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AIR POLLUTION IN MEDIUM-SIZED MEXICAN
CITIES

ABSTRACT

Medium-sized cities are in the population range of between 500,000 and one million
inhabitants. Despite the importance of large cities, the greatest urban growth occurs in
medium and small cities. During the last century these cities enjoyed acceptable air quality,
however from the last years of the last century and the two decades of this century the
atmospheric health has deteriorated, generating problems. The dynamics of population
growth faced by these cities represent a serious threat to the environment, as well as to the
health and quality of life of its inhabitants, since it generates new economic processes,
accompanied by an increase in industrial activities, motorization rates, greater fuel
consumption and higher emissions of air pollutants.

Objective: to carry out an analysis of the air quality condition and to show the trends of the
criteria pollutants for 10 medium-sized Mexican cities with the highest population growth.
Material and Method: The data for the analysis of air quality of medium-sized cities were
downloaded from the consultation system of Air Quality Indicators-SCICA through the
http://scica.inecc.gob.mx/exec/addl website. The downloaded data are hourly concentrations
of the six criteria pollutants PMo, PM, 5, O3, SO,, NO, and CO for the monitoring stations of
the cities of Aguascalientes (863 893 h), Mexicali (854 186 h), Ciudad Juarez (1 501 551 h),
Chihuahua (925 762 h), Ledn (1 579 803 h), Morelia (743 275 h), Puebla (1 542 232 h),
Querétaro (794 789 h)), San Luis Potosi (854 186 h) and Torreén (690 193 h), indicators
were calculated of the daily, monthly and annual trend, averages, percentages of days with
concentrations above the norm and number of days per year in which any of the norms is
exceeded during the period 2000-2020. Compliance with environmental health NOMs (at
one hour, 8 h, 24 h and annually) was evaluated depending on the pollutant criterion.
Results and discussion: Medium-sized cities have grown between 21 and 55% in the last
20 years, some surpassing the category of medium city. The concentrations of PMyy, PM»s
and Os in all medium-sized cities are almost always above the normativity which represents
a risk to the health of the population. The concentrations of CO, NO, and SO, are below the
limits of the regulations, so these pollutants currently do not represent a risk to the
population of medium-sized cities. Most cities present less than a third of the year with days
out of the norm, only Torreén, Puebla and Ledén present values of one third to two thirds of
the year above the norm.

Conclusions: The pollutants PM .5, PM,5s and O; represent n risk to the health of the
population of medium cities in Mexico, while the concentrations of CO, NO, and SO,
currently do not represent a risk for the population of medium cities.

Keywords: Medium-sized cities, Air pollutants, Monterrey Metropolitan Area, Environmental
and health risks.

1. INTRODUCTION

Cities are humanity's most durable and stable mode of social organization. They bring
together the dominant demographic and economic groups of the world [1] and concentrate
industrial, knowledge generation, investment and innovation activities, among others.




By the mid-twentieth century, three out of ten people in the world lived in urban areas.
Currently, it is estimated that more than half of the world's population lives in cities and
according to the projections of the United Nations (UN) most of the population growth of the
next 30 years will be concentrated in urban centers [2]. This process of urbanization occurs
most rapidly in countries located in regions classified as developing economies. Particularly
in Latin America where it is estimated that 75% of the population lives in cities [3].

Medium-sized cities are those in a population range of between 500,000 and one million
inhabitants, and emerge with the greatest potential to lead an inclusive and sustainable
economic future that reduces the gap between urban and rural [4]. Despite the importance of
large cities, the greatest urban growth occurs in medium and small cities [5]. During the last
century these cities enjoyed an acceptable air quality, however from the last years of the last
century and the two decades of this century the atmospheric health has deteriorated and is
causing health problems among the population.

Clark and Clark [6], argue that cities generate displacements of population, resources and
goods and services are deployed, so there are complementarities and competitions between
cities, which are the basis of the economic system. In these systems, large population
centers operate on a national and international scale, while medium-sized cities occupy a
binding place between large and small agglomerations — urban and rural.

The dynamics of population growth faced by cities represent a serious threat to the
environment, as well as to the health and quality of life of their inhabitants. This growth
generates new economic processes and is generally accompanied by an increase in
industrial activities, higher motorization rates, large fuel consumption and therefore the
generation of higher emissions of air pollutants. The activities that generate the dynamics of
activities in medium-sized cities have caused a greater emission of pollutants into the
atmosphere, deteriorating air quality and decreasing the quality of life of the population and
ecosystems.

