difficult for air pollutants to spread/diffuse.

The annual average value of meteorological factors in
Weinan city from 2016 to 2020 is shown in Table 1. The
warm temperate zone with a semihumid and semiarid
monsoon climate is the characteristic of this area.
Groundwater resources are abundant in the Weinan city,
which are mainly distributed in the quaternary bedrock in
the southern and northern mountainous areas and dis-
tributed in loose rock formations in the rest of areas.

2.2. Data Sources and Processing. The monitoring data of
AQI, PM, 5, PM,,, NO,, SO,, CO, and O3 concentration in
Weinan city were taken from the China Environmental
Monitoring Centre (CEMC). According to previous studies,
the data from the CEMC are statistically reliable [21]. All
data were collected from 2016 to 2020, including daily av-
erage values of the AQI and the six air pollutants mentioned
above. The corresponding data of meteorology, including air
temperature, relative humidity, wind speed, and visibility
were taken from the China Meteorological Administration.

The AQI is an indicator to represent air quality, which is
calculated by the concentrations of the following atmo-
spheric pollutants: PM, 5, PM 4, NO,, SO,, CO, and O; [22].
The AQI value can vary between 0 and 500, the higher AQI
value indicates worse air quality. The AQI can be divided
into six degrees, that is, excellent (AQI=0~50), good
(AQI=51~100), light pollution (AQI =101~150), moderate
pollution (AQI=151~200), heavy pollution
(AQI=201~250), and severe pollution (AQI>300) [20]. The
descriptive statistics and trend graphs of the particle mass
concentration were performed by Origin 2018. Spearman’s
correlation analysis was applied to analyze the relationship
between particulate matter, meteorology data, and other
atmospheric contaminants by IBM SPSS Statistics 26.

To date, there are still many uncertainties about the
quantified source contribution of PM, 5. To obtain effective
air pollution prevention, it is necessary to carry out targeted
control by combining the different characteristics of urban
development and to adapt the measures to local conditions.
Previous research data mainly investigated the relationship
between many pollutant-related factors, but few studies
considered the indirect impact of pollutants [23]. In this
work, the path analysis (see details in [23]) was performed to
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FIGURE 1: Geography of the study area: (a) the overall location of the study area; (b) the specific location of the study area.
TaBLE 1: Annual average of meteorological factors in the study area for 2016-2020.
2016 2017 2018 2019 2020
Temperature ("C) 14.8 15.2 14.9 14.7 14.1
Relative humidity (%) 68.2 67.1 68.0 68.7 68.0
Wind speed (m/s) 1.6 1.6 1.6 1.1 1.8

explain the direct or indirect effects between different var-
iables and to better analyze the potential variations in the
concentration of particulate matter and more comprehen-
sively describes the complex relationship between particu-
late matter [24].

Path analysis was used to explain the factors of interest
either directly or indirectly in combination with path co-
efficient evaluation, mainly to clarify the influence of me-
teorological factors and Os;, SO,, NO,, and CO on
atmospheric particulate matter. The software used for the
path analysis was IBM SPSS Amos 26.0.

The general methodology and procedures of the path
analysis [23].

(i) The canonical equation of standardized linear
regression:

R_b"=R (1)

XX Xy

where R,, is the correlation matrix for xi,x,,...
xp, b5 = (b,b5,...,b5)", b7 is the direct effect of x;

J : S .
on y, ryb," is the indirect influence of x; on y

through x;, and R,,, is the correlation matrix of x to .



(ii) According to equation R,.b" =R, , the path co-
. % ] . . .

efficient b} = R( R,, is the inverse matrix of R,,.

(iii) The decision coefficient can be obtained from the

path coefficient:

2 %2
R =b, o
Rjk = Rkj = ijrjkbk,

where R? is the direct determination coefficient of x f
to y, and R is the indirect determination coeffi-
cient of x; about y through y;.

