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Abstract 

In early 2020, governments of many countries adopted strict social isolation (SSI) measures to contain 

the spread of the SARS-CoV-2 Disease (COVID-19). Thus, the present work aimed to evaluate the 

influence of those SSI measures on atmospheric pollutants emissions and their potential health risks in 

the city of Fortaleza - Ceará. To this end, static and dynamic analyses were carried out in order to 

investigate the levels of some atmospheric pollutants found in four main avenues during SSI and 

post-SSI periods.  In addition, some health indicators were investigated by analyzing potential 

Particulate Matter (PM) deposition in the respiratory tract of populations exposed to those 

environments. Our results for both dynamic and static analyses show that all pollutant concentrations 

from those avenues displayed an increase between SSI and the post-SSI period. The total PM2.5 dose 

deposited in the respiratory tract and potential total PM10 respiratory deposition showed increases 

between the SSI and post-SSI periods. The inhaled-dose numbers also showed considerable increases 

for all avenues when comparing SSI and post-SSI periods. According to our results, SSI contributed to 

decreases in atmospheric pollutant emissions, in potential particulate matter respiratory tract 

deposition and, consequently, in the inhaled particulate matter dose.  
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1. Introduction 

Air pollution is currently one of the main problems for public health and the environment. 

Technological advances in modern society have significantly contributed to an increase in both the 

concentration and variety of pollutants released into the atmosphere. Abundance of these substances in 

the air can be harmful to the health, safety and well-being of living beings (Santos et al., 2014).  

Motor vehicles play a considerable role in the degradation of air quality, mainly through the use of 

petroleum-derived fuels such as gasoline and diesel. 

The main pollution sources produced by automobiles are exhaust gases and volatile emissions, both 

originating from fuel evaporation (Mellios; Ntziachristos, 2013). These exhaust gases include carbon 

monoxide (CO), nitrogen oxides (NOx), non-methane hydrocarbons (NMHC), total aldehydes (RCHO) 

and sulfur dioxide (SO2), in addition to particulate matter (PM). This group also includes greenhouse 

gases, such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) (CETESB, 2018). Among 

these pollutants, there are also tropospheric ozone precursors, a dangerous secondary pollutant resulting 

from the reaction between NOx, CO and volatile organic compounds (VOC) when under solar radiation 

(Alvim et al., 2011; Seinfeld; Pandis, 2006). 

Studies indicate a relationship between high concentrations of atmospheric pollutants and increases in 

vehicular traffic (Goel & Guttikunda, 2015; Jedynska et al., 2014). In this sense, analyses of 

atmospheric pollutant concentrations on roads with intense vehicular flow in large urban centers are 

important, since these motorways frequently present, in addition to vehicular circulation, intense 

movement of pedestrians who are susceptible to inhalation of harmful pollutants, even in 

concentrations below those established by legislation (Santos et al., 2014). 

In addition to exposure to atmospheric pollutants and the harms they cause to health, the population is 

also subject to respiratory diseases. In early 2020, governments of many countries adopted Strict Social 

Isolation (SSI) measures to contain the spread of SARS-CoV-2 Disease (COVID-19), a severe acute 

respiratory infection of high transmissibility and global distribution (Dong et al., 2020). These isolation 

measures affected the functioning of several social and economic sectors, causing reductions in 

automobile flow as well as in industry and services-related activities. (San Martin; San Martin, 2020). 

As a local measure, the Ceará state government adopted SSI during the COVID-19 “first wave”, 

starting from March 16 2020 by means of Decree No. 33.510, the first to restrict social and economic 

activities in the state. Subsequently, after a period of decreasing cases, there was a new increase and 

“second wave” in 2021, causing the Ceará government to adopt SSI once more, by decree No. 33,965 

of March 04 2021, motivated by the rise in cases and deaths related to COVID-19. 

