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Introduction: 

Air pollution is one of the biggest threats facing society today. Multiple components 

make up air pollution and must be defined before the assessment of the severity of Quito, 

Ecuador’s air pollution. There are also several causes and sources of air pollution in this South 

American city that have severe heath implications. Current actions to flight air pollution will be 

examined. 

Definition and Components of Air Pollution:  

Air pollution can be defined as a “mix of chemicals, particulate matter, and biological 

materials that react with each other to form hazardous particles” (“General…,” 2016). The World 

Health Organization (WHO) has put in place air pollution guidelines that are based on four main 

contaminates: particulate matter (PM), ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide 

(SO2).  

PM is comprised of a complex mixture of solid and liquid particles of organic and 

inorganic substances suspended in the air (“Ambient…,” 2016). Air quality measurements are 

usually reported in terms of daily or annual mean concentrations of PM10 (particles with 

diameters of 10 microns or less) per cubic meter of air volume (“Ambient…,” 2016). PM10 are 

the most damaging particles because they can penetrate and lodge deep inside the lungs 

(“Ambient…,” 2016). The Environment Protection Agency also recognizes PM-2.5 (2.5 

micrometers or less) (“Particulate…,” 2017). Sources of PM include: burning fuels (diesel, 

gasoline, wood, etc.), construction sites, roadwork, factories and quarries (“Particulate…,” 

2017). 

Ozone (O3), which is often confused with ozone layer in the atmosphere, is a major 

element of photochemical smog (“Ambient…,” 2016). Ozone is formed by sunlight reacting with 
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pollutants such as nitrogen oxides and/or volatile organic compounds (VOCs) – from vehicles, 

refineries, and chemical or power plants (“Ambient…,” 2016). VOCs are another important 

factor in air pollution. VOCs get their name because they are organic compounds which can 

easily be turned into solids into vapors or gases (“Volatile…,” 2017). The highest levels of ozone 

and VOCs occur at warmer and sunnier weather.  

 Nitrogen oxides are usually man-made and of these, one of the most common is nitrogen 

dioxide (“Nitrogen…,” 2017). NO2 is often used to bleach flour (“Nitrogen…,” 2017). Nitrogen 

dioxides are polluting the air via vehicle and ship exhaust, electric power plants, burning various 

fuels, cigarette smoking, welding, etc (“Nitrogen…,” 2017). “NO2 is the main source of nitrate 

aerosols, which form an important fraction of PM2.5 and, in the presence of ultraviolet light, of 

ozone” (“Ambient…,” 2016). When combined with VOCs, nitrogen oxides form smog, and 

when combined with sulfur dioxides, they form acid rain (“Nitrogen…,” 2017). 

 Sulfur dioxide occurs naturally and anthropogenically and is a colorless gas with a sharp, 

distinct odor (“Ambient…,” 2016). Sulfur dioxide is commonly used in disinfectants, food 

preservatives, and as a bleach for flour, grains, fruits, and textile fibers (“Sulfur…,” 2017). The 

main anthropogenic source of SO2 is the burning of sulfur-containing fossil fuels for power 

generation, domestic heating, and motor vehicles (“Ambient…,” 2016). 

Quito’s Air Pollution Severity: 

With 2.24 million inhabitants, Quito is a city that sits at high elevation (~9,000 feet) and 

is rapidly growing economically and expanding geographically (Cazorla, 2016). This is 

accompanied by industrial growth and by critical traffic management challenges across the city 

(Cazorla, 2016). According to the WHO, their guideline values for PM-2.5, is 10 μg/m3 annual 

mean (“Ambient…,” 2016). However, in 2012, Quito’s PM-2.5 annual mean was 18 μg/m3 mean 
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(WHO, 2014). The WHO guideline values, for PM10, the more dangerous particulate matter size, 

is 20 μg/m3 annual mean, and Quito’s PM10 annual mean value in 2012, was 38 μg/m3. 

According to research by Gee and Sollars, (1998), Quito’s VOCs had some of the highest 

percentages, if not the highest, out of the six cities that they researched. (See table below). 

 

 

 

 

 

 

 

 

Table 1 from (Gee, & Sollars, 1998). 

Quito has the highest relative value of specific VOCs for benzene, heptane, and toluene.  

 

Sources of Air Pollution in Quito (Anthropogenic): 

Anthropogenic factors make up 85% of the air pollution in all of Ecuador (Flambouris, 

2017).  Specifically in Quito, transportation, industrial processes and indoor air pollution add to 

the overall air pollution in the city. Transportation can be considered the most significant source 

of air pollution due to the old, diesel-fueled cars and public buses (Flambouris, 2017). Most of 

these vehicles are burning low-quality fuel (which contains large amount of sulfur) which results 

in “the production of harmful pollutants such as carbon dioxide (CO2), carbon monoxide (CO), 

various nitrogen oxides (NOx), volatile organic compounds (VOCs) and particulate matter (PM)” 

(Flambouris, 2017). Making the situation even worse is the excessive traffic on the roads and 



Air Pollution in Quito 6 

 

lack of access to better quality vehicles and effective fuel quality control (Flambouris, 2017). 