As a result, air pollution in urban centers in developing countries is a constantly growing
phenomenon [7]. Therefore, governors and decision makers of these cities have recognized
air pollution as one of the greatest environmental challenges that cities must face today [8].

The study and control of air pollution is supported by evidence of its negative impact on
respiratory, cardiovascular, skin and eye health, as well as the deterioration of people's
quality of life [9-10]. This situation is a priority in medium-sized Mexican cities that have
shown accelerated growth in recent decades, where it has been documented that respiratory
diseases are the main cause of morbidity and mortality in children under five years of age
[11], older adults and people with diseases susceptible to air pollutants [12].

The control of air pollution represents high costs due to its negative effects, significantly
affecting the competitiveness of cities. Studies conducted by institutions such as the World
Bank indicate that the cost of air pollution is in the order of billions of dollars per year in
developing countries [13]. A situation that worsens when simultaneously to the investment in
the control of air pollution, the city must diversify its spending in the solution of other
problems of the growing urbanization associated with the deterioration of air quality, such as
health, road infrastructure, mobility, security, basic sanitation, among others).

Thus, the objective of this study is to perform an analysis of air quality conditions and
evidence the trends of criteria pollutants for 10 medium-sized Mexican cities with the highest
population growth. In this analysis, urbanization processes are related to the levels of air
pollution present in the city.

BACKGROUND

Air pollution poses a major threat to global society by having deleterious effects on people
[14], medical systems [15], ecosystem health [16] and economies [17] in both developing
and developed countries [18-21]. About 90% of the world's citizens lived in areas that



exceeded the safe level of the World Health Organization (WHO) air quality guidelines [22].
Among all types of ecosystems, urban ecosystems produce approximately 78% of the
carbon emissions and substantial air pollutants that negatively affect more than 50% of the
world's population living in them [18, 23]. While air pollution affects all regions, there is
substantial regional variation in air pollution levels [24]. For example, the average annual
concentration of fine particulate matter with an aerodynamic diameter of less than 2.5 ym
(PM,5) in the most polluted cities is almost 20 times higher than in the cleanest city
according to a survey of 499 global cities [25]. Many factors can influence regional air
quality, including emissions, meteorology, physicochemical transformations, among others.
Another important driver is urbanization, a process that alters the size, structure, and growth
of cities in response to population explosion and leads to lasting air quality challenges [26-
28].

It is estimated that in Latin American countries the percentage of people living in cities is
close to 80%. Also, in 2009 three important Latin cities were on the list of the ten most
populated urban areas in the world (Sao Paulo, Mexico City and Buenos Aires). It is
estimated that by 2050, there will be 29 cities in the world with more than ten million
inhabitants [3].

The fact that more and more people live in cities has important economic, social and
environmental implications. The phenomenon of urbanization demands better conditions in
basic sanitation, public transport, health and urban infrastructure services aimed at offering a
better quality of life for citizens. Particularly in medium-sized Mexican cities, population
growth has been accompanied by a better economy. Thanks to the dynamism of sectors
such as industry, construction, commerce, tourism among others, during the last years the
economy in these cities has grown at a rate close to 5% [29].

The economic growth of medium-sized Mexican cities has led to the generation of new
consumption and behavior trends that have important repercussions on the conditions of
environmental sustainability and quality of life of the population. For example, the dynamics
of mobility two decades ago were based on public transport and in the last two decades it is
increasingly common to make use of particular means of mobilization [29].

The importance of medium-sized Mexican cities can be judged if one considers their role
within the network of cities. In 2000 and 2010, population and gross domestic product (GDP)
growth in these cities was, in relative terms, higher than that of any other type of urban
agglomeration. Medium-sized cities have grown between 21 and 55% in the last 20 years,
with some surpassing the category of medium city (Table 1).