(iv) The total decision coeflicient of x; about y is R (j) =
Y
R? +j§kRjk=2 bfr]k-(b]) > ] = 1’2)~--’P'

3. Results and Discussion

3.1. Annual Average Trend of Air Pollution and PM, s/PM,
Trend Analysis. As shown in Figure 2, the overall pollutant
concentration is in a decreasing trend from 2016 to 2019. It
indicates that the effect of managing air pollutants in recent
years is relatively significant. The trend of pollutant changes
as well as the standard deviation value in the figure can be
visualized. Compared with 2016, the reduction in concen-
tration values of AQI, PM, 5, PM,, SO,, NO,, O3, and CO in
2019 is 13%, 25%, 23%, 55%, 8%, 4%, and 30%. The greatest
degree of reduction was seen in SO, and CO, with sulfur-
containing coal and incomplete combustion being among
the larger sources of these two pollutants. The concentration
of pollutants has gradually decreased by eliminating obsolete
equipment as well as improving the energy mix. China has
made significant achievements in combating air pollution in
recent years. Compared to 2019, the concentration values of
each pollutant AQI, PM, 5, PM;, SO,, NO,, O3, and CO are
in a decreasing trend in 2020, 12%, 7%, 13%, 13%, 9%, 2%,
and 11%, respectively. Due to the impact of the COVID-19
pandemic, some factory enterprises and others may be in a
semireturned state with overall lower pollutant
concentrations.

As can be seen in Figures 3(a) and 3(b), the overall
visibility is higher from January to February 2020 than from
January to February 2016-2019. Overall, this reflects lower
pollutant concentrations during the COVID-19 lockdown.
Visibility from March to May 2020 is also higher than the
same period in 2016-2019, indicating that although some
work resumed and production resumed during COVID-19,
the overall concentration of pollutants is lower and visibility
is higher. The average visibility from 2016 to 2020 was
12.1km (Figure 3(c)). The number of days with visibility
greater than 12 km from January to May 2020 is 68% and the
number of days with visibility greater than 12Km in the
same period of 2016-2019 accounts for 50%. Over the past
five years, the average visibility has shown an overall upward
trend, but the trend has been slow (Figure 3(c)). The con-
centration of atmospheric pollutants has gradually de-
creased, visibility has increased, and solar radiation reaching
the ground increased. As the photochemical reaction in-
creases, the O3 concentration increases to a certain extent
[25]. There is a positive correlation between visibility and
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FIGURE 2: Variations of AQI and air pollutants annual mean values
in Weinan city (for the convenience of calculation, the CO con-
centration in the figure is expanded by 100 times).

wind speed, while there is a negative correlation between
visibility and particulate matter concentration. Weak wind
speeds are conducive to the accumulation of contaminants,
resulting in reduced visibility. The particulate matter con-
centration in China exhibits a downward trend, but in the
eastern part of the country, 64% of the cities still have annual
PM, s mass concentrations that exceed the “China New
Standard for Ambient Air Quality Level II” (GB3095-2012)
[26]. The concentrations of PM, s in the Taihang Mountains,
Fenhe River, Weihe Plain, and Wuchang in Xinjiang are still
high, and heavy haze pollution occurs frequently in autumn
and winter [7].

In recent years, there are many studies on PM, s/PM;,
ratio, trying to reflect the proportion of fine particles in air
pollution [27]. The PM, s/PM,, ratios in major economic
regions of China revealed that more severe air pollution was
observed when the ratio PM, s/PM;, ratio was higher [28].
Previous studies have examined the characteristics of pol-
lutants at a deeper level by interpreting the meaning of
PM, 5/PM,. The study of the PM, 5/PM;, ratio in 23 cities in
China clarified the type of contamination and potential
sources of pollution to a considerable extent [29]. It is
possible that the larger the ratio is, the more severe the
secondary pollutants in the city [30]. Therefore, PM, 5/PM;,
ratio=0.5 is used to reflect the severity of secondary pol-
lution in Weinan. The overall PM, 5/PM,, ratio in Weinan
city from 2016 to 2020 was 0.52, and the winter PM, 5/PM,,
ratios from 2016 to 2020 were 0.63, 0.56, 0.53, 0.67, and 0.56
(Figure 3(d)). Research in other cities, such as Lhasa, shows
that the PM, s/PM,, ratio in winter is 0.48 [31], while the
PM, s/PM,, ratio observed in Beijing is 0.67 [32]. PM, 5 in
winter accounts for a relatively high proportion of PM,,
which indicates that PM, 5 is the main pollutant in Weinan
winter and reduces visibility.
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FIGURE 3: Visibility and wind speed trends from 2016 to 2019 and from January to May 2020 (a, b); visibility trend with time and PM, s/PM,,

ratio trend (c, d).

