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ABSTRACT 

 
We present here a study about the possible spread of covid-19 pandemic between human’s 

beings through aerosols contained in urban air polluted by respirable particulate matter and 
tropospheric ozone, as well as the incidence of local meteorology in an area with orographic basin 
characteristics and in a certain period of time. Hourly time-series data of three meteorological 
variables—temperature, relative humidity, wind speed—and three pollutants—PM10, PM2.5 and 
O3—were considered together with hourly data from the highest number accumulated sick's in 
seven communes—chosen at random—in Santiago, Chile, studying a probable link between them. 
From the epidemic perspective, the infected patients number was linked to the hourly time-series 
of meteorological and pollutant variables, generating new time-series. Nonlinear analysis and the 
chaos theory formalism was applied to these new time-series, obtaining the largest Lyapunov 
exponent, correlation dimension, Kolmogorov entropy, Hurst exponent and the Lempel-Ziv 
complexity. Our preliminary results show meteorological and air pollution variables can be part 
of the elements fraction that give sustainability to the accumulated growth of infected patients and 
favor the pandemic spread, making the accumulated sick’s curve chaotic and complex. In addition, 
environmental pollution could worsen disease conditions like coronavirus (COVID-19) infection. 
For all time-series, the Lempel-Ziv complexity turned out to be between 0 and 1 which is indicative 
of connectivity and chaos. The largest Lyapunov exponent as well as the Kolmogorov entropy 
were positive which also exhibits chaos. The Hurst exponent was found to be greater than 0.5 and 
less than 1 for all time-series, indicating positive long-term autocorrelation. Finally, the correlation 
dimension was less than 5, revealing that new time-series constructed are not random. 
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1 INTRODUCTION 
 
1.1 Coronavirus-types 

The current pandemic that is ravaging the planet (COVID-19) is a variant of coronavirus with a 
RNA envelope that causes respiratory diseases of varying severity, from the common cold to 
fatal pneumonia. Various coronaviruses, such as the one discovered in the 1930s in poultry, caused 
respiratory, gastrointestinal, liver and neurological diseases in animals. Only 7 disease-causing 
coronaviruses are known in human beings. Most time, 4 of the 7 coronaviruses cause symptoms 
of the common cold. Types 229E and OC43 are responsible for the common cold; Serotypes NL63 
and HUK1 were discovered, which were also associated with the common cold. Rarely, serious 
respiratory tract infections, including pneumonia, can occur, especially in infants, the elderly, 
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and immunocompromised persons. Three of the 7 coronaviruses cause respiratory infections in 
humans much more severe and even more fatal than the other coronaviruses and are the cause 
of pneumonia major outbreaks, fatal to humans, in the 21st century (Wilks et al., 2003). 

SARS-CoV was identified in 2002 as the cause of major severe acute respiratory syndrome 
outbreaks (SARS). MERS-CoV was identified in 2012 as the cause of Middle East respiratory 
syndrome (MERS). SARS-CoV-2 is a new coronavirus identified as the cause of 2019 coronavirus 
disease (COVID-19) that started in Wuhan, China in late 2019 and has spread throughout the 
world. These coronaviruses, which cause severe respiratory infections, are zoonotic pathogens, 
which start in infected animals and spread from animals to people. COVID-19 is an acute, 
sometimes severe, respiratory disease caused by a novel SARS-CoV-2 coronavirus (CDC, 2020b). 
The transmission mechanism is still being investigated, and to date it is observed that it is 
equivalent to influenza (Xu et al., 2020), although it seems more transmissible than SARS. 

Situations with a high risk of transmission include institutions such as nursing homes, long-
term care centers, prisons, boats and, in general, where many people are concentrated. These 
situations involve high population density and often lead to difficulties in maintaining safety 
precautions. Through quarantine and isolation measures, attempts are made to limit the local, 
regional and global spread of this outbreak. Strict compliance with these measures has given 
satisfactory results in controlling the infection spread, in selected areas, in countries that have 
followed the suggestions and warnings given by the WHO (maintain social distance, wear face 
masks or masks and handwashing). SARS is much more severe than other coronavirus infections, 
and includes surfaces. Tests on stainless steel and plastic showed that a percentage of the virus 
survived and retained its infectious capacity for up to three days. These findings suggest that the 
virus could remain this amount of time on laminated or laminated door handles, countertops (or 
seats) and other hard surfaces (Kampf et al., 2020). SARS is a flu-like illness that sometimes 
culminates in severe progressive respiratory failure (CDC, 2020a, b; JHMI, 2020). 
 
1.2 PM2.5 and PM10 Particulate Matter 

Particulate matter is found in dust, ash, soot, metal particles, cement, or pollen. Other sources 
are coal industrial and domestic combustion from industrial processes fires, wind erosion and 
volcanic eruptions, buildings, demolitions and so on (Zereini and Wiseman, 2010; Fuzzi et al., 
2015; Đorđević et al., 2020). The main effects on human health range from irritation to the 
respiratory tract, deposition in the lungs causing diseases such as silicosis and asbestosis, as well 
as worsening asthma and cardiovascular disease (Fishman and Crutzen, 1978; Schwartz et al., 
2002; Cakman et al., 2007; Brook et al., 2010; Cassee et al., 2011; Lee et al, 2014). All kinds of 
surfaces (houses, public sculptures, etc.) also experience deterioration. They affect vegetation by 
interfering with photosynthesis. In the environment, they decrease visibility and induce cloud 
formation (Iwasaka et al., 1983). Its effects are also manifested in height (Salini and Medina, 
2017), as well as in medium-sized cities (Salini, 2018). 

The World Health Organization (WHO, 2013) recommends as a limit for coarse particulate 
matter (PM10) 20 µg m–3, for annual average; and 50 µg m–3 for average in 24 h. For fine particulate 
matter (PM2.5), 10 µg m–3 of annual average, and 25 µg m–3 for average in 24 h. 

 
1.3 Tropospheric Ozone (O3) 

This is a powerful oxidant that produces adverse effects on human health (Walker, 1978; Grewe, 
2006; Saliba and Massoud, 2011). Short-term studies show that O3 concentrations (especially in 
the summer) have adverse effects on respiratory function, causing lung inflammation, respiratory 
failure, asthma, and other bronchopulmonary diseases. Several European investigations have 
shown that daily mortality rises with increasing exposure to ozone. There is also new evidence 
linking long-term exposure to ozone with greater effects than previously thought in terms of 
impaired reproductive health and mortality. Since 2005, several cohort analyzes have been 
published on long-term ozone exposure and respiratory mortality. Furthermore, there is evidence 
in cohort and mortality studies among people with previous diseases (chronic obstructive 
pulmonary disease (COPD) or chronic obstructive pulmonary disease (COPD), diabetes, heart 
failure, heart attack, etc.). In addition to its impacts on human health, vegetation and crops, 
ozone is currently considered the third most important greenhouse gas (after carbon dioxide and 
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