Table 1 Population, % growth between 2000 and 2020 in 10 medium-sized Mexican cities

State Municipality City Position (2000) |Position(2020)| Population City (2000) | Population City (2020) (% Growth
Guanajuato Ledn Ledn 3 1 1020818 1579803 55%
Puebla Puebla Puebla 1 2 1271673 1542232 21%
Chihuahua Ciudad Juarez | Ciudad Juarez 2 3 1187275 1501551 26%
Chihuahua Chihuahua Chihuahua 4 4 657 876 925 762 41%
Aguascalientes | Aguascalientes | Aguascalientes 6 5 594 042 863 893 45%
Baja California Mexicali Mexicali 8 6 549 873 854 186 55%
San Luis Potosi | San Luis Potosi | San Luis Potosi 5 7 629 208 845941 34%
Queretaro Queretaro Queretaro 9 8 536 463 794 789 48%
Michoacan Morelia Morelia 7 9 549 996 743 275 35%
Coahuila Torreén Torreén 10 10 502 964 690 193 37%

Source: Own elaboration INEGI (2000, 2020) [30-31].

This group of cities brought together, in 2010, 16.3 million people, equivalent to 18% of the
urban population, and represented 23.3% of GDP, in both cases similar to that of large
cities, which suggests a relatively proportional weight between large and medium-sized
cities. In environmental matters, something similar is happening where the concentrations of




air pollutants have been gradually increasing in these cities, where in some of them they are
already beginning to represent risks to both environmental and human health as it occurs in
large cities.

2. MATERIAL AND METHODS

The air quality analysis was based on information from 9 Air Quality Monitoring Systems
(SMCA) of 10 medium-sized cities in Mexico [City (year of start of operations)] were:
Aguascalientes (2018), Mexicali (2018), Ciudad Juarez (2019), Chihuahua (2007), Leon
(2006), Morelia (2008), Puebla (2000), Querétaro (2011), San Luis Potosi (2018) and
Torredn (2013) in 9 states (Figure 1). However, the time series of air quality data is not the
same for all SMCAs since they entered into operation in different years. The analysis was
performed in SMCAs that have information on some of the following criteria pollutants:
Particulate matter both less than 10 um (PMyg), and those less than 2.5 ym (PM,;s), Ozone
(O3), sulfur dioxide (SO,), nitrogen dioxide (NO,) and carbon monoxide (CO) from the year
of commencement of operations until 2020. Data were obtained from hourly concentration
databases and processed once the data were cleaned, reviewed and verified. Likewise, the
sufficiency criterion of at least 75% of valid data was taken into account to determine the
indicators.

The data were downloaded from the Air Quality Indicators consultation system-SCICA
through the website http://scica.inecc.gob.mx/exec/addl [32]. The data were downloaded by
pollutant, monitoring system and year for each of the stations that recorded hourly
concentrations in CSV format and converted into .xIsx format in the Microsoft Office Excel
program. The diagnosis and trends of air quality of the six criteria pollutants PMg, PM, 5, O3,
SO,, NO, and CO in the cities of Aguascalientes (863 893 h), Mexicali (854 186 h), Ciudad
Juarez (1 501 551 h), Chihuahua (925 762 h), Ledn (1 579 803 h), Morelia (743 275 h),
Puebla (1 542 232 h), Querétaro (794 789 h), San Luis Potosi (854 186 h) and Torre6n (690
193 h), were generated by calculating indicators of the monthly and annual trend of the
minimum, maximum, average, percentage of days with concentrations above the norm for
each pollutant and the number of days per year in which any of the norms is exceeded
during the period 200 0-2020. Compliance with environmental health NOMs was evaluated
in relation to the average concentration (at one hour, 8 h, 24 h and yearly). Table 2 presents
the limit values of the environmental health NOMs of the criteria pollutants.

The information was then plotted and the main trends for each pollutant in each average city
were determined. Likewise, the results were compared between cities and in this way to
show the behavior of air quality in the last two decades and evaluate which cities present
risks with respect to air pollutants criterion.
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Fig 1. Medium-sized cities in Mexico where the analysis of the concentration of air
pollutants was carried out. Courtesy of Google Maps.

