
Iranica Journal of Energy and Environment 15(4): 444-451, 2024 

 
Please cite this article as: Johnson AC. Assessment of Air Pollution Changes during COVID-19 Pandemic in Jiangsu Province of China from 2018 
to 2021, Iranica Journal of Energy and Environment, 2024, 15(4):444-51. Doi: 10.5829/ijee.2024.15.04.11 

 
 

Iranica Journal of Energy & Environment 
Journal Homepage: www.ijee.net 

IJEE an official peer review journal of Babol Noshirvani University of Technology,  ISSN:2079-2115 

 
 

Assessment of Air Pollution Changes during COVID-19 Pandemic in Jiangsu Province 

of China from 2018 to 2021 
 
A. C. Johnson* 
 
NUIST Reading Academy, 219 Ningliu Road, Nanjing, Jiangsu, 210044, P.R. China 

 

 

P A P E R  I N F O  

 
 

Paper history: 
Received 24 October 2023 
Accepted in revised form 03 April 2024 

 
 

Keywords: 
Criteria air pollutants 
Lockdown 
Pandemic 
Particulate matter 
Spearman’s correlation 
 
 
 
 
 
 
 
 
 

A B S T R A C T  

 

The COVID-19 pandemic, which began during early 2020, had been a worldwide problem, 
resulting in significant fatalities. In China, the pandemic resulted in strict lockdowns, restricted 
movement, and reduced transportation. This resulted in improvement of air quality in many 
cities in China. The objective of the study is to compare the nature of air quality pre-COVID 
period (2018-2019) and during COVID period (2020-2201). The following air quality 
parameters were investigated, air quality index (AQI), particulate matter (PM2.5 and PM10), 
sulphur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), and carbon monoxide (CO). The 
present investigation results will augment to the current understanding on the air pollution 
situation during the COVID-19 pandemic in Jiangsu Province in China. The study revealed that 
air quality in Jiangsu Province improved during the months when COVID-19 positive cases 
increased. The reduction in air pollutants concentrations started during 2020 and reached a 
maximum during 2021. Overall the air quality index (AQI) improved by 8.2 % and air pollutant 
reductions achieved were, PMs (≈ 21%), SO2 (26.2 %), NO2 (13.6 %), O3 (2.4 %) and CO (10.4 
%). Cities in Jiangsu Province with high air pollutant concentrations achieved a moderate 
reduction. The correlation between air pollutants and AQI was positive except for O3. The 
implications of the study are, reduction of fossil fuel powered vehicles and industrial activity can 
make notable positive impact on the air quality of the region.  

doi: 10.5829/ijee.2024.15.04.11 
 

 
 

INTRODUCTION1 
 
One of the widespread pandemics of the 21st century was 

the COVID-19 pandemic. Till date, more than 700 

million people have been infected and over 7 million 

people have died (1). The COVID-19 originated during 

November-December 2019 in China, through Wuhan as 

the epicentre. In March 2020, COVID-19 was 

characterized as a pandemic by the world health 

organisation (2). With the rapid spread of the disease and 

increase in the number of deaths worldwide, countries 

implemented lockdown measures. It started with days, 

extended to weeks, and further continued to months. The 

period of lockdown varied among the counties and 

depended on the number of cases tested positive for 

COVID-19. Lockdowns were either followed nationwide  
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or were decided by different states or provinces in the 

country based on COVID-19 positive data. For instance, 

Austria had four lockdown periods from 2020 to 2021, 

first lockdown during March-April 2020 (28 days), 

second lockdown during November 2020 (27 days), third 

lockdown during December 2020-February 2021 (43 

days), and the fourth lockdown during November-

December 2021 (27 days). Similarly, in Canada, different 

provinces had different periods of lockdown. British 

Columbia had two lockdowns, first during March-May 

2020 (61 days) and second during November 2020-

January 2021 (62 days). Ontario in Canada also had two 

lockdowns, the first during March-May 2020 (58 days) 

and the second during April-May 2021 (28 days) (3). 

China introduced the zero COVID policy and followed 

strict lockdowns, mass testing and quarantine measures to  
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curb the spread of the COVID-19 virus. During this 

period there were restrictions to personal movements and 

traffic. The thirteen cities in Jiangsu Province in 

Mainland China had lockdown periods between January-

May 2020 (4). Lockdowns in Jiangsu Province also 

extended into 2021 during the months of February and 

July (5). The forced restrictions in vehicle movement and 

closure of industries worldwide had a significantly 

positive impact on air pollution (6). Anthropogenic air 

pollution is a major concern today in the context of health 

effects and climatic changes. It is related to various 

ailments such as respiratory diseases, lung cancer, 

cardiovascular diseases, diabetes, problems related to 

gastrointestinal system, urinary system, neurologic, and 

psychiatric system, affects the immune system, and 

causes premature mortality (7). Air quality study 

conducted by Filonchyk and Peterson (8) in Shanghai, 

China has shown that during lockdown in 2020 the air 

pollutants PM2.5, PM10, SO2, NO2, and CO decreased by 

9 %, 77 %, 31.3 %, 60.4 %, and 3 %. Mahato et al. (9) 

observed > 50 % reduction in the concentration of PM2.5 

and PM10 in Delhi, India, during the lockdown. Another 

study conducted in Mexico City showed that during the 

phase 3 lockdown, NO2 decreased by 43 %, PM10 by 20 

%, and PM2.5 by 32 % (10). The above researches have 

shown that air quality in different counties has improved 

and the air pollutants have decreased in various 

magnitudes.  