In this context, this work aimed to evaluate the influence of the Strict Social Isolation (SSI), 

specifically during the second wave (decree No. 33,965), on atmospheric pollutant emissions in the city 
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of Fortaleza and their potential damage to health. Thus, static and dynamic analyses were performed in 

order to assess some atmospheric pollutants levels found in four roads with intense vehicular flow 

which give access to the central area of Fortaleza, both during SSI and post-SSI (after restrictions were 

suspended). In addition, some health indicators were analyzed through the assessment of PM 

deposition in the respiratory tract of people exposed to these specified environments. 

 

2. Method 

2.1 Analyses Zones 

Our study was based on dynamic and static analyses of atmospheric pollutants found along four 

avenues of intense vehicular flow (Mister Hull/Bezerra de Menezes - MH/BM, Heráclito Graça/Duque 

de Caxias - HG/DQ, Doutor Silas Munguba - DSM and Abolição - AB), which give access to the 

central area of the city of Fortaleza-Ceará (Figure 1). 

 

Figure 1. Analyzed Avenues Location Map 

 

The analyses were carried out on these avenues both in March 2021, during the period in which strict 

social isolation measures were imposed (SSI period), and in September 2021, when all measures to 

restrict urban and social mobility were abolished (post-SSI period). Analyses in the SSI and post-SSI 

periods were performed in triplicate on consecutive days of the week (Tuesday, Wednesday and 

Thursday). 
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Dynamic analyses were carried out by monitoring emissions concentrations from the exhaust of a Ford 

Ranger 2017 (2.2 XLS-X4-6V-Diesel) automobile driven along each avenue route during SSI and 

post-SSI periods. These analyses started at 6 a.m. on Mister Hull/Bezerra de Menezes and Heráclito 

Graça/Duque de Caxias avenues, and at 11 a.m. on Doutor Silas Munguba and Abolição avenues. 

To perform static analyses, the route along each avenue was divided into 500-meter intervals (Figure 1), 

with atmospheric pollutants analyses being carried out at each interval point for 5 minutes. Readings 

started at 7 am on Mister Hull/Bezerra de Menezes and Heráclito Graça/ Duque de Caxias avenues, and 

at 12 pm on Doutor Silas Munguba and Abolição avenues. 

MH/BM Avenue is one of the main access roads from the western part of the metropolitan area of 

Fortaleza to the central area of the city. This avenue is characterized by its large variety of shops, 

schools, residences, a bus terminal and intense traffic flow. The total avenue length used for this 

analysis was 6.5 km, divided into 13 points for static analyses, starting from the point closest to 

Antônio Bezerra Bus Station (3°44’24.713"S, 38°35’37.769"W) to the end point of the avenue 

(3°43’50.563"S, 38°32’24.366"W). 

DSM Avenue is one of the main access routes from the southwestern part of the metropolitan area of 

Fortaleza to the central area of the city. The avenue is characterized by a concentration of large 

commercial centers, research centers, the International Airport, the main football Stadium, residences, 

schools and intense vehicular traffic. The total avenue length used for this analysis was 8.5 km, divided 

into 18 points for static analyses, starting from the point next to BR-116 Highway (3°48’0.666"S, 

38°30’24.323"W) until the end point next to the Parangaba Bus Terminal (3°46’43.316"S, 

38°33’40.020"W). 

HG/DC Avenue is one of the main access routes from the northeast of Fortaleza to the central area of 

the city. The avenue is characterized by its clinics, hospitals, universities, banks, shops and intense 

automobile traffic. The total avenue length used for this analysis was 4.5 km, divided into 10 points for 

static analyses, starting from the point near Tibúrcio Cavalcante Street (3°44’25.899"S, 

38°30’15.156"W) to the end point near José Jatahy Street (3°43’39.144"S, 38°31’8.964"W). 

AB Avenue is one of the main access roads from the east part of Fortaleza to the central area of the city. 

The avenue is distinguished for large real estate developments, hotel activities, residences, in addition 

to being one of the main access roads to Beira Mar Avenue, the most touristic area in the city of 

Fortaleza. The total avenue length used for this analysis was 5 km, divided into 11 points for static 

analyses, starting from the point closest to the Fortaleza Yacht Club (3°43’15.180"S, 38°28’40.089"W) 

to the final point near the end of Alberto Nepomuceno Avenue (3°43’14.533"S, 38°31’8.964"W). 

