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Abstract
The pandemic caused by coronavirus COVID-19 is having a worldwide impact that affects health and the economy and indirectly
affects air pollution in cities. In Spain, the effect has evolved from being anecdotal in January 2020 to become the second country
in Europe with the highest number of cases (614,000 cases by 17/09/2020), which has affected the health system and caused
major mobility restrictions. In contrast, COVID-19 has affected air pollution and energy consumption in the country. This article
analyzes the indirect effect produced by this pandemic on air pollution, referenced to various stages that occurred in Spain: first
stage, without public awareness of COVID-19 impact (mid-January 2020); second is when Spanish Government alerted (late
February 2020); and third, after the decree of alarm and mobility restriction of citizens by the government (March 2020) along
with the various phases of the de-escalation. The indirect effect produced by this pandemic on air pollution in Spanish cities has
been resulted in a decrement of 70% to 80% of average, taking into account dates after the decree of alarm andmobility restriction
by the Spanish government (14/03/2020), compared to days prior to that date. Thus, the results of this analysis indicate a
significant alteration in air pollutants; these alteration patterns have followed similar paths over different countries worldwide
improving the air quality as discussed by Dutheil et al. (Environ Pollut (Barking, Essex: 1987) 263:114466, 2020).
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Introduction

The COVID-19 outbreak has impacted worldwide which led
to the stoppage of economic activities and the drop of stock
markets. In order to prevent the transmission of the virus also
known as SARS-CoV-2 (COVID 19), precautionary mea-
sures have been taken such as masks and gloves on daily basis
along with mobility restrictions in case of the increasing ten-
dency of the COVID-19 infections. Undoubtedly, the negative
effect of coronavirus is led by more than 926,544 deceased

people (WHO 2020a, b), and 29 million cases worldwide
detected on 17th September of 2020, and the number con-
tinues to grow in countries such as India, Brazil, and the
USA. The distribution of the affected countries is shown in
Fig. 1, which originated in China, and the affected countries
detected on September 17th, 2020 (Web1 2020).

On the other hand, various environmental aspects have
been influenced by the pandemic. Factors such as a drastic
closing of economic activity, industry, and transport have af-
fected the environment indirectly reducing the number of air
pollutants such as PM10 and NO2. Satellite images show the
reduction of CO2 up to 25% in China due to the coronavirus
crisis (approximately 200 million tons) (EPA 2020). After the
pandemic impact on Italy, satellite images were taken by the
European Space Agency (ESA) also show the decrease of
pollutant concentration, such as nitrogen dioxide CO2 (ESA
2020) (a toxic compound that negatively affects the air qual-
ity, in addition to being a greenhouse gas) in the country. A
reduction of air pollutants is common during times of crisis
(Web2 2020). This is due to less mobility of people and trans-
portation among with the reduction of economic activities that
depend on fossil fuel, responsible for CO2 emission. This gas

Responsible Editor: Gerhard Lammel

* Javier Cárcel-Carrasco
fracarc1@csa.upv.es

Manuel Pascual-Guillamón
mpascual@mcm.upv.es

Jaime Langa-Sanchis
jailansa@csa.upv.es

1 Universitat Politècnica de València, Camino de Vera s/n,
46022 València, Spain

https://doi.org/10.1007/s11356-021-13301-1

/ Published online: 12 March 2021

Environmental Science and Pollution Research (2021) 28:36880–36893

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-021-13301-1&domain=pdf
http://orcid.org/0000-0003-2776-533X
mailto:fracarc1@csa.upv.es


is one of the main greenhouse gases, while NO2 is a highly
toxic gas associated with vehicles that run on diesel. Although
initially, these measures have created positive impacts on the
environment, researchers fear that the situation will turn back
once the pandemic is overcome. The International Energy
Agency (IEA) can pose a threat to climate action in the long
term, by reducing the investment in clean energy (IEA 2020).
It should be taken into account that with the revitalization of
the economy, pollution levels will rise again. However, this
situation can be controlled by taking necessary measures to
reduce greenhouse gas emissions. On the other hand, it is
worth mentioning the tendency of air quality within interna-
tional cities analyzed over a similar period of time as it is in
this paper. Regarding the Asian continent, the values of air
pollutants are presented at higher rates as the most polluted
cities are located in this continent (Rodríguez-Urrego and
Rodríguez-Urrego 2020). Despite having a higher pollution
rate, it is noticeable the decreasing in air pollutants and their
emissions once the outbreak of COVID-19 started (Rojas et al.
2021) and how it has been linked to the disease since the
outbreak.