The objective of the current study is to quantify the 

improvement in air quality index (AQI) and decrease in 

six criteria air pollutants in Jiangsu Province during the 

period 2018 to 2021, before and during the COVID-19 

pandemic periods. The current study connecting COVID-

19 and air quality improvement in Jiangsu Province from 

2018 to 2021 is relatively new. 

 

 

MATERIAL AND METHODS 
 
Jiangsu Province is located on the east coast of China with 

Nanjing as the provincial capital. It has a total area of 

102,600 km2 with the estimated population of 84.7 

million (11). There are thirteen cities in Jiangsu Province, 

and they are Xuzhou (XZ), Lianyungang (LG), 

Changzhou (CZ), Wuxi (WX), Suzhou (SZ), Yancheng 

(YC), Nantong (NT), Suqian (SQ), Huai’an (HU), 

Nanjing (NG), Yangzhou (YZ), Zhenjiang (ZJ), and 

Taizhou (TZ). Criteria air pollution data were collected 

for all thirteen cities. The air pollution data of Jiangsu 

Province cities were obtained from the China air quality 

online monitoring and analysis platform (aqistudy.cn). 

The criteria air pollutants considered in the study were 

particulate matter (PM2.5, PM10), ozone (O3), nitrogen 

dioxide (NO2), sulphur dioxide (SO2), carbon monoxide 

(CO), and air quality index (AQI) to determine the level 

of pollution. The mean of everyday data was used to 

calculate the average monthly mass concentration of 

atmospheric pollutants. The study focused on 

understanding the changes in the criteria air pollutants 

from January 2018 to December 2021. Percentage 

calculation, data processing and graph generation was 

performed using Microsoft Excel 2010  and data 

correlation analysis was performed using the statistical 

software SPSS 25. Bivariate associations of the air 

pollution data were performed using Spearman’s 

correlation coefficient. The data were segregated into two 

periods, pre-COVID (2018 and 2019) and during COVID 

(2020 and 2021). The average values were used in the 

analysis. The following criteria were used for the 

correlation coefficient interpretation: 0.90-1.0 very strong 

correlation; 0.70-0.89 strong correlation; 0.50-0.69 

moderate correlation; 0.30-0.49 weak correlation, and < 

0.30 very weak correlation (12). The COVID-19 cases 

data during 2020 and 2021 in Jiangsu Province were 

obtained from the website (13). 

 

 

RESULTS AND DISCUSSION 
 

Monthly variation of AQI and air pollutants 

Air pollution is a major problem faced by the world due 

to its various negative impacts and needs urgent attention. 

With the spread of the COVID-19 pandemic and 

implementation of lockdowns, a reasonable reduction in 

air pollution was achieved globally. The nature of air 

quality in a region is also influenced by changes in 

climatic conditions (14). Monthly average values of air 

pollutant concentrations and AQI across the thirteen cities 

in Jiangsu Province were systematically studied during 

pre- and during COVID periods. The AQI values showed 

a variable trend, although a decrease was observed when 

compared to the pre-COVID period (see Figure 1). The 

values fluctuated with sudden increases and decreases 

over the months. The AQI values decreased by 30.7 % 

during February and increased by 11.2 % in September 

during the pandemic. During the pre-COVID period, air 

quality was good during April and August, when the AQI 

values were the least. While during COVID, the 

minimum values occurred during February, July, and 

October. This is attributed to the lockdown periods that 

were introduced with the identification of new COVID 

positive cases. Figure 1 gives evidence for the 

improvement in air quality during the pandemic period. 

Lower the AQI values better is the air quality. However, 

an opposite trend was observed during the months 

immediately after the lockdowns. 

During the pandemic period in January, AQI 

decreased by 14.5 %. A study by Ai et al. (15) has also 

shown that AQI values decreased by 21.97 % during the 

initial pandemic period (25 January-24 February 2020), 

compared to the pre-pandemic periods in Jiangsu 

Province. Significant particulate matter (PM2.5 and PM10) 

reductions were observed during the month of February 

(38.6 % and 38.2 %). These reductions are predominantly  
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Figure 1. Monthly variation of AQI in Jiangsu Province pre-

COVID (2018-2019) and during COVID (2020-2021) 

lockdown periods 

 

 
due to the travel restrictions resulting from an increase in 

the number of COVID cases, as roads are an important 

source of PMs. However, this decline changed during 

August to 1.1 % (PM2.5) and 4.2 % (PM10) and started to 

increase during December. SO2 concentration changes 

during the months are presented in Figure 2. Maximum 

reduction was evidenced during February (41.1 %) and 

minimum was observed during December (0.7 %). 

