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ABSTRACT 

 
We present the effects of the confinement and physical distancing policies applied during the 

COVID-19 pandemic on the concentrations of PM10, PM2.5, NO, NO2 and O3 in 16 cities in central and 
southern Chile. The period between March and May in 2020 was compared with the corresponding 
months during 2017–2019, using surface data and satellite information. The relative percent 
changes in the concentration of atmospheric pollutants, and the meteorological variables 
observed between these two periods were used to quantify the effects of the lockdowns on the 
local air quality of the urban areas studied. The results showed statistically significant changes in 
11 of the 16 cities. Significant relative changes between +14% and –33% were observed for PM10 
in 9 cities; while statistically significant changes between –6% and –48% were evident for PM2.5 
in 10 cities. Significant decreases between –27% and –55%, were observed in 4 cities in which 
NO2 data were available; while significant increases in O3, between 18% and 43%, were found in 

4 of the 5 cities with available data. The local meteorological variables did not show significant 
changes between both periods. In all the cities studied, one of the main PM sources is wood 
burning for residential heating. Although the quarantine imposed during the health emergency 
could have induced an increase in residential emissions, these were compensated with the 
reductions in vehicular and/or industrial emissions. Therefore, these results should be carefully 
interpreted and should inspire new research considering the social, cultural, and economic 
factors that could alter the common emission patterns and air quality of urban centers. 
 
Keywords: Urban air quality, COVID-19 lockdown, Wood burning emissions, Central and southern 
Chilean cities 
 

1 INTRODUCTION 
 

Air pollution can cause respiratory diseases as a result of chronic (long-term) inflammatory 
responses (Conticini et al., 2020), short-term respiratory tract irritation (Chen et al., 2020b) and 
weakening of the natural immune responses, thus making the human body less effective in fighting 
against diseases caused by viruses (Liu et al., 2019). Previous studies have shown positive associations 
between Coronavirus disease 2019 (COVID-19) mortality rates (the disease caused by severe 
acute respiratory syndrome coronavirus 2, SARS-CoV-2) and air pollution (Harapan et al., 2020; 
Sanità di Toppi et al., 2020); Frontera et al., 2020). Wu et al. (2020) found an increase of 8% (95% 
confidence interval [CI]: 2–15%) in the mortality rate due to COVID-19 with every increase of 1 µg m–3 
in annual concentrations of PM2.5 (Wu et al., 2020). Similarly, Ogen et al. (2020) showed that  
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78% of the COVID-19 deaths in France, Spain, Germany, and Italy occurred in areas with greater 
atmospheric pollution caused by nitrogen dioxide (NO2) (Ogen, 2020). These studies showed that 
the population exposed to higher concentrations of air pollutants, such as PM2.5 or NO2, are more 
likely to develop clinical complications associated to the SARS-CoV-2 and other respiratory viruses. 

On the other hand, the pandemic has resulted in a drastic reduction in global economic activities 
due to the health policies, physical distancing measures and mobility restrictions implemented 
worldwide. Quarantines have been applied in countries in all continents as a strategy to minimize 
the virus transmission rates, and an improvement in local air quality has been reported as a side 
effect in China (Pei et al., 2020; Zhang et al., 2020), India (Sharma et al., 2020; Shehzad et al., 
2020), Europe (Menut et al., 2020), the United States (Chen et al., 2020a), Brazil (Dantas et al., 
2020; Nakada and Urban, 2020), Ecuador (Cazorla et al., 2020; Pacheco et al., 2020), and many 
others, with significant reductions in the concentrations of PM2.5 and PM10, carbon monoxide (CO) 
and NO2. These improvements implied a short-term benefit to human health (He et al., 2020). 
However, it should be considered that the pandemic hit first the Northern Hemisphere during 
the transition from winter to spring, which also helped mitigating the effects of air pollution, as 
well as limiting the meteorological conditions of virus propagation. In the Southern Hemisphere, 
the outbreak began in late summer and continued during the autumn and winter months, when 
the worst levels of air quality occur each year (Toro et al., 2014; Molina et al., 2017; Toro et al., 
2019). This created a complex scenario, given that in these periods, the emissions produced by 
residential heating regularly increase and that the meteorological conditions are relatively 
unfavorable for the natural dispersion of pollutants (Huneeus et al., 2020a). 