The current situation of COVID-19 cases is shown in Fig. 1
(Web1).

In the case of Spain, the COVID-19 infections increased
exponentially due to the lack of awareness by the Spanish
citizens which led to a total amount of 1,160,083 cases report-
ed on the 29th of October 2020. It is remarkable the other
causes of deceases in Spain; 10,000 annual deaths are caused
by air pollution, a number much higher than the mortality
associated with traffic accidents, which is 1700 deaths per
year, according to the Spanish Society of Pneumology and
Thoracic Surgery (SEPAR 2020). Moreover, among the

causes of death, tobacco is the third cause of death in the
world, while air pollution is the fourth, with 7 million deaths
worldwide, according to the World Health Organization
(WHO 2020a, b). The most harmful environmental pollutants
are nitrogen oxide (NO2), which causes the most deaths in
Spain (around 6000 a year), followed by suspended particles
(2600 annual deaths) and tropospheric ozone (more than 500),
and others like sulfur dioxide, carbon monoxide, or lead
(WHO 2020a, b).

The global cost of fossil fuel has been quantified by differ-
ent studies, showing an estimated cost of 8000 million dollars
every day, around 3.3% of world GDP or 1.5 times the GDP
of Spain (Farrow et al. 2020).

Fig. 1 Countries with reported confirmed cases of COVID-19, September 17th, 2020. Source: Reuters

Fig. 2 Weather station GAIA A13 Monitoring Station
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Therefore, this article tackles the indirect effect produced
by this pandemic on air pollution in reference to various stages
that occurred in Spain. Five cities have been chosen in order to
analyze the evolution of air pollution, cities such as Valencia,
Madrid, Barcelona, Sevilla, and Bilbao. These cities are of
high interest due to their large urban and high-traffic areas,
where the rolled traffic on a daily basis is higher than other
Spanish cities. The study for these cities has been conducted
first, when there was no public awareness of the COVID-19
impact (mid-January 2020); second, when Spanish
Government alerted (late February 2020); and third, after the
decree of alarm and mobility restriction of the citizens by the
government (March 14th, 2020), along with the different

phases of the de-escalation. The state of alarm decreed by
the Spanish government from March 14th imposes the con-
finement of citizens; the reduction of the circulation of private
vehicles; reduction of busses, taxis, and railways services; and
partial closure of Spanish airspace. These restrictions occurred
at the same time in all Spanish cities.

Materials and methods

In order to analyze the effects of the pandemic caused by the
COVID-19 virus on air pollution in Spain, the following re-
sources and sources have been taken into consideration:

Fig. 3 Evolution of PM10 from January to August of 2020 and its comparison with 2019
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& The European Space Agency (ESA) and NASA pollution
monitoring satellites (ESA 2020; NASA 2020). These sat-
ellites allow visualizing some side effects of the pandemic
associated with air pollution of different regions. Sentinel-

5P is the first Copernicusmission satellite devoted tomon-
itoring our atmosphere. It has a Tropomi instrument that is
capable of mapping numerous trace gases, such as nitro-
gen dioxide, ozone, formaldehyde, sulfur dioxide,

Fig. 4 Satellite views of nitrogen dioxide emissions (NO2, redder on themap at high concentration). Top image (a, early January), bottom image (d, mid-
March) (ESA 2020)

Fig. 5 Significant decreases in nitrogen dioxide (NO2) over Spain. January 6th–April 13th, 2020
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methane, carbon monoxide, and aerosols, which affect the
breathable air and, therefore, our health and environment.
These satellite images will provide information on atmo-
spheric quality, stratospheric ozone, and solar radiation, in
addition to monitoring the weather.

& Atmospheric pollutants measurement station of
Barcelona, Madrid, Valencia, Sevilla, and Bilbao in
Spain along with European stations.

