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ABSTRACT 

 
This article discussed air quality changes in the Beijing-Tianjin-Tangshan (BTT) region. The air 

quality index (AQI) values, and the concentrations of PM2.5, PM10, SO2, CO, NO2, and O3 in the BTT 
region during the COVID-19 outbreak in 2020 were, respectively, 79.4, 47.2 µg m–3, 73.4 µg m–3, 
10.3 µg m–3, 0.87 mg m–3, 33.6 µg m–3, and 90.7 µg m–3. However, they were, respectively, 102.7, 
61.4 µg m–3, 121.0 µg m–3, 9.0 µg m–3, 0.88 mg m–3, 40.1 µg m–3, and 84.0 µg m–3 during the same 
period in 2021, which is an increase of 29.2%, 30.1%, 64.8%, –12.9%, 1.94 %, 19.5%, and –7.4% 
compared with the values in 2020. The combined proportions of grade I and grade II during the 
COVID-19 outbreak in 2020 were 16.7% higher than those in the same period in 2021, so the air 
quality has deteriorated rapidly from 2020 to the post-COVID era in 2021. The possible reasons 
for poorer air quality are that the frequency of dusty weather and air pollutant discharge has 
increased, and meteorological conditions have been relatively unfavorable. The average AQI values, 
and concentrations of PM2.5, PM10, SO2, CO, NO2, and O3 during the post-COVID period in 2021 
respectively decreased by 14.8%, 29.0%, 14.6%, 22.5%, 37.4%, 14.8%, and 8.7%, compared with 
those in 2020. It is also worth noting that all the changes in air pollution during the post-COVID 
era have been consistent. The combined proportions of grade I and grade II during post-COVID 
period in 2021 were 18.4% higher than those during the same period of 2020, which indicates 
that the air quality during post-COVID 2021 has obviously improved compared with those in the 
same period of 2020. The possible reasons are a series of clean air policies and clean air actions, 
as well as favorable atmospheric diffusion conditions. These results indicate that clean air policies 
play a very important role in improving air quality. 
 
Keywords: COVID-19, Post-COVID, Air quality, PM2.5, PM10 
 

1 INTRODUCTION 
 

Up to November 14, 2021 globally, over 5, 092, 761 people have died, and 252, 826, 597 have 
been infected with COVID-19 (WHO). Efforts to control COVID-19 transmission have greatly reduced 
human social and economic activities worldwide. The Chinese government launched a lockdown 
campaign on January 23, 2020. China closed business activities, restricted travel and required 
people to stay at home starting in late January of 2020 (Guo and He, 2021). These prevention  
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and control actions are related to the air pollution during that period. 
Air pollution has a harmful influence on human health, the climate, and sustainable development 

(Guo et al., 2020). The COVID-19 pandemic has affected air quality due to changes in human 
behavior (He et al., 2020; Huang et al., 2020; Le et al., 2020). In 2020, travel restrictions in many 
cities in China greatly reduced air pollution emissions. The average air quality index (AQI) decreased 
by 7.80%, and average concentrations of PM2.5, SO2, NO2, PM10, and CO decreased by 5.9%, 6.8%, 
24.7%, 13.7%, and 4.6%, respectively (Bao and Zhang, 2020). The PM2.5 values in Shanghai, Beijing, 
Wuhan and Guangzhou during the COVID-19 period were analyzed. It was found that air pollution 
was significantly reduced because of the decrease in transportation and industrial emissions 
(Wang et al., 2020a). Variation in PM2.5 change from season to season, as well as from month to 
month, depending on crop residue burning, dust events, human activities, and traffic emissions. 
Due to the lockdown, PM2.5 in Mumbai and New Delhi fell in March of 2020, much less than in a 
similar period from 2017–2019. Similar decreases in PM2.5 were observed in Shanghai, Beijing, and 
Zaragoza. PM2.5 decreased significantly in Los Angeles and New York, in America (Chauhan and 
Singh, 2020). During COVID-19 lockdown, the concentrations of NO2, PM10, and SO2 in Salé City 
(Morocco) decreased by more than half (Otmani et al., 2020). With the exception of Yangon City 
and Ho Chi Minh City, the level of NO2 in cities in the Southeast Asia region decreased significantly 
during the COVID-19 period (Kanniah et al., 2020). The concentrations of PM10 and PM2.5 during 
the lockdown in Delhi decreased in comparison to the period prior to the lockdown, and the CO 
and NO2 levels also dropped during the lockdown period (Mahato et al., 2020). The lockdown 
caused by COVID-19 decreased transportation activity and liquidity by 90%. The air quality 
improved, and NO2 emissions were reduced by 30% (Muhammad et al., 2020). As a result of the 
COVID-19 lockdown, NO2 levels in Asian and European countries decreased significantly (Gautam, 
2020). Restrictions on human activities during the lockdown have greatly reduced the concentrations 
of environmental pollutants in China and in the United States (Shakoor et al., 2020). 