Approximately 60% of the Chilean population (i.e., 10 million people) is exposed to concentrations 
of particulate matter with aerodynamic diameter less than 2.5 um (PM2.5) that exceed the annual 
limit of 20 µg m–3 established by the National Ambient Air Quality Standards (NAAQS) (MMA, 
2014). The percent of exposed population will increase if the guidelines of 10 µg m–3 established 
by the World Health Organization (WHO) were considered. Moreover, recent estimates made by 
the Breathelife global campaign for clean air, driven by the WHO, the United Nations Environment 
Program, and the World Bank, indicated that 6,500 premature annual deaths in 2020 were 
attributed to air pollution (Breathelife, 2021). Another estimation from State of Global Air 2020 
report by the Global Burden of Disease project, produced by the Health Effects Institute (HEI) and 
the Institute for Health Metrics and Evaluation (IHME), indicated that around 5,900 premature 
annual deaths were attributable to high PM2.5 concentrations in Chile during 2019 (SGA, 2020). 

The burning of firewood for domestic heating has been identified as one of the main sources 
of PM2.5 in the cities of central and southern Chile (Toro et al., 2014; Molina et al., 2017), in which 
at least 20% of the primary energy consumed comes from firewood (the second most important 
energy source after oil) (CNE, 2008, 2015). Its widespread use is connected to cultural factors (in 
the south, heating with firewood is historically associated with the warmth of home), economic 
factors (firewood is 4 to 7 times cheaper than other sources of energy) and geographical factors 
(the use of firewood increases in colder and more humid climates) (CNE, 2015; Manzano et al., 
2020). However, the long-term exposure to smoke produced by burning wood has been associated 
with a reduction of lung function, the development of asthma and chronic bronchitis, heart 
problems and premature mortality; while short term exposures have been associated with acute 
bronchitis, asthma attacks, worsening of lung diseases and increased susceptibility to respiratory 
infections (Mead et al., 2018; Cheong et al., 2019; Pani et al., 2020; Punsompong et al., 2021). 

In general, the proportion of homes consuming firewood in Chile (with an average national 
consumption of more than 500.000 m3 year–1) (CNE, 2015), increases with latitude as average 
daily temperatures decrease (Fig. 1): from ~60% at 34°S (Rancagua) to ~99% at 46°S (Coyhaique). 
The exception to this trend is the city of Punta Arenas at 53°S, where the availability of natural 
gas reduces the consumption of firewood to only ~13% of homes (CNE, 2008, 2015). The objective 
of this study was to characterize the possible changes in the air quality of 16 cities in the central 
and southern Chile produced by the pandemic prevention and control measures, during a period 
of the year usually characterized by high air pollution as a result of firewood combustion and 
adverse weather and geographical conditions. The concentrations of PM10, PM2.5, nitrogen oxides 
(NOx = NO2+ NO) and ozone (O3) were analyzed by comparing the March–May period of 2020 
with the corresponding months of the last three years (period 2017–2019). The effects of the 
meteorological conditions were also studied. 
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Fig. 1. Locations and IDs of the cities under study. More information is provided in Table 1. 

 

2 MATERIALS AND METHODS 
 

2.1 Study Area 
The study area considered 16 cities at different latitudes of the south-central region of Chile 

(Fig. 1): Rancagua (Rg), Rengo (Re), San Fernando (SF), Curicó (Cu), Talca (Ta), Chillán and Chillán 
Viejo (Ch), Los Angeles (LA), Concepción (Cp), Talcahuano (Th), Coronel (Cl), Temuco and Padre las 
Casas (Te), Valdivia (Va), Osorno (Os), Puerto Montt (Pm), Coyhaique (Co) and Punta Arenas (PA). 
These cities are not geographically adjacent, thus a potential atmospheric transport among them 
is negligible, except for Cp, Th and Cl, which are part of a great urban area, (the Great Concepcion). 
The cities located between 32°S and 38°S (Fig. 1) have a Mediterranean-type climate characterized 
by a rainy winter period and a dry summer period (IGM, 2013), whereas the cities located 
between 38°S and 42°S (Fig. 1) have a temperate rainy climate, with frequent rains and lower 
temperatures than those of the central zone (IGM, 2013). At latitudes further south (> 42°S), the 
climate becomes colder and is classified as oceanic and tundra. In addition, the Pacific subtropical 
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anticyclone is present in the region; thus, thermal subsidence inversions occur for much of the year, 
especially during autumn and winter (Toro et al., 2014, 2019). These overall conditions generate 
atmospheric stability, which decreases ventilation and promotes the accumulation of pollutants 
(Díaz-Robles et al., 2014; Toro et al., 2014; Pino et al., 2015). 

