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Cities occupy a relatively small percentage of the Earth’s surface. However, they influence
the entire biosphere, affect biodiversity and environmental conditions, which end up
affecting human health and well-being. Therefore, it is necessary to evaluate the level
of contamination by heavy metals in urban environments, as well as the possible ecological
and human health risks. In this study, the urban dust of six Mexican cities was analyzed and
it was found that all studied cities were contaminated, except for Mérida, when soil world
background value was used as reference. In contrast, Mérida and Morelia were the most
contaminated when a local background was used (decile 1). The concentrations in the
cities for the metals Cu, Pb and Zn, decreased in the order CDMX > San Luis Potosí >
Toluca > Morelia-Ensenada > Mérida. In the particular case of Cu and Pb, SLP
accompanied CDMX as the most polluted city. For Mn and Fe concentrations, the
order was CDMX > Toluca > Ensenada > SLP > Morelia-Mérida. No potential
ecological risk was found due to contamination by Cu, Pb, and Zn, in the urban dust
of the studied cities. However, the higher metal contribution to the potential ecological risk
in all the cities was from Pb; and it represented a moderate ecological risk of more than
25% on CDMX, SLP, and Toluca sites. Pb can also be a potential risk for children’s health.
In addition, chronic exposure to Fe and Mn could trigger many ailments. In the future, it is
important to identify the main sources of Pb in cities and seek mitigation strategies to
reduce the possible adverse effects that this metal may be causing.
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1 INTRODUCTION

Cities occupy a small percentage of the global land surface (~5%) but can influence the entire
biosphere (Angeoletto et al., 2015). Between the multiple challenges of cities, the constant impact of
human activities can have unintended repercussions on biodiversity, the functioning of ecosystems,
and environmental quality, causing, in turn, a negative impact on human health and well-being
(Lawrence 2003).
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Urban dust is made up of solid particles deposited on
impermeable materials that originate from the interaction of
solids, liquids, and gases in the environment (Keshavarzi et al.,
2018). Urban dust is a receptor for solid particles from different
sources, therefore it becomes a sink for atmospheric particles. At
the same time, urban dust can also be considered as a pollutant
source into the atmosphere and soils, through the re-suspension
of this material. It can also be a source of contaminants for water
(Keshavarzi et al., 2018; Safiur Rahman et al., 2019), through rain
runoff (Jayarathne et al., 2018).

Among the pollutants present in urban dust, heavy metals can
be toxic or harmful to the environment and living beings, even at
low concentrations. They are generally associated with relatively
high densities (>5 g/cm3) since their density is assumed to be
related to toxicity. Additionally, heavy metals are persistent in the
environment and bioaccumulate, thus gaining public attention
(Lin et al., 2017). The mechanism of toxicity of heavy metals can
be explained by their ability to interact with nuclear proteins and
DNA, causing deterioration of biological macromolecules
(Helaluddin et al., 2016).

Ensenada, San Luis Potosí, Mexico City, Toluca, Morelia, and
Mérida are Mexican cities located at different latitudes and with
different geological environments. These urban areas are within
the 20Metropolitan Zones with the highest total gross production
and number of inhabitants (CONAPO and SEDESOL 2012) and
they could highlight the current situation in terms of
contamination by heavy metals and let us explore the
influence of the city size (number of inhabitants) and
geological environment (physiographic province) on the
pollution.

Diagnoses of contamination by heavy metals in urban dust
have been carried out in some of these cities of Mexico. In Mérida
and Ensenada the color of urban dust has proved to be an
indicator of heavy metal pollution, dark colors are more
polluted than light ones (Cortés et al., 2015; Aguilar et al.,
2021). In San Luis Potosí, the highest concentrations of heavy
metals in urban dust have been related to the metallurgical
complex and the industrial park (Aguilera et al., 2019); and
heavy metals in soils could also be an important pathway of
exposure (Perez-Vazquez et al., 2015; Pérez-Vázquez et al., 2015),
indeed metal concentrations have been identified in children
(Flores-Ramírez et al., 2018). Mexico City has been identified as
polluted by heavy metals in urban dust (Delgado et al., 2019), and
heavy metal concentrations have been measured in mothers and
children (Lewis et al., 2018). However, the effects of urbanization
on environmental quality vary between regions with different
degrees of development, topography, natural resources, and
public policies (Liang, Wang, and Li 2019).

