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Abstract
The systematic exposure to lead (Pb) is considered a persistent health problem in Mexico. However, human health
risk in the country’s most populated and contaminated City has not been estimated. In order to determine the level of
Pb contamination and hazard index for human health risk assessment in Mexico City, the contamination factor and
human health risk indexes were calculated from 481 street dust samples, and their spatial distribution was mapped.
We found a considerable average level of contamination with Pb; the contamination factor was 5.8 times higher than
the background value (22 mg/kg). The most extensive areas with a high contamination level were located in the
northeastern part of the city (administrative district of Gustavo A. Madero) and in the central-eastern (administrative
districts of Iztapalapa-Iztacalco). The estimated daily intake of Pb through ingestion exceeded the reference value in
56% of the city, with regard to children, and in the 12% with regard to adults. It may be concluded that there is a
considerable Pb contamination in Mexico City that definitively influences the health of the population being
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children as the most vulnerable. Thus, it is mandatory to reduce the Pb content in Mexico City street dust in order to
prevent serious health problems for more than 20 million inhabitants.

Keywords: Lead loading; Street dust loading; Geoaccumulation index; Geographical Information System; Kriging
interpolation methods

1. Introduction
The World Health Organization has declared that one in every eight deaths in the world is related to air pollution [1],
representing a serious environmental problem [2]. Street dust is formed by settling pollutant particles emitted into
the atmosphere and soils as well as particles from the surrounding soils [3, 4], it constitutes a good surrogate of air
pollution, easy to sample and manipulate, and reflects the potential risk of exposure of the population [5-7]. Lead
(Pb) is one of the contaminants of major interest in the street dust because it can cause irreversible damage to neural
and intellectual development and behavior, even in low concentrations [8, 9]. Children are the most susceptible to
the exposure to Pb given their hand to mouth habit and their rapid growth rates [10-12]. In Mexico, the exposure to
Pb is a persistent health problem, representing an enormous risk for lead-induced mild mental retardation (the
incidence rate is 5.98 for every 1000 children from 0 to 4 years old), greater than neuropsychiatric conditions of any
other type. It is estimated that more than 15% of children between 0 and 4 years old will have a decrease of more
than five points in their intellectual coefficient (IQ) [13].

In Mexico City, there are high Pb concentrations in the environment, as a result of intense human activities [14-16].
Some authors have also reported Pb blood levels higher than the U.S. Centers for Disease Control and Prevention’s
upper limit, 5 µg/dL [9, 17]. Due to this, the exposure to Pb is a concern that requires attention, and human health
risk assessment, for the general population, need to be done. The objective of this study was to determine a degree of
contamination and hazard index for human health risk assessment due to Pb content in street dust from Mexico City.
To achieve this objective the contamination factor and risk indexes for human health were calculated and mapped.
For the first time in the studies of street dust contamination in Mexico City, human health risk was estimated, and a
great number of samples (n=481) were used to improve map accuracy.

2. Methods
2.1 Study site
Mexico City and its coinciding urban areas make up the third largest urban region in the world, accommodating
more than 20 million habitants and more than 40,000 small and medium industries. Approximately 40 million liters
of combustible fossil fuels are consumed daily, which results in tons of contaminants being emitted into the
environment [18]. The northern area of the study site included an important industrial center with a high-density
population (Figure 1). The central area was comprised of the historic and socioeconomic center of the city, which is
highly urban and commercial. The southern area was dominantly residential and commercial. The street dust
sampling was done during the dry season (March-April) of 2017. The mean temperature was 16°C, with a minimum
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of 8 y maximum of 26°C. The mean relative humidity was 48%. The wind direction was 176 Azimut degrees
(south) and the mean wind speed was 2.19 m/s [19]. In the urban area of Mexico City, without the southern part that
has mountainous geography, 481 samples of street dust were collected from a systematic sampling. The distance of
separation was approximately 1 km and was limited to 1 m2 above the surface of the streets along the sidewalks.
Rocks, leaves, and branches were removed, then the street dust was collected with a plastic brush and deposited in
Polyethylene bags which were labeled and geographically referenced.