The cities studied host a total population of approximately 2 million inhabitants (representing 
11.7% of the total population, according to the 2010 census) and cover a total area of 658 km2 
(Table 1) (INE, 2020). The largest urban centers studied were Rg, Cp, and Te, with populations 
between 200,000 and 260,000 inhabitants, followed by Ta, Ch, LA, Va, Os, Pm, PA, Th, Cl, and Cu, 
with populations between 90,000 and 200,000 inhabitants. Finally, Re, SF, and Co have 
populations between 30,000 and 50,000 inhabitants.  
 
2.2 Surface Measurements 

The available hourly air quality data (PM10, PM2.5, NO2, NO, and O3) and meteorological 
variables (temperature (T), relative humidity (RH), wind speed (ws) and direction (wd)) were 
obtained from the National Air Quality Information System of Chile (SINCA) (Table 1). SINCA is 
administered by the Chilean Ministry of the Environment through an open online web portal 
(SINCA, 2020). The data from the 29 monitoring stations in the 16 cities were downloaded from 
the website in July 2020, validated and analyzed. One city has four monitoring stations (Th), three 
cities have three monitoring stations (Ta, Cp, and Te), four cities have two monitoring stations 
(Rg, Ch, Pm, and Co), and the remaining eight cities have only one monitoring station within their 
urban area (Table 1 and Fig. 1). More information on the instrumentation, location and operation 
of the monitoring stations can be found in the SINCA website (SINCA, 2020). Briefly, the 
measurement of the concentration of atmospheric pollutants was carried out using continuous 
measurement equipment (more details related to station names, measurement principles and 
instrumentation in SINCA, 2020), with quality control and quality assurance systems to control 
the flow rate and automatically detecting leaks and identifying instrumental noise. Weekly 
verifications were performed, and the data were validated to correct for null entries, duplicates 
and/or other anomalies (SINCA, 2020).  
 
2.3 Satellite Information and Remote Sensing 

An analysis of the spatial distribution of the levels of the NO2 tropospheric column was performed 
using satellite monitoring data. The data were provided by the Copernicus Sentinel-5 Precursor 
Tropospheric Monitoring Instrument (S5p/TROPOMI), developed by the European Space Agency 
(ESA), at a spatial resolution of 0.01° × 0.01° and daily temporal resolution (ESA, 2018). The data 
were downloaded in NetCDF format and then processed in the software R (R Core Team, 2020) 
and Python (Python, 2020). 

 
2.4 Data Analysis 

The average concentrations of atmospheric pollutants during 2017-2019 (from March 15 to 
May 31) were considered as the historical period (HP) and were compared to the concentrations 
observed in the same period in 2020, the pandemic period (PP). In general, air quality is influenced 
by short-term local emissions and by synoptic and local meteorological variations with marked 
diurnal and seasonal variability. Therefore, we reduced the effects of the interannual variability 
by considering the HP period 2017–2019 for air pollutants and meteorological variables. 

The experimental data obtained by the surveillance stations were initially analyzed to identify 
spurious data. The descriptive statistical analysis of the data was carried out in MS-Excel© 
software (Microsoft Corporation, Redmond, WA, USA) using the dynamic tables tool and the 
open source software R (R Core Team, 2020) with the R Studio Environment (R StudioTeam, 2020) 
and the tool package for air quality analysis for R called OpenAir (Carslaw and Ropkins, 2012; 
Carslaw, 2019; Carslaw and Ropkins, 2020). The time plots of the hourly averaged concentrations 
used the local time and average concentrations at the beginning of the hour. The analysis of the 
variability between both periods (HP and PP) and the calculation of the relative changes expressed 
as a percentage with respect to the HP period of all the atmospheric pollutants and meteorological 
variables were used to quantify the effects of the physical distance and confinement measures 
during 2020 on the air quality of each of the cities. 
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3 RESULTS AND DISCUSSION 
 