In this study, we wonder whether there is heavy metal
contamination in the urban dust of six Mexican cities and if
this contamination may represent a potential ecological and
human health risk. It is expected that the largest and most
industrialized cities will have the highest concentrations of
heavy metals, however, we do not know if this happens
proportionally with size and if this is the case for all metals.
We also explore the differences in the pollution between located
in the same and different physiographic provinces.

2 METHODS

2.1 Data Collection
In previous studies, urban dust samples were collected during the
dried season in Mexico City in 2011 (CDMX, n = 89), Ensenada
in 2012 (ESE, n = 86), San Luis Potosí in 2017 (SLP, n = 100),
Morelia in 2014 (MLM, n = 100), Mérida in 2016 (MID, n = 101)
and Toluca in 2013 (TLC, n = 89). For all the cities, a standard
sampling procedure was followed which consisted of sweeping
1 m2 of street surface, following a systematic, homogeneously
distributed sampling design. The samples were packed in plastic
bags and georeferenced (Supplementary Figure S1). Description
of the study sites can be seen in the Supplementary material. They
were dried in the shade and at room temperature for 2 weeks to
avoid any kind of oxidation. Subsequently, they were passed
through a number 10 sieve with a 2 mm opening, to remove the
coarse fragments.

Chemical analysis of heavy metals in cities was done by X-ray
fluorescence energy dispersive (XRF-ED). Only in the case of
Morelia inductively coupled plasma optical emission
spectroscopy (ICP-OES) was used. The details of the
methodology can be consulted in previous studies: CDMX
(Delgado et al., 2019), Ensenada (Cortés et al., 2015), SLP
(Aguilera et al., 2019), Mérida (Aguilar et al., 2021). We
selected the heavy metals that were measured for all the cities,
those metals were copper (Cu), lead (Pb), zinc (Zn), manganese
(Mn), and iron (Fe).

2.2 Identification of the Most Polluted Cities
To evaluate the level of contamination of each heavy metal, the
contamination factor (CF) was used, which is a technique used to
find the state of contamination of each element, as well as the
pollutant load index (PLI), which is the geometric average of the
five metals studied (Tomlinson et al., 1980):

CF � Cn/Fn (1)
PLI � �������������������

CF1 pCF2 p . . . pCFnn
√

(2)
Cn represents the concentration of a heavy metal n and Fn is the
background value of the same heavy metal. Generally, the
background values found in soils with little anthropization or
a general reference value such as the world background values for
soils are used (Kabata-Pendias 2011). This study used both the
background values reported for soils worldwide (Kabata-Pendias
2011), as well as the first decile of the distribution of frequencies
of the heavy metals in each city, to compare what happens when
considering the particularities of each site against a general
reference value.

A CF less than 1 indicates insignificant contamination,
between 1–3 a moderate contamination, between 3–6
considerable and greater than 6 a high contamination level
(Ihl et al., 2015). A PLI close to one indicates that the heavy
metal load is close to the background level, while a PLI > 1
indicates contamination (Mehr et al., 2017).

Subsequently, Kruskal-Wallis analyzes were carried out to
identify if there were statistically significant differences in the
concentrations of heavy metals between cities. To perform the
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statistical analysis (descriptive statistics, Pearson correlation, and
Kruskal-Wallis test) and the figures, the R Project software,
version 4.0.4 (2021-02-15) “Lost Library Book” was used.