Table 2 Criteria pollutants, indicator, limit values and NOMs for each pollutant

Pollutant Base data | Exposition | Tolerated Limit value and Annual sufficiency Official Mexican
used Frequency indicator criterion Standard
Acute Not 75 ug/m®
PMyo Average 24 allowed Maximum
: 3
particles hours Chronicle | e 40 pg/m® Annual At least three quarters NOM-025-SSA1-
average with at least 75% of 24- 2014 (DOF, 2014a)
Acute Not 45 pg/m® hour averages valid (DOF, [33]’
PMas Average 24 allowed Maximum 2014)
particles hours o 12 ug/m® Annual
Chronicle average
i 0,
Timetable Not 0.095 ppm Max At least 75% of hourly NOM-020-SSA1-
data allowed data
Ozone (03) - Acute 2014 (DOF, 2014b)
8-h moving Not At least 75% of 8-h
0.070 ppm Max . [34]
average allowed moving averages
Daily .0'075 ppm At least 75% of daily data
- . Simple average
maximum of Acute 1% times a of 3 consecutive for each quarter of three
historical year - consecutive years
data years in the 99th (DOF,2019)
Sulphur percentiles ' NOM-022-SSA1-
0, -
dioxide (SO») 0.04 ppm At least 75% of 24-h 2019 (DOF, 2019)
Maxi averages for each quarter [35]
aximum of o
Average 24 Acute Not three or months with high
hours allowed consecutive concentrations for three
ears consecutive years
Y (DOF,2019)
. . . 0.210 ppm o NOM-023-SSA1-
_N|§rogen Timetable Acute 1time a Second At least 75% of hourly 1993 (DOF, 1994a)
dioxide (noz2) data year - data
maximum [36]
Carbon . . o NOM-021-SSA1-
monoxide 8-h moving Acute 1time a 11 ppm Second At Iea}st 75% of 8-h 1993 (DOF, 1994b)
average year maximum moving averages

(CO)

[37]




3. RESULTS AND DISCUSSION

The analysis of the criteria pollutants in the medium-sized Mexican cities shows a great
heterogeneity because the monitoring systems in each of the different cities were
implemented in different years and the amount of information is very different from one city
to another. This shows us how the concern for monitoring air quality has been increasing in
cities that in previous years did not worry, no longer were that events with high levels of air
pollution not noticed. However, with population growth and industrial, commercial and
service development, it has been necessary to incorporate air quality measurement systems
in these cities. Thus, we can see those cities such as Puebla (2000), Le6n (2006),
Chihuahua (2007) and Morelia (2008) implemented their air quality monitoring system in the
first decade of this century, while Querétaro (2011), Torreén (2013), San Luis Potosi (2018)
Aguascalientes (2018), Mexicali (2018) and Ciudad Juarez (2019) implemented it in the
second decade of this century. Thus, with the pertinent clarification about the start of
operations of each of the SMCAs, the results found in this analysis are as follows:

PMy,

The criterion pollutant Particles Smaller than 10 ym (PM,) was the one that was presented
in all the medium cities analyzed, it is also the one that presented the highest concentrations
in the daily, monthly, annual averages and those that presented the greatest number of days
outside the norm. According to the normativity NOM-025-SSA1-2014 (DOF, 2014a) [33] the
values that most affect the population are the maximums (75 ug/m® and the annual
averages (40 pg/m®) and all the medium cities presented maximum values that ranged
between 75-375 pg/m3 during the entire period analyzed (Figure 2a). On the other hand, the
annual averages showed a range of 30-95 (75 ug/m3) also in all cities and during practically
the entire period analyzed (Figure 2b). The percentage of days out of the norm for PMy,
ranged from 2 to 55% (Figure 3). Thus, practically in all cities, PMy, is almost always above
the normativity, which represents a risk to the health of the population. At times the
maximums reach values equal to or higher than those of megacities.
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Fig.2 a) Maximum values of PMq in medium-sized Mexican cities b) Annual maximum
values of PMy; in medium-sized Mexican cities.
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PM2.5

Particulate matter smaller than 2.5 ym (PM,s) was also present in all medium cities
analyzed, and concentrations are the second highest in daily, monthly, annual and non-
normative averages. According to NOM-025-SSA1-2014 (DOF, 2014a) [33] the maximum
permissible values were exceeded in practically all cities and throughout the period
analyzed, with the exception of San Luis Potosi, Torre6n and Cd. Juarez in which there was
not enough data to evaluate the trends. The regulations establish daily maximum limits of 45
pg/m3 and annual averages of 12 pg/m3 and all medium-sized cities presented higher
values. Maximum values ranged from 30-120 pg/m3 throughout the period analyzed (Figure
4a). On the other hand, the annual averages showed a range of 12-30 pg/m® also in all cities
and during practically the entire period analyzed (Figure 4b). The percentage of days out of
the norm for PM, 5 ranged from 1 to 12% (Figure 5). Thus, in practically all cities, PM,5 is
almost always above the normativity, which represents a risk to the health of the population,
since these particles can enter the deepest part of the respiratory system. At times the
maximums reach values equal to or higher than those of megacities.
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Fig. 5 Percentage of days out of standard NOM-025-SSA1-2014 for PM, 5

