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The COVID-19 outbreak measures of lockdown have generated exceptional urban behavior
conditions allowing the analysis of a unique scenario. We examined the atmospheric emissions
in Buenos Aires, Argentina, based on urban and industrial continuous monitoring of NO 2, PM10
and PM2.5, and NO2 (TROPOMI/Sentinel-5p) and AOD (MAIAC/MODIS, Aqua) satellite products,
in addition with meteorological data. We considered the time intervals before and after the
announcement of lockdown, including the same periods for 2019. The results showed that NO 2
and PM10 concentrations fell by ~30% and 44%, respectively, at urban stations during lockdown
compared to 2019. An increase in PM at the industrial station (64% PM2.5 and 8% PM10) could be
due to the contribution of industrial sources other than vehicle traffic. Also, we observed a reduction
of the tropospheric NO2 column density mean by 54% at urban stations, and AOD values decreased
between 38% and 66% during 2020. Concerning the spatial distribution, the tropospheric NO 2
column showed a significant reduction of NO2 for the monthly mean in the metropolitan area at
lockdown. Similarly, the AOD highest values had a greater extension for 2020 during the prelockdown monthly period. After the strict lockdown, concentration values increased steadily,
particularly in ground-based measurements. Therefore, we were able to demonstrate the
complementarity of ground-based and satellite data measurements of NO2 and aerosol to
identify the effects of lockdown measures on the spatial and temporal variability of pollutants.
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1 INTRODUCTION
Air pollution is considered the world’s largest environmental health threat, accounting for 7
million deaths worldwide every year (Mannucci and Franchini, 2017). Atmospheric pollutant
exposure is the most critical risk factor for major non-communicable diseases (Cohen et al.,
2017). Chronic exposure at high levels of air pollutants contributes to the occurrence of heart
disease, respiratory system disorders, and cancer (Schwela, 2000). Also, poor air quality is linked
to respiratory failure, premature pregnancy, and the development of respiratory allergies (WHO,
2010; Goldstone, 2015).
Nitrogen dioxide (NO2) and particulate matter (PM) are considered criteria atmospheric
pollutants that require monitoring to preserve the public health. NO 2 is an air quality indicator of
combustion emissions (mostly fossil fuel combustion from vehicles and power plants) associated
with respiratory morbidity and mortality (Burnett et al., 2004; Samoli et al., 2006; Brunekreef, 2008;
U.S. EPA, 2008). This gas is an important driver of air quality degradation in urban/industrialized
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centers. It contributes to the tropospheric ozone formation and is a precursor to secondary
inorganic aerosols that have consequences for climate and human health (Lelieveld et al., 2015;
Atkinson et al., 2018; Bauwens et al., 2020). PM enters the atmosphere from natural sources as
desert dust, forest fires, sea salt, and sulphates from volcanoes, but the expanding human activity
has increased the PM burden (Zhang et al., 2015). Large cities with higher traffic and poor air
pollutant dispersion are more susceptible to adverse health effects (Atkinson et al., 2010; Dongarra
et al., 2010; Correia et al., 2013; Cadelis et al., 2014; Mukherjee and Agrawal, 2017).
The Metropolitan Area of Buenos Aires (AMBA) is one of the most critical regions of Latin
America, with more than 16 million inhabitants (INDEC, 2011). Its population grew sustained
during the 20th and early 21st centuries, with an acceleration by industrialization from 1940 to
1960 (Camilloni and Barrucand, 2012). AMBA is one of the few places in Argentina that air quality
is monitored using ground-stations. Previous studies show levels of atmospheric pollutants exceed
WHO air quality guidelines, exposing the population to risk (Abrutzky et al., 2013; Ferreroa et al.,
2019; Represa, 2020).
In addition to local ground-based monitoring, pollution may be monitored using remote sensing
(Duncan et al., 2014). The TROPOspheric Monitoring Instrument (TROPOMI) sensor onboard the
Copernicus Sentinel-5P (S5P) satellite, launched in October 2017 by the European Space Agency
(ESA), retrieves daily gaseous species levels with a resolution of 5.6 × 3.5 km (Veefkind et al.,
2012). Besides, the aerosol optical depth (AOD) is a parameter obtained by remote sensing linked
to airborne particles’ presence. Moderate Resolution Imaging Spectroradiometer (MODIS)
provided a daily AOD product with a spatial resolution of 1 km (Lyapustin et al., 2011a, b).
In front of the events that are public knowledge, the SARS-CoV-2 virus outbreak has forced
governments to take unprecedented measures to prevent its spread. The acute respiratory
disease caused by the virus, known as COVID-19, has been declared a public health emergency
of international concern by the World Health Organization (WHO, 2020) given its high rate of
transmission. It can cause severe illness, particularly in patients with pre-existing respiratory
problems (Bai et al., 2020). Fear of the collapse of the health system has led many countries to
take different actions to reduce social contact, including travel restrictions, curfews, and
quarantines.
The first Argentinean case of coronavirus was detected on March 5 th and the first national
policy action was taken on March 20th (Ministerio de Salud, 2020). The lockdown was then
extended, with fortnightly modifications, to continue the propagation rhythm. The quarantine
initially covered the AMBA territory, while social distancing measures were quickly taken throughout
the country. As an exception, some urban areas that registered a high level of infections, such as
AMBA, have returned to the initial phase 1, a stricter lockdown.
The disruption in daily activity generated a unique scenario to evaluate the effect on air quality
by reducing vehicle traffic, one of the main sources of urban pollution. Therefore, the purposes
of this work were to evaluate changes in air pollutant concentrations in AMBA and Buenos Aires’
City (CABA) during the lockdown and assess ground-based and satellite measurements’ ability to
describe exceptional situations.

