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Abstract

The global pandemic due to the SARS-CoV-2 Coronavirus has caused significant impact on various sectors
of society, e.g., health, science, and economy, with a remarkable change in environmental aspects. The present study
focused on an analysis of the spread of COVID-19 in South America, highlighting the impacts of lockdown policies
on the air quality in the main cities of ten countries during the pandemics, furthermore, through simple regression
statistical models, the behavior of accumulated daily cases of COVID-19 in 13 countries was characterized. The
lockdown strategy was one of the first measures adopted by the World Health Organization (WHO) to control the
spread of the coronavirus, significantly reducing traffic and industrial activities. This measure has surprisingly
improved the air quality in four of the 13 South American cities studied, e.g., Guarulhos (Brazil), Santiago de Chile
(Chile), Bogota (Colombia), and Lima (Peru), with reductions in PM2.5, PM10, and ozone (O3). The propagation
behaviorof COVID-19 in South America and the environmentalimpact analyses provided in this paper demonstrate
the intense effect of commercial and industrial activities and can be used to subsidize future reductions in pollution

and disease contamination.

Keywords: air pollution; environment; Coronavirus; public health.
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Resumen

La pandemia mundial causada por el coronavirus SARS-CoV-2 origind un impacto significativo en varios
sectores de la sociedad, como por ejemplo: la salud, la ciencia y la economia, y sobre todo un cambio notable en los
aspectos ambientales. El presente estudio se centrd en un andlisis sobre la propagacion del COVID-19 en
Sudamérica, destacando los impactos de las politicas de bloqueo en la calidad del aire de las principales ciudades de
13 paises durante la pandemia; ademas, por medio de modelos estadisticos de regresidon simple se caracterizo el
comportamiento de los casosacumulados diarios de Covid-19 en los 13 paises analizados. La estrategia de cierre fue
una de las primeras medidas adoptadas por la Organizacion Mundial de la Salud (OMS) para controlar la
propagacién del coronavirus, reduciendo significativamente el trfico y las actividades industriales. Esta medida
demostr6 mejorar sorprendentemente la calidad del aire en cuatro de las 13 ciudades sudamericanas estudiadas, a
saber: Guarulhos (Brasil), Santiago de Chile (Chile), Bogota (Colombia) y Lima (Pert); con reducciones de PM2,5,
PM10 y ozono (0O3). El comportamiento de la propagacion del COVID-19 en Sudamérica y los anélisis de impacto
ambiental proporcionadosen este trabajo demuestran elintenso efecto de las actividades comerciales e industriales, y
pueden ser utilizados para subvencionar futuras reducciones de la contaminacién y de las enfermedades.

Palabras clave: ambiente; contaminacién atmosférica; coronavirus; salud pablica.

Analise da poluicao atmosférica na América do Sul durante
a propagacao da COVID-19

Resumo

A pandemia global causada pelo coronavirus SARS-CoV-2 teve um impacto significativo em varios setores da
sociedade, incluindo salde, ciéncia, economia e, principalmente, uma notavelmudanca nosaspectosambientais. Este
estudo focou na analise da propagacdo da COVID-19 na América do Sul, destacando os impactos das politicas de
lockdown na qualidade do ardas principais cidades de 13 paisesdurante a pandemia. Além disso, utilizando modelos
estatisticos de regressao simples, caracterizamos o comportamento dos casosdiarios acumuladosde Covid-19 nos 13
paisesanalisados. A estratégia de fechamento foiuma dasprimeirasmedidasadotadas pela Organizacdo Mundial da
Salde (OMS) para controlara propagacédo do coronavirus, resultando em uma reducéo significativa do trafego e das
atividades industriais. Essa medida melhorou significativamente a qualidade do ar em quatro das 13 cidades sul-
americanasestudadas, a saber: Guarulhos (Brasil), Santiago de Chile (Chile), Bogota (Colémbia) e Lima (Peru); com
reducdes de PM2,5, PM10 e 0z6nio (O3). Os padrdes observados na propagacdo da COVID-19 na América do Sul e
as analyses de impacto ambiental fornecidas neste estudo demonstram o impacto significativo das atividades
comerciais e industriais, que poderiam orientar estratégias futuras para reduzir a poluicao e os problemas de satde
associados.