2.2.1 Ecological Risk Assessment
The ecological risk factor (Ei) for each heavy metal (Cu, Pb y Zn)
was calculated with the Eq. 3 (Hakanson 1980):

Ei � (Tf)n x (CF)n (3)
where Tf is the toxic response factor of each metal, Cu = Pb = 5,
Zn = 1, Mn = 1; and CF is the corresponding pollution factor, in
this study we used the soil worldwide background (Kabata-
Pendias 2011). Ei is classified as low potential ecological risk
(Ei < 40), moderate potential ecological risk (40 ≤ Ei < 80),
considerable potential ecological risk (80 ≤ Ei <160), high
potential ecological risk (160 ≤ Ei < 320) and a very high
potential ecological risk (Ei ≥ 320) (Hakanson 1980; Hua
et al., 2018; Jahandari 2020).

Toxic response factors (Tf) They are based on the principle of
abundance, which indicates that the potential toxicological effect
of an element is proportional to its abundance, or rarity, in
nature. In addition, Tf considers the tendencies of each metal to
be deposited in the lake sediments and a dimension correction
(order of magnitude) was also made so that they could be
compared with the CF (Hakanson 1980).

To obtain the potential ecological risk of several metals (PER)
we used the following equation:

PER � ∑ n
n�1(Ei)n (4)

Where Ei is the potential ecological risk index for each metal, and
n is the number of heavy metals analyzed. PER is divided into four
classes: low potential ecological risk (PER ≤ 150), moderate
potential ecological risk (150 < PER ≤ 300), considerable
potential ecological risk (300 < PER ≤ 600), high potential
ecological risk (PER > 600) (Yesilkanat et al., 2021).

2.2.2 Human Health Risk Assessment
To estimate the risk of heavy metals, present in urban dust on the
health of the population, the USEPA methodology will be used.
First, the estimated daily intakes were calculated per ingestion
(EDIing), inhalation (EDIinh) and dermal contact (EDIdermal)
(Eqs 5–7); as well as the average daily dose for life (LADD) to
estimate the carcinogenic risk (CR) (Eq. 8).

EDIing � CpIngRpEFpEDpCF

BWpAT
(5)

EDIinh � CpInhRpEFpED

PEFpBWpAT
(6)

EDIdermal � CpSApAFpABSpEFpEDpCF

BWpAT
(7)

LADD � C

PEFxATcan
x(CRchildxEFchildxEDchild

BWniño

+ CRadultoxEFadultoxEDadulto

BWadulto
) (8)

CR is the contact or absorption rate. CR = IngR for
ingestion, CR = InhR for inhalation, and CR = SA * AF *
ABS for dermal contact. We calculated the EDIs for each of the
sampling points.

The use of local parameters improves the reliability of the
model; however, exposure factors have not been estimated for any
Mexican city, therefore those of reference populations were used
in this study (Supplementary Table S1).

Hazard ratios for ingestion, inhalation, and dermal contact
(HQing/inh/derm) were obtained by dividing the EDI between the
reference dose (RfD) as shown in Eq. 9. RfD are presented in
Supplementary Table S2.

HQing/inh/derm � EDIing/inh/derm
RfD

(9)

The non-carcinogenic risk index (HI) represents the sum of
the HQ for all three routes of exposure. If HI is greater than 1,
there could be non-carcinogenic effects on the health of the
population, if it is less than 1 the opposite would be expected
(USEPA 2001).

For carcinogenic elements, the risk of developing cancer
during life (ILCR) is commonly calculated by the following
equation:

ILCR � LADD pCSF (10)
The accepted or tolerable risk is in the range of 1E-06 to 1E-04

(USEPA 2001). These values indicate that an additional case in a
population of 1,000,000 and 10,000 people is acceptable (Lu et al.,
2014).