The values found here are below the average Chinese cities in which they were reported
during the period from 2000 to 2014, the average annual concentration in all Chinese cities
increased from 27.78 to 42.34 ug/m® [38], however in all Mexican cities the annual average
values exceed the average annual standard recommended by the World Health
Organization (10 pg/m®). Spatially, changes in PM, s levels exhibit heterogeneous patterns
between cities in both medium-sized Chinese and Mexican cities. Finally, cities in terms of
different population levels have significant differences in the changes in the concentration of
PM, s, the greater the population, the greater the concentration of PM, s, with the increases
in risks to the health of the population.
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The behavior of ozone (O3) is another of the criteria pollutants that was also presented in all
the medium cities analyzed, and the concentrations are high both in the daily, monthly,
annual averages and days out of standard. According to NOM-020-SSA1-2014 (DOF, 2014)
[34] the maximum permissible values were exceeded in practically all cities and throughout
the period analyzed, with the exception of Aguascalientes and San Luis Potosi. The
regulations establish limits of daily maximums of 0.095 ppm and annual averages of 0.070
ppm maximum in averages of 8h. The maximum values ranged between 0.06-0.3 ppm
during the entire period analyzed (Figure 6a), most of them above the norm, with few values
below the norm in Querétaro and Chihuahua. On the other hand, the annual averages
presented a range of 0.025-0.060 also in all cities and during practically the entire period
analyzed (Figure 6b); all values are below the norm of 0.07 ppm. The percentage of days out
of the norm for O3 ranged from 0.2 to 39% (Figure 7). Thus, practically in all cities the
maximums of O are almost always above the normativity, while the maximums of the 8h
averages are always below the norm. This may begin to represent a risk for the population, it
would be necessary to avoid high concentrations of primary pollutants such as NO, and
precursor VOCs of Og, to try to keep concentrations below the norm.
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Co

The carbon monoxide standard NOM-021-SSA1-1993 (DOF, 1994b) [35] sets a limit of 11
ppm as the second maximum. The values of daily maximums reported in the 10 Mexican
cities ranged from 2-12 ppm: the value of 12 ppm was only presented once in 2014 in the
city of Querétaro (Figure 8a). All other values were below the 11 ppm limit. As for the
averages, the values were between 0.4 and 5 ppm well below the norm of 11 ppm (Figure
8b). As for the days outside the norm, these were not registered. Based on the results
obtained, CO concentrations are well below the limits of the regulations, so practically this
pollutant currently does not represent a risk to the population of medium-sized cities.
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NO,

The regulations for dioxide NOM-023-SSA1-1993 (DOF, 1994a) [36] mark as limit 0.21 ppm
as second maximum. The values of daily maximums reported in the 10 Mexican cities
ranged from 0.04-0.2 ppm (Figure 9a). As for the averages, the values were between 0.03
and 0.05 (Figure 9b) well below the norm of 21 ppm. As for the days outside the norm, these
were not registered. Based on the results obtained, the concentrations of NO, are well below
the limits of the regulations, so practically this pollutant currently does not represent a risk to
the population of medium-sized cities.
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SO,