Figure 1: Map of the locations in Mexico City and the sites where samples of street dust were taken.

2.2 Geochemical analysis
In the laboratory, the samples were dried for two weeks in the shade at environmental temperatures to avoid
oxidation of the minerals. Afterward, the samples were sifted through a sieve with apertures of 250 μm. The weights
of the samples were registered for later calculations. The concentrations of Pb in street dust were determined by
inductively coupled plasma-optical emission spectroscopy (ICP-OES). The street dust samples were weighed (0.4 g)
and digested with 20 ml of concentrated HNO3 in a Microwave Digestion System ETHOS Easy (Milestone Inc)
using Teflon PFA vessels. The temperature was raised to 175 ± 5°C in approximately 5 min and it was maintained
for another 4.5 min. After cooling, the digested samples were filtered using a Whatman No. 42 filter paper and were
thereafter transferred into a 50 mL flask and brought to volume with Type A water [20]. Quality controls for the acid
digestion method included reagent blanks, duplicate samples, and spiked samples. The quality assurance and quality
control (QA/QC) results did not show signs of contamination nor loss in any of the analyses. The digestions and
quality controls were analyzed in triplicate by ICP-OES spectrometer (Agilent Technologies 5100) [21]. To prepare
the calibration curve the standard certified with multiple elements QCS-26R (High Purity brand) were utilized. The
radio frequency potency (RF power) was 1.2 kW, the nebulization flow 0.7 L/min and the argon plasma flow 12.0
L/min. The detection limit was 0.03 mg/L (3.75 mg/kg) and the quantification limit was 0.12 mg/L (15 mg/kg).

2.3 Contamination index
A descriptive statistical analysis of the concentration of Pb, street dust and Pb loadings (mg/m2) was completed. The
Pb loading in the street dust (mg/m2) was calculated multiplying the concentration of Pb (mg/kg) and the street dust
loading expressed in kg/m2. The level of contamination was estimated with the contamination factor (CF) (Equation
1). It is a quotient of the Pb concentration in the sample (Cn) and the background value (Bn).
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(1)

The background value indicates the average concentration of natural sources on the site. We used a background
value of 22 mg/kg, quantified by Morton-Bermea et al. [22]. They collected samples in uncontaminated rural
grounds outlying the city and in green urban areas at a depth of 60 to 200 cm. CF less than 1 indicates insignificant
contamination, between 1-3 moderate, between 3-6 considerable, and more than 6 indicates high contamination [14].
The Geoacumulation index (Igeo) was also calculated to evaluate the level of contamination. Unlike the CF, the Igeo
considers a factor of 1.5 for possible variations in the background value that may be attributed to lithogenic
variations in the samples. Igeo was calculated by Equation 2:
(2)

The interpretation of the Igeo was: <0 (uncontaminated), 0-1 (uncontaminated to moderately contaminated), 1-2
(moderately contaminated), 2-3 (moderately to highly contaminated), 3-4 (highly contaminated), 4-5 (highly to very
highly contaminated), >5 (very highly contaminated) [23-26].

2.4 Spatial analysis
Identification of the geographic patterns of the distribution of contaminants is important to understand their behavior
[27]. Kriging interpolations have been widely used because they are robust and minimize the error [14, 28, 29]. The
geostatistical analysis consisted of three stages: 1) exploratory analysis (statistic) of the data to identify outliers
because kriging interpolations are susceptible to these values; 2) structural or spatial analysis to calculate the
spatial autocorrelation, the semivariogram was computed and adjusted to a theoretical model; 3) interpolation of the
data. The kriging interpolation equations can be found elsewhere [14, 29]. During the exploratory analysis, a
positive asymmetric distribution of frequencies for street dust loading was observed, which brought about a
logarithmic transformation and an adjustment of the data to normalize them. Thereafter, in the structural analysis, an
experimental semivariogram was constructed to quantify the spatial dependency. This analysis was done with
Gamma Design Software [30]. We decided to use kriging indicator method to identify contamination hotspots. For
this type of interpolation, the observed I (x) value become indicative codes with the function I (x; zk ), under a cut-off
value of zk:
(3)