3.2. Impact of the COVID-19 Pandemic on Air Pollution.
The period from January 1, 2020, to May 31, 2020, was
selected as the study phase to compare the concentrations of
PM, 5, NO,, SO,, CO, and O; before the COVID-19 lock-
down with those during the lockdown and the resumption of
work and production (Figure 4). The first phase (January
1-22) is the prelockdown phase (PRF); the second phase is
China’s Spring Festival (CNYF, January 24 to February 8);
and the third phase is February 9 to 29. March, April, and
May are considered the fourth, fifth, and sixth phases, re-
spectively. The air quality has improved during the COVID-
19, which was mainly caused by the reduction in emissions
of transportation sector and the industry. In 2020, the PM, 5
concentration of the second phase (CNYF) was 12% lower
than that of the PRF phase (January 1 to January 22)
(Figure 4(b)). Compared with the first stage, the PM, s
concentrations in the third, fourth, fifth, and sixth phases
were reduced by 43%, 65%, 70%, and 81%, respectively. The
Chinese New Year is from January 24 to February 8, so the
use of firecrackers led to an increased concentration of
pollutants on February 9. As of February 29, the PM, 5
concentration was 38.8% smaller than that of the previous
period CNYF (Chinese New Year). PM, s has a slow re-
sponse and lag during the control period of COVID-19. The
average concentrations of PM, 5 in the winter of 2016-2020
were  146.91ugm™, 106.08ugm™>,  114.83ugm™>,
98.86 ugm >, and 79.31 ug m~>, which are much higher than
the concentration of 35 ug m™ in Lhasa [31], which in turn is
lower than the concentration of 144.6ugm™> in Urumgi
[33]. The number of days with daily PM, 5 concentrations
greater than 75 yg m ™ in the winter of 2016-2020 accounted

for 74%, 66%, 72%, 76%, and 61% of the total monitoring
days; the number of days with a daily concentration higher
than 150 ugm™ accounted for 38%, 21%, 27%, 18%, and
10% of the total monitoring days. From 2016 to 2019, a large
proportion of annual pollutant days can reflect severe air
pollution in this area. The main reason for the decline in
particulate concentration in 2020 is related to the lockdown
during the epidemic, so pollutant emissions during this
period were relatively low.

Generally, the transportation sector is the main factor in
reducing NO, levels. As shown in Figure 3(c), the most
significant decrease in NO, concentrations (from
50.27 g m~ in prelockdown phase to 23.06 ugm ™ in CNYF
phase) was observed in 2020. The CNYF phase was a period
during lockdown when the Chinese New Year also stopped
traffic and reduced travel, and these results indicated that
NO, was the pollutant that was most sensitive to the
lockdown policy. These results indicated that the control
measures during COVID-19 have significantly reduced
pollutant emissions caused by population movements. After
the first PRF stage, NO, was sharply decreased showing to be
more sensitive to COVID-19 lockdown compared to PM, s.
After the resumption of work on February 9th, the trans-
portation industry began to operate and a few factories
began to resume work. The NO, concentration increased
again (Figure 4(c)). As the main pollutant emitted from coal-
burning heating in winter [21], the SO, concentration de-
creased insignificantly (Figure 4(d)), indicating that coal-
fired emissions were less influenced by COVID-19 control
measures. The main reason is that coal-fired heating in
winter has not been affected by COVID-19. Therefore,
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FiGUre 4: Comparison of the concentration trends of PM, 5, NO,, SO,, CO, and O3 in 2020 and the historical concentration trends
(2016-2019). PREF represents the prelockdown period; CNYF represents the Chinese New Year.