The standard NOM-022-SSA1-2019 (DOF, 2019) [37] is the one that specifies the maximum
permissible limits for sulfur dioxide and where it marks that the 24-hour average is 0.04 ppm
maximum of three consecutive years, while the daily maximum of 1 h of the historical data is
0.075 ppm. In the case of medium-sized Mexican cities, the average values of 24 h ranged
from 0.001 to 0.1 ppm (Figure 10a): the values are above the norm in 6 of the cities
analyzed with the exception of Cd. Juarez, Mexicali, Ledn and Aguascalientes. If we take the
annual averages of the daily averages, the values are between 0.002 and 0.02 ppm (Figure
10b) so practically all the values are within the norm which conceals what happens on some
days when the maximums exceed the norm. When we analyze the information of the daily
maximums to one hour, the values registered in the Mexican cities oscillate between 0.01
and 0.3 ppm (Figure 11a), the cities that present values above the norm are Morelia, Puebla,
Querétaro and Ledn, the remaining 6 cities are under norm for SO2 maximum daily to 1 h.
The annual average values of daily maximums of 1 h are between 0.0005 and 0.025 ppm
(Figure 11b) practically like the annual average at 24 h all cities are under standard for SO,
so there are no risks with respect to this pollutant except for maximums that occur on some
days in the cities of Ledn, Puebla and Queretaro. As for the days outside the norm, the



ppm

0.15

0.1

0.05

maximum daily values at 1 h presented values between 1 and 20% mainly in Mexico, Puebla
and Querétaro (Figure 12).
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If we analyze the days outside the norm we can see that practically all cities present to a
greater or lesser degree days out of norm the values range between 1 and 28 days out of
norm. Most cities present less than a third of the year with days out of the norm, only
Torredn, Puebla and Ledn present values above a third of the year (Figure 13). An
interesting fact is that in almost all cities during the last two years of the last decade, the
concentrations of all pollutants and days out of the norm decreased, which is probably due to
the decrease in activities resulting from the COVID-19 pandemic, so it would be necessary
to analyze how pollutants would behave post-pandemic.
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Fig. 13 Days out of norm of one and up to 3 atmospheric pollutants in medium-sized
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4. CONCLUSION

The analysis of criteria pollutants in the medium-sized cities of Mexico during the period
2000-2020 gave us as conclusions that:

1.

Medium-sized cities have grown between 21 and 55% in the last 20 years, some
surpassing the category of medium city. In environmental matters, something similar is
happening where the concentrations of air pollutants have been gradually increasing in
these cities, and in some of them they are already beginning to represent risks to both
environmental and human health as it occurs in large cities.

PM3j, concentrations in all cities are almost always above the normativity, which
represents a risk to the health of the population. At times the maximums reach values
equal to or higher than those of megacities.

Practically in all cities the concentrations of PM,5 are above the normativity which
represents a risk to the health of the population, since these particles can enter to the
depths of the respiratory system. At times the maximums reach values equal to or
higher than those of megacities.

. The maximums of O3 are almost always above the normativity in all the medium-sized

cities analyzed, while the maximums of the 8-h averages are always below the norm.
This may begin to represent a risk for the population, so it is necessary to control
emissions of primary pollutants (NOx and VOCs) precursors of Oz, to try to keep
concentrations below standard.

Based on the results obtained, the concentrations of CO and NO, are well below the
limits of the regulations, so these pollutants currently do not represent a risk to the
population of medium-sized cities.

For SO, the annual average values of daily maximums of 1 h as well as the annual
average at 24 h in all the medium cities analyzed are under the norm for SO,, so there
are no risks with respect to this pollutant except for maximums that occur on some days
in the cities of Leén, Puebla and Queretaro.

Most cities present less than a third of the year with days out of the norm, only Torreén,
Puebla and Leon present values above a third of the year.

During the last two years of the last decade, the concentrations of all pollutants and the
days out of the norm decreased, which was probably a result of the COVID-19
pandemic, so their post-pandemic behavior would have to be analyzed.

REFERENCES

1.

Khanna, P. (2016). Connectography: Mapping the Future of Global Civilization. New
York: Random House.

United Nations Population Division (UN) (2010). World Urbanization Prospects: The
2009 Revision. Available in:
http://esa.un.org/unpd/wup/Documents/WUP2009 Highlights Fin to.pdf

United Nations Human Settlements Programme (UN-HABITAT) (2011). State of the
World's Cities 2010-2011: Bridging the Urban Divide. Available in: http://www.
unhabitat.org/pmss/listitemDetails.aspx?publicationlD=2917

McFarland, C. (2017). Local Economic Conditions 2017. Research and Analysis of
Local Economies: Going beyond "Urban vs. Rural". Washington: National League of
Cities.

World Bank (WB). (2015). East Asia's Changing Urban Landscape: Measuring a
Decade of Spatial Growth. Washington: World Bank.