Due to the outbreak of COVID-19, nearly half of the world is partially or completely locked down, 
resulting in industrial and motor vehicle downtime and a corresponding reduction of atmospheric 
pollutant concentrations. From January 2020 to March 2020, the global concentrations of NO2 
decreased sharply (Lal et al., 2020). The prevalence of COVID-19 has thus had a great impact on 
air quality. The possible reason for this is that in the course of epidemic prevention, industrial 
production and transportation activities were greatly restricted and reduced, leading to a quick 
reduction in the emission of air pollutants (Xu et al., 2020a). 

Air pollution is very serious in northern cities in winter, and the "2 + 26" cities are the transmission 
channels of Beijing-Tianjin-Hebei air pollution. The Beijing-Tianjin-Tangshan (BTT) region is located 
in the north of China's eastern coastal zone, and is characterized by a semi-arid continental 
climate. The Beijing-Tianjin-Tangshan region is the most polluted area in China. In this article, the 
air pollution in the BTT region, including PM10, PM2.5, SO2, NO2, CO, and O3, and AQIs from 2013 
to 2021 are investigated. 
 

2 MATERIAL AND METHODS 
 

From 2013 to 2021, the air pollution in the BTT region, China (Fig. 1), is researched. The AQI 
values, and the concentrations of PM10, PM2.5, NO2, SO2, CO, and O3 in the BTT region are 
investigated (http://www.aqistudy.cn/). These data (2020-2021) are divided into two parts: 
period I (February 1 to April 30, 2020-2021); period II (May 1 to October 31, 2020–2021). Air 
pollution emissions data were gathered from the Chinese urban statistical yearbook, and data for 
meteorological elements were derived from the Meteorological Bureau. The air pollution 
emissions data included SO2 emissions (SO2 E), NOx emissions (NOx E), and particulate matter 
emissions (PM E). The meteorological data included precipitation (P), average atmospheric 
pressure (AAP), average wind speed (AWS), average atmospheric temperature (AAT), average 
relative humidity (ARH), and sunshine hours (SH). 

The AQI is a dimensionless value that quantitatively depicts the air pollution. The daily AQI 
value is computed using the 24-hour mean concentrations of PM10, PM2.5, CO, SO2, and NO2, and 
the daily maximum 8-hour concentration of O3 (Xu et al., 2020a). The six air pollution levels are 
shown in Table 1. 
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Fig. 1. Location of the Beijing-Tianjin-Tangshan region, China. 

 
Table 1. AQI scope and air quality category. 

AQI value Grade category 
0–50 I Excellent 
51–100 II Good 
101–150 III Mild pollution 
151–200 IV Moderate pollution 
201–300 V Heavy pollution 
> 300 VI Serious pollution 

 

3 RESULTS AND DISCUSSION 
 

In 2021, air pollution has varied from that in 2020 because of the COVID-19 outbreak when 
factories were closed. The Chinese government took advantage of the strictest measures to 
control the spread of the COVID-19 virus. These measures were put in place on January 23, 2020. 
After January 25, 2020, this control was enforced for about 3 months, when travel was restricted, 
after which factories gradually began operations after a long delay. In the present study, firstly, 
the air quality from 2013 to 2020 is analyzed, and then changes in air quality from the COVID to 
the post-COVID era in the Beijing-Tianjin-Tangshan region are analyzed and discussed. 
 
3.1 Long-term Changes in Air Quality over the Beijing-Tianjin-Tangshan Region 

As shown in Fig. 2, the air quality in the BTT region gradually improved on an annual basis. The 
values of PM2.5, PM10, NO2 and SO2, in the BTT region in 2013 were, respectively, 100.2 µg m–3, 
147.4 µg m–3, 59.7 µg m–3, and 66.5 µg m–3. The AQI values and levels of CO, and O3 in 2014 were, 
respectively, 128.1, 1.77 mg m–3, and 91.5µg m–3. However, they were, respectively, 44.9 µg m–3, 
71.9 µg m–3, 38.1 µg m–3, 10.2 µg m–3, 86.6, 0.91 mg m–3, and 97.8 µg m–3 in 2020. Thus, the 
values in 2020 were 60.9%, 54.5%, 38.1%, 118.8%, 32.4%, 49.0%, and 6.9%, lower than those in 
2013 and 2014. Air quality in 2020 was obviously better than that in 2013. Compared with the 
Yangtze River Delta, air pollution in the Beijing-Tianjin-Hebei region in 2019-2020 was more 
serious (Wang et al., 2021). 
 