Palavras-chave: atmosfera; contaminacdo atmosferica; coronavirus; satde publica.

Introduction

The Severe Acute Respiratory Syndrome 2 virus, SARS-CoV-2, is responsible for a major global pandemic
that caused the coronavirus disease, beginning in 2019 (COVID-19). The novel coronavirus was first detected in a
human host in Wuhan, Hubei Province, China, on December 12, 2019, from where it spread worldwide in at least
three months. The COVID-19 virus is highly transmissible via droplets or direct contact through human-to-human
interaction. To date (December 14, 2021), there were 270,031,622 confirmed cases and 5,310,502 deaths worldwide.
The country with the highest number of confirmed cases is the United States of America (World Health
Organization, 2021a). Focusing on the southern part of the American continent, regional divisions constitute twelve
countries and six regions politically connected to France, the Netherlands, and the United Kingdom (Figure 1).
Among South American countries, Brazil is the most affected by the COVID-19 disease and the third with the
highest number of confirmed cases worldwide (World Health Organization, 2021a).
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Figure 1. Propagation timeline of the COVID-19 disease from China to South America and adaptation of
the lockdown days.

South American countries such as Brazil, Chile, and Colombia show some of the most urbanized regions in
the world, considerably contributing to air pollution due to economic and industrial growth. In this scenario, the
negative relationship between air pollution and human health has been under discussion by the scientific community
for decades and represents a major risk factor responsible for many diseases and deaths. According to the WHO, a
high level of air pollution increases the risk of conditions such as heart disease, stroke, chronic obstructive
pulmonary disease, cancer, and pneumonia (Faiz et al., 1995; Bell et al., 2006; World Health Organization, 2021b).
The severity of COVID-19 infection in major cities is closely related to air pollution. Specific areas of India, China,
Italy, Russia, Chile, and Qatar show a positive correlation between high rates of air pollution, indicated by nitrogen
dioxide (NO2), particulate matter with less than 2.5 micrometers (PM2.5), and COVID-19 infection. It has also been
associated with the overexpression of the angiotensin-converting enzyme 2 (ACE-2) on epithelial cell surfaces of the
respiratory tract (Paital and Agrawal, 2021).

According to many studies, the establishment of lockdown policies has had a positive effect on air quality
(Collivignarelli et al., 2020; Dantas et al., 2020; Paital and Agrawal, 2021). In Latin America, the human activity,
vehicle traffic, and industrial activities contributed to significantly reducing air-pollutant particles and gases such as
PM2.5, particulate matter with less than 10 micrometers (PM10), carbon monoxide (CO), and nitrogen oxides
(NOx), in addition to increasing ozone rates (Collivignarelli et al., 2020; Dantas et al., 2020). From this perspective,
aiming to analyze the propagation of COVID-19 in South America and correlate it with air pollution, this study
searched for data on air pollutants between 2019 and 2020, including the PM2.5, PM10, NO2, SO2, CO, and O3
factors.

Materials and Methods

Air pollution data collection

In this study was analyzed the major cities of eight South American countries (13): Buenos Aires
(Argentina), La Paz (Bolivia), Guarulhos (Brazil), Campinas (Brazil), Santiago (Chile), Curicd (Chile), Bogota
(Colombia), Medellin (Colombia), Quito (Ecuador), Cuenca (Ecuador), Lima (Peru), Colon (Uruguay), and
Montevideo (Uruguay). The numberof COVID-19 caseswas obtained from the online database of the WHO (World
Health Organization, 2021a). The range established for data collection spanned from the first day of COVID-19
detection in each country to 30 days after detection from March 2020 to June 2021. This period was selected to
analyze the air quality before and after COVID-19 was characterized as a pandemic. Air quality was analyzed
according to data available in the databases of the Ministries of the Environment of each South American country
between March 2019 and September 2020. The environmental variables used were PM2.5, PM10, CO, NO2, SO2,
and O3.