2.2 Pollutants Analyses 

To perform dynamic analyses, a gas analyzer (Seintro Chemist 900 Ecil
®
) was attached to the exhaust 

of a 2017 Ford Ranger vehicle (2.2 XLS-X4-6V-Diesel) to monitor the vehicle’s exhaust emitted along 

the dynamic route of the four avenues studied. During the dynamic analyses, concentrations of carbon 

monoxide (CO), nitrogen oxides (Nox) and carbon dioxide (CO2) were monitored, as well as the 
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oxygen (O2) percentage and exhaust temperature, in addition to ambient temperature and relative air 

humidity. 

To carry out the static analyses, an aerodispersoid detector (TEMTOP M2000) was used to evaluate 

particulate matter concentrations (PM2.5, PM10), carbon dioxide (CO2) and formaldehyde (HCHO). In 

addition, ozone (O3) concentrations were determined using a continuous ozone analyzer, model 202 

(2B Technologies). 

2.3 Health Risk Assessments 

2.3.1. Respiratory Deposition Dose (RDD) 

The concentrations of particles that deposited in the airways was estimated for three regions of the 

respiratory tract (upper, tracheobronchial and alveolar) of adults, considering the means of the different 

parameters for adult men and women (20 to 39 years-old). Equation 1 shows the estimated respiratory 

deposition dose ( ) calculation (Sousa et al., 2021; Segalin et al., 2017; Azarmi; Kumar, 2016; 

Kumar; Goel, 2016): 

                   (1) 

where  is the respiratory tidal volume (m³/cycle),  is the respiratory rate (breaths per minute), 

is the deposition fraction for each specific diameter, and is the measured concentration. 

Respiratory parameters and  for adults (men and women) were: 3.8·10
-4 

m³ per respiratory cycle 

and 14 breaths per minute, respectively (Parreira et al., 2010). was calculated based on the 

equations proposed by Hinds (1999). 

2.3.2 Particulate Matter Inhalation Dose Calculation 

The PM dose per body mass was estimated. For this calculation, two scenarios were determined. 

Scenario 1 simulates the PM amount inhaled by a driver inside a vehicle during a round trip in the four 

different avenues, exposure time being determined by the respective dynamic route of the avenue; 

scenario 2 simulates the PM amount inhaled by an individual who works in the vicinity of the four 

different avenues, with an exposure time determined as 44h/week or 176h/month. The determination of 

PM dose concentration was calculated based on equation 2 (Slezakova et al., 2018; Fonseca et al., 

2014): 

                        (2) 

where  is the minute volume ( );  is the body mass (kg);  is the PM concentration 

( ) and  is the exposure time in minutes. An average body mass of 67 kg and  of 5.15 kg 

 was considered for both men and women (Parreira et al., 2010). 

 

3. Results and Discussion 

3.1 Dynamic Analyses Evaluation 

Regarding dynamic analyses, Table 1 presents results referring to analyses of the variables for travel 

time, average speed, gas temperature, oxygen percentage, ambient temperature and relative humidity 
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on each avenue in SSI and post-SSI periods. 

 

Table 1. Dynamic Analysis Variables, Variables Results for Dynamic Analyses Carried out on 

Mister Hull/Bezerra de Menezes (MH/BM), Doutor Silas Munguba (DSM), Heráclito 

Graça/Duque de Caxias (HG/DC) and Abolição (AB) Avenues in SSI and Post-SSI Periods 

Variable /  

Avenue 

Travel 

Time 

(min) 

Average 

Speed 

(Km/h) 

Gas Temp 

(ºC) 
Oxygen% 

Ambient 

Temp (ºC) 

Moisture 

(%) 