3.2 The Relationship between the Long-term Change in Air Quality, Air 
Pollution Emissions, and Meteorological Conditions 

Air quality is mainly affected by air pollution emissions and meteorological conditions. In 2013, 
China began to significantly promote actions by which to control air pollution. In 2013, China 
publicly released an action plan for air pollution prevention and control, and in 2018, China issued  
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Fig. 2. Variations in air quality from 2013 to 2020. 

 
Table 2. Correlation coefficients between air quality, air pollution emissions, and meteorological elements. 

 
SO2 E NOx E PM E P AAP AWS AAT ARH SH 

AQI 0.915* 0.872 0.917** –0.165 –0.235 –0.406 0.320** 0.626 –0.916 
CO 0.848* 0.801** 0.918 0.066 –0.259 –0.167** 0.224 0.629 –0.881** 
O3 –0.735 –0.671 –0.854 –0.279 –0.244 0.134 0.563 –0.819 0.655 
PM2.5 0.959** 0.941** 0.916** –0.139 –0.637 –0.022** –0.536** 0.795 –0.934** 
PM10 0.966** 0.946** 0.923** –0.177 –0.621** –0.042 –0.498** 0.760** –0.927 
NO2 0.854* 0.857* 0.811* –0.13 –0.662** 0.086** –0.403 0.592** –0.847** 
SO2 0.901** 0.928** 0.779* –0.21 –0.798** 0.032** –0.682** 0.730** –0.857** 

** represents a significance level of 0.01. 
* represents a significance level of 0.05. 

 
a three-year action plan for winning the blue sky defense war. With the implementation of the 
clean air policy in the BTT region, significant declines in the AQI values and those of PM2.5, PM10, 
SO2, CO, NO2, and O3 occurred from 2013 to 2020. As shown in Table 2, the correlation coefficients 
between air quality and air pollution emissions were relatively high. Air quality (AQI values and 
concentrations of PM2.5, PM10, SO2, CO, and NO2) was shown to be positively correlated with air 
pollution emissions (SO2, NOx, and PM), while O3 was negatively correlated with air pollution 
emissions. Beijing is a VOC-limited city with a lower VOC/NOx ratio; in order to alleviate O3 
pollution, emissions of VOCs should be controlled (Li et al., 2021). 

Air quality (AQI values and concentrations of PM2.5, PM10, SO2, CO, NO2, and O3) was negatively 
correlated with the average atmospheric pressure (AAP). PM2.5 was negatively correlated with 
precipitation (P), average wind speed (AWS), average atmospheric temperature (AAT), and 
sunshine hours (SH), and was positively correlated with the average relative humidity (ARH). O3 
was negatively correlated with precipitation (P), and the average relative humidity (ARH), and 
positively correlated with the average wind speed (AWS), the average atmospheric temperature 
(AAT), and sunshine hours (SH). Favorable meteorological conditions can thus improve air quality. 

During the COVID-19 lockdown period, the uninterrupted industrial emissions and smoke in 
the surrounding areas and adverse meteorological conditions may be the reason for the abnormally 
high concentration of PM2.5 in Beijing (Gao et al., 2021). PM2.5 levels increased from the summer 
of 2019 to 2020. The increase in PM2.5 is the outcome of the enhancement of the secondary 
formation process indicated by the higher sulfate oxidation rate (SOR) and higher nitrate oxidation 
rate (NOR) in 2020. Higher SOR and NOR are mainly due to higher relative humidity and stronger 
oxidation capacity (Li et al., 2021). The reason for severe haze in Beijing-Tianjin-Hebei during the 
COVID-19 lockdown is that the increased PM2.5 concentration under adverse meteorological 
conditions was greater than the reduced PM2.5 concentration under the emissions reduction 
conditions (Zhang et al., 2021). 
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3.3 Comparison of Air Pollution between the COVID and Post-COVID Era in the 
BTT Region 