& Atmospheric pollutants measurement stations measure
the main pollutant sources present in urban environ-
ments such as sulfur (SO2) and nitrogen oxides (NO,
NO2, NOx), carbon monoxide (CO), ozone (O3), and
the suspended particles with fractions less than 10 μm
(PM10) and less than 2.5 μm (PM2,5), and organic
compounds (VOCs, benzene, toluene, xylene).
Nitrogen oxides (NO2) and PM10 require special atten-
tion. The first of them is originated by the combina-
tion of nitrogen and oxygen present in the air as a
consequence of combustion processes, including road
traffic, while PM10 particles are also originated during
combustion processes (carbonaceous particles, soot),
although they can also have a natural origin (fine sand
and other particles) due to the wind. In addition to
particle analysis, measurements of meteorological pa-
rameters are made to determine the dispersion of pol-
lutants such as temperature, humidity, wind direction,
and speed, as well as atmospheric pressure and solar
radiation. The normally used model for the weather
station is the model called GAIA-A13 (Fig. 2).

The Gaia A13 comes with 2 redundant PM sensors (so 3 in
total). This setup is mandatory for “official” AQI readings
(e.g., data broadcasted to a wide audience), as a way to ensure

the data reliability of the PM sensors. The meteorological
sensor is a high precision sensor for Relative Humidity,
Temperature, and Pressure sensing.

& Particulate Matter Sensors: 3x PMS 5003
& Meteorological Sensors: BME 280
& Power Supply: 5 V (USB compatible)
& Connectivity: WIFI (with external antenna)
& Dimensions: 130 * 80 * 70 mm
& Weight: 380 g

Analysis of the effect of COVID-19 on air
pollution: perspective of Europe, Spain,
and Italy

European Space Agency (ESA) and NASA have detected
significant decreases in nitrogen dioxide (NO2) in Europe
through pollution monitoring satellites. There is evidence that
the change is related to the economic slowdown as a conse-
quence of the coronavirus outbreak (ESA 2020). It is remark-
able how in Europe the effect of air pollutants decreases in
large urban areas as a consequence of mobility restriction and
the stoppage of economical activity. First, in Italy and then in
the rest of the major regions in Europe as it is observed in
Fig. 3 showing the drop of PM10 in cities such as Milan,
Madrid, Paris, London, and Prague. Figure elaborated with
data collected from air quality data platforms through measur-
ing stations (AQICN 2020).

Figure 4 shows images obtained from the Tropomi instru-
ment, on board the Copernicus Sentinel-5P satellite (ESA
2020), which shows the emissions of nitrogen dioxide (NO2)
and other pollutants from January 1st until March 11th, 2020.

DEMAND

Fig. 6 Electricity demand in
Spain between January and July
of 2020 by the Spanish electric
network
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Mainly observed the human-caused pollution, due to emis-
sions from tailpipes and the generation of electricity, especial-
ly coal-fired power plants. Nitrogen dioxide emissions have
been reduced as a consequence of travel restrictions, and
many companies or factories closed, using less energy, along
with the measures taken by the government of Italy (first) and
Spain (later) to prevent the spread of the disease, which have
caused a reduction in traffic and industrial activities.

Nitrogen dioxide emissions (NO2, redder in Fig. 4 at higher
concentration) have been reduced in northern Italy between
mid-January and mid-March 2020; in the same way, this re-
duction can be seen in Spain (ESA 2020). NOx emission from
a large area can be subjected to interannual and other system-
atic variation. Analyzing NOx emission is particularly tricky
due to cloud cover, meteorological influences like wind fluc-
tuation, wind speed, etc. (ACP 2020), but as an approxima-
tion, it can take a good reference to see the state of the change
in air pollution in the observed places.

The reduction of this pollutant, being one of the most harmful
substances expelled by vehicles (especially diesel), is seen espe-
cially in northern Italy, coinciding with the national lockdown
decreed in order to prevent the spread of COVID-19. Along with
this positive effect, it must be highlighted the impact of COVID-
19 on other fields, such as environmental noise; this factor can
present as unwanted issue among citizens living close to loca-
tions where industrial activity or traffic activities are presented on

high level (Zambrano-Monserrate et al. 2020). Thus, with the
mobility restrictions, the environmental noise was reduced no-
ticeably during the lockdown period over areas with high ratio of
activities such as industrial, commercial, or related to vehicles
(Díaz et al. 2021).

In the case of Spain, the NO2 values can be seen in Fig. 5 of
Spain from January 6th to 20th, 2020 (before quarantine) and
from March 23rd to April 13th (during quarantine). The data
was collected by the Tropospheric Monitoring Instrument
(TROPOMI) on the Sentinel-5 satellite of ESA, a related sen-
sor, the Ozone Monitoring Instrument (OMI), and the Aura
satellite of NASA, with similar measurements (NASA 2020).