3.1 Concentrations of Atmospheric Pollutants Using Surface Measurements 
Fig. 2 shows the mean concentrations for PM10, PM2.5, NO2, NO, and O3 for the HP (red bar) and 

the PP (blue bar) and the relative changes between them (light blue bar) for the 16 cities considered 
in the study. Note that most of the cities studied included PM10 measurements (13 of 16 cities), 
and all included PM2.5 measurements (16 of 16 cities). This is because the PM concentrations in 
the cities of central and southern Chile frequently exceed the NAAQS in the autumn and winter 
period of each year (MMA, 2014). For this reason, in the last decade, the Chilean MMA has 
adopted the policy of expanding the coverage of air quality measurements in these areas by 
installing monitoring stations with PM measurements in most cities in central and southern Chile. 
This is not the case for other air pollutants, such as NO2 and NO, which were measured in only 4 
of the 16 cities (Ta, Cp, Th, and Te), while O3 were measured in 5 of the 16 cities studied (SF, Ta, 
Cp, Th, and Co). This highlighted the need to expand the coverage of monitoring stations in the 
country for all criteria pollutants (Toro et al., 2015). 

Positive and negative changes were observed when comparing the PM10 concentrations of the 
HP and the PP. Positive relative changes of 14%, 12% and 13% were observed in the cities of Re, 
SF, and Cu, respectively. Changes were not significant in the cities of Va, Rg, Th, and Cp (the 95% 
confidence level contained 0). On the other hand, the cities of Ta, LA, Ch, Te, Os, and Co showed 

 

 
Fig. 2. Concentrations and relative changes in PM10, PM2.5, NO2, NO and O3 between the historical period (HP: 2017–2019) and 
the pandemic period (PP: 2020) in the cities studied. Error bars represent the confidence interval of each mean value. NAQS: 
Chilean national’s air quality standard; WHOG: World health organization guideline. 
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significant decreases of –16%, –22%, –24%, –33%, –27% and –20%, respectively. Non-significant 
changes and negative percentage variations were observed for concentrations of PM2.5 (see Fig. 2). 
Changes were not significant in Va, Rg, Cu, Cl, Pm and PA. Negative relative changes were 
observed in the cities of Re: –10%, SF: –6.3%, Ta: –18%, Cp: –11%, Th: –17%, LA: –21%, Ch: –48%, 
Te: –33%, Os: –25% and Co: –17%.  

In all the cities studied, the PM emissions mainly come from burning wood for residential 
heating, although there are also other sources, such as vehicle emissions or industries. Therefore, 
relative changes in ambient concentrations of pollutants could be attributable to changes in the 
emission patterns induced by the COVID-19 lockdowns, changes in both local (i.e., wind patterns) 
and synoptic (i.e., thermal inversions) meteorological conditions and nonlinear response of 
secondary pollutant formation processes due to reductions in precursors (PM2.5 and O3). The 
cities of Ta, LA, Ch, Te, Os, and Co showed negative relative changes of both PM10 and PM2.5 
concentrations attributable to reductions in mobility and non-domestic wood burning resulting 
in lower emissions of primary PM and gaseous precursors of secondary PM. On the other hand, 
statistically non-significant changes for both particle fractions were obtained for Va and Rg, 
where reductions in vehicle emissions driven by the lockdowns were offset by increases in 
residential emissions from wood burning. Re, SF, and Cu show a particular behavior, with relative 
increases for PM10 (in the case of Re and SF) and relative reductions for PM2.5. This behavior could 
be explained by the secondary character of PM2.5, whose formation processes would be reduced 
by decreasing NOx emissions from mobile sources (a process that does not affect the coarser PM 
fractions present in PM10).  

Significant decreases between the HP and the PP were observed in all cities that registered 
NO2 concentrations, ranging from –27% to –55%. The cities with the smallest changes were Ta 
and Te, with a value of –27%. The highest relative changes were observed in Cp: –41% and Th: 
–55%. In the case of NO, the greatest decreases in concentrations were observed in Ta: –43%, 
Th: –38%, and Cp: –34%. On the other hand, Te did not show significant reductions in the NO 
concentrations. 