MH/

BM 

SSI 14.88±0.30 26.20±0.53 118.77±0.62 14.49±0.04 26.40±1.20 83.67±2.31 

Post-SSI 18.91±1.89 20.74±2.35 117.75±0.86 14.33±0.14 26.37±0.51 84.33±1.53 

DSM 
SSI 20.65±2.02 24.85±2.30 117.17±1.00 15.78±0.15 26.50±1.10 86.00±2.65 

Post-SSI 25.12±1.36 20.42±1.11 118.16±0.42 15.47±0.20 28.93±0.76 82.00±2.00 

HG/

DC 

SSI 15.57±0.14 17.33±0.17 116.70±1.41 15.93±0.24 26.00±0.53 74.67±2.31 

Post-SSI 18.52±0.79 14.60±0.64 118.29±0.28 15.92±0.12 26.90±0.56 78.67±1.15 

AB 
SSI 19.42±0.12 15.45±0.09 116.00±1.62 14.45±0.54 27.07±0.64 76.00±2.65 

Post-SSI 24.27±2.15 12.42±1.07 116.69±1.79 14.99±0.88 28.13±0.31 77.33±2.31 

 

These results show, in general, a higher average travel time and lower average speed on the avenues in 

the post-SSI period, in relation to the SSI period. This is due to the absence of restrictions on urban 

mobility in the post-SSI period, yielding greater vehicle traffic on the avenues. The temperatures and 

O2 % in the exhaust gases did not show significant variations, due to the fact that these variables change 

according to the combustion temperature and, consequently, to the vehicle’s engine. However, the 

vehicle’s engine was preheated before initiating dynamic analyses, so that these variables would not 

present significant variations between the dynamic routes on the different avenues. 

Ambient temperature and humidity values in the dynamic routes on the different avenues showed 

variations. This is possibly due to the different times of analyses: 6 am for MH/BM and HG/DC 

avenues, and 11 am for DSM and AB avenues. 

Regarding the pollutants of the dynamic analyses, Figure 2 shows results of gas emission factors mean 

values for carbon monoxide (CO), nitrogen oxide (NOx) and carbon dioxide (CO2) in exhaust from the 

2017 Ford Ranger vehicle (2.2 XLS-X4-6V- Diesel) on each avenue, during the SSI and post-SSI. CO 

and NOx emissions were compared to the regulatory limits established by the Brazilian norms from the 

Vehicle Emission Control Program (PROCONVE) in the L6 phase, applied to the exhaust emission 

from light motor vehicles and light commercial vehicles with a mass greater than 1700 kilograms 

(IBAMA, 2011). However, all analyzed values were below these legislation limits. 

http://www.ibama.gov.br/emissoes/veiculos-automotores/programa-de-controle-de-emissoes-veiculares-proconve
http://www.ibama.gov.br/emissoes/veiculos-automotores/programa-de-controle-de-emissoes-veiculares-proconve
http://www.ibama.gov.br/emissoes/veiculos-automotores/programa-de-controle-de-emissoes-veiculares-proconve
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Figure 2. Pollutants Dynamic Analysis 

 

CO, NO and CO2 emissions results for the dynamic analyses carried out on Mister Hull/Bezerra de 

Menezes (MH/BM), Doutor Silas Munguba (DSM), Heráclito Graça/Duque de Caxias (HG/DC) and 

Abolição (AB) avenues in SSI and post-SSI periods. 

In general, all average concentrations observed on the different avenues through the dynamic analyses 

exhibited an increase between the SSI and post-SSI periods. In terms of percentages, concentrations on 

MH/BM Avenue showed increases of 22.16%, 21.39% and 28.02%, for CO, NOx and CO2 analyses, 

respectively. On DSM Avenue, the percentage increases were 5.06%, 19.65% and 62.50%, for CO, NOx 

and CO2, respectively. HG/DC Avenue showed percentage increases of 19.57%, 22.21% and 20.24%, 

for CO, NOx and CO2, respectively. On AB Avenue, the percentage increases were 37%, 31.85% and 

54.18% in respective CO, NOx and CO2 values. 
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Traffic jams in large cities influence air pollution increases, due to the constant stoppages of 

automobiles, as well causing increased health risks both for drivers and individuals who live or work 

around the roads (Zhang; Batterman, 2013; Habermann, 2012). Traffic congestion reduces average 

speeds, which increases travel time and decreases the dispersion of automobile-related pollutants, since 

vehicle-induced turbulence depends on speed (Benson, 1986). These characteristics may explain the 

higher values observed in the pollutants analyzed during the dynamic analyses in the post-SSI period, 

when vehicular flow was greater. 