Although Spain’s NOX effects and reduction pattern could be
very different, observing the change in air pollution produced in
other areas due to COVID-19 can serve as a reference for the
change that may occur in other countries such as Spain.
According to a NASA study, the first evidence of NO2 reduction
was seen near Wuhan, but it eventually spread across the coun-
try. Millions of people have been lockdown making it one of the
biggest actions in human history (WHO 2020a, b).

In Spain, the electricity demand (REE 2020), by observing
the three stages of the crisis, first, when there was no public
awareness of the COVID-19 impact (A-mid-January 2020),
second, after the first alert by the Spanish Government (B-
early March 2020), and third, after the decree of alarm and
mobility restriction of the citizens by the government (C-mid-

Table 1 Period and phases of de-
escalation of five Spanish cities State alarm Phase 0 Phase 1 Phase 2 Phase 3 New normality

Valencia 14 March 11 May 18 May 1 June 15 June 21 June

Madrid 14 March 11 May 25 May 10 June 21 June 21 June

Barcelona 14 March 11 May 25 May 10 June 18 June 19 June

Sevilla 14 March 4 May 11 May 25 May 10 June 21 June

Bilbao 14 March 4 May 11 May 25 May 10 June 19 June

Fig. 7 Chart of air pollutants inMadrid (measuring station of F. Ladreda) in five different stages. First without awareness of the pandemic problem (from
January to March). After the decree of alarm and mobility restrictions (14/03/2020). And the different phases of de-escalation from phase 0 to phase 3
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March 2020). Figure 6 then shows the evolution of electricity
demand due to the pandemic crisis and actions taken by the
Spanish government. Three working days have been taken to
show the evolution of electricity consumption (REE 2020):
(A) without awareness of the pandemic problem (20/01/
2020), with a maximum demand of 39,435MW; (B) after first
awareness of the crisis (13/03/2020), with a maximum de-
mand of 33,006 MW; and (c) after the decree of alarm and
mobility restrictions (20/03/2020), with a maximum demand
of 30,191 MW. It is observed a reduction in energy consump-
tion up to 25%, compared to January. The decrease in demand
must be considered as a foreseen action in the following
weeks, given since the last day analyzed was 5 days after the
alarm decree, and it is foreseeable that more economic activity
will stop. This implies lower pollutant emissions as a conse-
quence of electric power production plants.

Observing air quality of five Spanish cities (Madrid,
Barcelona, Valencia, Sevilla, and Bilbao) through air pollu-
tion monitoring stations, it is shown the significant decrease in

pollutants, especially NO2, consequence of the drastic traffic
reduction due to mobility restriction ordered by the Spanish
government as of March 14th, 2020. The state of alarm and
different phases of Spanish countries are shown in Table 1:

From Figs. 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, to 17, it is
shown how different cities have been affected by the impact of
COVID-19. Starting with Madrid (Figs. 7 and 8), elaborated
with data collected from the F. Ladreda measuring station:

Analysis of air quality in Madrid

Madrid is among others, the Spanish city with high levels of
pollution, due to a large number of traffic movements every
day. Figure 7 shows how the city started the year 2020 and
2019 with values around 58 and 49 of PM10 and NO2.
Figure elaborated through data extracted from the air quality
data platform (AQICN 2020). This tendency continued until
the state of alarm (14/03/2020) after this period, a drastic fall
can be seen as a result of restriction in mobility ordered by the

-78%

Fig. 8 Data comparison of air pollutants in Madrid (measuring station of F. Ladreda) referring to 2020 and its comparison with 2019

Fig. 9 Graph of PM10 and NO2 in Barcelona (measuring station of
L’Eixample) in different stages. First without awareness of the
pandemic from January to March. After the decree of alarm and

mobility restrictions (14/03/2020). And the different phases of de-
escalation from phase 0 to new normality
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Spanish Government. The low values continue until phase 0,
where some uplifting of restrictions took place, resulting in an
increase of pollutants as is shown in Fig. 7 (ESA 2020). With
each phase, the values increase gradually; however, these
values are lower than the values before the pandemic or the
year 2019.