2 MATERIALS AND METHODS
AMBA is located around 35°S along the western coast of the Río de la Plata estuary. The
metropolitan area extends for 4000 km2, and its surface is featureless with only minor differences
in the height of less than 30 m (Fig. 1)
The lockdown period analyzed ranged from March 20th–May 14th. During this timeframe,
different restrictions were established, being stricter at first with few activities allowed. With the
long Easter weekend in between, the country intensified the reinforcement of vehicle controls.
Especially, half of the accesses to CABA were closed, which was the epicenter of the pandemic in
Argentina. By the end of the period studied (April–May), restrictions for some activities were
gradually lifted and recreational outings were allowed.
We considered the periods before and after the closure announcement, including the same
periods for 2019, to assess whether the lockdown restrictions had a positive impact on the region’s
air quality. For meteorological data and ground-based pollutants, weekly mean concentrations were
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Fig. 1. Map of Buenos Aires and the Metropolitan area. Red squares indicate weather stations
Central Observatory of Buenos Aires (OCBA) and Ezeiza (EZE). Blue dots indicate the Dock Sud
(DS), La Matanza (LM), Centenario (CN), Cordoba (CR) and La Boca (LB) ground-based monitoring
stations.
calculated from January 24th to May 14th, for both years. Meanwhile, we analyzed satellite data
in fortnightly average periods. NO2 and AOD maps were built from monthly means before and
after the announcement of lockdown date (February 19th–March 19th and March 20th–April 20th,
respectively), for both years.

2.1 Traffic Flow
As an indicator of urban activity during the lockdown period, we analyzed the data regarding
the traffic flow registered in toll stations in CABA. Radar data was provided by Autopistas Urbanas
S.A. (https://data.buenosaires.gob.ar/). The data period available was from January 24th to
March 30th, 2019, and 2020.

2.2 Meteorological Data
Hourly meteorological data (temperature, wind direction, and precipitation) were obtained
from the Argentinian Weather Service (SMN) and NCEI data (https://www.ncei.noaa.gov/). The
SMN has two meteorological stations in the study area: Central Observatory of Buenos Aires
station (OCBA - ID 87585) located in CABA near the urban area, and Ezeiza station (EZE - ID 87576)
located at the International Airport in AMBA, 28 km apart (Fig. 1).