Air pollution statistical analysis
Simple regression models were generated for the statistical analysis. The independent or explanatory
variable referred to the number of days elapsed since the first report of a COVID-19 case. The dependent variable
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referred to the number of accumulated cases of COVID-19 contagion. The statistical software Statgraphics XVI
(Centurion) was used in the analyses, which allows simultaneously contrasting 27 different regression models and
choosing the model with the highest percentage of explanation for the dependent variable (R2). Each model was
generated per country, and a model quality evaluation was applied to assess the homoscedasticity of forecast errors
variance generated by the model, the average forecast error, and normality in the behavior of forecast errors.

Results and Discussion
Behavior and propagation of COVID-19 in South America

COVID-19 disease is a major health problem that negatively affects the global economy (Zhou et al.,
2020b; Zhu et al., 2020) and spread all around the world. Until January 15, 2021, only a few countries had not
officially reported any COVID-19 cases, e.g., the Republic of Palau, the Republic of Kiribati, Vanuatu, and North
Korea (World Health Organization, 2021a), while the rest of the world had reported approximately 100 million cases
and around 2 million deaths (World Health Organization, 2021a). In South America, the first case was reported in
Brazil on February 26, 2020, and the last countries to report their first cases were Uruguay and Venezuela, both on
March 13, 2020. However, one of the characteristics of the SARS-CoV-2 virus is that it is highly contagious (Wang
et al., 2020; Zaconeta et al., 2020) or, in other words, that it spreads quickly. For example, during May, September
(2020), and January (2021), around 1, 11, and 14 million positive cases of COVID-19 were reported, respectively
(World Health Organization, 2021a), whereas the first peak of the pandemic was reported between June and August.

The spread of COVID-19 around the world occurred in three phases, from China to South America,
according to different regions (Figure 1). First, in late December 2019, the highest contamination focus was in Asia,
with an epicenter in China. The second phase occurred in Europe on January 24, 2020, when the first cases were
confirmed in that continent. Italy and Spain were the first affected countries, with higher numbers of cases between
March and April. However, on September 22, 2020, Russia (1,109,595 cases), France (458,061 cases), and the
United Kingdom (398,625 cases) surpassed the numbers of confirmed COVID-19 cases. The third phase occurred in
America on January 21, 2020, with the first confirmed case in the United States of America and an exponential
contamination growth curve in March. In Latin America, the first case was detected in Brazil (February 26), the
country with the highest number of COVID-19 cases (4,558,068), followed by Peru (772,896) and Colombia
(770,435) (World Health Organization, 2021a). Additionally, Brazil also reported a new virus variant, the Gamma
variant, in November 2020, generating great concern (World Health Organization, 2021a).

On January 30, 2020, the WHO determined that the COVID-19 outbreak must be considered a Public
Health Emergency of International Importance and recommended quarantine as a preventive measure, although
attributing to each country the autonomy to adhere to adequate preventive measures. On March 11, 2020, with the
increase in the severity and number of cases, the WHO announced a global pandemic status for COVID-19 (Pan
American Health Organization and World Health Organization, 2020). In South America, chronologically, Paraguay
was the first country to establish a lockdown policy, four days after detecting the first case of COVID-19. Uruguay
was the country that had the fastest response, establishing the lockdown right after the first confirmed case. On the
other hand, Argentina had the slowest response, adhering to this policy after26 days. Itshould be noted that Uruguay
and Paraguay were the countries with the lowest number of new cases after 100 days from the first detection. In
contrast, Brazil was the Latin America country that reported the highest number of casesafter 100 days from the first
detection. However, the strategies adopted to control virus transmission in each country (mainly the use of masksand
lockdown) and their infrastructure were determinants for the increase in the number of cases. Masks were an
important preventive measure adopted during this period. An initial study reported that oral swab samples from
patients infected with COVID-19 indicated a positive result for SARS-CoV-2 by gPCR and conventional PCR.
These findings were the first evidence that the virus could be transmitted by air (Zhou et al., 2020a). The readiness in
which countries approved and registered diagnostic tests also influenced the correct detection of the infected and
their accountability in global statistics (Vedova-Costa et al., 2021).