6. Clark Hon, G., & Clark, G. (2014). Nations and the Wealth of Cities: a New Phase of
Urban Policy. London: Centre for London.

7. Chow, J.; Watson, J.G.; Sah, J.J.; Kiang, C.S.; Loh, C.; Lev-On, M.; Lents, J.M.; Molina,
M.J.; Molina, L.T. (2004). Megacities and atmospheric pollution, critical review
discussion. J. Air & Waste Manage. 54, 1226-1235.

8. Siemens A.G. (2008). Megacities Challenges. A stakeholder perspective. Technical
Report.

9. Pan American Health Organization (PAHO) (2005). Evaluation of the Effects of Air
Pollution on Health in Latin America and the Caribbean. Available in:
http://www.bvsde.paho.org/bvsea/fulltext/contaminacion/indice.pdf

10.World Health Organization (WHO) (2005). Air Quality Guidelines Global Update.
Available in: http://whglibdoc.who.int/hg/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf

11.Ramirez-Sanchez HU, Andrade-Garcia MD, Gonzalez-Castafieda ME, Celis-De la
Rosa AJ (2006). Air pollutants and their correlation with medical visits for acute
respiratory infections in children less than five years of age in urban Guadalajara,
Mexico. Public Health Mex; 48:385-394.

12.Ramirez-Sanchez H., Garcia-Guadalupe M., Ulloa-Gédinez H., Meulenert-Pefia A.,
Garcia-Concepcion O., Gutiérrez J. and Brito S. (2013). "Temperature Inversions,
Meteorological Variables and Air Pollutants and Their Influence on Acute Respiratory
Disease in the Guadalajara Metropolitan Zone, Jalisco, Mexico," Journal of
Environmental Protection, Vol. 4 No. 8A, pp. 142-153. DOI: 10.4236/jep.2013.48A1016.

13.World Bank and Institute for Health Metrics and Evaluation. 2016. The Cost of Air
Pollution: Strengthening the Economic Case for Action. Washington, DC: World Bank.

14.Lim, CC et al. (2018) Association between long-term exposure to ambient air pollution
and diabetes mortality in the U.S. Res. 165, 330-336.

15.Yang, J. & Zhang, B. (2018) Air pollution and healthcare spending: implications for the
benefit of air pollution control in China. Reign. Ent. 120 , 443-455.

16.Bell, JNB, Power, SA, Jarraud, N., Agrawal, M. & Davies, C. (2011). The effects of air
pollution on urban ecosystems and agriculture. In t. J. Sust. development World 18 (3),
226-235.

17.Matus, K. et al. (2012). Health damage from air pollution in China. Reign balloon.
Change 22 (1), 55-66.

18.Bereitschaft, B. & Debbage, K. (2013) Urban form, air pollution, and CO, emissions in
large U.S. metropolitan areas Prof Geogr. 65(4), 612—635.

19.Bozkurt, Z., Uzmez, O. O., Dégeroglu, T., Artun, G. & Gaga, E. O. (2018) Atmospheric
concentrations of SO,, NO,, ozone, and VOCs in Duzce, Turkey using passive air
samplers: sources, spatial and seasonal variations, and estimation of health risks. air
contaminate Res. 9(6), 1146-1156.

20.Fang, C., Liu, H., Li, G., Sun, D. and Miao, Z. (2015) Estimating the impact of
urbanization on air quality in China using spatial regression models. Sustainability 7
(11), 15570-15592.

21.Khaniabadi, YO et al. (2019) Mortality and morbidity due to ambient air pollution in Iran.
Clin. Epidemiol. Health Balloon 7 (2), 222-227.

22.Health Effects Institute (2019). State of Global Air 2019. Special report (Health Effects
Institute, Boston, 2019). ISSN 2578-6873.



23.0'Meara, M. & Peterson, J.A. (1999) Reinventing cities for people and planet
(Worldwatch Institute, Washington).

24.World Health Organization (2016) Ambient air pollution: a global assessment of
exposure and burden of disease. ISBN: 9789241511353.

25.Liu, C. et al. (2019) Air pollution by environmental particles and daily mortality in 652
cities. N. engl. J.Med. 381(8), 705-715.