2.3 Ground-measurements
PM10, PM2.5 and NO2 data were acquired from five ground-monitoring stations of air quality
(Fig. 1). Three of these stations are located at CABA and are managed by the Buenos Aires
Environmental Protection Agency (APrA): Parque Centenario (CN), Cordoba (CR) and La Boca (LB).
The remaining two are located at AMBA and are administered by the Matanza-Riachuelo Basin
Authority (ACUMAR): Dock Sud (DS) and La Matanza (LM). Below is a brief characterization for
each of them:
* CN is in a residential-commercial area with a medium vehicular flow and very low incidence of
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fixed sources. It is next to a public green space located in the geographic center of CABA.
* CR is in a residential-commercial area, at the intersection of two ample avenues with high
vehicular flow and very low incidence of fixed sources.
* LB is in a mixed zone about La Boca, southeast from CABA, within the influence area of the
Matanza-Riachuelo basin. It has medium-low vehicular flow and incidence of fixed sources. It
is 3 km away from the Dock Sud.
* DS is at Dock Sud where the port facility operates. It has one of the most important container
terminals in the country, and several industries are installed in the area (refineries, fuel
storage, thermoelectric, and waste management plants). The activity at Dock Sud in the
quarantine continued for the main industries installed in the area.
* LM is at La Matanza, which is the most populous and largest district in the entire country with
325.71 km² (INDEC, 2011). Diverse industries (food, automotive, chemical, and construction
industries) are located near this monitoring site. It is 500 m away from the National Route N°
3 where heavy and light-duty vehicles circulate continuously. As reported by ACUMAR, the
activity of the food and chemical industries was regular, yet the closest automotive and
construction industries were not working during the lockdown.
NO2 was measured continuously through chemiluminescence (EPA Automated Reference
Method). CR and LB APrA monitoring stations are equipped with Monitor Labs analyzers (ML
9841B - detection limit: 0.40 ppb), whereas CN station has a Thermo Scientific Monitor (Thermo
42C - detection limit: 0.40 ppb). APrA agency provided hourly data expressed in ppb, which was
converted to µg m–3. Regarding ACUMAR monitoring stations, DS measures with an Environment
Monitor (AC32 M - detection limit: 0.40 ppb) and LM with an Ecotech analyzers (Serinus 40 detection limit: < 0.40 ppb). ACUMAR provided hourly data expressed in µg m–3.
PM10 and PM2.5 were measured continuously through the β-attenuation monitoring technique
(EPA Automated Equivalent Method). CABA monitoring stations are equipped with Thermo
Scientific Continuous Particulate Monitors for PM 10 (FH62C14 - detection limit: < 1 µg m–3 24-h
average). APrA agency provided 24-hour moving average data in µg m–3. As for ACUMAR
monitoring stations, DS measures PM10 and PM2.5 with an Environnement Continuous Particulate
Monitor (MP101M LCD and CPM - detection limit: 0.5 µg m–3 24-h average), and LM with an
Ecotech Continuous Particulate Monitor for PM 10 and PM2.5 (Spirant BAM1000 and 1100 detection limit: < 1 µg m–3 24-h average). ACUMAR provided hourly data expressed in µg m–3,
and the 24-hour moving averages were then calculated.

2.4 Satellite Measurements
NO2 satellite-based measurements were obtained from sensor TROPOMI onboard Sentinel-5p
(ESA). We used daily tropospheric NO2 column number density product (OFFL_NO2 L3,
https://sentinels.copernicus.eu/), filtered by the quality assurance > 0.5 to obtain 2-week and
monthly mean and standard deviation values within the study area. For atmospheric aerosols,
we utilized MODIS/Aqua AOD product recovered with the Multi-angle Implementation of
Atmospheric Correction (Lyapustin et al., 2011a, Archive Center (LP DAAC) Distribution Server
(https://lpdaac.usgs.gov/). Aqua satellite overpasses AMBA between 13–17 h (local time). Daily
AOD was filtered by the quality band to ensure maximum data quality and no cloud interference.
We calculated 2-week periods, monthly means and standard deviations, considering before and
after the announcement of lockdown dates, for 2019 and 2020.

3 RESULTS AND DISCUSSION
3.1 Traffic
As mentioned, CABA and AMBA concentrate a large part of the country’s economic activities.
This singularity generates significant vehicular traffic that affects air quality. In 2019, the total car
park for CABA reached 1.496.711 vehicles (passenger cars and pickups, light commercial vehicles,
trucks, and buses) and, on average, the number of vehicles passing through the City’s radars is
between 2 and 3 thousand in ordinary weeks. Fig. 2 shows the normal fluctuations in vehicle
traffic and the sudden drop due to mandatory social isolation. The marked decrease indicates
the interruption of vehicular traffic as a source of pollutant emission into the atmosphere.
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Fig. 2. Daily average of vehicles circulating on the main highways and avenues of the City of Buenos Aires. The start of the
quarantine period is highlighted in gray.
Table 1. Monthly mean of temperature (T), wind speed (WS), and precipitation (p) at Central Observatory of Buenos Aires (OCBA)
and Ezeiza (EZE) meteorological stations.
Month
OCBA
Feb
Mar
Apr
May
EZE
Feb
Mar
Apr
May