In past human infection outbreaks, the transmission usually occurs first from animals to humans and later
from humans to humans. The coronaviruses are largely found in animals such as cattle, dogs, bats, equines, and
others. The first human case of COVID-19 was identified on December 12, 2019, in Wuhan City, Hubei Province,
China. A cluster of patients with similar symptoms was identified at a seafood wholesale and live animals
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marketplace inthe city (Rahmanetal., 2020). In January 2020, the complete genome of SARS-CoV-2, isolated from
a patient that worked at the Wuhan seafood market, was sequenced (29,903 nucleotides) and closely related to a
group of coronaviruses found in batsthroughout China (GenBank accession number MG772933). Another study also
sequenced the complete genome of five samples isolated from patients, which were 96 % identical to the whole -
genome level of a bat coronavirus, hypothetically considered to be the initial point of contamination of COVID-19
(Wu et al., 2020; Zhou et al., 2020b). The infection by the COVID-19 virus can be either asymptomatic or
symptomatic, the latter leading to severe symptoms and potentially causing death. The disease develops in three
stages: the early stage from 7 to 10 days, when there is a high viral load in the respiratory tract, fever (above 37.6
°C), diarrhea, and dry cough; the second stage, when pulmonary symptomsare observed, e.g., hypoxia; and the third
stage, the hyperinflammation phase, when there is a high risk of thrombotic and embolic events due to the
procoagulant state (Pericas et al., 2020).

The second peak of the pandemic occurred from December 2020 to January 2021 and was characterized by
an intense increase of positive cases. Brazil and Colombia reported the highest numbers of positive cases per day,
with 87,843 and 17,576 cases, respectively. Uruguay reached its first epidemiological peak between December
(2020) and January (2021). Among the countries with the highest numbers of reported cases, Brazil, Argentina, and
Colombia corresponded to 59, 12.5, and 11.7 % of total cases, respectively. In contrast, the countries with the lowest
number of cases are Venezuela and Uruguay, with 0.72 and 0.45 %, respectively (World Health Organization,
2021a). Rapid COVID-19 dissemination was observed one year after the disease was characterized as a global
pandemic (Figure 2). In South America, Brazil stood out with an expressive number of confirmed COVID-19 cases,
increasing from 5,385 cases in April 2020 to approximately 18 million in June 2021, proportional to its large
population (World Health Organization, 2021a).

6,00E+07
5.00E+07
4.00E+07 [
3.00E+07 [

2.00E+07

1.00E+07 | .\‘//\
0.00E+00 : ; ‘

——April 2020 ——June 2021

Figure 2. Number of COVID-19 cases in Europe and South America (World Health Organization, 2021a).

Number of cases

By considering other aspects of the disease, around 800 thousand sequences for SARS-CoV-2 have been
deposited worldwide. In South America, only 879 sequences have been deposited. The main depositors are Chile,
Brazil, and Peru with 43.6, 31.5, and 15.9 %, respectively, corresponding to 91.0 % of the total (Table 1).

Table 1. Total SARS-CoV-2 sequences deposited in the National Center for Biotechnology Information (National
Library of Medicine, 2021).
Localization Total sequences South America Total sequences

Africa 1,934 Brazil 277
Asia 5,680 Chile 383
Europe 438,222 Colombia 2
North America 351,479 Ecuador 4
Oceania 13,933 Peru 140
South America 879 Uruguay 10
Venezuela 20
Argentina 43
Total 812,127
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Statistically significant mathematical models were estimated to simulate the number of cases per country,
and an additional mathematical model that simulates the behavior of the pandemic in South America was also
developed. All models obtained effectively explained the disease behavior since the R2 was greater than 95 %,
indicating that it can be measured over a maximum of 100 % (Table 2) (Martinez-Burgos et al., 2019; 2021),
reflecting low prognostic error.