COVID-19 control measures have a small impact on SO,,
with a relatively small range of change before and during the
lockdown in 2020, with the average value of ~11ugm™
(Figure 4(d)). In comparison with the corresponding period
in 2016-2019, the mean concentrations of PM, 5, NO,, and
SO, generally declined, indicating that the emissions of
pollutants during the lockdown period generally decreased.
Emissions from motor vehicles and factory closures have
been reduced due to lockdown and were significantly lower
in 2020 than those in the same period in 2016-2019. In
general, among these three air pollutants, NO, was the most

sensitive to variations in anthropogenic activities during the
COVID-19 lockdown in Weinan city.

Figure 4(e) shows a gradual decrease in CO concen-
trations, with an overall decrease in traffic emissions due to
factory shutdowns during the lockdown period. The ces-
sation of heating between March and May may also have
contributed to the continued decline in CO. As can be seen
in Figure 4(f), the O; concentration increased rapidly during
the Chinese Spring Festival, which was also the lockdown
period, when the overall decrease in pollutant concentra-
tions leads to a decrease in the precursors that form O3 and
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therefore O3 concentrations increase during this period.
After that (February-May), with the resumption of work
and production begins, the overall concentration of pol-
lutants increased again, and the concentration of O; grad-
ually decreased.

Overall, it can be seen that O3 responds more signifi-
cantly to the lockdown policy during the COVID-19 period
also because the lower PM, 5 represents a less effective sink
for hydroperoxy radicals (HO,), which would increase
peroxy radical-mediated O3 production (Li et al., 2019). The
above results also showed that the residential sector emis-
sions need to control [17].

3.3. Wind Pollution Rose Diagram for PM, 5. Atmospheric
contamination is influenced by various factors such as
special terrain conditions, socioeconomic development
level, and energy structure, and it is also closely related to
meteorological conditions during the polluted weather
process [34]. It can be seen in Figure 5 that the dominant
wind direction in Weinan is the northeast direction. In
spring, high concentrations of PM, 5 occur in the north and
northeast. When the wind direction is northeast and the
wind speed is 4.5m/s, high concentration values of PM, 5
appear, indicating that there may be potential pollution
sources in the northeast of the monitoring site. In summer,
when the wind direction is south and the wind speed is 1 m/
s, high concentration values of PM, 5 may appear, indicating
that there are pollution sources near the southern part of the
monitoring point.

In autumn, when the wind direction is southwest and the
wind speed is 3.5 m/s, high values of PM, 5 may easily ap-
pear, indicating that there may be obvious pollution sources
in the southwest of the monitoring point in autumn. In
winter, when the wind direction is south and the wind speed
is 0.5 m/s, the pollutant concentration reaches 344~409 ym/
m’, indicating that the pollutants are mainly produced close
to the sampling point, the static wind weather in winter is
not conducive to the diffusion of pollutants, and the ac-
cumulation of pollutants is serious.

During January to February 2020, the high concentra-
tion of pollutants was concentrated in the static wind range
with a wind speed of 0.5 m/s, produced close to the sampling
point was the main factor, and pollutants were easy to ac-
cumulate, the PM, 5 response lags after the plant shutdown
during the COVID-19 blockade, and higher values exist for a
period of time. From March to May 2020, when the wind
direction is southeast and the wind speed is 2.0 m/s, the
PM, 5 concentration is in the range of 65.5-76.0, and the
overall PM, 5 concentration is lower than the same period,
which may be related to the resumption of work and pro-
duction. At the same time, affected by the hysteresis of
PM, s, the overall pollutant concentrations were lower in
this stage. From a comparison of Figures 5(a) and 5(f), it can
be concluded that, despite the similarity of the sources, the
PM, 5 concentrations are significantly lower in the spring of
2020. When the pollutants concentration is high in the
northeast wind direction, it may be influenced by the
transport of pollutants from neighboring cities. The frequent

industrial activities in the windward cities have a great
impact on the air quality of Weinan. Therefore, the joint
prevention and control policy is very essential. Meanwhile,
weak wind speed can cause air pollutants to accumulate and
not easily spread.