The average daily air pollutant concentrations and AQI values in the BTT region, from February 1 
to April 30, 2020–2021 are shown in Table 3. The AQI values and concentrations of PM2.5, PM10, SO2, 
CO, NO2, and O3 in the BTT region were, respectively, 79.4, 47.2 µg m–3, 73.4 µg m–3, 10.3 µg m–3, 
0.87 mg m–3, 33.6 µg m–3, and 90.7 µg m–3 during the COVID in 2020 and were, respectively, 102.7, 
61.4 µg m–3, 121.0 µg m–3, 9.0 µg m–3, 0.88 mg m–3, 40.1 µg m–3, and 84.0µg m–3 during the same 
period in 2021. Compared with the same values during the COVID outbreak in 2020, the values 
in 2021 increased by 23.2, 14.2 µg m–3, 47.6 µg m–3, –1.3 µg m–3, 0.02 mg m–3, 6.6 µg m–3, and 
–6.7 µg m–3; which was 29.2%, 30.1%, 64.8%, –12.9%, 1.94 %, 19.5%, and –7.4% higher in 2021 
than in 2020. However, these three cities have remarkable differences. The SO2 concentration 
decreased in Beijing and Tangshan, but increased in Tianjin. The CO concentration increased in 
Beijing and Tianjin, but decreased in Tangshan. It is worth mentioning that the change in the O3 
concentration is in inverse proportion to the changes in the other values. The formation of O3 in 
the Chinese cities mostly originates from an NOx (NO and NO2)-saturated state because there are 
few HOx radicals in winter (Steinfeld, 1998). Furthermore, the sharp reduction in NO2 during the 
lockdown can lead to lower levels of NO (Xu et al., 2020b), which in turn reduces the titration of 
O3 (Steinfeld, 1998). Hence, a reduction in NO2 led to the enhancement of O3 during the 
lockdown. The negative relationship between O3 and the PM2.5 mass can be attributed to the 
aerosol radiative effect on the photochemistry production and the decreased precursors of O3 (Li 
et al., 2019a; Wu et al., 2020). The increase in ozone may have been partly driven by the decrease 
in PM2.5, where the specific mechanism leading to this phenomenon is the fact that PM2.5 inhibits 
the chemical formation of ozone through the heterogeneous absorption of HO2 radicals and NOx. 
The inhibition of ozone by PM2.5 also causes ozone generation to be more affected by VOC 
emissions; that is to say, the sensitivity of ozone to reductions in NOx emissions is reduced. 
Therefore, when reducing NOx and controlling PM2.5, it is necessary to effectively control VOC 
emissions to slow down O3 (Li et al., 2019b). These results indicate that the air quality during the 
COVID lockdown in 2020 was significantly improved compared with that during the post-COVID 
end to such restrictions in 2021 in the BTT region. 

The possible reasons for poorer air quality in the Beijing-Tianjin-Tangshan region from February 
to March in 2021 are as follows: Firstly, the frequency of dusty weather has increased. Several 
dusty weather events occurred from February to March, and the dusty days in the BTT region in 
2021 exceeded the total of the same period from 2017 to 2020 (Yin et al., 2021). Secondly, 
meteorological conditions in the BTT region in 2021 were relatively unfavorable compared to the 
same period in 2020. From February to March, the surface temperature and humidity in 2021 
were higher, and the atmospheric temperature inversion intensity was stronger than that of the 
same period in 2020. In general, the atmospheric diffusion conditions in 2021 were less favorable 
than in 2020 (Yin et al., 2021). Thirdly, pollutant discharge levels in the BTT region from February-
March in 2021 were higher than in 2020. In the spring of 2020, economic development was 
significantly affected by COVID. In 2021, the epidemic was effectively brought under control, the 
overall economic situation improved, and social and economic activities resumed rapidly after the 
Spring Festival, leading to an annual increase in pollution emissions. In periods of heavy pollution, 
it is common for industrial enterprises in the BTT region to fail to implement emission reduction 

 
Table 3. Basic air quality statistics during the COVID outbreak in 2020 (and the same period in 2021) (unit: µg m–3(CO (mg m–3))). 

Region Time AQI PM2.5 PM10 SO2 CO NO2 O3 
Beijing 2020 75.7 42.7 59.0 4.0 0.59 24.7 89.7 

2021 104.0 59.7 117.3 3.3 0.65 30.0 83.0 
Tianjin 2020 79.0 48.0 69.3 8.7 0.77 34.7 93.3 

2021 97.3 58.7 113.7 9.3 0.85 42.0 85.0 
Tangshan 2020 83.7 51.0 92.0 18.3 1.24 41.3 89.0 

2021 106.7 66.0 132.0 14.3 1.15 48.3 84.0 
BTT 2020 79.4 47.2 73.4 10.3 0.87 33.6 90.7 

2021 102.7 61.4 121.0 9.0 0.88 40.1 84.0 
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Table 4. Basic statistics revealing the proportions of air quality grades (%) during the COVID 
outbreak in 2020 (and the same period in 2021). 