Similarly, plausible reductions were observed for CO (26 

%) and NO2 (36.5 %) during the month of February. On 

the contrary, O3 reductions were maximum during July 

(15 %), while an opposite trend was observed during 

February and December (increased by 11.8 % and 11.6 

%). 

Comparing the pre-COVID period, maximum 

reductions in AQI values and other air pollutants (PM2.5, 

PM10, SO2, CO, and NO2) were during the month of 

February, and for O3 it was during July. This is attributed  

 

 

 
Figure 2. Monthly variation of SO2 in Jiangsu Province pre-

COVID (2018-2019) and during COVID (2020-2021) 

lockdown periods 

to the lockdowns and restrictions in movement in various 

cities in Jiangsu Province. The reduction of O3 is because 

of the reduction in precursors (NOx and VOCs). Similar 

observations have been made by other researchers, 

however, during different periods of study (4, 15, 16). 

During the months of February and July, there was a 

significant reduction in the AQI and air pollutant 

concentration values. However, in August, the reduction 

decreased and some of the pollutant concentrations 

started increasing. This change can be linked to a return 

to normalcy (post-lockdown period in the regions). This 

change in air quality based on the COVID-19 cases has 

also been observed by Xu et al. (17) in cities in China. 

 
Yearly variation of AQI and air pollutants 

Annual average AQI and air pollutant values across the 

region were analyzed and data are presented in Figure 3. 

The AQI values increased by 5.7 % from 2018 to 2019 

during the pre-COVID year. Following COVID 

pandemic AQI decreased by 10.5 % in 2020 and by 11 % 

during 2021. The AQI and air pollutant concentration 

reductions are evident from different studies considering 

the pre-COVID and during COVID pandemic periods (4, 

18–20). The levels of PM2.5 and PM10 fluctuated, with 

gradually decreasing (2.3 %) and increasing (3.3 %) from 

2018 to 2019. During the COVID pandemic, PM2.5 and 

PM10 levels decreased by 13.3 % and 18.5 % in 2020 and 

further in 2021 decreased by 27.6 % and 25.2 % 

compared to the pre-pandemic year 2019. Even though 

the PM2.5 and PM10 concentrations decreased 

considerably during the pandemic years, when compared 

to the 2021 annual WHO air quality guidelines (AQGs, 

Table 1 (21)) the concentrations were 86.8 % and 74.8 % 

higher in 2020, and 84.2 % and 72.6 % in 2021. This is 

because of the high background levels of air pollutants. 

 

 

 
Figure 3. Yearly variation of AQI and air pollutants in 

Jiangsu Province from 2018-2021 
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Table 1. WHO Air quality guidelines (AQGs) for criteria air 

pollutants 

Air Pollutant Averaging Time 2021 AQGs 

PM2.5 (g/m3) 24-hour/Annual 15/5 

PM10 (g/m3) 24-hour/Annual 45/15 

SO2 (g/m3) 24-hour 40 

NO2 (g/m3) 24-hour/Annual 25/10 

O3 (g/m3) 8-hour 100 

CO (mg/m3) 24-hour 4 

 

 