The O3 concentrations during the PP were higher than those during the HP in the five cities 
where this pollutant was measured. Thus, there were significant increases in the cities of SF: 18%, 
Cp: 28%, Th: 29% and Co: 43%. On the other hand, the increase in the O3 concentration was not 
significant in the city of Ta. The reasons for this increase and the relative changes of local 
meteorological conditions that could drive changes in air quality between PP and HP will be 
discussed in detail later.  

 
3.2 Concentrations of Atmospheric Pollutants Using Satellite Measurements 

The satellite data were useful for visualizing the impacts of the quarantines applied where 
surface measurements were not available (ESA, 2018). Additionally, the satellite information 
allowed the observation of the effects of quarantines on the tropospheric column in the entire 
urban radius of the most densely populated cities with relatively large vehicle fleets, such as Rg, 
Ta, Ch, Cp, Th, Cl, Te, Pm, and PA. 

Fig. 3 shows the spatial variabilities in the NO2 column (µmol cm–2) over the selected cities 
during the HP and the PP, and the percentage relative change between them. The measured 
values of tropospheric NO2 in the selected cities were lower in the PP than those in previous years 
(Fig. 3). The relative changes in the NO2 tropospheric column were variable, reaching reductions 
of 40% in Cl, Te and Os; 30% in Rg, SF, Cu, Ch, Cp, Th, LA and Co; 20% in Re, Ta, Va, and PA; and 
15% in Pm, and was not limited to cities with higher population density. The NO2 concentration 
reductions observed using surface instruments were consistent with the relative changes 
observed through satellite information in the cities of Ta, Te, Cp, and Th, although the magnitudes 
of the changes in Cp and Th were lower.  
 
3.3 Contributions of Meteorological Factors and Emission Patterns 

The T and RH information was reported in 12 of the 16 cities studied, while the wind speed 
was reported in 13 of the 16 cities. Fig. 4 shows the mean values of temperature (T), relative 
humidity (RH) and wind speed (ws) for the HP (red bar), the PP (blue bar) and the observed 
relative change (light blue bar). In general, there was a slight increase in the mean T in the PP  
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Fig. 3. Spatial variability in the NO2 column (µmol cm–2) over the cities under study for the HP (2017–2019) and the PP (2020) 
and the relative changes. 

 
compared to the HP, even though this difference was not significant. The exception was the city 
of Pm, in which a significant decrease in temperature during the PP was observed. Decreases in the 
RH were observed, although these differences were not significant. A similar result was observed 
for the wind speed, for which the differences between the periods were not significant. These  
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Fig. 4. Meteorological variables (temperature, relative humidity and wind speed) and relative changes between the HP (2017–
2019) and the PP (2020) in the cities studied. 

 
results established that the changes observed in the concentrations of the air pollutants studied 
during the HP and the PP were not a product of varying local meteorological conditions. Thus, 
the changes observed could be attributed to changes in the emission patterns of pollutants as a 
result of the confinement and physical distancing measures, or to changes in the meteorological 
conditions on the synoptic scale that cause thermal subsidence inversions. This analysis is beyond 
the scope of this study. 

According to the emission inventories of the 16 selected cities, the largest proportion of 
emissions is estimated to come from the burning of firewood for residential heating, ranging 
between 87 and 98% (compared to other sources such as vehicular and industrial emissions), and 
increasing at higher latitudes (Huneeus et al., 2020a; Huneeus et al., 2020b). Fig. 5(a) shows this 
trend through the relationship between annual residential emission rates of PM2.5 in 2017 and 
the latitude of the cities under study and their population. The inverse relationship can be 
explained by the decrease in the average T at more southern latitudes, which implies greater use 
of firewood as a source of residential heating. The cities of Co and PA are exceptions to the trend 
shown in Fig. 5(a), the former due to a significantly smaller total population and the latter due to 
the natural gas subsidized by the state, which means a reduction in the use of firewood for heating.  