Table 2. Mathematical models for each country and their characteristics.
Average forecast

Country Cumulative cases model R? error *p-value
Argentina e127+0895,/days 96.80 -12.040 0.00022
Bolivia 0962 /days 99.80 -12.080 0.00001
. 4533,7*Days-243,9*Days? + 3,8*Days?-
Brazil 0,01075*Days* 99.96 -0.006 0.79000
Chile g?2-306+In(days) 99.20 4751.000 0.00480
1

Ecuad 99.70 1349.000 0.04200

cuador ~0.00007571 + 0.019045 /days
Colombia e2:75+0.706,/days 99.80 141.000 0.00050
Paraguay g0+4736+0.699,/days 98.00 -82.000 0.02800
Uruguay /103046 .5 + 77.36 * days? 97.00 -10.000 0.04580
Per( 2:64+0.706+In(days) 99.90 -6682.000 0.03030
Venezuela e (2:54+0.0043 xdays? )* 99.40 8.630 0.01700
South America —307708 + 165.20 = days? 98.20 0.054 0.74600

* Kolmogorov-Smirnov p-value of model residuals.

The mathematical models that simulated the behavior of the disease in Bolivia, Colombia, and Paraguay
showed the same behavior of the mathematical model (Logarithm Y and sqrt of X: Y =exp (a + b * sqrt (X))). The
same was observed for the mathematical models of Chile and Peru (Multiplicative: Y =X b), whereas the models
were completely different in other countries, including the general model for South America.

On the other hand, the Uruguay mathematical model and the general model for South America showed the
lowest average errors and followed the behavior of a normal distribution. Therefore, when forecasting prognostic
errors, they do not reach high values. Although the average error of the Venezuelan model had a lower average than
the Uruguay model, the prognostic errors did not show a normal distribution behavior, which leads to the conclusion
that the Uruguay behaved more similarly to reality, Although the models for several countries indicated that their
residuals did not follow the pattern of a normal distribution, the average errors were significantly small compared to
the average valuesof reported cumulative cases. For this reason, the models achieved R-squared values mostly above
96 %. Therefore, the regression models generated accurately describe the behaviorof cumulative COVID-19 cases in
the studied countries. In the case of the general model for South America, its low average absolute error followed a
normal distribution. As seen in Figure 3, the mathematical model for Uruguay (Figure 3A) and the general model
(Figure 3B) followed the behavior of positive cases reported for the disease.

Total Acum =-307708 + 165,1364*Time [Days)*2 B

Uruguay Acum= sqrt{ 103046, + 77, 36487 Time (Days)"2) A

(X 1000000,)
=

Total Acum

0 [) %0 120 150 120 Oopeoescgey® . .
Time (Deys) L] n 60 30 120 130 180
Time (Days)

Figure 3. A) Adjusted model of disease behavior in Uruguay, B) Adjusted model of disease behavior in South
America.
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COVID-19 lockdown and global environment impact

Currently, conventional hydrocarbons are still one of the main energy sources in South America (IEA,
2020). However, fuel-burning is one of the practices that most negatively impact the environment, specifically
compromising air quality (Xiu et al., 2018; Chu et al., 2020). Depending on the type of fuel burned, pollutant
compoundssuch as particulate materialare released into the atmosphere (PM 10and PM 255), in addition to greenhouse
gases such as CO, CO, SOz, and NO (Salvador, 2018; Chu et al., 2020). According to the International Energy
Agency (IEA, 2020), between 40 and 90 % of the energy consumed in South American countries comes from the
burning of fossil fuels such as coal, natural gas, and oil. The exception is Paraguay, wherein only 25 % of the energy
comes from these sources. This factor implies that many major cities in South America have problems associated
with high concentrations of particulate matter (PM10 and PM2s) and greenhouse gases (COx, NOx, and SOx)
(Romero-Lankao et al., 2013; Krzyzanowski et al., 2014), as seen in Figure 4 (Nedbor-Gross et al., 2018; Dantas et
al., 2020; Debone et al., 2020; Pineda Rojas et al., 2020; Romero et al., 2020). During the health emergency caused
by the SARS-CoV-2, one of the strategies to contain the spread of the disease in most South American countries was
the application of strict quarantine measures, e.g., confinement and restriction of both people and automobile
movement, which were the most effective measures applied in China (Chen et al., 2020; He et al., 2020), indirectly
improving the quality of the air.

pg/m?