T (°C)

2019
WS (km h–1)

T (°C)

2020
WS (km h–1)

p (mm)

p (mm)

24.3 ± 5.0
21.1 ± 4.2
19.3 ± 3.4
16.3 ± 3.6

7.9 ± 5.1
7.9 ± 5.1
7.1 ± 4.7
8.2 ± 4.9

47.4
104.0
51.2
75.5

24.4 ± 4.7
24.1 ± 3.7
18.0 ± 3.8
15.7 ± 4.0

8.5 ± 5.0
7.8 ±4.7
8.1 ± 5.3
8.9 ± 6.4

66.2
158.3
87.2
22.6

22.3 ± 5.6
19.6 ± 5.0
17.5 ± 4.9
14.1 ± 4.6

11.1 ± 6.6
12.2 ± 7.2
10.6 ± 6.7
11.8 ± 6.4

48.8
208.8
26.7
77.4

23.3 ± 5.5
23.0 ± 4.4
16.8 ± 4.6
14.4 ± 4.6

11.9 ± 6.4
11.1 ± 5.7
11.4 ± 7.1
11.9 ± 6.9

149.5
198.0
205.9
9.6

3.2 Meteorological Conditions
Weather conditions are an essential aspect considering their strong influence on air quality
(Borge et al., 2019; Collivignarelli et al., 2020). Monthly averages obtained by hourly measurements
of temperature and wind speed at OCBA and EZE showed no significant differences among
monthly data from January to May 2019 and 2020. OCBA station had higher temperatures and
lower wind speeds than EZE, for the whole period. The latter year underwent a rainier season,
mainly at EZE station (Table 1).

3.3 Ground Measurements
Initially, we analyzed the situation before the cessation of activities (Fig. 3). In general, the first
fraction of the period studied showed comparatively lower concentrations than the second one
for both years (Table S1). This difference could be caused by the higher temperatures from the
summer season that facilitate pollutant dispersion (Seinfeld and Pandis, 2016). Likewise, summer
vacations may be another factor influencing these low concentration values.
Except for PM10 and PM2.5 at LM, concentrations in 2020 were lower than in 2019 for the first
period. This difference may be attributed to the rainy season. The NO 2 concentration had a
reduction of 49% > 38% > 13% > 2.3% for LM, CR, LB and CN. We observed for PM10 concentration
values a reduction of 71% > 33% > 14% > 7% in LB, CR, CN, and DS. PM2.5 was 8% lower in DS. We
saw an increase of 32% for PM10 and 54% for PM2.5 for the first annual period at LM.
At the beginning of the quarantine, contaminants decreased notably, reaching the minimum
concentration values within the initial weeks of lockdown (Fig. 3). This reduction was observed
in all pollutants, varying in the magnitude of the fall. The exception has also been the LM station,
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Fig. 3. Weekly average of ground-station measurements for NO2, PM10, and PM2.5 for Dock Sud (DS), La Matanza (LM), Centenario
(CN), Cordoba (CR), and La Boca (LB) stations in the period analysed. The quarantine period is highlighted in gray.
located in an industrial area, where maximum values were detected during the night. For the
same period of the year, NO2 concentrations fell by 61% > 39% > 32% > 20% > 11% for LM, LB,
CN, CR and DS stations. Similarly, PM10 levels were 53% > 48% > 35% > 32% lower for CR, LB, DS
and CN stations. Here we also observed that LM has a different behavior, presenting an increase
(64% for PM2.5 and 8% for PM10) from the previous year in an identical period.
The reduction shown in our study is similar to the findings reported by Zambrano-Monserrate
et al. (2020) and Nakada and Urban (2020). These differences guide us concerning the primary
emission sources. A drastic reduction in lockdown context, where vehicle traffic declined, but
industrial production remained active, points to the effect of mobile sources on measured
pollutants.
NO2 and PM concentration values at all sites showed a sustained increase throughout the
lockdown reaching significantly higher levels at the end of the period analyzed (late April–early
May) than at the beginning. NO2 measurements at CR and DS were even higher than in 2019.
Considering that restrictions were lifted during the last period, this may have generated an
undesired effect of massive circulation, as it could be seen in other provinces of Argentina and
several cities around the world.
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PM concentration values rose critically in 2020 at LM, implying a greater contribution from
nearby emission sources, either industrial or non-industrial such as garbage burning or dust
resuspension. These events are accentuated by a stable atmosphere condition that occurs mainly
in the cold months, with many hours of calm wind during the night.
Finally, we compared the recorded values with the WHO air quality guidelines, intending to
assess the impact of lockdown on air quality. The WHO recommends an hourly limit value of 200
µg m–3 for NO2, and 24-hour averages of 50 µg m–3 and 25 µg m–3 for PM10 and PM2.5, respectively.
NO2 concentrations did not exceed the guideline value during the period under review (maximum
value: 154.2 µg m–3 at CN station, on February 8th). As for PM10, all five monitoring stations
registered several exceedances. LM station was the one that exceeded most times for PM10
(maximum value: 118.3 µg m–3, on April 20th), and for PM2.5 (maximum value: 99.1 µg m–3, on
April 20th). In this respect, other research studies have already pointed out the impact on air
quality (Nakada and Urban, 2020; Sharma et al., 2020; Saadat et al., 2020; Tobías et al., 2020).