Study of PM2.5 and PM10 in five European countries 

(UK, Spain, France, Sweden, and Northern Italy) by 

Skirienė and Stasiškienė (20) indicated changes in the air 

pollutant concentration reduction varied among the 

countries. In the UK, Spain, Northern Italy and Sweden, 

PM2.5 values were within 15, 15, 25 and 10 g/m3 during 

the COVID period studied in 2020. Similarly, the 

concentration of PM10 was within 20 g/m3 in Spain, 

France and Sweden and within 25 and 35 g/m3 in the UK 

and Northern Italy. The values recorded in European 

countries were about 50 % lower than those found in 

Jiangsu Province of China. This indicates a much cleaner 

environment in European countries compared to Jiangsu 

Province in China. A significant reduction (20.3 %) in 

SO2 concentration was achieved in 2019; further 

reductions (15.6 % and 19.7 %) were observed during the 

pandemic years. The annual Jiangsu Province SO2 values 

were significantly lower (82.2 %) compared to the 24-

hour WHO AQGs. The decrease is predominantly 

because of the closure or limited operation of industrial 

facilities, in addition to the use of desulphurization 

technologies in coal-fired power plants (22). Study by 

Shakoor et al. (23) in selected provinces of China has 

shown that the SO2 concentration decreased by 18.36 % 

during the pandemic. CO reduction was less pronounced, 

4.4 % during 2019 and 9.6 % in 2021 and it was 83.4 % 

lower than the 24-hour WHO AQGs. Considerable 

reduction (11.6 % and 14 %) in NO2 was observed in 

2020 and 2021 during the pandemic. Overall the NO2 

concentration in Jiangsu Province decreased by 12.9 % 

during the pandemic period while it was 65.6 % higher 

than annual WHO AQGs. The NO2 reduction can be 

attributed to the decrease of gasoline powered vehicles on 

the road. Compared to the five European countries 

average values, it was 28.8 % higher. NO2 reduction of 

22.7 % was reported by Hasnain et al. (16) in Nanjing city 

in Jiangsu Province of China. A similar type of study 

conducted by Kumari and Toshniwal (24) has shown a 

reduction of NO2 by 60 % and 78 % in Delhi and Mumbai 

in India. The concentration of O3 increased (6.1 %) in 

2019 and its reduction during the COVID-19 pandemic 

years (2020 and 2021) was not significant (3 % and 3.6 

%). The O3 reduction during the pandemic was very 

minimal (3.3 %) and the concentration was marginally 

(1.9 %) higher than the 8-hour WHO AQGs. The 

increasing trend of O3 has also been reported by other 

studies. Air quality studies in Ji’nan city in China showed 

an increase of 37.42 % (18). Similarly, in Nanjing city in 

China, O3 increased by 25.45 % (16). An increase of 

20.65 % was also observed by Kumari and Toshniwal 

(24) in Mumbai, India. This spike in O3 values can be 

attributed to studies conducted in specific areas under 

limited timescales regulated by the VOC-controlled 

regime, while an opposite trend was observed globally 

(25, 26). 

 
Changes in AQI and air pollutants across cities in 

Jiangsu Province 

The background pollutant concentrations across cities in 

Jiangsu Province varied according to the various 

restrictions in the cities caused by the COVID-19 

pandemic, industrial activities, topographical location, 

and meteorological conditions. The concentration of air 

pollutants decreased across Jiangsu Province (Figure 4). 

However, the changes were pronounced in certain cities 

rather than others. The average values during the COVID 

and pre-COVID periods show the distinction. The AQI 

values decreased across the cities during the COVID 

period, on average by 8.2 %. Peak and minimum values 

of AQI pre- and during COVID occurred in Xuzhou and 

Nantong. The PM2.5 values during pre-COVID were 

highest in Xuzhou (57 g/m3) and lowest in Nantong, 

whereas the low values during COVID were in Nanjing 

and Yancheng cities, with the maximum in Xuzhou (45.2 

g/m3). The percentage decrease during the pandemic 

was highest in Nanjing (26.7 %). Peak and low PM10  

 

 

 
Figure 4. Variation of AQI and air pollutants across cities of 

the Jiangsu Province pre- () and during COVID (•) 

lockdown periods 
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values pre- and during COVID occurred in Xuzhou and 

Nantong. Overall, PM10 reductions were about 20.6 % 

considering all cities in the province during the pandemic 

period. During Pre-COVID period, Xuzhou registered 

maximum values for AQI, PM2.5, and PM10. This is 

because Xuzhou produces large quantities of steel and 

also houses many large scale industries and power plants 

(27). During COVID, AQI and PMs improved by 11.5 % 

and 21 % in Xuzhou. However, PM2.5 and PM10 were still 

about nine and five times higher than the annual 2021 

AQGs. 

Peak values of SO2 occurred in Lianyungang and 

Xuzhou pre- and during COVID, while minimum values 

were at Suzhou and Yancheng during pre-COVID and 

during COVID in Yancheng. Overall, an average of 26.2 

% reduction in SO2 was observed during the pandemic. 

High concentration of SO2 occurred in Lianyungang and 

Xuzhou. This is because of increased industrial activities 

and use of high sulphur coals (28). When compared to 

pre-COVID conditions, it decreased by about 27 % 

during COVID in Lianyungang and Xuzhou. This was 

four times lower than the 24-hour average 2021 AQGs. 

The NO2 reduction was not substantial (13.6 %) as 

compared to the particulate matter and SO2 pollutants. 

Pre-COVID NO2 values were high in Changzhou and 

Suzhou, while low in Yancheng city. Similarly, during 

the pandemic, high values occurred in Changzhou, while 

low values were observed in Yancheng (21.2 g/m3). 

High values (43 g/m3) of NO2 in Changzhou and Suzhou 

pre-pandemic is because of the exhaust from a large 

number of motor vehicles (27, 29). The decline in NO2 in 

Changzhou during COVID was 11.2 %, which also had 

the maximum value among the other cities during the 

period, and the maximum reduction was in Suzhou (22.4 

%). The difference is attributed to the precautionary 

measures adopted by the local authorities in the respective 

regions based on the active COVID cases. The NO2 

values during the pandemic in Changzhou were about 

four times higher than the annual 2021 AQGs. O3 values 

were higher (106 g/m3) in Changzhou and Suqian before 

the pandemic, and minimum (95.2 g/m3) in Suzhou. 