= QuitoEC = CuencaEC = Rio de Janeiro-BR

g

CuencaEC
=Bogota-CO
= Guarulhos-BR

Figure 4. Concentrations of air pollutant emission in South American countries in 2019 and 2020. A) CO, B) SO2;
C) PM25s. EC: Ecuador, CH: Chile, AR: Argentina, PE: Peru, CO: Colombia, BR: Brazil, UR: Uruguai.
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The data obtained on air quality during the quarantine periods in all studied South American cities revealed
a significant reduction in at least one of the pollutants evaluated. In Lima, Peru, the CO concentrations decreased by
up to 50 % between April and July 2020 compared to 2019. In Santiago, Chile, the air levels of CO decreased by
approximately 30 % between April and September 2020. The same behavior was observed in Bogota, Colombia
(Figure 4A). About SOz, a slight decrease in the concentrations of this pollutant was observed in Quito, Ecuador
(March 2019-September 2020) but the greatest reduction (approximately 60 %) was observed in May. In the city of
Rio de Janeiro, Brazil, a decrease was only observed in May 2020 too compared to the same month of 2019. In other
evaluated periods, the pollutant concentrations were higher in 2020 than those reported in 2019 (Figure 4B). In other
countries, e.g., Morocco, there was a significant reduction in the air SO2 concentration during the lockdown period,
from approximately 14 pg/m? before the lockdown to approximately 2 pg/m? during the lockdown (Otmani et al.,
2020). Northern China showed a similar situation, wherein the concentration of this pollutant in the environment
decreased by approximately 30% during the mobility restriction period (Meng et al., 2021). In the Yangtze River
delta region, the air concentration of the same pollutant was reduced by 16 to 26 % (Liet al., 2020).

Otherwise, lockdown periods also significantly reduced air contamination in terms of PM2 s (Figure 4C) and
PM1o (Figure 5A). In Guarulhos, Brazil, the PM2 s levels were reduced by approximately 30 % in July 2020, whereas
no reductions were observed in other monthsregarding the environmental concentration of PM 2. Quito, in Ecuador,
is a city those experiences air quality problems, mainly with PM2s. In 2019, the PM2 5 levels in that city were above
50 pg/m?, classified as “very bad”. However, the pollution levels in Quito were reduced by up to 50 % between April
and July 2020, the period with mobility restrictions. For example, PM2 s reached concentrations between 25-50 pg/m?
considered as “bad”; that is, less critical than the index recorded in 2019. Significant reductions in PM 25 pollution
levels were also observed in Bogota, Colombia, whereas slight PM2s reductions were observed in cities such as
Cuenca, Curicd, Guarulhos, Lima, and Santiago de Chile. In China, some cities such as Shanghai, Hefei, Hangzhou,
and Nanjing also showed significant PM2 s reductions of up to 50 %, decreasing from concentrations of 60 pg/m?
before the lockdown to approximately 30 pg/m? during the lockdown (Li et al., 2020).

100

80

pgm?

X
& e

= Santiago-CH = Curico-CH Bogota-CO Medellin-CO ® Lima-PE = Rio de Janeiro-BR.
= Guarulhos-BR = Canpinas-BR = Colén-UR = Bolivia = Bucnos-Aires-AR

ng/m?
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Figure 5. Concentrations of air pollutant emission in South American countries in 2019 and 2020. A) PM1o, B) NO2
and C) Os. EC: Ecuador, CH: Chile, AR: Argentina, PE: Peru, CO: Colombia, BR: Brazil, UR: Uruguai.

Some European countries, e.g., Germany, Norway, Bosnia and Herzegovina, Sweden, Bulgaria, and
Romania, also reported reductions in the environmentalconcentration of PM2 5. However, the decreases were smaller
than some reported in South America (Menut et al., 2020).

About PM1o, the most significant reductions in pollution levels (of about 40 to 50 %) were observed in the
cities of Curico, Santiago de Chile, and Bogota. In the latter, during April and May, the PM1o reduction was
approximately 60 %. The case of the city of Bogota stands out, where the average concentrations of PM 10 decreased
from 43 to 12 pg/m3. In other words, it went from a “bad” cataloged index to a “very good” cataloged index. In other
cities, e.g., Rio Janeiro, Medellin, Guarulhos, and Lima, the reduction was around 20 % in 2019. In addition,
significant decreases in atmospheric concentrations of NO2 were also observed, mainly in the cities of Santiago de
Chile and Lima, where the concentration decreased from the range of 50-60 to 7 and 25 pug/m3, respectively (Figure
5B).