3.2 Static Analyses Evaluation 

Regarding static analyses, the results of the averages for collections obtained over the course of three 

days on all avenues during SSI and Post-SSI are presented below. Most of the static collections were 

performed on the same day as the dynamic analyses, except for DSM Avenue in the post-SSI period; 

these were held on September 22, October 5
 
and October 7. In the analyses results and discussion, 

some individual values for each pollutant will be shown separately for further consideration. The 

remaining results for all avenues will be subsequently presented, along with the discussion. 

Figure 3 (A, B and E) shows O3, CO2 and HCHO mean concentrations collected during the SSI and 

post-SSI periods on the four avenues. The average O3 concentrations were compared with those of limit 

standards established by the National Council for the Environment (CONAMA) through resolution 

491/2018, and by the limits recommended by the World Health Organization (WHO), updated in 2021. 

Averages of external CO2 concentrations were compared using the 500 ppm standard recommended by 

Normative Recommendation 02/2003 by the Brazilian Association of Refrigeration, Air Conditioning, 

Ventilation and Heating (ABRAVA). According to ABRAVA, this is a significant indicator for intense 

traffic in urban areas, proving the influence of great vehicular flow on CO2 concentrations. Due to the 

lack of legislation for HCHO concentrations in external areas, its averages were compared using the 

limits established by the WHO for internal environments. 
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Figure 3. Pollutants Static Analysis 

 

O3 (A), HCOH (B), PM2.5 (C), PM10 (D), and CO2 (E) emissions results in the static analyses carried 

out on Mister Hull/Bezerra de Menezes (MH/BM), Doutor Silas Munguba (DSM), Heráclito 

Graça/Duque de Caxias (HG/DC) and Abolição (AB) avenues in SSI and after SSI periods. 

This Figure shows that O3, CO2 and HCHO had increased concentrations along the four avenues 

(MH/BM, DSM, HG/DC and AB) during the post-SSI period. Values for these avenues were, 

respectively, up to 41.55%, 86.51%, 33.09% and 160.65% for O3; 31.19%, 23.97%, 23.16% and 

43.17% for CO2; and 59.28%, 49.16%, 55.18% and 65.91% for HCHO. O3 and HCHO concentrations 

remained below the legislated standards, whereas CO2 exceeded the limits recommended by ABRAVA. 

Figure 3 (C and D) shows the mean concentrations of PM2.5 and PM10 collected during the SSI and 

post-SSI periods. Their averages were compared with the limits established by the National Council for 

the Environment (CONAMA) resolution 491/2018 and with those recommended by the World Health 

Organization (WHO) in the 2021 update. 

It is possible to observe that PM2.5 had concentration increases of 66.24%, 48.42%, 53.64% and 

63.67% on the four avenues (MH/BM, DSM, HG/DC and AB, respectively) during the post-SSI. PM10 

also exhibited mean concentration increases of 60.00%, 53.24%, 63.50% and 79.10% along the same 
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routes during the post-SSI period. Both PM2.5 and PM10 maintained concentration values below the 

limits required by CONAMA and WHO. 

Currently, many studies seek to analyze lockdown impacts on atmospheric emissions, with analyses 

arising from all continents, with the exception of Antarctica (DA SILVA, 2021). Pollutants such as NO, 

NO2, CO, PM10 and PM2.5 had reduced emissions during lockdown, succeeded by increases during the 

reopening (Tudo et al., 2022; Sarra; Mülfarth, 2021; Liu et al., 2020). A decrease in pollutant emissions 

during lockdowns is expected, but the more important objective, however, is to quantify this decrease. 