Even during the pandemic, Changzhou had high O3 

values comparable to pre-pandemic levels, and the low 

values (about 98 g/m3) were observed in Huai’an and 

Nantong. This minor variation in O3 is because of changes 

in the volatile organic compounds to NOx ratio and 

chemical regime followed, VOC-limited regime or NOx-

limited regime. Changes in insolation can also be a 

contributing factor to increases in O3 (30–32). The O3 

values, in contrast to other air pollutants and AQI, showed 

an increasing and decreasing trend, but were not 

substantial. On an average, it increased by about 2.1 % 

and decreased by 2.4 %. Similarly, the decrease in CO 

concentration was also not substantial and showed an 

increasing and decreasing trend. Prior to the pandemic, 

CO concentrations were maximum in Wuxi and 

minimum in Nantong, while during the pandemic 

maximum and minimum values occurred in Xuzhou and 

Yancheng. The maximum value during the pandemic was 

about five times lower than the 24-hour 2021 AQGs. The 

overall reduction in CO was about 10.4 % during the 

pandemic. A study by Bhatti et al. (4) has shown that CO 

concentration decreased by 28 % during the first week of 

lockdown. CO is directly linked to transportation and 

coal-based industries (4). Low background values 

indicate effective vehicle monitoring systems and air 

pollution abatement technologies used by industries. 

 
Relationship between COVID-19, AQI and air 

pollutants  

The COVID-19 cases data (Table 2) during 2020 and 

2021 in Jiangsu Province indicates three months with 

high numbers of COVID-19 positive cases. Peak values 

were during the months of February 2020, and July, 

August 2021. All air pollutants and AQI values 

significantly decreased (35.4 %) during February 2020, 

except for O3 which increased by 11.8 %. Plausible 

reasons for this increase of O3 during this period in the 

urban regions are because of the VOC-limited chemical 

regime. Its increase can also be linked to the increased 

insolation caused because of the decrease in particulate 

matter (38.4 %) concentration in the atmosphere during 

the restricted travel in the lockdown period (33). In July 

2021, COVID cases again began to increase, which 

resulted in regional lockdowns, during which AQI and all 

pollutants, including O3, decreased by 18.6 %. It can be 

seen from Figure 5 that the percentage decrease in AQI  

 
 
Table 2. Number of COVID-19 positive cases in Jiangsu 

Province of China during 2020-2021 

Month 
COVID-19 Cases in Jiangsu Province 

2020 2021 

January 30 6 

February 325 6 

March 10 6 

April 2 5 

May 0 5 

June 0 9 

July 0 153 

August 9 411 

September 1 9 

October 2 1 

November 7 16 

December 3 5 
 



A. C. Johnson / Iranica Journal of Energy and Environment 15(4): 444-451, 2024 

449 

 

Figure 5. Average AQI and air pollutant values during the 

months of February 2020, and July, August 2021 pre- () and 

during COVID (•) in Jiangsu Province of China 

 

 
and other air pollutants has receded in July 2021, which 

further recedes (8.1 %) in August 2021, while AQI, NO2, 

O3 and CO showed a small increase (2.5 %). Though 

COVID cases increased during August 2021, regional 

lockdowns and relaxation of lockdowns in other regions 

have resulted in increases in air pollutants on par with pre-

pandemic levels. 

 

Correlation between AQI and criteria air pollutants  

The Spearman’s correlation between AQI and all air 

pollutants is presented in Table 3. The correlation was 

calculated for pre-COVID (2018-19) and during COVID 

(2020-21) periods. AQI was predominantly positively 

correlated with all air pollutants. Pre-COVID, AQI was 

moderately correlated (0.5-0.6) with particulate matter 

(PM2.5 and PM10), while correlation with SO2, NO2, and 

CO were either weak or very weak, and with no 

appreciable correlation with O3. During the pandemic, the 

AQI correlation with all air pollutants was in the zone of 

weak to very weak. Strong positive correlation was 

observed between PM2.5 and PM10, NO2, CO and O3 pre-

pandemic, and during pandemic except for PM10, the 

relationships with other pollutants were moderate. 

However, pre-pandemic O3 had a strong negative 

correlation, which indicates that the increase in PMs 

concentrations affects the formation of urban ozone. 

While during the pandemic, the value decreased 

marginally. PM10 was strongly correlated with NO2 pre- 

and during the pandemic. The relationship between other 

pollutants pre- and during the pandemic was mostly 

moderate. The correlation coefficient trends observed 

were similar to the study conducted in Jiangsu Province 

in China by Bhatti et al. (4); however, the values were 

lower. 