3 RESULTS AND DISCUSSION

Considering all the cities, Mn and Fe had a strong positive
correlation (r = 0.9), and a strong negative correlation with
Cu, Pb, and Zn (r < −0.7). Cu and Zn were also strongly
correlated (r = 0.82), and they had a weaker correlation with
Pb (Pb-Cu, r = 0.5; Pb-Zn, r = 0.35). This seems to indicate that Fe
and Mn are elements that can share similar sources; in fact, they
have been reported as elements of natural or mixed origin
(Dehghani et al., 2016), in studies of heavy metals. On the
other hand, Zn and Cu may also be sharing similar sources,
some of which may be the same as those for Pb, while the latter
metal could have other sources, in addition to those shared with
Zn and Cu.

In general, the distribution of frequencies of the metals in
the different studied cities was asymmetric to the right, this
can be seen due to the differences between the median and the
mean (Supplementary Table S3). The city with the greatest
differences between the median and the mean of Cu and Pb
was Morelia, in the case of Mn and Zn it was SLP, and for Fe it
was Mérida. Within each city, when comparing the mean and
the median among the different metals, Pb had the greatest
differences. Such differences have been considered as a
qualitative indicator of an anthropic enrichment of metal in
the urban environment (Aguilera et al., 2019).
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Previously, we did a systematic review to summarize the heavy
metal concentrations in urban dust worldwide, considering 39
cities (Aguilera, Bautista, Goguitchaichvili, et al., 2021). This is a
more efficient way to compare with multiple studies, instead of
doing it one by one. Compared to the median values of that
review, Cu (Mexico: 46.83 mg/kg, world: 83.4 mg/kg) and Zn
(Mexico: 149.9 mg/kg, world: 280.7 mg/kg) had a lower median
in the Mexican cities analyzed in this study. While the median Fe

concentration in Mexico was higher than that reported for the
world (Mexico: 30,600 mg/kg, world: 22,103 mg/kg).

By cities, the median Fe concentrations in CDMX, Ensenada,
Toluca, and SLP were higher than those reported worldwide
(Aguilera, Bautista, Goguitchaichvili, et al., 2021). In addition, in
CDMX and Toluca the medians of Mn and Pb were also higher
than those reported worldwide (Aguilera, Bautista,
Goguitchaichvili, et al., 2021). In SLP, the median Pb

FIGURE 1 | Boxplots of the heavy metal concentrations. Different letters indicate significant differences. CDMX: Mexico City, ESE: Ensenada, MID: Mérida, MLM:
Morelia, SLP: San Luis Potosí, TCL: Toluca. PLI: pollution load index. Horizontal lines represent the contamination levels using the background value established for soils
worldwide (Kabata-Pendias 2011).
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concentration exceeded the world median While in Morelia and
Mérida the median concentrations of all metals were lower than
those of the world.

3.1 Most Polluted Cities
When the background value established for soils worldwide was
considered (Kabata-Pendias 2011), all cities were contaminated,
except for Mérida, since 75% of the data had a PLI greater than
one (Figure 1). The median PLI decreased in the order CDMX >
SLP > Toluca > Morelia–Ensenada > Mérida. It should be
remembered that this indicates a general pattern of
contamination by Cu, Pb, Zn, and Mn; Fe was not considered

because there is no reported background value. This same order
was maintained in the specific case of Cu, Pb, and Zn
concentrations, with significant differences; particularly for Cu
and Pb, SLP accompanied CDMX as the most polluted city.
However, there were variations in the level of contamination for
Mn and Fe by the city, the order was CDMX > Toluca > Ensenada
> SLP > Morelia-Mérida (Figure 1).

On the other hand, when we estimated the level of
contamination using decile 1 of each city as background
values, the results changed. The cities with the lowest
concentrations (Mérida and Morelia), and therefore the least
contaminated using as a background value the one established for

FIGURE 2 | Box plots of the contamination factors (CF), using decile 1 of each city as the background value. CDMX: Ciudad de México, ESE: Ensenada, MID:
Mérida, MLM: Morelia, SLP: San Luis Potosí, TCL: Toluca. PLI: pollution load index. Horizontal lines represent the contamination levels.
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soils worldwide, became the most polluted (Figure 2). When
comparing the results of both background values, we observe that
Morelia andMérida were the most susceptible cities to changes in
their level of pollution.