3.4. Path Analysis Results. The seasonal atmospheric pol-
lutants are generally varied due to the variations in mete-
orology [35,36]. As shown in Figure 6, PM,q in the four
seasons has the greatest direct effect on PM, 5. In spring
(Figure 6(a)), RH presented the greatest positive direct effect
on PM, s, followed by O; and CO. RH has the most positive
and indirect effects are on SO, and NO,, and it has the most
negative direct effect on T. In summer (Figure 6(b)), RH
presented the highest positive direct effect on PM, s, fol-
lowed by CO; NO, has the largest negative direct effect; SO,
and NO,, O; and T have the largest positive and indirect
effects; RH, SO,, and O; have the largest negative indirect
effects. CO has the greatest direct and indirect effect on
PM, 5 in autumn (Figure 6(c)), followed by RH. O; and T
had the greatest positive and indirect effects, followed by
SO,, NO,, and CO; the pollutants with combined direct and
positive as well as indirect effects are CO, SO,, and NO,. In
winter (Figure 6(d)), CO has the greatest positive and direct
effect on PM, s, followed by RH. SO, and NO, are the most
indirectly affected, and the most significant pollutants are
CO, SO,, and NO,. The positive indirect effect is greatest for
CO and SO, and the negative indirect effect is greatest for
O; and WS. Thus, the positive combined effect of NO, and
CO is the largest, while the negative combined effect due to
wind speed and temperature is the largest. NO, and CO are
considered the main pollutants affecting Weinan PM, s. This
indicates that the incomplete combustion process of coal in
Weinan city in autumn and winter provides more CO in the
air, which affects the PM, s concentration values. The main
factor considered is incomplete combustion during the
heating process. Second, NO, is another important factor
that affects PM, 5 in multiple seasons. It can be concluded
that automobile and industrial emissions contribute to the
growth of PM,s.

3.5. Correlation Analysis of Pollutants under Different Air
Quality Indexes. The correlations between AQI values and
the air pollutants from 2016 to 2020 are shown in Table 2.
According to the six degrees of AQI values, the correlation
analysis was also calculated in different degrees, including
excellent (AQI=0~50), good (AQI=51~100), light
(AQI=101~150), moderate (AQI=151~200), heavy
(AQI=201~250), and severe pollution (AQI>300). When
the AQI is categorized as good or as heavy pollution, the
correlation between the AQI and PMI10 is best
(0.49(p < 0.01) and 0.35(p < 0.01), respectively), followed by
that with PM2.5. The correlation coefficients between AQI
and PM2.5 were significant when AQI was in 51-100,
101-150, 151-120, and 201-250 R=0.442 (p <0.01), 0.419
(p<0.01),0.341 (p < 0.01), and 0.502 (p < 0.01). It shows that
PM2.5 and PM10 are the major causes affecting atmospheric
quality. The correlation between PM2.5 and PM10 was better
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FIGURE 5: PM, s pollution roses for spring, summer, autumn, and winter 2016-2019 and PM, 5 pollution roses for January-February and
March-May 2020.
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TaBLE 2: Correlation among six air pollutants under different AQI value ranges; **represents a significance level of 0.01 (P<0.01);

*represents a significance level of 0.05 (P<0.05).

0-50 51-100

PM,s  PM,, SO, co NO, 0, PM,s  PM, SO, co NO, 0,
AQI  0366™* 0.490**  0.183*  —0.041 0.286"*  0.423**  0.442** 0.566** 0.214*  0124** 0273*  0.280**
PM, 5 1 0.732**  0.092  0.233** 0.189*  -1.37 1 0.635**  0.279**  0.388** 0.330** —0.352**
PM,, 1 0.388** 0127  0.308**  0.057 1 0.369**  0.112** 0.589**  —0.245**
SO, 1 0.357**  0.190* 0.142 1 0.636**  0.330**  —1.59**
co 1 -0.054  -0.58 1 029  -2.22%*
NO, 1 —0.247** 1 ~0.329**
0, 1 1