The air quality improvement in different South American cities and around the world can be mainly
explained by the restrictions on mobility imposed by each country to contain the spread of COVID-19. For example,
in Colombia, vehicular traffic was reduced by approximately 80 % (Statista, 2020). Consequently, the consumption
of fuels, such as gasoline and diesel, decreased by 63 and 52 %, respectively. In addition, the electricity demand
decreased by approximately 17 %, mainly due to several non-essential industries also stopping their operations.
According to the Inter-American Development Bank (BID, 2020), vehicle traffic in cities such as Lima, Buenos
Aires, Sdo Paulo, and Santiago de Chile decreased by 90, 81, 81, and 72 %, respectively, in the first months of
confinement (April and May). In addition, the demand for land and air transport also declined drastically. For
example,in Colombia, Chile, Uruguay, Brazil, Peru, and Ecuadorthe land transport demand decreased by 80, 75, 75,
65, 56, and 50 %, respectively (Garcia et al., 2020). Furthermore, significant reductions in electricity consumption
were also observed during the lockdown period in South America. According to the Ministry of Mines and Energy of
Peru, the reduction in energy consumption during the social isolation period was approximately 48 GWh each day,
approximately 36 % of the total energy consumed in that country. Thermal energy generation also went from 25 to
just 5 %, directly impacting air quality. In Bolivia, Argentina, and Brazil, the reduction in energy demand amounted
to 29 % (~ 9 GWh), 26 % (~ 5300 MWh), and 22 % (~ 15,000 MWh), respectively. On the other hand, Chile was
one of the countries that least reduced energy consumption, with anapproximate decrease of only 6 % (Garcia et al.,
2020).

Another environmental parameter evaluated was the concentration of Oz in the environment (Figure 5C).
Ground-level ozone is associated with respiratory problems, especially in children, elders and lung-diseased people,
even causing death (Andrade et al.,, 2017). In the cities of Rio de Janeiro, Guarulhos, and Montevideo, the
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environmental concentration of Os increased. The same behavior was observed in other countries during the
lockdown period. For example, Sharma et al. (2020) reported a 1 % increase in the air concentration of Oz in India.
Tobfas et al. (2020) also reported an increase of approximately 57 % in the O3 concentration, from 42 pug/m? before
the lockdown to 66 ug/m3 during the lockdown in Barcelona. According to Nakada and Urban (2020), Andrade et al.
(2017), and Tobias (2020), the increase in the Os concentration is associated with the reduction of NOx in
environments with low volatile organic compounds, as the precursors of Oz are more available to be turned into
ozoneand not attached to NOx. In other cities, such as Lima and Santafé de Bogota, the concentration of Oz slightly
decreased from April to September 2020. In Santiago de Chile and Curicé, the concentration of ozone in the
environment also decreased, which could be associated with pollutant dispersion (Nakada and Urban 2020).

Conclusions

Given the analysis of the behavior and spread of the COVID-19 pandemic in South America, as well as the
improvement in air behavior during quarantine, it is reinforced that this region had a rapid spread of the virus and a
distinct profile now of the pandemic. Some countries responded quickly to the emergency, implementing lockdown
and quarantine measures quickly, as observed in Uruguay, resulting in greater precision and fewer errors in
mathematical models. This country demonstrated the ability to adjust more easily to the needs imposed by the crisis,
resulting in more accurate projections about the spread of the virus.

Air quality showed notable changes during the quarantine period. Significant reductions in pollution were
evident, mainly from atmospheric substances NO2 and PMs, as well as a decrease in energy consumption and
reduced mobility of vehicles, people and industrial activities. In the pandemic scenario, the direct relationship
between mobility restrictions and improvements in air quality became evident, as well as the importance of science
and technology. Therefore, these reinforce the need to implement sustainable policy results in large cities in South
American countries that consider the intrinsic relationship between human activity and environmental preservation,
in order to maintain good air quality, as well as predicting propagation behavior in order to provide information for
future health measures in cases of other diseases.
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