Region Time I II III IV V VI 
Beijing 2020 36.7 46.7 7.8 4.4 4.4 0.0 

2021 19.1 44.9 18.0 10.1 2.2 5.6 
Tianjin 2020 26.7 47.8 21.1 2.2 2.2 0.0 

2021 16.9 48.3 25.8 4.5 2.2 2.2 
Tangshan 2020 18.9 56.7 17.8 3.3 3.3 0.0 

2021 10.1 43.8 32.6 7.9 3.4 2.2 
BTT 2020 27.4 50.4 15.6 3.3 3.3 0.0 

2021 15.4 45.7 25.5 7.5 2.6 3.4 
 

measures according to regulations, to reduce emission reduction requirements, and even to 
evade scrutiny by any means possible. 

We also counted the proportion of AQI grades from the COVID lockdown to post-COVID 
unrestricted era in the BTT region, respectively. It can be seen from Table 4, in the BTT region, 
from the COVID outbreak in 2020 to the post-COVID era in 2021, the proportions of grades I, II, 
III, IV, V, and VI were 27.4%, 50.4%, 15.6%, 3.3%, 3.3%, 0.0%; 15.4%, 45.7%, 25.5%, 7.5%, 2.6%, 
and 3.4%, respectively. The combined proportions of grades I and II during the COVID outbreak 
2020 were 77.8% higher than those in the post-COVID era in 2021, which indicates that the air 
quality during the COVID outbreak in 2020 was obviously improved compared with that in the 
post-COVID era in 2021. 

The possible reason for this improvement is that during the COVID-19 epidemic, social and 
economic activities, such as transportation and industrial production activities were dramatically 
restricted, leading to a rapid reduction in the emission of air pollutants from vehicle exhaust and 
industrial production.  

During the epidemic control period, the significant decrease in human activity, especially the 
sharp reduction in traffic emissions (more than a 70% reduction compared with the same period 
in former years), led to a reduction in NOx and primary emissions of particulate matter. However, 
because of the "titration" effect of nitric oxide on ozone and the nonlinear response of ozone 
formation to nitrogen oxides and volatile organic compounds, this led to a significant increase in 
the ozone concentration from the Yangtze River Delta to Beijing-Tianjin-Hebei (Huang et al., 2020). 
 
3.4 Air Quality Changes during the Post-COVID Era in the BTT Region 

We also conducted a statistical analyses of air quality in the BTT region, from May 1 to October 
31, 2020-2021, for which the results are shown in Table 5. The average AQI values, and concentrations 
of PM2.5, PM10, SO2, CO, NO2, O3 were, respectively, 97.7, 37.6 µg m–3, 64.5 µg m–3, 9.1 µg m–3, 
0.84 mg m–3, 33.8 µg m–3, and 128.0 µg m–3 during the post-COVID period in 2020. However, they 
were, respectively, 83.2, 26.7 µg m–3, 55.1 µg m–3, 5.7 µg m–3, 0.71 mg m–3, 26.2 µg m–3, and 116.9 
µg m–3 during the post-COVID period in 2021, which is a decline of 14.8%, 29.0%, 14.6%, 22.5%, 
37.4%, 14.8%, and 8.7%, compared with that in 2020. It is also worth mentioning that the change 
in the O3 concentration was consistent with the changes in the other values. It is also worth noting 
that all the changes in air pollution during the post-COVID era (2020–2021) were consistent. 
However, these three cities have noteworthy differences, with decreases in the SO2 concentration 
in Beijing and Tangshan, and increases in Tianjin. These results indicate the air quality during the 
post-COVID period in 2021 was obviously improved compared with the same period in 2020 in 
the BTT region. 

We also counted the proportions of the AQI grades in the BTT region during the post-COVID 
era in 2020 (and the same period in 2021), respectively. It can be seen from Table 6, that in the 
BTT region, during the post-COVID era in 2020-2021, the proportions of grades I, II, III, IV, V, and 
VI were 15.2%, 49.6%, 28.1%, 6.3%, 0.7%, and 0.0%; 23.4%, 55.8%, 17.4%, 2.4%, 0.9%, and 0.2%, 
respectively. The combined proportions of grade I and grade II during post-COVID era in 2021 
were 14.3% higher than those in the same period in 2020, which indicates that the air quality 
during the post-COVID era in 2021 was obviously improved compared with that in the same 
period in 2020. 
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Table 5. Basic air quality statistics during the post-COVID era in 2020 (and the same period in 2021) 
(unit: µg m–3(CO (mg m–3))). 