Morelia and Mérida turned out to be the most polluted cities
because deciles 1 of heavy metals in both cities were very low
(Supplementary Table S3), while deciles 1 of CDMX, Toluca,
and SLP were high. The values of the first decile of Morelia were
between 3 (the case of Mn) and 5.5 (the case of Cu) times lower
than the background values of soils worldwide; while, in CDMX,
the values of the first decile were approximately double the
background values of soils worldwide, except for Cu, which
was very similar to the first decile.

The differences observed by the use of both background values
highlight the problem that has been discussed for decades, when a
general background value is used all local variations are ignored,
while when particular background values are used for each site, all
local differences are emphasized (Hakanson 1980). In this study it
was clear that the concentrations of CDMX, SLP, and Toluca were
higher than those of Morelia or Mérida, however, the local
background values of these last two cities were so small that
they turned out to be the most contaminated when compared.

Another point to consider was the fact that the analytical
technique (ICP-OES) with which Morelia concentrations were
obtained was more sensitive than that used in all the other cities
(XRF-ED). For this reason, lower values could have been detected
in Morelia.

It is noteworthy that the contamination of Pb and Cu in the
largest city in Mexico (CDMX) was comparable to that of a
metallurgical city (SLP). Metallurgical and mining activities are
among the main emitters of heavy metals into the environment
(Tapia et al., 2018; Li et al., 2015), however, a large number of
minor sources (vehicles, industries, garbage incineration, etc.) in
urbanization (CDMX) can lead to a similar level of
contamination.

While it is a common idea that the largest or most populated
cities should be the most polluted, this is not necessarily true. The
population decreased in the order CDMX > Toluca > SLP >
Mérida > Morelia > Ensenada (INEGI Instituto Nacional de
Estadística y Geografía 2014). Mérida was the fourth most
populated city; however, it was the least polluted, considering
the global background value. SLP was the third most populated
city, but its level of contamination by Pb and Cu was comparable
to that of CDMX (the most populated). Ensenada was the least
populated city, but its concentrations of Mn and Fe were higher
than those of SLP, Morelia, and Mérida. At the global level,
Aguilera et al. (2021) did not find a correlation between the
number of inhabitants and the concentrations of heavy metals. At
the local level, in CDMX, no relationship was found (Aguilera,
Bautista-Hernández, et al., 2021). However, other studies have
found this relationship (Acosta et al., 2015; Trujillo-González
et al., 2016).

Among the cities of the Neovolcanic Belt (Morelia, Toluca,
CDMX; Supplementary Material), there were significant
differences in the level of contamination, CDMX was the most
contaminated city by Cu, Pb, Zn, Mn, and Fe with significant
differences from Toluca, while Morelia was the least

contaminated; therefore, pollution must be caused by human
activities, rather than natural causes.

Fe and Mn may be sharing the same sources, they are
considered as elements of natural or mixed origin (Dehghani
et al., 2016). Zn and Cu may also be sharing similar sources, some
of which may be the same as for Pb, while the latter metal could
have other sources.

In CDMX it has been recognized that the main sources of Cu,
Pb, and Zn in urban dust could be related to vehicular traffic
(Aguilera, Bautista-Hernández, et al., 2021; Aguilera, Bautista,
Gutiérrez-Ruiz, et al., 2021). In SLP, the main source of Cu and
Zn is the metallurgical complex and to a lesser extent the
industrial park, Pb could have the same sources, in addition to
vehicular traffic (Aguilera et al., 2019). In Toluca, the main
sources of Pb can be the combustion processes of food waste,
paper, plastics, textiles, rubber, wood, and metal smelting; other
sources, other than combustion, from these industries; as well as
the old Pb deposit from leaded gasoline (Ávila-Pérez et al., 2019).