According to the National Institute of Statistics and Censuses, in 2013 there were 387,858 cars 

registered in the Pichincha region and that number increased to 429,537 registered cars in 2014 – 

hence an increasing trend (Flambouris, 2017). 

As Quito’s population rises, not only does the number of vehicles increase, but the energy 

generation systems and industries are likely to grow as well. Quito is an industrialized city with 

its major industries being textiles, metals, and agriculture. As for the manufacturing, these 

industries release large amount of CO, hydrocarbons, SO2, organic compounds and chemicals 

(Flambouris, 2017). From the agriculture related activities, ammonia (NH3) – which is 

considered one of the most hazardous gases in the atmosphere – is a very common byproduct 

(Flambouris, 2017). 44% of Quito’s electrical needs are covered by hydropower (Flambouris, 

2017).  While hydroelectric plants release less CO2 than energy plants power by fossil fields, 

their reservoirs produce substantial amounts of another greenhouse gas: methane (CH4) 

(Flambouris, 2017).  

To a much lesser degree, the use of domestic products, such as sprays and cleaning 

products also contribute to the degradation of air quality in the city (Flambouris, 2017). These 

products are responsible for the release of toxic chemicals such as VOCs like formaldehyde 

(Flambouris, 2017). 

Sources of Air Pollution in Quito (Natural): 

 Quito’s geographical local plays a major role in the air pollution issues the city faces 

Quito is located on the slope of an active volcano, Guagua Pichincha, and is surrounded on a 

larger landscape by several more volcanos including, Cotopaxi, Reventador, and Tungurahua 

(Flambouris, 2017).  There have been times when Guagua Pichincha has covered Quito with 
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ashes (Flambouris, 2017). While the volcano does not erupt often however, it does emit gases 

such as CO2 and SO2, which can further react with hydrogen to form toxic compounds such as 

sulfuric acid (H2SO4) and hydrogen sulfide (H2S) (Flambouris, 2017). 

 Quito is located at an elevation of 2850 meters (9,350 feet) above sea level. At this 

altitude there is 27% less oxygen than at sea level – this consequently means that any 

combustions carried out are less efficient and this produce more pollutants. Quito also sits in a 

valley surrounded by mountains – this creates a natural bowl that prevents air from circulating 

(“Air Pollution…”, n.d.). This also creates temperature inversions – where the air closer to the 

ground becomes cooler than the air above and this acts as a lid to trap the air pollutants close to 

the ground (“Air Pollution…”, n.d.).  Temperature inversions then prevent vertical mixing – the 

upper, cleaner air from mixing with the lower, polluted air – and the dispersion of pollutants 

(“Air Pollution…”, n.d.).  

Cities in valleys all over the world experience this also. “The Los Angeles, Bakersfield 

and Visalia metropolitan areas top the list of the most polluted in the country [United States] for 

ozone pollution and particle pollution, with many other California cities among the top-10 

polluted areas” (Castellon, 2017). On a list ranking of North and South American cities by air 

pollution based on PM-2.5 annual mean, μg/m3 however, Quito is ranked 8th, while Los Angeles is 

ranked 11th - just breaking the WHO guidelines (Mead, 2017). 

Quito’s temperate climate and high levels of sunlight all year long are another factor in 

its air pollution levels (Flambouris, 2017). In conjunction with pollutants already existing in the 

air (such as NOx and VOCs), this leads to the formation of secondary pollutants, such as ozone 

(O3) (Flambouris, 2017). These secondary pollutants make up what is known as photochemical 

smog (Flambouris, 2017). 
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Health Effects: 

 The most important and serious consequences of air pollution is the worsening of human 

health, as well as premature mortality. Exposure to high concentrations of PM10 and PM2.5 has 

been shown to increase mortality and morbidity (“Ambient…,” 2016). High concentrations of 

fine PM can accumulate in the lungs or along the respiratory tract and become harmful 

(“Particulate…,” 2017). The longer the exposure and the higher the amount of particulate matter, 

the more serious the effects – from hoarseness and wheezing to eventually cancer, especially 

lung cancer (“Particulate…,” 2017). 

 Ozone in the air the humans breathe can lead to breathing problems, trigger asthma, 

reduce lung functions, and cause lung disease (“Ambient…,” 2016).  Ozone exposure has also 

shown to increase mortality by 0.3% and increase heart diseases by 0.4% in European Studies 

(“Ambient…,” 2016). VOCs, while not all are known to be toxic, also show to have negative 

effects on the human body: respiratory tract problems, dizziness, nausea, liver and/or kidney 

damage, and problems of the central nervous system (“Volatile…,” 2017). 