On the other hand, Fig. 5(b) shows a direct relationship between the annual residential 
emission rate of PM2.5 and the PM2.5/PM10 ratio, reaching values above 70% in cities with higher 
estimated emissions in 2017 such as Te, Va, Os, and Co. Changes in the PM2.5/PM10 ratio between 
PP and HP allow to identify changes in emission patterns of primary PM and gaseous precursors 
producing secondary PM. Thus, cities that did not show significant relative changes in PM 
concentrations nor variations in the PM2.5/PM10 ratio between PP and HP—such as Rg, Cp, and 
Va, indicate that COVID-19 lockdowns did not affect emission patterns. On the same way, decreases 
in gaseous precursors of secondary PM were offset by residential firewood burning emissions 
resulting in non-significant net variations in PM concentrations in the atmosphere. On the other 
hand, in cities that presented changes in the PM2.5/PM10 ratio between PP and HP, two scenarios 
can be described. The PM2.5/PM10 ratio decreases during PP, or it increases. The first can be 
explained by a significant reduction in NOx emissions from mobile sources driving decreases in 
secondary PM2.5. This decrease can be offset by an increase in emissions from residential firewood 
burning due to confinement (this scenario could be the case in cities where Re, Cu, Ta, Th, and 
Ch). The second scenario occurs in more southern cities such as Os and Co, where the PM2.5/PM10  
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Fig. 5. Annual residential emissions of PM2.5 and their relationship with (a) the latitude of the 
cities under study and their population and (b) the PM2.5/PM10 ratio and the average concentration 
of PM2.5 in PP (2020) and HP (2017–2019) under study. 

 
ratio increased during PP, evidencing the marginal effect that the reduction of emissions from 
mobile sources in the formation of secondary PM can present in those cities. 

Comparing cities, the values observed for the PM2.5/PM10 ratio were consistent with an 
increase in the proportion of primary emissions from residential firewood burning in southernmost 
cities. In these cities, the COVID-19 lockdowns could have influenced the pattern of firewood 
consumption during the PP, which is difficult to quantify. A more detailed analysis to establish 
how these changes could have altered the pattern of firewood consumption during the PP in 
each city will be the subject of future research. 

Under a global perspective, an increase in O3 concentrations has been observed in the cities of 
Rome, Italy (14%) (Sicard et al., 2020), Sao Paulo (30%) (Nakada and Urban, 2020), Barcelona, 
Spain (43%) (Tobías et al., 2020), Santiago, Chile (63%) (Toro et al., 2021) and Lima, Peru (80%) 
(Rojas et al., 2021). The production of O3 depends on a complex and nonlinear tropospheric 
chemistry between its precursors (VOCs and NOx) (Finlayson-Pitts and Pitts, 2000). Thus, under 
conditions in which the VOC levels are high, but the NOx levels are low, the chemistry is “NOx-
limited”, and more NOx implies an increase in O3 (Finlayson-Pitts and Pitts, 2000). However, under 
conditions in which NOx levels are high, as in many polluted cities around the world, there are 
“NOx-saturated” or “VOC-limited” conditions under which any decrease in NOx levels generate 
an increase in O3 concentrations (Finlayson-Pitts and Pitts, 2000). Under these conditions, high 
concentrations of NOx serve as a sink for OH radicals, thus a decrease in NOx leads to an increase 
in OH radicals available to react with the VOCs, which promotes an increase in ozone production 
(Finlayson-Pitts and Pitts, 2000). Additionally, NO reacts rapidly with O3, thus a reduction in their 
concentrations prevents their titration with the consequent accumulation of O3 (Finlayson-Pitts 
and Pitts, 2000; Seguel et al., 2020). Therefore, increases in O3 levels observed during the PP in 
the cities of central and southern Chile are a direct consequence of the O3 chemistry. However, 
the magnitude of the changes in O3 in a given place are not evident, since they fundamentally 
depend on the emission rates of the precursors and the amount and the reactivity of the VOCs, 
as well as the meteorological conditions. Despite this, the results observed in SF, Ta, Cp, Th, and 
Co establish that these cities are under “NOx-saturated” conditions. 
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3.4 Air Pollution and COVID-19 around the Word 
Fig. 6 shows the relative changes observed in the concentrations of PM10, PM2.5, NO2, and O3 

as a result of COVID-19 prevention and control policies. In general, strict measures have been 
implemented in almost all countries to contain the spread of COVID-19 disease, which have led 
to significant changes in air pollution levels in urban areas. The observed changes in atmospheric 
concentrations of pollutants are variable and depend on the type and timing of restrictions 
applied in the pandemic period, emission patterns, meteorological variability, geographical 
conditions and also on the stringency of the measures applied in the PP. 

