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Abstract

COVID-2019 (COronaVIrus Disease 2019), discovered at the end of December 2019, has spread around the world, becoming a

pandemic. To prevent its spread, many governments implemented strict lockdown measures, including the closure of factories

and limitations on travel. These measures led to a decrease in human activity, affecting air pollutant emissions. This study

evaluates air quality during the partial lockdown of Shanghai, the largest city in China, and the broader Yangtze River Delta

region. It was found that daily concentrations of PM2.5, PM10, SO2, NO2, and CO during the lockdown period were reduced by

9%, 77%, 31.3%, 60.4%, and 3% respectively, compared to the same period in 2019. Even with decreasing concentrations of

PM2.5 and PM10, the overall values are still more than four times higher for the lockdown period than the World Health

Organization (WHO) recommends for safe concentrations (10 μg/m3 and 20 μg/m3). This indicates the existence of other

background sources that continue to make a significant contribution to air pollution in the region even with severe reductions

in human activity. This study may be used to guide environmental policy, as it demonstrates to what extent the control of

pollution sources can improve air quality.
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Introduction

On December 31, 2019, a large number of pneumonia cases

with unknown etiology was registered in Wuhan, Hubei

Province, China. On January 9, 2020, the Chinese Center for

Disease Control and Prevention announced the new coronavi-

rus. While the outbreak was initially centered in Wuhan,

Shanghai, the largest city in the country, was one of the first

to implement preventive measures against COVID-19. The

Shanghai Municipal Government declared a public health

state of emergency and decided that trade, catering, services,

culture, education, sports, and other similar industries should

suspend their activities. Initially, the public bus and rail trans-

port continued as before the partial lockdown. Shanghai au-

thorities ordered the suspension of bus services to other cities

beginning January 26.

Measures to slow the spread of the virus led to a decrease in

movements and minimized industrial activity. There was a

tremendous impact on citizens’ daily lives, leading to lower

economic growth. It also created unique conditions for evalu-

ating the impact of anthropogenic activities on air pollution in

the country’s largest city.

Research has shown that air quality in China and other

countries improved significantly with the implementation of

lockdowns (Fattorini and Regoli 2020; Filonchyk et al. 2020;

He et al. 2020; Muhammad et al. 2020; Safarian et al. 2020;

Zhu et al. 2020). Energy consumption decreased significantly

due to reductions in urban transport and industrial activity

during these periods. In China, the average daily electricity

production in February fell by about 40%. The Ministry of

Transport of the People’s Republic of China reported that the

number of passengers until February 10, which covers almost

the entire holiday season, decreased by 82% compared to

2019. Emissions were reduced as a result of decreased use

of oil and coal.
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Studies have shown that pollutant concentrations decreased

in many cities in China. A study in 366 urban areas from

January 1 to April 30 in mainland China showed that concen-

trations of PM2.5, PM10, SO2, NO2, and CO decreased by

14%, 15%, 12%, 16%, and 12% respectively compared from

the same periods of 2019 (Chen et al. 2020). Over East China,

according to Filonchyk et al. (2020), there was a decrease in

atmospheric concentrations of NO2 and CO during lockdown,

with reductions of 30% and 20% respectively compared with

the same period in 2019. A study conducted for three cities in

Hubei Province in central China—Wuhan, Jingmen, and

Enshi—showed that in February 2020, during lockdown, the

average concentrations of PM2.5, PM10, SO2, CO, and NO2

were 30.1%, 40.5%, 33.4%, 27.9%, and 61.4% lower than in

the same period of 2017–2019 (Xu et al. 2020).

The aim of this study is to evaluate changes in air quality as

a result of the lockdown for the largest urban conurbation in

China. In systematically assessing the dynamic environmental

impact of the COVID-19 lockdown, this study examines the

major pollutant emissions including PM2.5, PM10, NO2, SO2,

and CO before, during, and after the partial lockdown.

Both PM2.5 and PM10 are particulate types of pollutants.

While these particles reduce visibility and cause the air to

appear hazy, PM2.5 is a particularly harmful for lungs because

the particle size of only 2.5 μm means that they are able to

travel deeply into the respiratory tract. In contrast to particu-

late pollutants, nitrogen dioxide (NO2), sulfur dioxide (SO2),

and carbon monoxide (CO) are mostly colorless gases. High-

intensity exposure to these gases can lead to major injury to

humans, including death. NO2 exposure affects both the re-

spiratory tract and the human immune system. Sulfur dioxide

(SO2) contributes to a variety of respiratory problems.