We chose as cut-off value the third quartile (Q3) of the frequency distribution because it represents the last 25% of
the greatest values. In the case of Pb concentrations, the Q3 was 143.7 mg/kg, 6.5 times greater than the background
value, which is indicative of a high level of contamination. Furthermore, the Q3 came close to the value determined
by the Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health (140 mg/kg). This
value was employed by Delgado et al. [31] as their cut-off in their interpolations in Mexico City. In the case of street
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dust loading, we obtained a better spatial autocorrelation and decided to use ordinary kriging to observe the general
spatial distribution pattern. The mean error (ME) was used to determine the degree of bias in the estimates and it
was calculated from:

(4)
Where, n is the number of samples, Ẑ (xi) is the estimated and Z (xi) is the measured value of Pb concentration, street
dust loading, and Pb loading. The closer the ME is to zero, the more accurate the interpolation is [28, 32]. The raster
interpolations were taken to the ArcMap Software, version 10.2 [33]. An intersection between the categories greater
than the third quartile of the Pb concentrations and Pb loadings was carried out to identify the most contaminated
sites. The intersection was realized with the tool “Algebra of maps”. The areas with the highest Pb concentrations,
street dust, and Pb loadings and greatest exposure were calculated with the function “Zonal” which is found in the
toolbox for spatial analysis in ArcMap. The projection used was UTM, zone 14, Worldwide Geodesic system 84
(WGS84).

2.5 Human health risk assessment
The population exposure to Pb present in street dust can be brought about by three principal pathways: ingestion,
inhalation and by absorption through the skin. In this study, the calculation of quotients of non-carcinogenetic risk
due to the exposure to Pb in the street dust of Mexico City was achieved using the model developed by the United
States Environmental Protection Agency for children and adults [34]. The estimated daily intake (EDI) in mg/kg per
day by ingestion (EDIing), inhalation (EDIinh), and dermal contact (EDIdermal) is shown using the following equations
(Equation 5, 6 and 7):

(5)
(6)

(7)

Where C: is the concentration of Pb in each sample site (mg/kg). IngR: rate the of ingestion, 100 mg/day for children
and 50 mg/day for adults [35]. EF: frequency of exposure, 350 days/year for children and adults [34], we consider
the same EF for all the sampling points because there are houses all over the city. ED: duration of exposure, 6 years
for children and 24 years for adults [34]. BW: body weight, 15 kg for children and 70 kg for adults [11, 36]. AT:
average time, 365 days for children and adults [37]. InhR: the rate of inhalation, 7.6 m3/day for children and 12.8
m3/day for adults [38]. PEF: the rate of particle emission, 1.36 × 109 m3/kg [34]. SA: the surface of exposed skin,
2800 cm2 for children and 5700 cm2 for adults [34]. AF: adherence factor, 0.2 mg/cm2 for children and 0.07 mg/cm2
for adults [34]. ABF: absorption factor (dermal), 0.001 for children and adults [34, 39]. The hazard quotients of
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ingestion, inhalation and dermal contact (HQing / inh / derm) for each sample point are found by dividing the into the
reference dose (RfD) as demonstrated in equation 8:

(8)
The RfD that was applied in this study was 3.5 × 10-3 mg/kg day, calculated from the limit of tolerance for weekly
ingestion, (25 µg kg bw) recommended by the World Health Organization [40]. Other authors, as Reis et al. [12],
have used a much more protective RfD (0.03 × 10-03 mg/kg day). However; to avoid overestimating the risk, because
we did not measure Pb bioaccessibility; we used the RfD most commonly cited in the literature [11, 36, 41, 42]. The
hazard index (HI) is presented as the sum of the HQ for the three exposure pathways: ingestion, inhalation and
dermal contact. The HI can evaluate the human health risk, if it is greater than 1, it is possible that non-carcinogenic
effects may occur; if the HI value is less than 1 the opposite may be expected [34]. As Pb is considered as a possible
carcinogen [43, 44] the incremental lifetime cancer risk (ILCR) was calculated with the following equation:
(9)