 

 
Table 3. Correlation coefficient between AQI and criteria air pollutants in Jiangsu Province (2018-19/2020-21) 

Pollutant 

Parameters 

AQI PM2.5 PM10 SO2 NO2 O3 CO 

(2018-19/2020-21) 

AQI 1 
0.565** 0.540** 0.236** 0.302** −0.045 0.425** 

0.361** 0.420** 0.356** 0.313** 0.175** 0.391** 

PM2.5 
0.565** 

1 
0.905** 0.441** 0.709** −0.693** 0.708** 

0.361** 0.924** 0.496** 0.648** −0.648** 0.568** 

PM10 
0.540** 0.905** 

1 
0.477** 0.701** −0.595** 0.648** 

0.420** 0.924** 0.546** 0.725** −0.565** 0.540** 

SO2 
0.236** 0.441** 0.477** 

1 
0.461** −0.215** 0.371** 

0.356** 0.496** 0.546** 0.612** −0.225** 0.498** 

NO2 
0.302** 0.709** 0.701** 0.461** 

1 
−0.616** 0.591** 

0.313** 0.648** 0.725** 0.612** −0.498** 0.639** 

O3 
−0.045 −0.693** −0.595** −0.215** −0.616** 

1 
−0.580** 

0.175** −0.648** −0.565** −0.225** −0.498** −0.425** 

CO 
0.425** 0.708** 0.648** 0.371** 0.591** −0.580** 

1 
0.391** 0.568** 0.540** 0.498** 0.639** −0.425** 

*Correlation significant at the 0.05 level (2-tailed). 
**Correlation significant at the 0.01 level (2-tailed). 
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CONCLUSION 
 

The comprehensive study on the effect of COVID-19 

pandemic on the air pollution situation across the cities in 

Jiangsu Province revealed a moderate decrease in the 

criteria air pollutants. Maximum reduction of air 

pollutants and improvement in AQI was during the month 

of February, except for O3 which was in July. Maximum 

reduction (≈ 26 %) was achieved for particulate matter 

(PM2.5 and PM10) in 2021. Xuzhou city had the highest 

values of AQI, PM2.5, PM10 and SO2, while Changzhou 

had maximum values of NO2 and O3 pre-and during the 

pandemic periods. Yancheng city had low values for 

PM2.5, SO2, NO2, and CO. COVID-19 cases peaked 

during the months of February 2020, and July, August 

2021, but all air pollutants and AQI values significantly 

decreased during February 2020, except for O3. The 

correlation between air pollutants and AQI was 

predominantly positive, except for O3. A significant 

correlation existed between particulate matter and all 

criteria air pollutants. The study has shown that air quality 

improvement in Jiangsu Province was evident; however, 

local prevailing pandemic control measures had a 

prominent influence on the air quality. The improvement 

in air quality in cities with high background pollution 

levels was minimal. 

 

 

CONFLICT OF INTEREST 
 

The author declares that there is no conflict of interest 

for the present study. 

 
 

REFERENCES 
 
1. Worldometers.info, 2024. COVID-19 Coronavirus Pandemic. 

Available at: https://www.worldometers.info/coronavirus/# 

countries (Accessed: 10 March 2024).  

2. WHO, 2020a. WHO Director-General’s opening remarks at the 
media briefing on COVID-19-11 March 2020. Available at: 

https://www.who.int/director-general/speeches/detail/ who-

director-general-s-opening-remarks-at-the-media-briefing-on-

covid-19---11-march-202.  

3. Wikipedia, 2023. COVID-19 lockdowns. Available at: https:// 

en.wikipedia.org/wiki/COVID-19_lockdowns (Accessed: 12 

September 2023).  

4. Bhatti UA, Zeeshan Z, Nizamani MM, Bazai S, Yu Z, Yuan L. 

Assessing the change of ambient air quality patterns in Jiangsu 
Province of China pre-to post-COVID-19. Chemosphere. 

2022;288. Doi: 10.1016/j.chemosphere.2021.132569. 

5. A3M Global Monitoring, 2023. COVID-19 pandemic – China. 
Available at: https://global-monitoring.com/gm/page/ 

events/epidemic-0001905.3QnJ7K8JC559.html?lang=en 

(Accessed: 12 September 2023).  

6. Wu G, Sahabuddin M, Bhatti UA, Nawaz SA, Hasnain A, Bhatti 

MA, Fahim A, Kaleri AA, Kaleri AH. COVID-19 and Air 

Pollution: Air Quality Impact in 13 Cities of the Jiangsu Province 

of China. Polish Journal of Environmental Studies. 

2022;31(5):4907–16. Doi: 10.15244/pjoes/149714. 

7. Keswani A, Akselrod H, Anenberg SC. Health and Clinical 
Impacts of Air Pollution and Linkages with Climate Change. 

NEJM evidence. 2022;1(7):EVIDra2200068. Doi: 

10.1056/evidra2200068. 

8. Filonchyk M, Peterson M. Air Quality Changes in Shanghai, 

China, and the Surrounding Urban Agglomeration During the 

COVID-19 Lockdown. Journal of Geovisualization and Spatial 

Analysis. 2020;4(2). Doi: 10.1007/s41651-020-00064-5. 

9. Mahato S, Pal S, Ghosh KG. Effect of lockdown amid COVID-19 

pandemic on air quality of the megacity Delhi, India. Science of 
the Total Environment. 2020;730. Doi: 

10.1016/j.scitotenv.2020.139086. 