Regarding O3 analyses, some studies show an increase in this pollutant (Aix; Petit; Bicout, 2022; Lian, 

et al., 2020), while others show a decrease (Tavella et al., 2021). This usually occurs because 

tropospheric ozone is one of the atmosphere’s most complex chemical species, being formed during the 

day by non-linear chemical processes at a rate that is determined by atmospheric concentrations of 

VOCs and nitrogen oxides (Tavella; da Silva Júnior, 2021).   

In environments with very high levels of NOx, O3 is sequestered by NO to form NO2. Increases in 

ozone concentrations, as opposed to decreases in other pollutants, are associated with reduced NOx 

emissions. Lockdown led to NO emissions decrease and lower consumption of O3 during titration (i.e., 

NO + O3 = NO2 + O2) (Li et al., 2020; Selvam et al., 2020). 

3.3 Particle Deposition Assessment in the Respiratory Tract 

Based on the PM2.5 and PM10 concentrations observed in SSI and post-SSI periods (Figure 4), particle 

depositions in the adult respiratory tract (upper, tracheobronchial and alveolar regions) were estimated 

(Figure 4). The highest concentrations of PM 2.5 and PM10 deposition in the respiratory tract were 

obtained on HG/DC Avenue, for both periods (SSI and post-SSI). The lowest potential concentrations 

for PM2.5 and PM10 deposition in the respiratory tract were observed on MH/BM Avenue, for both 

periods (SSI and post-SSI). 
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Figure 4. Particles Deposition in the Respiratory Tract 

 

Particles deposition concentration estimated for three regions of the respiratory tract (Upper, 

tracheobronchial and alveolar) of adults on Mister Hull/Bezerra de Menezes (MH/BM), Doutor Silas 

Munguba (DSM), Heráclito Graça/Duque de Caxias (HG/DC) and Abolição (AB) avenues in ISS (A 

and C) and post-ISS (B and D) periods. 

Regarding the total dose of PM2.5 deposited in the respiratory tract (Figure 4 - A and B), the percent 

increases between SSI and post-SSI periods were 66.23%, 48.59%, 53.70% and 64.17% along MH/BM, 

DSM, HG/DC and AB avenues, respectively. For the total inhalable PM10 (Figure 4 - C and D), percent 

increases between SSI and post-SSI periods were 60.07%, 53.24%, 63.35% and 79.25% for MH/ BM, 

DSM, HG/DC and AB avenues, respectively. 

We also observed that, in general, the greatest amount of inhaled particulates (PM2.5 and PM10) would 

be deposited in the upper airway tract, with higher fractions of PM10 deposition in this region. This can 

be explained by the fact that PM2.5 has a smaller diameter, which allows it to penetrate more deeply into 

the pulmonary tract, reaching the alveoli in significant fractions (Haberzettl et al., 2014; Kelly; Fussel, 

2012; Dockery, 2009). 

Exposure to air pollutants is associated with respiratory disease development and intensification 

(Menezes et al., 2019; Nascimento et al., 2017; Patto et al., 2016; Xiong et al., 2015). Among its 

various components, particulate matter is one of the most harmful to health (WHO, 2016). Pollutants 
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emitted by diesel combustion, such as particulate matter, carry several carcinogenic compounds with a 

high impact on human health and on ecosystems (Zin et al., 2011). 

According to the International Energy Agency (IEA, 2020), a positive consequence of the SSI period 

was that the world ceased to emit one million tons of CO2 per day, due to decreased combustion of 

fossil fuels. In addition, preliminary evidence confirms that atmospheric particles such as PM can carry 

SARS-CoV-2, since viruses are able to adhere to solid or liquid atmospheric particles, remaining in the 

atmosphere for hours, days or even weeks and being transported over long distances (Visbal; Pedraza, 

2021; Setti et al., 2020; Tellier et al., 2019). 

Additionally, atmospheric pollution contributes to the weakening of the body’s immunity (Braga; 

Saldiva, 2001). This information leads to a need for greater attention regarding the pandemic context, 

since COVID-19 affects immunosuppressed individuals more severely (Suárez et al., 2021), causing 

greater mortality in this population (Vaid et al., 2021). Studies have also shown a relationship between 

exposure to air pollutants and the intensification of COVID-19 cases (Cole; Ozgen; Strobl, 2020; Zhu 

et al., 2020). 