The cancer slope factor for ingestion (CSFing) was 0.0085 mg/kg/day, and for inhalation CSFinh was 0.042
mg/kg/day [45]. The acceptable or tolerable risk is over the range of 1E-06 to 1E-04 [34]. Subsequently, the HQ that
were higher than the value of 1 were interpolated utilizing the kriging indicator method. The threshold value was 1,
indicating that the ADD was greater than the RfD.

3. Results and Discussion
3.1 Contamination index
To evaluate the contamination level for Pb in the street dust, the contamination factor (CF) was calculated. We
found an average CF of 5.8, which indicates considerable contamination, while the maximum reached an extremely
high level of contamination (CF=86.7). According to the CF, 31% of the samples were at a level of very high
contamination, 45% were considerable, 21% were moderate and only 3% of the samples were in a category of
insignificant contamination. We found an average Igeo of 1.6, which indicates a moderate contamination level. The
maximum value reached a very high level of contamination (I geo=5.9), but only the 1% of the samples were in this
category: very high contaminated, 7% were highly contaminated, 23% was from moderately to highly contaminated,
45% was moderately contaminated, 17% was from uncontaminated to moderately contaminated and the remaining
7% was uncontaminated.

In Mexico City, the average contamination level with Pb in the street dust was from moderately (Igeo=1.6) to
considerable (FC=5.8). This means that the natural content of Pb has increased due to anthropogenic activities in the
City. This was also observed by the positive asymmetric distribution of frequencies of the Pb concentrations and the
Pb loading (standardized bias and kurtosis >2) (Table 1). An asymmetric frequency distribution is usually
encountered in the studies of environmental contamination for those elements of anthropogenic origin, given that the
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concentrations depend on the distance from the sources [14, 27, 46, 47]. These results agree with the findings of
previous researches in topsoil from Mexico City [14, 15, 48]. In those investigations, it was reported that the origin
of Pb was, principally, anthropogenic and came from historical pollution from the use of leaded gasoline in the past.

n=481

Street dust loading (g/m2) Concentration of Pb (mg/kg)

Pb loading (mg/m2)

Average

46.5

127.9

5.5

Median

44

101.2

4.2

Standard Deviation

23.2

134.6

5.1

Coefficient of Variation

0.5

1.1

0.9

Minimum

5.4

8.8

0.1

Maximum

173.3

1907.8

52.8

Q3

143.7

59.7

6.8

Standardized Bias

8

60.2

31.5

Standardized Curtosis

7.8

324.2

96.3

Table 1: Statistic description of street dust loading, concentration and Pb loading.

The contamination level with Pb in Mexico City would seem to have decreased from the only previous study done
for street dust to ours. In the previous research [31] the average concentration of Pb was 206 mg/kg, and in ours, it
was 128 mg/kg (Table 2). However, the maximum concentration of Pb in the present study (1908 mg/kg) was
greater than that in the previous one (610 mg/kg). Because of this, it is essential to continue to observe Pb
contamination. In both studies, the average concentrations of Pb in street dust were slightly greater than the
concentrations reported from soils in Mexico City, when comparing similar techniques, XRF or ICP (Table 2). Bi et
al. [49] has also observed that Pb concentrations in street dust were higher than those in soils. In fact, these authors
consider that street dust could become a source of potentially toxic elements to urban soils.