Other cities worldwide have reported reductions in the concentrations of PM10 and PM2.5 
during the pandemic. The results shown in the Chilean cities is consistent with what has been 
observed in different cities around the world. In general, these cities implemented pandemic 
prevention that implied significant reductions in mobility and economic activity, which is mainly 
associated with vehicular and industrial emissions.  

In general, the changes in PM could be explained by variations in primary emissions and/or in 
the formation of secondary PM. For example, in cities where PM concentrations have increased 
during pandemic periods, it has been attributed to increased residential wood heating. In addition 
to primary sources (heating, vehicle exhaust, and industrial activities), numerous secondary sources 
can also contribute to PM emissions, such as atmospheric photochemical reactions (Huang et al., 
2015; Ortega et al., 2016; Sbai and Farida, 2019). The chemistry of the formation of secondary 
particles is complex. Among the constituents of secondary PM, we find sulfates (formed from the 
oxidation of SO2) (Zhang et al., 2015), nitrates (formed from the oxidation of NO2) (Zhang et al., 
2015) and secondary organic aerosols (SOA), formed from volatile organic compound (VOC) 
oxidation (Kroll and Seinfeld, 2008). The rate of formation of secondary organic PM could be 
enhanced during the closure period due to the increase in O3 that can be produced by the OH 
radical in the presence of moisture (Tian et al., 2021). In cities in which concentrations have 
decreased, they have been affected mainly by vehicle and industrial emissions, which have not 
been offset by increased emissions from other sources such as residential wood heating or by 
the formation of secondary aerosols (Tian et al., 2021). Therefore, fine PM levels depend on the 
emissions of their precursors, which were affected differently by the control policies of the 
COVID-19 pandemic.  

In the case of changes in NO2 concentrations, reductions are observed in all cities. This would 
mainly be the result of emission reductions from transport and industrial activities (Bao and Zhang, 
2020) led by the restriction of human activities. This behavior is attributed to the drastic decrease 
in NOx levels, leading to the reduction of O3 consumption by NO (Sharma et al., 2020). In addition, 
in rural areas it could be explained by the increase of O3 resulting from air mass transport. 
 

4 CONCLUDING REMARKS 
 
This study establishes the effect of confinement and physical distancing measures in the 

context of the COVID-19 pandemic on PM10, PM2.5, NO, NO2, and O3 pollutant concentration levels 
in central and southern Chile cities. The reduction in emissions has not automatically led to a 
decrease in air pollutant concentrations at COVID-19 times, as the concentration of pollutants in 
the air is affected by a variety of complex factors. 

Statistically significant relative changes in PM10 and PM2.5 concentrations during the PP with 
respect those during the HP were observed in 9 and 10 cities, respectively. In all the cities under 
study, the PM emissions mainly come from burning wood for residential heating. The changes in 
the emission patterns induced by the COVID-19 pandemic in these cases were not clear because 
the confinement measures could have induced an increase in the residential emissions, and a 
reduction in vehicular and industrial emissions. Additionally, the possible variations in the 
environmental conditions on the synoptic scale can also affect the dispersion of pollutants in each 
city. The results of both remote sensing and surface measurements showed significant reductions 
in NO2 concentrations during the PP. In the case of O3, significant increases are observed in 4 of 
the 5 cities studied. These increases are associated with changes in the concentrations of NOx, 
since the cities were under “NOx-saturated” conditions. These results include only 5 cities, 
highlighting the need to expand the coverage of air quality stations in the country. 
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Fig. 6. Comparison of relative changes in the concentration of atmospheric pollutants due to countermeasures against COVID-19 in 
cities around the world (Chilean cities in light blue). 
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Finally, the results presented should be interpreted with caution and should inspire new 
research that considers a longer period of time, a detailed study of the emission patterns in each 
city and the social, cultural and economic factors that could induce changes in the emission 
patterns, and their consequent effect on air quality will allow us to evaluate control measures 
and strategies for the prevention of air pollution and at the same time review the quality of the 
emission inventories of the cities under study.  
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