10. Hernández-Paniagua IY, Valdez SI, Almanza V, Rivera-Cárdenas 
C, Grutter M, Stremme W, García-Reynoso A, Ruiz-Suárez LG. 

Impact of the COVID-19 Lockdown on Air Quality and Resulting 
Public Health Benefits in the Mexico City Metropolitan Area. 

Frontiers in Public Health. 2021;9. Doi: 

10.3389/fpubh.2021.642630. 

11. Citypopulation, 2020. CHINA: Jiangsu. Available at: 

https://www.citypopulation.de/en/china/cities/jiangsu/ (Accessed: 

12 September 2023).  

12. Mukaka MM. A guide to appropriate use of correlation coefficient 

in medical research. Malawi Medical Journal. 2012;24(3):69–71.  

13. CSSEGISandData, 2023. JHU CSSE COVID-19 Data. Available 
at: https://github.com/CSSEGISandData/COVID-19 (Accessed: 

12 September 2023).  

14. Johnson AC. Correlation Study of Meteorological Parameters and 

Criteria Air Pollutants in Jiangsu Province, China. Pollution. 

2022;8(1):341–54. Doi: 10.22059/poll.2021.321137.1048. 

15. Ai W, Yang X, Liu D, Zhang M, Sun Y, Wang B, Luo X. Impact 
of the Levels of COVID-19 Pandemic Prevention and Control 

Measures on Air Quality: A Case Study of Jiangsu Province, 

China. Atmosphere. 2022;13(5). Doi: 10.3390/atmos13050640. 

16. Hasnain A, Hashmi MZ, Bhatti UA, Nadeem B, Wei G, Zha Y, 

Sheng Y. Assessment of air pollution before, during and after the 

covid-19 pandemic lockdown in Nanjing, China. Atmosphere. 

2021;12(6). Doi: 10.3390/atmos12060743. 

17. Xu X, Huang S, An F, Wang Z. Changes in Air Quality during the 

Period of COVID-19 in China. International Journal of 
Environmental Research and Public Health. 2022;19(23). Doi: 

10.3390/ijerph192316119. 

18. Li K, Ni R, Jiang T, Tian Y, Zhang X, Li C, Xie C. The regional 
impact of the COVID-19 lockdown on the air quality in Ji’nan, 

China. Scientific Reports. 2022;12(1). Doi: 10.1038/s41598-022-

16105-6. 

19. Khan S, Dahu BM, Scott GJ. A Spatio-temporal Study of Changes 

in Air Quality from Pre-COVID Era to Post-COVID Era in 

Chicago, USA. Aerosol and Air Quality Research. 2022;22(8). 

Doi: 10.4209/aaqr.220053. 

20. Skirienė AF, Stasiškienė Ž. COVID-19 and air pollution: 

Measuring pandemic impact to air quality in five European 
countries. Atmosphere. 2021;12(3). Doi: 

10.3390/atmos12030290. 

21. WHO, 2021b. WHO global air quality guidelines: particulate 
matter (PM2.5 and PM10), ozone, nitrogen dioxide, sulfur dioxide 

and carbon monoxide. Available at: 

https://iris.who.int/handle/10665/345329 (Accessed: 12 

September 2023).  

22. Liu X, Wei Y, Ji J. Quantifying the “Water–Carbon–Sulfur” 

Nexus for Coal Power Plants in China. Sustainability 

(Switzerland). 2022;14(6). Doi: 10.3390/su14063675. 

23. Shakoor A, Chen X, Farooq TH, Shahzad U, Ashraf F, Rehman A, 



A. C. Johnson / Iranica Journal of Energy and Environment 15(4): 444-451, 2024 

451 

Sahar NE, Yan W. Fluctuations in environmental pollutants and 
air quality during the lockdown in the USA and China: two sides 

of COVID-19 pandemic. Air quality, atmosphere, & health. 

2020;13(11):1335–42. Doi: 10.1007/s11869-020-00888-6. 

24. Kumari P, Toshniwal D. Impact of lockdown measures during 

COVID-19 on air quality– A case study of India. International 

Journal of Environmental Health Research. 2022;32(3):503–10. 

Doi: 10.1080/09603123.2020.1778646. 

25. Tavella RA, da Silva Júnior FMR. Watch out for trends: did ozone 

increased or decreased during the COVID-19 pandemic? 
Environmental Science and Pollution Research. 

2021;28(47):67880–5. Doi: 10.1007/s11356-021-17142-w. 

26. Tripathi S, Mandal D, Chakraborty A. Investigation of Changes in 

Atmospheric Pollutants due to the Cessation of Anthropogenic 

Activities: Spatial Heterogeneity and Complex Atmospheric 
Chemistry. Aerosol Science and Engineering. 2023;7(2):237–50. 

Doi: 10.1007/s41810-023-00175-8. 