All of these pollutants for Shanghai and the surrounding

region are compared with the values obtained during the same

periods of previous years (2017–2019). This study comple-

ments existing studies that assess the effect of lockdown, and

partial lockdown, on air quality.

Materials and methods

The Yangtze River Delta region is the most populous region

in China, with Shanghai being the largest city in the country.

Shanghai, with a population of over 24 million people, has a

population density of 3816 people per km2 (SBS 2017). It is

located in the Yangtze River Delta, an important financial and

cultural center of the country, with a GDP of 3.81 trillion

RMB. Along with a major port of the East China Sea, it is

an important transportation hub for railways and roads, and air

traffic. The territory of the city extends for 120 km from north

to south and 100 km from west to east. The total area is

6340.5 km2, of which urban development covers nearly half

at 2648.6 km2.

Shanghai is characterized by a typical subtropical climate

with some features of a monsoon. The summer season is hot

and humid. The average July temperature is around 27–29 °C.

The average temperature in January ranges from 3 to 4 °C,

although minus temperatures are also frequent. In February

and March, air temperatures rise to 5–6 °C and 9–10 °C, re-

spectively. The average number of rainy days is 129, and the

average rainfall for the year does not exceed 1250–1300 mm.

About half of the rain falls in the summer months but direct

arid periods are not observed. In winter and autumn, north and

north-west winds prevail, and in spring and summer they are

from south and southeast.

The mass concentrations of particulate matter (PM2.5 and

PM10), sulfur dioxide (SO2), nitrogen dioxide (NO2), and car-

bon monoxide (CO) were provided by the China National

Environmental Monitoring Center of Ministry of Ecology

and Environment of the People’s Republic of China (http://

106.37.208.233:20035/). All data were obtained on the basis

of hourly averaged data for each atmospheric pollutant.

Installed automated monitoring systems for monitoring the

concentration of pollutants in the atmosphere operate in

accordance with China Environmental Protection Standards

HJ 193-2013 (for SO2, NO2, O3, and CO) and HJ 655-2013

(for PM2.5 and PM10) (MEP 2013a, b). The data were obtained

from January 1 to March 31, 2017–2020.

Results and discussion

Under lockdown measures, people were asked to stay at

home, meetings were suspended, and transportation, with

the exception of special vehicles, was largely prohibited.

Shanghai also faced additional restrictions compared to other

cities as authorities tried to contain a local outbreak in China’s

largest city.

While a significant contributing factor to the decrease of

emissions is a sharp reduction in domestic and international

air traffic, accounting for about 15% of global emissions, the

number of cars on the city streets fell sharply. In 2019, there

were about 4.1 million personal vehicles in Shanghai. During

lockdown, only emergency vehicles and food transport trucks

continued to operate. Bus routes operated but on a reduced

schedule. All of these factors led to a sudden reduction in

emissions of NO2 and other pollutants such as SO2, CO, and

both types of PM (Fig. 1).

Coinciding with lockdownwas the celebration of the Lunar

New Year. Many activities stop for the entire week, including

trade and construction. This has a certain effect on energy

consumption, production, and emissions. In the weeks before

and after the Lunar New Year, coal-fired power generation

decreases by about 50%, leading to lower coal consumption

and associated pollution (Myllyvirta 2020). In 2020, due to

the spread of COVID-19, China’s government initially
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decided to extend the holidays in the country (until February

2, in contrast to January 24 to 30) in order to reduce the

possible crowding of a large number of people. The epidemi-

ological situation was such that the Chinese authorities an-

nounced on January 31 a further extension of the vacation

for another week, until February 9.

As can be seen from Fig. 1, starting from January 24, there

was a sharp decrease in the concentration of pollutants, which

could be associated both with the combination of the begin-

ning of the Lunar New Year (January 24) and the lockdown

measures taken against COVID-19. Even after February 10,

when production officially resumed, air emissions were slow

to recover to previous levels. As industrial production recov-

ered, there was a gradual increase in fossil fuel consumption

for the production of electricity. It is worth noting that partic-

ulate concentrations of PM2.5 and PM10 had similar values to

the previous year. By the end of March, when lockdown was

lifted, the concentration of pollutants in the atmosphere began

to rise as many cars went on the road and enterprises resumed

work. The country’s largest Waigaoqiao Power Station (a

coal-fired power station) in Pudong began operating at full

capacity starting in mid-March, resulting in a sharp increase

in SO2 concentrations.

For a more in-depth understanding of changes in pollutant

concentrations, the data were classified and analyzed over a 2-

week period. The concentrations of primary and secondary

pollutants, determined from January 10 to March 6, 2017–

2020, are shown in Fig. 2. The data were grouped so as to

highlight the periods before, during, and after the lockdown.