Region Time AQI PM2.5 PM10 SO2 CO NO2 O3 
Beijing 2020 84.7 33.8 53.7 3.2 0.60 26.0 122.5 

2021 69.5 20.3 44.0 3.0 0.54 19.8 110.0 
Tianjin 2020 90.7 38.5 60.2 7.0 0.84 32.8 131.7 

2021 80.8 28.0 56.0 7.2 0.79 28.5 121.8 
Tangshan 2020 93.0 40.5 79.7 17.0 1.07 42.5 129.8 

2021 81.2 31.8 65.2 6.8 0.81 30.2 118.8 
BTT 2020 97.7 37.6 64.5 9.1 0.84 33.8 128.0 

2021 83.2 26.7 55.1 5.7 0.71 26.2 116.9 

 
Table 6. Basic statistics for the proportions of air quality grades (%) during the post-COVID era in 
2020 (and the same period in 2021). 

Region Time I II III IV V VI 
Beijing 2020 22.8 44.0 28.8 3.3 1.1 0.0 

2021 37.0 47.8 13.6 1.1 0.5 0.0 
Tianjin 2020 15.2 48.4 29.9 6.0 0.5 0.0 

2021 16.8 58.7 20.7 2.7 1.1 0.0 
Tangshan 2020 7.6 56.5 25.5 9.8 0.5 0.0 

2021 16.3 60.9 17.9 3.3 1.1 0.5 
BTT 2020 15.2 49.6 28.1 6.3 0.7 0.0 

2021 23.4 55.8 17.4 2.4 0.9 0.2 

 
The air quality from May to October 2021 is better than that in the same period in 2020. The 

main reasons are as follows. Firstly, Atmospheric diffusion conditions are favorable. Meteorological 
elements such as wind speed and frequency of north winds in 2021 during the observation period 
were at good levels compared with 2020, and the horizontal diffusion conditions were also 
relatively good. At the same time, the precipitation was relatively low, only about half of the same 
period from 2008 to 2020 (Xue et al., 2020, 2021). The relative humidity is also low, which is not 
conducive to the generation and transformation of secondary pollutants in PM2.5. 

Secondly, the Chinese government has adopted a series of clean air policies and clean air 
actions. In 2021, China's Ministry of Ecology and Environment announced an air quality improvement 
goal called the 14th Five-Year Plan. Preliminarily considering 337 cities, PM2.5 is expected to decrease 
by 10% annually, and the number of excellent days is expected to increase to 87.5%. The Chinese 
government has carried out tracking research on the “one city, one policy” for the purpose of 
coordinated prevention and control of fine particulate matter and ozone pollution, while focusing 
on pollution prevention and control and, jointly promoting the financing of major ecological and 
environmental protection projects and, improving and optimizing the law enforcement leading to 
ecological and environmental protection. 

The Chinese government has vigorously promoted the adjustment of the industrial structure, 
actively promoting the optimization of the energy structure and accelerating adjustments to the 
transportation sector. It has also promoted the remediation of non-point source pollution and 
promoted in-depth emission treatment of industrial enterprises. It has also increased collaborative 
emission reductions in VOCs and NOx, strengthened the collaborative control of PM2.5 and ozone 
(O3), and promoted the synergy of pollution reduction and carbon reduction. 
 
3.5 Monthly Variations in Air Quality 

As shown in Fig. 3, in the BTT region during January–October 2020, the average AQI values 
were 116, 91, 69, 79, 84, 117, 104, 86, 64, and 82, respectively, while those during January–
October 2021 averaged 83, 96, 139, 73, 86, 87, 79, 80, 65, and 65, respectively, which were 
–28.7%, 5.5%, 102.4%, –7.2%, 2.4%, –25.4%, –23.7%, –6.6%, 2.6%, and –21.1% higher than those 
during January–October 2020, respectively. 
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Fig. 3. Comparison of monthly variations in the AQI in the Beijing-Tianjin-Tangshan region from 
2020 to 2021. 

 
Atmospheric particulate matter (PM) is a mixture of dust, inorganic ions, organic components, 

etc. PM2.5 refers to a PM concentration of less than 2.5 µm. It is easily accumulated in the human 
airway and affects human health (Zhang and Routledge, 2020). PM10 refers to a PM concentration 
of less than 10 µm. It is mainly derived from vehicle exhaust, fuel combustion, industrial 
emissions, and dust entrainment (Wang et al., 2020b). Artificially made sulfur dioxide (SO2) is 
mainly derived from oil, coal, and petroleum (Ebrahimi and Qaderi, 2021). Carbon monoxide (CO) 
is mainly produced by incomplete burning of fossil and biomass fuels (Zhao et al., 2020). Nitrogen 
dioxide (NO2) mainly comes from the combustion of fossil fuels, industrial emissions, and traffic 
emissions (Zhao et al., 2020). Ozone (O3) is a secondary pollutant formed in the atmosphere 
because of reactions between other pollutants emitted mainly by power plants, industries, and 
automobiles (Zoran et al., 2020). O3 mainly originates from the photochemical formation of volatile 
organic compounds (VOCs) and NOx, and ozone precursors (VOCs and NOx) mostly derived from 
fuel combustion and industrial sources. VOC emissions also come from natural sources. HOx 
mainly comes from photochemical oxidation of water vapor and photolysis of hydroxyl groups. 
Therefore, ozone pollution is most serious in summer (Li et al., 2019b). 