27. IQAir, 2023. Air quality in Xuzhou. Available at: 
https://www.iqair.com/china/jiangsu/xuzhou (Accessed: 12 

September 2023).  

28. Wang Y, Ali MA, Bilal M, Qiu Z, Mhawish A, Almazroui M, 
Shahid S, Islam MN, Zhang Y, Haque MN. Identification of NO2 

and SO2 pollution hotspots and sources in jiangsu province of 

china. Remote Sensing. 2021;13(18). Doi: 10.3390/rs13183742. 

29. Dong H, Yu Y, Yao S, Lu Y, Chen Z, Li G, Yao Y, Yao X, Wang 
SL, Zhang Z. Acute effects of air pollution on ischaemic stroke 

onset and deaths: A time-series study in Changzhou, China. BMJ 

Open. 2018;8(7). Doi: 10.1136/bmjopen-2017-020425. 

30. Monks PS, Archibald AT, Colette A, Cooper O, Coyle M, 

Derwent R, Fowler D, Granier C, Law KS, Mills GE, Stevenson 

DS. Tropospheric ozone and its precursors from the urban to the 
global scale from air quality to short-lived climate forcer. 

Atmospheric Chemistry and Physics. 2015;15(15):8889–973. Doi: 

10.5194/acp-15-8889-2015. 

31. Tobías A, Carnerero C, Reche C, Massagué J, Via M, Minguillón 

MC, Alastuey A, Querol X. Changes in air quality during the 
lockdown in Barcelona (Spain) one month into the SARS-CoV-2 

epidemic. Science of the Total Environment. 2020;726. Doi: 

10.1016/j.scitotenv.2020.138540. 

32. Fenech S, Aquilina NJ, Vella R. COVID-19-Related Changes in 

NO2 and O3 Concentrations and Associated Health Effects in 

Malta. Frontiers in Sustainable Cities. 2021;3. Doi: 

10.3389/frsc.2021.631280. 

33. Ojha N, Soni M, Kumar M, Gunthe SS, Chen Y, Ansari TU. 

Mechanisms and Pathways for Coordinated Control of Fine 
Particulate Matter and Ozone. Current pollution reports. 

2022;8(4):594–604. Doi: 10.1007/s40726-022-00229-4. 

 

 

 

 

 

 

 

 

 

 
 

 

COPYRIGHTS 
©2024  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as 

long as the original authors and source are cited. No permission is required from the authors or the publishers . 
  

 

Persian Abstract 
 چکیده 

  د،یشد   نه یمنجر به قرنط  ی ریگهمه  ن، ی شد. در چ  یبود که منجر به تلفات قابل توجه  ی مشکل جهان   ک یآغاز شد،    2020سال    لی، که در اوا 19-دی کوو  یریگهمه

هوا   تیفیک ت یماه سه یمطالعه مقا  نی شد. هدف از ا  نیچ  یاز شهرها یاریهوا در بس ت یفیمنجر به بهبود ک نی ونقل شد. ارفت و آمد و کاهش حمل  تی محدود

(، 2.5PMو    10PM(، ذرات معلق )AQIهوا )  ت یفیشاخص ک ر،ی ز یهوا  تیفیک  یاست. پارامترها   COVID (2020-21و در دوره)  COVID (2018-19در دوره قبل از)

در مورد   یحاضر به درک فعل قیتحق  جی قرار گرفتند. نتا ی ( مورد بررسCOکربن ) د یمونوکس(، و 3O(، ازن ) 2NO) تروژن ین   دی اکس ی(، د2SOگوگرد ) د یاکس ید

  یسو ط  انگی هوا در استان ج  تیفیمطالعه نشان داد که ک  نی. اکندیکمک م  نیسو در چ  انگیدر استان ج  COVID-19 یریگهوا در طول همه  یآلودگ  تیوضع

.  دی به حداکثر رس  2021شروع شد و در طول سال    2020هوا از سال    ی ها  ندهی. کاهش غلظت آلاافتیبهبود    افت،ی  شی افزا  COVID-19که موارد مثبت    یی هاماه

       و     PMs (≈ 21،    ٪)(26.2 2SO،    (٪(13.6 2NO،   (٪(2.4 3O(٪با مقادیر    هوا  ی هاندهیو کاهش آلا   افتیهبود  ب   8.2( %AQI)هوا    تیفیشاخص ک  ی به طور کل

(CO (10.4٪    هوا و    یهاندهیآلا  ن یب   ی. همبستگافتندی   ست د  ی هوا به کاهش متوسط  نده یآلا  ی سو با غلظت بالا  انگیاستان ج  ی . شهرهاآمدبه دستAQI    به

  تیفیبر ک  یمثبت قابل توجه  ریتواند تأثیم  یصنعت  یهاتی و فعال  یلیبا سوخت فس  هینقل  ل یاست که کاهش وسا  ن یمطالعه ا  نی ا  یامدهایمثبت بود. پ  3Oجز  

 منطقه داشته باشد.  یهوا

 