Little information is available on possible sources of heavy
metals in the environment in Ensenada and Morelia. In
Ensenada, using a bioindicator (mussel Mytilus californianus),
it has been observed that Pb concentrations are affected by
anthropic activities, in this study it was thought that Pb
reached the mussel through the atmospheric deposition
(Muñoz-Barbosa, Gutiérrez-Galindo, and Flores-Muñoz 2000).
In Morelia, it was found that the highest concentrations of Zn in
soils were located in primary roads with significant differences for
the other roads. In addition, the concentrations of Mn, Pb, and Fe
exceeded the maximum limits of the Mexican regulations for soils
(Carranza et al., 2015), called NOM-147 (SEMARNAT 2007).

In Mérida, Cu, Zn, and Pb have been associated with vehicular
traffic, because the highest concentrations have been found in the
historic center and on primary roads. When observing the dust
particles under a microscope, spherical particles of anthropic
origin with these associated metals were found (Aguilar et al.,
2021).

3.1.1 Potential Ecological Risk
The PER was below 150 for practically all cities; therefore,
there is no potential ecological risk due to the concentrations
of Cu, Pb, Mn, and Zn, together, in urban dust. Only two sites
in SLP had a moderate potential ecological risk (150 < PER ≤
300) and one more site had a considerable risk (300 < PER ≤
600). The values of the medians of the PER decreased in the
order CDMX > SLP > Toluca > Ensenada > Morelia > Mérida
(Figure 3). Pb was the metal that most contributed to the PER
in all cities, representing 67.3% of the PER in CDMX, 49.3% in
Ensenada, 58.1% in Mérida, 55.1% in Morelia, 66.8.1% in SLP,
and 64.1% in Toluca.

Even when no potential ecological risk was found due to Cu,
Pb, Mn, and Zn, in the urban dust of the studied cities, it is
important to remember that this index is the addition of the
individual risks of each metal, as in this study only three metals
could be analyzed, the risk may be lower than in other cities where
more metals were considered (Yesilkanat et al., 2021). Therefore,
if more metals were analyzed in Mexican cities, the ecological risk
would change.
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Pb alone did represent a potential ecological risk, according to
the ecological risk factor (Ei). In more than 25% of sites of
CDMX, SLP and Toluca a moderate risk was found, in some sites
of these cities, a considerable risk was found, and only in one SLP
site was a high risk (Figure 3). This result differs from that found
in other studies where several cities were analyzed, in those cases
different metals contributed the most to the ecological risk
(Jahandari 2020; Yesilkanat et al., 2021). In fact, in the present
work, Pb alone represents a moderate ecological risk in more than
a quarter of the sampling sites of CDMX, SLP, and Toluca.

3.1.2 Human Health Risk
The main route of exposure to heavy metals was ingestion. The
risk to human health was 10 times higher for children than for
adults. Pb was the only metal that represented a non-carcinogenic
risk for the health of children in the cities of CDMX, SLP, and
Toluca since its HI was greater than one in ~25% of the sampling
sites (Figure 4). Children are the most susceptible due to their
hand-to-mouth habits and rapid growth rates (Kamali, Omidvar,
and Kazemzadeh 2013).

Some points to consider are 1) the fact that the total
concentrations of Pb were used to calculate the health risk
indices, therefore the risk is being overestimated, it is
necessary to use the bioavailable concentrations (Huang.
2016); 2) on the other hand, only the risk represented by
urban dust is being considered, while that from other sources
such as water, food, air, soil, and glazed ceramic also has its
contribution to the total risk of this metal for the human health
(Li et al., 2017); and 3) the effect that may have the combination
of Pb with other metals and pollutants is still unknown.