Analysis of air quality in Barcelona

In the case of Barcelona, observing the air quality data through
atmospheric pollution monitoring stations in the city center
can be observed as a decrease in pollutants, especially NO2,
as a consequence of drastic traffic reduction. NO2 is originated
by the combination of nitrogen and oxygen present in the air
as a consequence of combustion processes, including road
traffic, while PM10 particles are also originated during com-
bustion processes (carbonaceous particles, soot), although
they can also have a natural origin (fine sand and other parti-
cles) carried by winds.

Barcelona has a high amount of daily traffic which leads to
high values of air pollutants in the city, as is shown in Figs. 9
and 10 elaborated with the report collected from the air quality
data platform (AQICN 2020), which shows the values
reaching up to 58μgr/m3; however, these values are decreased
significantly after the state of alarm on 14/03/2020. The re-
covery of economic activity lifts the values of air pollutants,
yet these values remain lower than the period before COVID-
19 or 2019.

Analysis of air quality in Valencia

Valencia capital with a total population of 794,288 is another
city where traffic is an important source of pollution. The
measures of these air pollutants have been done on Pista de
Silla, as it is a point of continuous traffic. The values are
shown in Figs. 11 and 12 indicate the high amount of PM10

and NO2 reaching values around 50 μgr/m
3 according to data

extracted from the air quality data platform (AQICN 2020).

-75%

Fig. 10 Data comparison of air pollutants in Barcelona (measuring station of L’Eixample) referring to 2020 and its comparison with 2019

Fig. 11 Chart of air pollutants in Valencia (measuring station of Pista de
Silla) in five different stages. First without awareness of the pandemic
from January toMarch. After the decree of alarm andmobility restrictions

(14/03/2020). And the different phases of de-escalation from phase 0 to
new normality
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The tendency of these values experienced a substantial fall
after the 14th of March of 2020 as the state of alarm was
declared which caused a mobility restriction. In Valencia,
phase 1 took place on the 11th of May 2020, as it is shown
in Fig. 11; the air pollutants start increasing until values reach
up to 20 μgr/m3. From phase 1 to new normality, the values
have been lower than the starting of 2020 or 2019, due to
reduced mobility and less industrial activities.

The variation of pollution regarding the current year (2020)
and last year (2019) can be seen in Fig. 13 that analyze the
PM10 from mid-January to mid-July.

Analysis of air quality in Seville

In the case of Seville, the drop in values is shown in
Fig. 14, where the airborne pollutants have values of

35 μgr/m3 before pandemic and values up to 50 μgr/m3

in 2019. The figure is elaborated with information extract-
ed from the air quality data platform (AQICN 2020). This
indicates how the city faces a serious problem of pollution
which has increased in recent years with the massive use
of road traffic. The air quality in the city reached critical
values in the past years which can be solved by the re-
thinking of the municipal traffic and infrastructure poli-
cies. The values from Fig. 15 show the tendency of pol-
lutants from January 2020 until July 2020. After the lock-
down, the values remained on lower point, and with the
lifting of lockdown (in Spain executed with various
phases), these values increased gradually however, re-
maining on lower numbers than last year (2019) in the
same period of time. The lockdown lifting plan is de-
scribed in Table 2:

-96%

Fig. 12 Data comparison of air pollutants in Valencia (measuring station of Pista de Silla) referring to 2020 and its comparison with 2019

Fig. 13 Analysis of PM10 in
Valencia on Pista de Silla from
January 2020 to July 2020
compared with 2019
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Analysis of air quality in Bilbao

In spite of being a small city compared with other cities men-
tioned in this article, Bilbao has high levels of pollution due to
a large amount of traffic and connections that take place in this
city. In terms of airborne pollutants, the tendency is the same
as in other large cities; this tendency is shown in Figs. 16 and
17. In the first figure, it shows how the current year started
with values reaching up to 45 μgr/m3, while on the 14th of
March, there is a drastic fall of these values which creates an
important point. With the mobility reduction and less indus-
trial activities, the city shows a better air quality with values of
PM10 and NO2 around 7 and 5 μgr/m

3; data extracted from the
air quality data platform (AQICN 2020).