101-150 151-200
AQI  0419**  0369** 0217** 0.300** 0.121** —0.120"* 0.341** 0.347** 091  0171*  0.120 -0.61
PM, 5 1 0.702**  0.450** 0.754** 0.456** —0.757** 1 0.49**  0.203*  0.611** 0.234** —0.689**
PM,, 1 0.509**  0.485**  0.478**  —0.619** 1 0.346**  0.256**  0.272**  —0.466**
SO, 1 0.672**  0.520**  —0.406** 1 0.665**  0.358**  —0.243**
co 1 0.455*  —0.617** 1 0.335**  —0.537**
NO, 1 ~0.517** 1 ~0.286"*
0, 1 1
201-250 >300

AQI  0502** 0368 -0.010 0073 0140  -0.044  0.075 0.350** -027 -0158 -0215  —0.153
PM, 5 1 -0.083 0061  0247*  0302*  -0.145 1 0.476**  0.450*  0.678** 0.480**  —0.474
PM,, 1 0287 0178  0.346™  —0.98 1 0.342**  0312** 0142  -0.292"
SO, 1 0.552**  0.500**  —0.58 1 0.697*  0.444** 0175
co 1 0.381**  -0.281" 1 0.616**  —0.542**
NO, 1 ~0.238 1 ~0.557**
0, 1 1
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when AQI values were at best, good, and severe with
R=0.732 (p<0.01), 0.635 (p<0.01), and 0.476 (p<0.01),
which indicates that PM2.5 concentrations account for a
large part of PM10 variation and in agreement with the
previous studies [37,38]. When AQI indicates light, mod-
erate, heavy, and severe pollution, the correlation coeffi-
cients between CO and PM2.5 are R=0.754 (p < 0.01), 0.611
(p<0.01),0.247 (p < 0.05), and 0.678 (p < 0.01), respectively.
The next most important parameter is nitrogen dioxide, with
correlations R=0.456 (p<0.01), 0.234 (p<0.01), 0.302
(p<0.05), and 0.480 (p <0.01) for PM2.5 and NO,. Under
conditions of heavy and severe pollution, motor vehicle
emissions are the main factor affecting CO. The strong
correlation between CO and PM2.5 is due to factory and
motor vehicle emissions, while the diffuse sources of NO2
are mainly associated with automobile traffic [39]. CO and
NO2 are important factors in the formation of PM2.5.
Moreover, the main relationship between O3 and PM10,
PM2.5, SO2, CO, and NO2 was negative across each AQI
degree. The strongest correlation between NO2 and O3
(-0.56 <R<—-0.25, p<0.01) indicates that NO2 is a signif-
icant cause of the O3 formation among the five pollutants.
NO2 is an important factor in PM2.5 and O3.

4. Conclusions

This study comprehensively and systematically analyzes the
current situation of air pollution in Weinan city. The
improvement in air quality is due to strict controls (in-
dustrial closures, traffic restrictions, and strict household
segregation) during the COVID-19 lockdown period. NO,
was the most sensitive to the lockdown, O; was also sig-
nificantly affected by the lockdown policy, and the PM, 5
response was smaller and delayed. The path analysis
method analyzes PM, s and potential and direct influencing
factors. NO, is an important factor affecting PM,s in
different seasons, and CO and NO, are the main reasons
that affect PM,s. O; and NO, correlated significantly,
indicating that among the five pollutants, NO, is the most
significant factor in the O3 formation. Therefore, NO, is an
important factor for PM, s and Oj. PM, 5 is still the most
challenging problem in China’s urban pollution control.
Combining local climate and topographic features to op-
timize the geographic distribution of industries, implement
strict emission policies to reduce NO, emissions, especially
traffic emissions. In short, the problem of air pollution is
still serious, and there are differences in air pollution in
different regions. The most important thing is to take
targeted measures according to the local pollution situa-
tion. Therefore, adjust measures according to local con-
ditions to control air pollution has great significance. With
the continuous improvement of PM, s control and gov-
ernance levels, it becomes important to control the pre-
cursors of PM, s.
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