Chronic exposure to an HI greater than 0.1 (1E-01) has been
reported to trigger many ailments (Jadoon et al., 2018). In this
sense, Fe represented a risk of generating ailments in children in
all cities, since they all had HI greater than 0.1 (1E-01), in some
sampling points; in CDMX and Toluca this happened for the
entire city; in Ensenada, it happened in 87% of the cases and in
SLP 46% of the cases had an HI greater than 0.1 (1E-01). In
Morelia and Mérida, only the extreme values were in this

situation. The Mn could also unleash health problems for
children in all cities; especially in CDMX and Toluca, since
their HI was greater than 0.1 in the entire city; in Ensenada,
the HI was higher than 0.1 in 88% of the city, in SLP in 79%, in
Morelia in 67% andMérida in 29% of the city. In the case of ZnHI
greater than 0.1 was only found in some sites of SLP; the same for
Cu, together with one sampling point in CDMX. Cu and Zn were
the metals that represented the least risk to human health.

Iron and manganese are generally not analyzed in heavy metal
contamination studies, probably because they are not considered
dangerous or relevant in the urban environment, however, that is
not true (Kim, Lee, Seok et al., 2015; Kletetschka, Bazala, Takáč
et al., 2021). We compared the mean HI for kids and adults in
different cities and observed that HI for Fe commonly is higher
than the one for other metals such as Cu and Zn (Table 1). In
Mexico, the mean Fe HI for kids was higher than those reported
in all the other cities. Black magnetite particles can be seen in the
air filters of the air monitoring systems of Mexican cities. Mn has
been analyzed only at sites where significant sources of this metal
are known in advance (Menezes-Filho 2016; Rodrigues et al.,
2018). The results of the present work indicated that it is
important to include them and monitor their concentrations
in cities. 04) (USEPA 2001).

In comparison with other cities (Table 1), the mean HI for Cu
for kids was ten times higher than for Bandar-Abbas and Shiraz
and the same for the other cities. For Zn were ten to twenty times
lesser tan for the other cities. Mean Pb HI for kids in the six
Mexican cities was higher than for Bandar-Abbas, lesser than for
Düzce, and almost the same magnitude as for the rest of the cities.
Mean Fe HI for kids in the six Mexican cities was higher than all
the cities in comparison. Mn was higher than four of the six cities
in comparison. The HIs for adults were similar but ten times
lesser than for kids.

Pb was the only analyzed metal with the potential to generate
cancer. However, the carcinogenic risk index (RI) indicated that
this metal in urban dust does not represent a risk of developing
cancer in any of the cities, the median value was 1.1E-9, which is
below the accepted or tolerable risk (1E-06 a 1E-08 After

FIGURE 3 | In the (A), the value of the median potential ecological risk (PER), divided according to the contribution of each of the metals risk factors (Ei). In the (B),
box plots of lead risk factors (Ei) for each studied city. CDMX: Mexico City, ESE: Ensenada, MID: Mérida, MLM: Morelia, SLP: San Luis Potosí, TCL: Toluca.
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analyzing the pollution and ecological and human health
risk indices, we were able to observe that lead was the metal
that causes the greatest concern in Mexican cities. Globally,
Pb is also one of the metals of greatest concern, along
with Cr (Aguilera, Bautista, Goguitchaichvili, et al., 2021). In

the case of Mexico, practically in all cities, it is attributed
the source of this metal in urban dust to vehicular
traffic, however, it is also investigated how much the deposit
of old Pb from leaded gasoline contributes (Ávila-Pérez et al.,
2019).

FIGURE 4 | Box plots of the human health risk indices (HI) for children (A) and adults (B), of each heavy metal for Mexican cities. CDMX: Mexico City, ESE:
Ensenada, MID: Mérida, MLM: Morelia, SLP: San Luis Potosí, TCL: Toluca.
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On the other hand, it is necessary to establish a monitoring
system for heavy metals in the dust of the streets, soils, and plants
of Mexican cities, as well as pollution indicators with proxy
characteristics (easy analysis and low cost) that allow the
analysis of thousands of dust samples to identify the sites of
high concentration of heavy metals. In this sense, magnetic
(Sánchez-Duque et al., 2015; Aguilera et al., 2020) and
colorimetric (Cortés et al., 2015; Sanleandro et al., 2018;
Aguilar et al., 2021) techniques are promising.