3.4 Satellite Measurements
We initially considered the NO2 satellite product at the location of the ground monitoring
stations. Several comments can be made from this. First, the average NO 2 column density
obtained in 2 weeks exhibited similar behaviors for CN, CR, and LB stations, while at LM lower
means of NO2 can be observed most of the time for years 2019 and 2020 (Fig. 4). In general, the
LM station was significantly different from the rest of the stations (Fig. S1), which may be due to
a lower background NO2 level.
In the first interval of time, from January 24th to February 6th, low levels of NO2 were obtained
(40–85 µmol m–2). The scene is different in the second period. The parameter for every station
except for LM started to grow in 2019, while it remained constant in 2020. The third period
presented the higher means obtained in this study for the CN, CR, LB, and DS stations: 97–
128 µmol m–2 in 2019, and 125–158 µmol m–2 in 2020, while their standard deviations were
nearly in the same order of averages. The fourth 2-week period exhibited a remarkable decrease
in 2019, probably because of the Carnival holiday. This decrease was negligible in 2020, although
a high standard deviation was obtained for the same period (Fig. S1).
A marked decline of tropospheric NO2 column density means and standard deviations were
observed from the fifth 2-week period in 2020 when the lockdown began strictly in the country.
A reduction of around 54% was observed at the urban CN, CR, and LB station sites, while at DS,
it was 44%, and there was an insignificant increase of 0.73% at LM location. Tobías et al. (2020)
and Nakada and Urban (2020) also identified decreases in NO2 by remote sensing in cities where
there was an outbreak quarantine for COVID-19. Meanwhile, 2019 data displayed a recovery of
NO2 levels at the urban stations, slightly below those of the third period, an increase at LM, and
a decrease at DS for the fifth period only. Finally, NO 2 levels began to rise after day one of
quarantine in the eighth 2-week period, corresponding to 1–14 May 2020, for every station
location, in a range of 76.5–56.0 µmol m–2 ± 25.3–47.7 µmol m–2.
In a normal situation, the tropospheric NO2 column is manly placed over the AMBA (Fig. 5).