26.Anderson, W.P., Kanaroglou, P.S. & Miller, E.J. (1996) Urban Form, Energy, and
Environment: A Review of Problems, Evidence, and Policy. Urban Stud. 33 (1), 7-35.

27.Hart, R., Liang, L. & Dong, P.L. (2020) Monitoring, mapping and modeling of spatio-
temporal patterns of PM2.5 for a better understanding of air pollution dynamics using
portable sensing technologies. In t. J. Environment. Res. Public Health . 17 (14), 4914.

28.Environmental Protection Agency (2013) Our Built and Natural Environments: A
Technical Review of the Interactions between Land Use, Transportation, and
Environmental Quality (2nd ed.). Report 231K13001 (Environmental Protection Agency,
Washington.

29.Garcia Meza, M. A., Valderrama Santibafiez, A. L., & Neme Castillo, O. (2019).
Economic importance of medium-sized cities in Mexico. Region and Society, 31, E1241.
doi: 10.22198/rys2019/31/1241

30.National Institute of Statistics and Geography. (2000). Xl General Population and
Housing Census 2000. Retrieved from https://www.inegi.org.mx/programas/ccpv/2000/
default.html ?ps=microdata

31.National Institute of Statistics and Geography. (2010). Population and Housing Census
2010. Retrieved from https://www.inegi.org.mx/programas/ccpv/2010/

32.SICA System of Air Quality Indicators — SICA. National Institute of Ecology and Climate
Change INECC, 2023, Mexico. Available for consultation: http://scica.inecc.gob.
mx/exec/addl| [32].

33.NOM-025-SSA1-2019 Official Mexican Standard NOM-025-SSA1-2021, Environmental
Health. Criterion for assessing ambient air quality, with respect to PM10 and PM2.5
suspended particles. Normed values for the concentration of suspended particles PM
10 and PM2.5 in ambient air, as a measure to protect the health of the population.
OFFICIAL JOURNAL Wednesday 27 October 2021.
https://www.dof.gob.mx/nota_detalle.ph ?code=5633855&date=27/10/2021#gsc.tab=0

34.NOM-020-SSA1-2019 Official Mexican Standard NOM-020-SSA1-2021, Environmental
Health. Criterion for assessing ambient air quality, with respect to ozone (03). Normed
values for the concentration of ozone (O3) in ambient air, as a measure to protect the
health of the population. OFFICIAL JOURNAL Thursday 28 October 2021.
https://dof.gob.mx/nota_detalle.php?codigo= 5633956&date=28/10/2021#gsc.tab=0

35.NOM-022-SSA1-2019 Official Mexican Standard NOM-022-SSA1-2019, Environmental
health. Criterion for assessing ambient air quality, with respect to sulphur dioxide (SO2).
Normed values for the concentration of sulphur dioxide (SO2) in ambient air, as a
measure to protect the health of the population. OFFICIAL JOURNAL Tuesday 20
August 2019.
https://dof.gob.mx/nota_detalle.php?codigo=5568395&fecha=20/08/2019#gsc. tab=0

36.NOM-023-SSA1-2019 Official Mexican Standard NOM-023-SSA1-2021, Environmental
health. Criterion for assessing ambient air quality, with respect to nitrogen dioxide
(NO2). Normed values for the concentration of nitrogen dioxide (NO2) in ambient air, as
a measure to protect the health of the population. OFFICIAL JOURNAL Wednesday 27


https://www.inegi.org.mx/programas/ccpv/2000/

October 2021. https://www.dof.gob.mx/nota_detalle.php?codigo=5633854&fecha=
2021/10/27#gsc.tab=0

37.NOM-021-SSA1-2019 Official Mexican Standard NOM-021-SSA1-2021, Environmental
health. Criteria for assessing ambient air quality, with respect to carbon monoxide (CO).
Normed values for the concentration of carbon monoxide (CO) in ambient air, as a
measure to protect the health of the population. OFFICIAL JOURNAL Friday, December
29, 2021. https://dof.gob.mx/nota_detalle.php?codigo=5634084&fecha=29/10/2021#
gsc.tab=0

38.Liang, L., Gong, P. (2020) Urban and air pollution: a multi-city study of long-term effects
of urban landscape patterns on air quality trends. Sci Rep 10, 18618.
https://doi.org/10.1038/ S41598-020-74524-9