Four periods were allocated with a duration of 2 weeks: Period

1 (10 January–23 January), Period 2 (24 January–6 February),

Period 3 (7 February–20 February) and Period 4 (21

February–6 March).

As shown in Fig. 2, the average concentrations of major air

pollutants in Shanghai from January to March 2020 decreased

compared to the same period in 2017–2019. In particular, in

Period 1, the highest concentrations of pollutants were ob-

served, later almost until the end of Period 4, when the imple-

mentation of epidemiological measures, the concentrations

began to decrease. But as soon as anthropogenic activity be-

gan to resume, pollution levels reached their original levels

(Fig. 1). However, based on the results from Table 1, a clear

reduction in pollutant concentrations was tracked compared to

identical periods in 2017 and 2018.

Themain sources of NO2 are emissions from cars, ships, and

the generation of electricity (Carslaw 2005; Kang et al. 2019;

Fig. 1 Daily mean concentrations

of air pollutants (μg/m3 for PM2.5,

PM10, NO2, SO2, and mg/m3 for

CO) in Shanghai from January 1

to March 31, 2020
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Alshayef and Javed 2020; Chu et al. 2021; Filonchyk and

Hurynovich 2020). An air pollutant is formed when a fossil

fuel, such as coal, oil, gas or diesel, is burned at high tempera-

tures. In addition to NO2, other pollutants are also formed.

During lockdown, the number of vehicles on the roads de-

creased along with other human activities. This had a positive

effect on air quality.

Data from the OMI (Ozone Monitoring Instrument) on-

board the Aura satellite (Levelt et al. 2006). This instru-

ment was intended for measuring the total content and

profile of ozone, as well as for measuring key air quality

components such as NO2, SO2, and aerosol (Boersma et al.

2007). By visualizing the OMI data (Fig. 3), a decrease in

tropospheric NO2 concentration can be seen over the entire

Yangtze River Delta, including Shanghai itself, and other

large cities of the region (Hangzhou, Nanjing, Wuxi,

Changzhou, Suzhou). Satellite data showed a similar pat-

tern to measure surface concentrations of pollutants. In

Fig. 3, the Shanghai area is highlighted with a black

square. The time periods examined are 2-week periods be-

ginning January 10, followed by January 24, 2020 to

March 6, 2020.

Fig. 2 Yearly changes of air pollutants in Shanghai during 10 January–6 March 2017–2020
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In general, the lowest concentration of tropospheric

NO2 was from late January to mid-February (Periods 2

and 3) than in other periods. Moreover, in comparison to

the surrounding area, concentrations of tropospheric NO2

in Shanghai were higher than in other cities. This may

indicate that it is difficult for a city of 24 million to control

pollution, even during a lockdown. In Period 1, before

lockdown in Wuhan, tropospheric NO2 concentrations

were high in Shanghai and the Yangtze River Delta.

Industrial enterprises, power plants, traffic, and other an-

thropogenic activity were operating as normal.

Shanghai and the Yangtze River Delta is the most devel-

oped region of the country, with high population densities.

Intensive industrial activity contributes to the release of large

amounts of pollutants into the atmosphere (Wang et al. 2018).

After Wuhan and other cities in the country began to lock-

down from January 23 (Period 2), NO2 emissions decreased,

improving air quality throughout the region. This seems a

direct result of the closure of most enterprises and factories,

and a reduction in the use of public and private transportation.

The decrease in the concentration of pollutants in the atmo-

sphere parallels the lockdown of cities.

After a reduction in the spread of COVID-19, the gov-

ernment announced that industrial enterprises would re-

sume production from February 10 (Period 3). Many en-

terprises restarted their production facilities, leading to in-

creased emissions. While the concentration of pollutants

increased, they were still at lowered levels. The lockdown

period made an important contribution to improving air

quality in the region. But, this reduced amount of pollut-

ants was temporary. At the end of February (Period 4),

most enterprises returned to normal operation and the

amount of NO2 emissions increased, leading to high tropo-

spheric NO2 concentrations.

The results indicate that transport, industries, and commer-

cial activities are the main sources of air pollution. After the

economy returns to normal, future environmental standards

will need to focus on the need to control emissions.