 In association of long-term exposure to NO2, it has been documented that symptoms of 

bronchitis in asthmatic children increase – as well as reduced ling function growth 

(“Ambient…,” 2016). Even at short-term concentration exposures (200 μg/m3), nitrogen dioxide 

is a toxic gas that causes significant inflammation of the airways (“Ambient…,” 2016). Nitrogen 

oxides can have serious health implications depending on the length and severity of exposure: 

breathing difficulties, throat spasms, lung fluid build-up, decreased fertility in women, mental 

confusion, and birth defects (“Nitrogen…,” 2017). 

 Sulfur dioxide, like the other air pollutants discussed, affects the respiratory system and 

the functions of the lungs but can also cause irritation to the eyes (“Ambient…,” 2016). 
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Depending on the duration of the exposure, SO2 can also cause the following serious health 

problems: chronic bronchitis, emphysema, decreased fertility, menstrual disorders, nausea, 

inhibition of thyroid function, dizziness, and convulsions (“Sulfur…,” 2017). Cardiac disease 

and mortality has also been shown to increase in hospitals on days with higher SO2 levels 

(“Ambient…,” 2016). 

  

 

 

 

 

 

 

 

 

Table 2 from (Flambouris, 2017). 

A summary of the health effects from the various pollutants discussed.  

 

 

In addition to human health consequences, there are two other significant consequences 

of air pollution, not only in Quito, but in all other cities around the world. The first is that these 

various air pollutants add to Climate Change/Disruption – the main contributor is the emissions 

of greenhouse gases, most specifically CO2,  NOX, CH4 and O3 (Flambouris, 2017). Sulfur 

dioxide (SO2), when mixed with water, forms sulfuric acid – which is the main component of 

acid rain and this is a cause of deforestation (“Ambient…,” 2016). There are also the socio-

economic implications as well. According to the World Bank, Quito’s current air pollution costs 
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residents several millions of dollars each year in lost earnings and medical expenses (Flambouris, 

2017). On the national level, it is estimated that the portion of the economy affected by air 

pollution represents up to 2% of Ecuador’s gross domestic product (GDP) (Flambouris, 2017). 

Solutions: 

In cities at or close to sea level, most of the fine PM can be traced to industry (Jurado & 

Southgate, 1999). However, for Quito at about 9,000 feet above sea level, the main source of 

approximately half of the city’s PM10 pollution is from diesel-fueled vehicles (Jurado & 

Southgate, 1999). That is why, in January of 1995, Quito passed an initiative which targets 

diesel-fueled vehicles called Municipal Ordinance 3120 (Jurado & Southgate, 1999). Municipal 

Ordinance 3120 requires that heavily polluting buses and trucks are fitted with a simple device 

that measures the vehicle’s emissions (Jurado & Southgate, 1999). Violators must pay a fine 

(about $100) and a “guarantia” of about $300 – which is comparable to the cost of making the 

repairs needed to bring a polluting engine up to standard (Jurado & Southgate, 1999). Municipal 

Ordinance 3120 eventually became ineffective however, due to lack of enforcement by city 

police (Jurado & Southgate, 1999). 

 More recently in 2015, Secretary of the Environment, Veronica Arias shared in an 

interview that Quito will be putting in place “controls” throughout the city that will ensure 

vehicles are operating within the permitted 0.6% and 0.8% carbon monoxide levels (Scherffius, 

2015). If vehicles are found to be operating above this level, owners are given eight days to fix it 

or receive a $200 fine (Scherffius, 2015). Arias also stated that the city had been using “a diesel 

which was 7,000 parts per million sulfur, now we have a diesel that has or is less than 500 parts 

per million” (Scherffius, 2015). It is also encouraged to buy environmentally friendly cars, as 

they utilize technology that consumes less diesel and gas (Scherffius, 2015). 
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Conclusion: 

One definition of air pollution is that it is a “mix of chemicals, particulate matter, and 

biological materials that react with each other to form hazardous particles” (“General…,” 2016). 

There are four main contaminates of air pollution as put forth by the WHO that are particulate 

matter (PM), ozone (O3), nitrogen dioxide (NO2), and sulfur dioxide (SO2). The WHO guideline 

values for PM-2.5, is 10 μg/m3 annual mean; while in 2012, Quito’s PM-2.5 annual mean was 18 

μg/m3 mean. The WHO guideline values, for PM10 is 20 μg/m3 annual mean, and Quito’s PM10 

annual mean value in 2012, was 38 μg/m3. These high levels of PM are caused by anthropogenic 

sources (such as vehicles, industries, and indoor air pollutants) and natural sources (volcanoes, 

elevation, valley with surrounding mountains, and climate). Major health problems are caused or 

worsened by air pollution, mainly: lung diseases, cancers, and heart diseases. Quito has historical 

and is currently fighting air pollution by putting into place measures that would fine vehicle 

owners that do not meet air quality standards. 
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