Fig. 4. Nitrogen dioxide 2-week means at the monitoring stations locations, obtained by TROPOMI/Sentinel-5p. The fifth 2-week
period corresponds to the one starting at the lockdown date in Argentina.
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Fig. 5. Mean levels of tropospheric NO2 measured by the TROPOMI/Sentinel-5p (ESA) before and during the lockdown in Buenos
Aires, Argentina, compared to the same period in 2019.
Furthermore, data analyzed revealed that: a) the monthly mean of NO 2 in the period from
February 19th to March 19th in 2019 was lower than the period from March 20th to April 20th in the
same year, and this might be due to a four-day holiday during Carnival and the summer holidays;
b) NO2 increased for the period from February 19th to March 19th in 2019 and 2020; c) the monthly
average of NO2 obtained for the lockdown period showed a clear reduction in AMBA.
The 2-week means of AOD retrieved at the monitoring stations showed similar behaviors for
all stations, with relatively lower values at LM and DS stations compared to CN, CO, LB for 2019
and 2020 (Fig. 6). Mean AOD values retrieved at LM and DS stations were in the range of 0.04–
0.17, similar for 2019 and 2020, except for the third 2-week periods in 2020 where values were
increased (0.21 and 0.22 for DS and LM, respectively).
Concerning AOD values retrieved at CN, CO, and LB, a decrease was observed when comparing
the first four 2-week periods and the last four 2-week periods for both 2019 (range 0.15–0.31
and 0.09–0.22, respectively) and 2020 (range 0.24–0.40 and 0.13–0.19, respectively). This
decrease was more pronounced in 2020 when the lockdown was established from the fifth 2week period onwards than 2019. In fact, between the fourth and fifth 2-week periods, we noticed
a decrease of 38–66% during 2020. From the fifth 2-week period, standard deviations for 2020
had a significant decrease compared to 2019 (Fig. S2).
The decline in AOD in 2020 coincided with the reduction of PM surface measurements
described above. As an exception, LM did not show a reduction in PM10 and PM2.5, but a decrease
in AOD was observed. It must be considered that AOD is an adimensional parameter that
comprises the aerosols in the whole atmospheric column with a spatial resolution of 1km. At the
same time, PM stations measure the concentration of surface aerosols at a limited spatial range.
Aerosol distribution in the atmospheric column is a determining parameter of the AOD-PM
relationship (Li et al., 2015). Moreover, satellite observations corresponded to a particular time
of the day, while PM concentrations considered in this study were a 24-hour mean.
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Fig. 6. Aerosol Optical Depth (AOD 470 nm) 2-week means at the monitoring stations locations obtained by MODIS/Aqua. The
fifth 2-week period corresponds to the one starting at the lockdown date in Argentina.

Fig. 7. Aerosol Optical Depth (AOD) at 470 nm Mean levels AOD measured by the MODIS/Aqua + Terra-NASA before and during
the lockdown in Buenos Aires, Argentina, compared to the same period in 2019.
The spatial distribution of AOD at the study area (Fig. 7) showed that, as observed for
tropospheric NO2 column density, AOD mean values for the period February 19 th–March 19th in
2020 were higher than for 2019. Moreover, a greater spatial extension of higher AOD values for
2020 was observed during this monthly pre-lockdown period. The monthly average of AOD in the
period February 19th to March 19th was higher than for the last period (March 20th–April 20th) for
both years. AOD decreased more sharply for the period March 20th to April 20th, 2020 than for
2019, which is consistent with the lockdown.
Similarly, Ranjan et al. (2020) detected a substantial AOD reduction in India. Filonchyk et al.
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(2020) observed high AOD values spatially associated with high NO2 concentrations over eastern
China. The association between changes in NO2 and AOD caused by the lockdown was also
analyzed in Kumar (2020).
Daily retrieves of NO2 and AOD displayed a dramatic reduction in the first days of lockdown,
evidencing the fast elimination of NO2 and aerosols from the atmosphere since the restriction of
vehicular traffic. Nevertheless, it is noteworthy that the residence time of aerosols in the
atmosphere is much longer, in contrast to several hours for NO2 (Filonchyk et al., 2020).

4 CONCLUSIONS
In Argentina there is a lack of public policies aimed at controlling vehicle emissions. The COVID-19
pandemic lockdown, which began on March 20th, 2020, reduced traffic flow by almost 80%. This
exceptional minimal vehicular circulation allowed us to evaluate the atmospheric baseline
composition of relevant atmospheric pollutants (NO2, PM10 and PM2.5) using ground and satellite
data. Ground-based measurements of the three pollutants showed a sharp drop at the beginning
of lockdown. Consistently, means and standard deviations of tropospheric NO 2 column density
and AOD declined when the lockdown began strictly in Argentina. These changes clearly indicate
the negative contribution of vehicle transport to air quality in AMBA. Finally, we demonstrated
the complementarity of ground-based and satellite data measurements. Changes in the atmospheric
composition of NO2 for this exceptional situation in cities without ground-based air pollution
monitoring would be possible with satellite data.
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