3.4 Inhaled Dose Assessment 

To calculate the inhaled dose per body mass, respiratory parameters of men and women aged between 

20 and 39 years-old were considered, using PM2.5 and PM10 concentrations measured on each of the 

avenues. As the inhaled dose is proportional to the exposure time, in the present work we used two 

exposure scenarios for evaluation. 

Scenario 1 represents the daily dose inhaled by a person inside the vehicle driving, for example, to 

his/her work, in a round trip. Scenario 2 represents the dose inhaled in one month by a person 

(176h/month) working along each of the avenues, being constantly exposed to pollutants from this 

environment on a daily basis. Potential inhaled dose concentrations are shown in Figure 5. 
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Figure 5. Inhaled Particulate Matter Dose according to PM2.5 and PM10 Concentrations Found on 

Mister Hull/Bezerra de Menezes (MH/BM), Doutor Silas Munguba (DSM), Heráclito 

Graça/Duque de Caxias (HG/DC) and Abolição (AB) Avenues 

 

A- PM2.5 inhaled dose according to scenario 1 (Driver on the round trip); B- PM10 inhaled dose 

according to scenario 1 (Driver on the round trip route); C- PM2.5 inhaled dose according to scenario 2 

(Workers in the region); D- PM10 inhaled dose according to scenario 2 (Workers in the surroundings). 

Regarding the inhaled PM2.5 dose in scenario 1 (Figure 5-A), percent increases between SSI and 

post-SSI periods were 108.33%, 80.85%, 81.58% and 106.25% for MH/BM, DSM, HG/DC and AB 

avenues, respectively. As for the inhaled PM10 dose in scenario 1 (Figure 5-B), increases between SSI 

and post-SSI periods were 66.41%, 48.72%, 53.71% and 64.25% for MH/BM, DSM, HG/DC and AB 

avenues respectively. 

Considering the inhaled PM2.5 dose in scenario 2 (Figure 5-C), increases between SSI and post-SSI 

periods were 103.57%, 85.85%, 95.10% and 124.49% for MH/BM, DSM, HG/DC and AB avenues, 

respectively.  Inhaled PM10 dose increases in scenario 2 (Figure 5-D) between SSI and post-SSI 

periods were 60.04%, 53.26%, 63.37% and 79.26% within MH/BM, DSM, HG/ DC and AB avenues, 

respectively. 

In scenarios 1 and 2, we observed a greater percent increase in the inhaled doses of PM2.5 for MH/BM 

Avenue, and of PM10 on AB Avenue. The lower concentrations of pollutants such as PM2.5 and PM10 

during SSI were possibly due to the actions to minimize transmission of SARS-CoV-2. 
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Exposure to PM2.5 is associated with an increased risk of mortality from a wide range of causes (Li et 

al., 2018), including increases in all-cause mortality risk and cardiovascular issues (Kim et al., 2020).  

Regarding exposure to PM10, there is evidence of a positive association between exposure to this 

pollutant and the risk of lung cancer (Consonni et al., 2018). 

Previous studies highlight the relationship between short-term exposure to PM2.5 and COVID-19 cases 

and deaths (Zhou et al., 2021). Likewise, considering exposure to PM2.5 and PM10 is associated with 

COVID-19 cases and deaths, particulate matter may play a significant role in the COVID-19 outbreak 

(Bianconi et al., 2020). 

 

4. Conclusion 

According to our results--since it contributed to social and urban mobility reduction, resulting in a 

lower number of circulating vehicles--, SSI was also probably responsible for a decrease in 

atmospheric pollutant emissions (Figures 2 and 3). Thus, SSI directly contributes to a decrease in 

particulate matter deposition in the respiratory tract of individuals (Figure 4), as well as in the inhaled 

particulate matter dose (Figure 5). This phenomenon possibly helped to reduce the number of severe 

cases and deaths caused by COVID-19. 
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