Discussion

In order to reduce COVID-19 expansion, measures such as
traffic restriction, flight cancelations, or factory closures are
applied. This has had a positive impact on the environment
with less carbon dioxide released into the atmosphere and
other pollutants. The same measures applied in China in
February allowed emissions to decrease by 25%. In this peri-
od, China emitted 150 million metric ton of CO2, less than the
quantity recorded a year ago; in 2019, also a reduction in

nitrogen dioxide (NO2) concentrations have decreased. Italy
being the second country with the highest number of con-
firmed cases of COVID-19 in the world experimented with
the same measures with positive results in terms of the envi-
ronment. The images from the European Space Agency satel-
lite, captured from January 1st until March 11th, 2020, show
the diminution of NO2 in China after the lockdown measures
began to apply. Similarly, this situation also occurred in cities
such as Italy and Spain where mobility and company opera-
tions were restricted.

There is a significant fall in atmospheric pollution observed
by satellite images (ESA 2020) in Spain, which minimizes the
pollutant concentration in large cities of the country. As a
consequence of activity decrease, there is a clear reduction
in NO2 and PM10 along with lower electricity consumption,
which leads to emission reduction by power plants that use
fossil fuel.

The city of Valencia (Spain) has observed an immediate
reduction of pollutants. Valencia has seven measuring sta-
tions, located on “Avenida de Francia, Bulevar Sur, plaza
Ayuntamiento, el Molí del Sol (Campanar), Pista de Silla,
Universitat Politècnica and Viveros.” These stations measure
the main pollutant sources present in urban environments such
as sulfur (SO2) and nitrogen oxides (NO, NO2, NOx), carbon
monoxide (CO), ozone (O3), and the suspended particles with
fractions less than 10 μm (PM10) and less than 2.5 μm

Table 2 Period and phases of de-
escalation in Sevilla. Source: own
elaboration

State of alarm Phase 0 Phase 1 Phase 2 Phase 3 New normality

Valencia 14 March 11 May 18 May 1 June 15 June 21 June

Madrid 14 March 11 May 25 May 10 June 21 June 21 June

Barcelona 14 March 11 May 25 May 10 June 18 June 19 June

Sevilla 14 March 4 May 11 May 25 May 10 June 21 June

Bilbao 14 March 4 May 11 May 25 May 10 June 19 June

Fig. 14 Graph of PM10 and NO2 in Sevilla (measuring station of Santa
Clara) in five different stages. First without awareness of the pandemic
from January toMarch. After the decree of alarm andmobility restrictions

(14/03/2020). And the different phases of de-escalation from phase 0 to
new normality
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(PM2,5), and organic compounds (VOCs, benzene, toluene,
xylene). Paying particular attention to nitrogen oxide (NO2)
and PM10 measured during holidays, NO2 pollution levels are
reduced by up to 90% in Pista de Silla on 22/03/2020 (holiday
after mobility restriction order) where by measuring it was
shown 1 μgr/m3 in reference to another holiday prior to the
mobility restriction on (8/03/2020) where by measuring it was
shown 12μgr/m3. This difference is even more significant if it
compared to holiday dates in January 2020 where 16 μgr/m3

(18/01/2020), when there was still no special awareness on the
pandemic problem by the citizens.

Analyzing the NO2 concentrations on working days in
Valencia, it can be the observed measurement of de 3 μgr/
m3 on 20/03/2020 (working day after the decree of mobility
restriction), having an average reduction of 79% compared to
next week (12/03/2020) where values of 19 μgr/m3 were mea-
sured or an average reduction of 85% in the month of January
(24/01/2020) 21 μgr/m3, when there was still no special
awareness on the pandemic crisis by the citizens.

In 1 week, PM10 suspended particles have been reduced by
up to 55% compared to holidays and up to 70% compared to
working days. This reduction is more significant if compared
with the same days of January 2020 or compared to 2019
measurements.

The annotations on the city of Valencia can also be
discussed regarding the city of Barcelona, where you can see
some decreases on holidays of NO2 and PM10. NO2 pollution
levels on holidays are reduced from 22 μgr/m3 (18/01/2020)
to 4 μgr/m3 (22/03/2020). Comparing NO2 on workdays, it
goes from 31 μgr/m3 (12/03/2020) to 9 μgr/m3 (20/03/2020).
PM10 levels on holidays are reduced in Barcelona from
28 μgr/m3 (18/01/2020) to 15 μgr/m3 (22/03/2020).
Comparing PM10 on workdays is passed from 50 μgr/m3