As shown in Fig. 4(a), in the BTT region during January–October 2020, the PM2.5 concentrations 
averaged 86, 64, 49, 50, 46, 50, 45, 36, 28, and 50 µg m–3, respectively, while those during 
January–October 2021 averaged 49, 66, 79, 40, 32, 26, 21, 22, 22, and 37 µg m–3, respectively, 
which were –43.2%, 2.6%, 61.2%, –20.7%, –31.2%, –47.0%, –53.7%, –38.5%, –20.2%, and –26.7% 
higher than those during January–October 2020, respectively. 

As shown in Fig. 4(b), from January-October 2020, the PM10 concentrations averaged 103, 73, 
69, 79, 69, 78, 58, 50, 50, 47, and 85 µg m–3, respectively, while those from January–October 2021 
averaged 96, 100, 174, 89, 86, 53, 38, 44, 46, and 64 µg m–3, respectively, which were –6.8%, 
37.0%, 153.9%, 12.7%, 24.0%, –31.6%, –35.4%, –12.1%, –2.8%, and –24.4% higher than those 
from January–October 2020, respectively. 

As shown in Fig. 4(c), from January-October 2020, the SO2 concentrations averaged 16, 11, 9, 
11, 10, 11, 8, 7, 8, and 9 µg m–3, respectively, while those from January-October 2021 averaged 
11, 11, 8, 8, 6, 6, 4, 5, 6, and 7 µg m–3, respectively, which were –31.3%, –3.0%, –10.7%, –25.0%, 
–36.7%, –47.1%, –48.0%, –36.4%, –25.0%, and –28.6% higher than those from January–October 
2020, respectively. 

As shown in Fig. 4(d), from January-October 2020, the CO concentrations averaged 1.47, 1.17, 
0.73, 0.69, 0.81, 0.87, 0.85, 0.89, 0.82, and 0.78 mg m–3, respectively, while those from January–
October 2021 averaged 1.03, 1.08, 0.92, 0.64, 0.59, 0.73, 0.70, 0.76, 0.80, and 0.70 mg m–3, 
respectively, which were –29.9%, –7.4%, 25.3%, –7.0%, –27.3%, –15.9%, –17.1%, –15.2%, –1.8%, 
and –11.0% higher than those from January–October 2020, respectively. 

As shown in Fig. 4(e), from January–October 2020, the NO2 concentrations averaged 54, 33, 
35, 33, 32, 31, 27, 28, 35, and 50 µg m–3, respectively, while those from January–October 2021 
average 44, 39, 45, 36, 26, 25, 17, 22, 27, and 41 µg m–3, respectively, which were –18.6%, 19.4%,  
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Fig. 4. Comparison of monthly variations in air pollutant concentrations in the Beijing-Tianjin-
Tangshan region from 2020 to 2021. 

 
29.8%, 9.0%, –18.9%, –20.4%, –37.0%, –21.7%, –21.9%, and –19.2% higher than those from 
January–October 2020, respectively. 

As shown in Fig. 4(f), from January–October 2020, the O3 concentrations averaged 50, 65, 85, 
121, 125, 172, 160, 135, 104, and 72 µg m–3, respectively, while those from January–October 2021 
averaged 47, 70, 76, 106, 122, 141, 131, 134, 109, and 63 µg m–3, respectively, which were –5.4%, 
7.1%, –10.5%, –12.9%, –1.9%, –18.2%, –18.3%, –0.2%, 5.1%, and –12.0% higher than those for 
the period January–October 2020, respectively. 

Especially in March 2021, the average AQI values and concentrations of PM2.5, and PM10 were 
102.4%, 61.2%, and 153.9% higher than those in 2020, respectively. Those from April to October 
2021 were lower than those from April to October 2020, except for the AQI values in May and 
September, PM10 in April–May, NO2 in April, and O3 in September. 

These results indicate that the air quality from February–April 2021 was clearly worse than 
that in 2020, but the air quality from May–October 2021 was significantly better than that in 
2020. The improvements in air quality from February–April 2020 were attributed to epidemic 
prevention, which resulted in lowered transportation and industrial emissions. However, the 
improvement of air quality from May–October 2021 was attributed to clean air policies. 
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Fig. 5. Monthly changes in the proportions of air quality grades in the Beijing-Tianjin-Tangshan region in 2020 and 2021. 