Although there was an enhancement in air quality during this

period, the level of air pollution after the closure of the city

was still relatively high. Although many enterprises had

suspended production during this lockdown period, PM2.5

and PM10 levels were still more than four times higher than

those recommended by WHO as safe concentrations

Table 1 Mean concentration of

PM2.5, PM10, NO2, SO2, and CO

in Shanghai, China during 4

periods 2017–2020 (where A is

ratio of 2020 vs 2017, B is ratio of

2020 vs 2018, and C is ratio of

2020 vs 2019)

Years Relative change (%)

2017 2018 2019 2020 A B C

Period 1: 10 January–23 January

PM2.5 (μg/m
3) 45.6 61.1 66.0 70.1 + 34.9 + 12.7 + 5.8

PM10 (μg/m
3) 57.5 71.0 78.4 51.9 − 10.7 − 36.7 − 50.9

SO2 (μg/m
3) 18.0 13.8 10.2 6.9 − 159.8 − 99.0 − 47.4

NO2 (μg/m
3) 50.1 61.9 67.1 50.8 + 1.3 − 21.8 − 32.1

CO (mg/m3) 0.94 0.91 1.01 0.94 0.0 + 2.3 − 7.6

Period 2: 24 January–6 February

PM2.5 (μg/m
3) 42.9 66.1 43.4 39.9 − 7.7 − 65.8 − 9.0

PM10 (μg/m
3) 53.1 71.2 62.7 35.4 − 50.0 − 101.0 − 77.0

SO2 (μg/m
3) 13.1 15.3 7.8 5.9 − 121.7 − 157.8 − 31.3

NO2 (μg/m
3) 34.6 53.7 42.9 26.7 − 29.4 − 101.1 − 60.4

CO (mg/m3) 0.84 0.90 0.74 0.72 − 16.8 − 24.8 − 3.0

Period 3: 7 February–20 February

PM2.5 (μg/m
3) 44.4 39.1 23.3 31.4 − 41.7 − 24.8 + 25.7

PM10 (μg/m
3) 56.1 65.1 32.9 28.7 − 95.3 − 126.9 − 14.4

SO2 (μg/m
3) 15.4 11.7 5.5 5.6 − 173.4 − 107.6 + 2.5

NO2 (μg/m
3) 50.0 40.9 27.0 26.7 − 87.2 − 52.9 − 1.1

CO (mg/m3) 0.83 0.69 0.58 0.61 − 36.5 − 14.1 + 4.7

Period 4: 21 February–6 March

PM2.5 (μg/m
3) 55.5 34.6 69.0 31.3 − 77.4 − 10.5 − 120.5

PM10 (μg/m
3) 64.2 41.0 71.6 42.4 − 51.3 + 3.4 − 68.7

SO2 (μg/m
3) 14.0 9.4 7.4 5.6 − 151.3 − 67.9 − 32.1

NO2 (μg/m
3) 55.1 32.3 54.8 25.9 − 113.0 − 24.9 − 111.9

CO (mg/m3) 0.85 0.59 0.89 0.62 − 38.1 + 4.8 − 45.1
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(10 μg/m3 and 20 μg/m3, respectively; WHO (2005)). This

suggests that there were other sources of pollution that con-

tinued to make a significant contribution to air pollution. A

contributing factor in air pollution monitoring are weather

conditions that were not incorporated in this study.

Nevertheless, with constant volumes and composition of

emissions, fluctuations in the level of air pollution occur under

the influence of the conditions of transport and dispersion of

impurities, i.e., depend on the distribution of temperatures

with height, wind speed and direction, the intensity of solar

radiation and air humidity, the amount and duration of precip-

itation, and air temperature. Unfavorable meteorological con-

ditions contributing to the accumulation of harmful pollutants

in the surface layer of the atmosphere (calm, fog, dangerous

wind direction, and speed) can increase the concentration of

harmful ones (Liu et al. 2019; Wang et al. 2020). Therefore,

for a more in-depth understanding of the impact of weather

conditions on the concentration of pollutants in the future, it is

necessary to conduct a full study.

Conclusion

This research has shown the degree to which lockdown affect-

ed air quality in Shanghai and the surrounding Yangtze River

Delta in China. The main lockdown restrictions were intro-

duced beginning January 24. By mid-February, lockdown re-

striction was weakened. Measures that limited economic ac-

tivity, traffic and partial isolation of people before mid-

February led to a significant improvement in air quality. The

concentrations of PM2.5, PM10, SO2, NO2, and CO during the

lockdown period (January 24–February 6) were reduced by

9%, 77%, 31.3%, 60.4%, and 3% respectively compared to

the same the period in 2019. These reductions were short-

term. After a mid-February start-up, enterprises were fully

operational by the end of February. Air quality began to dete-

riorate gradually throughout the latter part of February and

into March, matching outputs from previous years. While

lockdown led to many hardships, it demonstrated the role of

human activity in contributing to air pollution.

Fig. 3 Changes in tropospheric NO2 from OMI over Yangtze River Delta region
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