(24/01/2020) to 17 μgr/m3 (20/03/2020).
Graphically, it can be seen in Fig. 18, elaborated with in-

formation extracted from air quality data platform (AQICN),
the significant reduction of PM10 concentrations in the five
Spanish cities analyzed (Madrid, Barcelona, Valencia,

-66%

Fig. 15 Data comparison of air pollutants in Sevilla (measuring station of Santa Clara) referring to 2020 its comparison with 2019

Fig. 16 Graph of PM10 and NO2 in Bilbao (measuring station of Mª Díaz
Haro) in five different stages. First without awareness of the pandemic
from January toMarch. After the decree of alarm andmobility restrictions

(14/03/2020). And the different phases of de-escalation from phase 0 to
new normality
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Bilbao, and Sevilla), comparing 1 month prior to the lock-
down and after lockdown.

A mobility restriction has caused a decrease in private traf-
fic, being this one of the main factors of urban air pollution; all
this shows a significant drop in suspended pollutant particles.

There has been a significant reduction in polluting particles
according to the recorded data. This reduction occurred on
March 15th, the first day of effective quarantine (domiciliary
confinement was ordered), in comparison to the previous
week without any substantial change in the dispersion meteo-
rological conditions between both dates.

In the case of Spain specific days (before and after lock-
down) have been analyzed for data comparison. It is always
observed a significant reduction in air pollution. This result
reinforces the significant impact of human activity on the en-
vironmental quality of cities (Gómez et al. 2018; Condereff

project, 2020; Grow Green project 2020) and highlights the
importance of seeking formulas to make the environment
where we live more sustainable (Peñalvo-López et al. 2020;
Cárcel-Carrasco et al. 2020; Peñalvo-López et al. 2017, 2019),
combining mobility freedom with environmental respect.

Conclusions

Based on the analysis and data collection of air pollutants
(PM10 and NO2) from different regions of Spanish territory,
it has been prepared a comparative study in order to display
the influence of traffic and humanmobility on air quality. This
study was conducted during and after the lockdown period.
This same period of time has been compared to the year 2019
when there was no confinement. The pattern of pollution was

Fig. 18 PM10 andNO2 concentrations (μgr/m
3) onworking days in Valencia, Madrid, Barcelona, Bilbao, and Sevilla. In gray, before the decree of alarm

and mobility restrictions (15/02/2020). In red, after the decree of alarm and mobility restrictions (15/03/2020). Source: own elaboration

-71%

Fig. 17 Data comparison of air pollutants in Bilbao (measuring station of Mª Díaz Haro) referring to 2019 its comparison with 2020
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altered during the lockdown period such as a decrease in air
pollutants was shown over different cities (Venter et al. 2020).

The COVID-19 pandemic clearly shows the interconnec-
tion between human and planetary health (Web3 2020).
Despite being in the technological era, humankind struggled
against the health disaster which abruptly appeared. To con-
trol this pandemic, most countries adopted, as an effective
measure, the lockdown on social and economical activities
in order to avoid the transmission of the virus. All this shows
a significant drop in suspended pollutant particles. First, a
drastic decrease in pollution in China was observed, later on
in Italy and almost immediately in Spain. Due to the pandemic
crisis and actions taken by the Spanish government, the elec-
tricity demand has been considerably reduced up to 25% com-
pared to January, referring to the week after applying the
alarm state (14/03/2020). This implies lower pollutant emis-
sions as a consequence of electric power production plants.

Regarding the air pollutants and its analyzed data in this
article indicate the downturn of pollutants such as PM10 and
NO2, reaching the average values of reduction of 70 to 80%
taking into account dates after the decree of alarm and mobil-
ity restriction by the Spanish government (14/03/2020), com-
pared to days prior to that date. The decline of these pollutants
shows a similar tendency in all Spanish cities where the period
after the lockdown was identified by the reduction values of
PM10 in Valencia of 88.89% and in Madrid of 87.5%; in
Barcelona, the reduction in PM10 was 70%, in Sevilla
86.8%, and in Bilbao of 87.8%. The same tendency was
shown for NO2.

It must be considered the rising of pollution levels once the
economy is reactivated. However, this situation can be controlled
by taking necessary measures to reduce greenhouse gas emis-
sions and environmental pollution in large cities. It is remarkable
the long-term impact from the emergence of COVID-19 which
demands the reshaping of environmental policies in order to
improve the air quality mainly in urban areas.
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