 
We also calculated the AQI grades in the BTT region from January–October 2020 and those for 

2021, respectively. As shown in Fig. 5, in January 2020, the proportions of grades I, II, III, IV, V, and 
VI were 11.8%, 47.3%, 17.2%, 5.4%, 18.3%, and 0.0%, respectively. But those in 2021 were 19.4%, 
49.5%, 26.9%, 4.3%, 0.0%, and 0.0%, respectively. From January 2020 to January 2021, the 
combined proportions of grade I and grade II increased from 59.1% to 68.8%, but the combined 
proportions of grades IV, V, and VI increased from 40.9% to 31.2%, which indicates that the air 
quality had greatly improved. 

In February 2020, the proportions of grades I, II, III, IV, V, and VI were 32.2%, 34.5%, 18.4%, 
6.9%, 8.0%, and 0.0%, respectively. However, in February 2021, the proportions of AQI grades I, 
II, III, IV, V, and VI were 21.4%, 39.3%, 23.8%, 8.3%, 7.1%, and 0.0%, respectively. From February 
2020 to February 2021, the combined proportions of grade I and grade II decreased from 66.7% 
to 60.7%, but the combined proportions of grades III, IV, V, and VI increased from 33.3% to 39.3%, 
which indicates that the air quality had dramatically deteriorated during that period. 

It can be seen that from March to October 2020, the combined proportions of grade I and 
grade II were 87.1%, 78.9%, 75.3%, 38.9%, 45.2%, 69.9%, 88.9%, and 71.0%, respectively. 
However, from March to October 2021, the combined proportions of grade I and grade II were 
34.4%, 88.9%, 73.1%, 72.2%, 73.1%, 84.9%, 83.3%, and 88.2%, respectively. It can be seen that 
from March 2020–2021 to October 2020–2021, the combined proportions of grade I and grade II 
increased by –52.7%, 10.0%, –2.2%, 33.3%, 28.0%, 15.1%, –5.6% and 17.2%, respectively, while 
the combined proportions of grades III, IV, V, and VI increased by 52.7%, –10.0%, 2.2%, –33.3%, 
–28.0%, –15.1%, 5.6%, and –17.2%, which indicates that the air quality from April–October 2021 
dramatically improved, but the air quality in March 2021 dramatically deteriorated. 
 

4 CONCLUSIONS 
 
Air quality has markedly changed from the COVID to post-COVID era in the Beijing-Tianjin-

Tangshan region in China. The AQI values and concentrations of PM2.5, and PM10 in the BTT region 
from February–April 2021 were respectively 29.2%, 30.1%, and 64.8% higher than those in 2020. 
However, the average AQI values and concentrations of PM2.5, PM10, SO2, CO, NO2, and O3 from 
May–October 2021 were respectively 14.8%, 29.0%, 14.6%, 22.5%, 37.4%, 14.8%, and 8.7% lower 
than those in 2020. 

It is expected that the implementation of active clean air policies will lead to remarkable 
improvements in air quality. Despite the remarkable air quality improvements introduced by the 
action plan, air pollution in the BTT region remains severe. On September 22, 2021, the World 
Health Organization (WHO) issued global Air Quality Guidelines (AQG2021). Air pollutant 
concentrations in the BTT region remain higher than the AQG. 

The COVID-19 epidemic has had an important impact on the air pollution in the Beijing-Tianjin-
Tangshan region in unprecedented ways. Reduction of social and economic activities plays a very 
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important role in improving air quality. This study is helpful to understand the significance of 
limiting human activities in an effort to reduce environmental pollutants. 

The COVID-19 outbreak caused unprecedented artificial emission reductions from transportation 
and manufacturing and the subsequent city lockdowns. This offered a unique opportunity to 
estimate the interaction between emissions, chemistry, and meteorology. This study was an 
attempt to estimate the influence of the COVID-19 containment measures on unexpected air 
pollutants in the Beijing-Tianjin-Tangshan region. A more complete estimate would take into 
account other factors, e.g., meteorological factors, through utilization of chemical transport models 
in which emissions would be kept at their original grade, where variations in concentration are 
only caused by variations in emergency emissions due to an emergency. Because the COVID-19 
pandemic is still continuing at the global level, future work is urgently needed to identify the 
causal relationship between air pollution and COVID-19. 

The Chinese government has put forward a goal of a carbon peak and carbon neutralization, 
and has issued an action plan for reaching the carbon peak by 2030. During the 14th Five-Year Plan 
for the National Economic and Social Development of China, the Chinese government will 
collaboratively control air pollutants and greenhouse gas emissions while, promoting four 
structural adjustments in the industry, energy, transportation, and land use. 
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