4 CONCLUSION

In this study, we highlighted the current situation in terms of
heavy metal contamination inMexican cities. When the proposed
value for soils worldwide was considered as the background, all
cities were contaminated, except for Mérida. However, Mérida
and Morelia were the most polluted cities when a local
background value was used (decile 1). For the metals Cu, Pb
and Zn, the concentrations in the cities decreased in the order
CDMX > San Luis Potosí > Toluca > Morelia-Ensenada >
Mérida. In the particular case of Cu and Pb, SLP accompanied
CDMX as the city with the highest concentrations. For the Mn
and Fe, the order slightly changed: CDMX >Toluca > Ensenada >
San Luis Potosí > Morelia-Mérida.

The largest and most industrialized cities were expected to
have the highest concentrations of heavy metals; however, we did
not know if this was proportional to the size and if this was the
case for all metals. The results showed that contamination was
not necessarily related to the number of inhabitants, a populated
city like Mérida was the least contaminated; on the contrary, a
sparsely populated city like Ensenada was more polluted by Mn
and Fe than other more populated ones like San Luis Potosí,
Morelia, and Mérida.

No potential ecological risk was found due to contamination
by Cu, Pb, and Zn, in the urban dust of the studied cities.
However, Pb was the metal that contributed the most to
potential ecological risk in all cities. Furthermore, Pb alone did
represent a moderate ecological risk in more than 25% of the
CDMX, San Luis Potosí, and Toluca sites. Pb could also represent

a health risk for the children in these cities. Additionally, chronic
exposure to Fe and Mn could trigger many ailments or illnesses.

The analysis of the level of contamination and the possible
ecological and human health risk of heavy metals in the dust of six
Mexican cities, allowed us to identify that Pb is the metal that
causes the greatest concern in the urban environment of Mexico.
Therefore, it is important to pay attention to this metal and
inquire more deeply about its sources and mitigation strategies.
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TABLE 1 | Comparison of mean Hazard Index (HI) for the studied heavy metals in other cities around the world.

City — Cu Fe Mn Pb Zn Authors

Bandar-Abbas, Iran Kids 1.70E-03 9.91E-02 7.61E-02 4.34E-03 5.61E-03 Keshavarzi et al. (2018)
Adults 7.10E-04 1.38E-02 1.05E-02 5.77E-04 7.46E-04

Düzce, Turkey Kids 1.60E-02 4.00E-02 4.10E-02 1.40E+00 7.40E-03 Taşpınar and Bozkurt (2018)
Adults 2.00E-03 2.00E-02 1.10E-02 3.10E-01 9.40E-04

Jeddah, Saudi-Arabia Kids 4.47E-02 4.29E-02 1.70E-01 5.20E-01 2.09E-02 Shabbaj et al. (2018)
Adults 5.25E-03 1.67E-02 3.35E-02 6.63E-02 2.57E-03

Suzhou, China Kids 1.20E-02 8.70E-02 1.40E-01 1.80E-01 1.10E-02 Lin et al. (2017)
Adults 2.70E-03 5.30E-02 3.80E-02 3.10E-02 1.70E-03

Shiraz, Iran Kids 8.70E-03 1.21E-04 2.60E-03 2.23E-01 6.36E-03 Keshavarzi et al. (2015)
Adults 9.00E-04 8.10E-06 1.70E-04 4.85E-02 7.70E-04

Nanjing, China Kids 1.09E-02 2.22E-02 2.24E-02 1.76E-01 1.00E-02 Hu et al. (2011)
Adults 1.17E-03 2.38E-03 2.40E-03 1.88E-02 1.08E-03

Mexican cities Kids 2.23E-02 1.36E-01 2.01E-01 4.80E-01 9.51E-03 This study
Adults 2.39E-03 3.08E-02 2.60E-02 5.17E-02 1.03E-03
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