Average

Minimum

Maximum

Reference

Season

Matrix

Technique

n

(mg/kg)

[22]

Summer and spring

Soil

ICP-MS

135

112

5

452

[15]

Spring

Soil

XRF-WD

146

116

15

693

[14]

Spring

Soil

XRF-ED

89

163

20

654

[31]

Spring

Dust

XRF-ED

89

206

17

610

This Study

Spring

Dust

ICP-OES

481

128

9

1908

ICP-OES- inductively coupled plasma-optical emission spectroscopy; ICP-MS-inductively coupled plasma mass
spectroscopy; XRF-WD-X-ray fluorescence by wave longitude; XRF-ED-X-ray fluorescence by dispersive energy.
Table 2: Average concentrations of Pb in street dust and soils in Mexico City.
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3.2 Spatial analysis
The Pb concentration, street dust, and Pb loadings were represented by exponential models (Table 3). The first two
variables had a coefficient of determination (r2) bigger than 0.9, but the Pb loading had an r2 of 0.4. The structural
variance that was explained by the models ranged between 60 and 90%, the rest of the variance was an error or noise
and it is known as nugget variance.

Nugget Variance (%) Structural

Mean
2

Variable

Model

Variance (%)

Range (m) Model r Error

Pb concentration KI

Exponential 10

90

1980

0.90

5.1

Street dust loading KO

Exponential 40

60

59760

0.98

0.2

Pb loading KI

Exponential 9

91

2040

0.40

3.0

KI-kriging indicator; KO-kriging ordinary
Table 3: Statistics of semivariogram models describing the spatial variability.

The range represents the distance of influence of the autocorrelation. For Pb concentrations and Pb loadings, the
ranges were 1980 and 2040 m, respectively. The street dust loading range was much wider, 59760 m, this could
indicate that the autocorrelation extends beyond the sampled area. The mean error was close to zero for the street
dust loading, however, it was greater for the Pb concentrations and loadings, 5.1 and 3, respectively. To corroborate
the Pb concentration and Pb loading interpolations, we displayed on the maps the sampling points by quartile
categories. All the samples in the highest probability of exceed the third quartile (Q3) category were effectively
higher than Q3 (Figure 2 and 4).

3.2.1 Concentrations of Pb (mg/kg): The areas with the highest concentrations of Pb, those that exceeded the Q3
(143.7 mg/kg), which is a high level of contamination, according to the CF, were distributed throughout Mexico
City. However, the most extensive areas were located in the northeast, in the administrative districts of Gustavo A.
Madero, and in the northwest of Iztapalapa (Figure 2). The surface with Pb concentrations greater than 140 mg/kg
was much smaller than in the only previous study of street dust in Mexico City [31]. We believe that the number of
samples made the difference; while we used 481 samples, they used 89; therefore, our map was more precise and
could distinguish in greater detail the areas with a high level of contamination. We consider that showing more
accurate areas is an advantage of our maps, as this precision allows the stakeholders to identify the priority sites that
require attention.
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Figure 2: Spatial distribution of Pb concentrations in street dust in Mexico City.
3.2.2 Street dust loading (g/m2): The greatest quantities of street dust were located in the eastern part of the city,
principally in Iztapalapa and Tláhuac, between 43 and 80 g/m2. It would seem that in the sites closest to the
periphery it was possible to find greater street dust loading, probably because the street dust is not removed and
accumulates with the time. Moreover, the eastern part is on an ex-lake surface and the sediments can easily be
transported (Figure 3). The center of the city had lower quantities than the eastern, between 30 y 42 g/m2, while the
lowest quantities of street dust were found in the southeast of the city, between 17 and 29 g/m2, in Tlalpan and
Coyoacán. The resultant interpolation appropriately represented the general pattern of spatial distribution; however,
it had a smoothing effect that occasioned an underestimation of the highest values and overestimation of the lowest.

Figure 3: Spatial distribution of street dust loading per m2 in Mexico City.
3.2.3 Pb loading (mg/m2): The most extensive areas with Pb loading greater than Q3=6.8 mg/m2 were located in the
eastern part of the city (Figure 4), principally in the districts of Gustavo A. Madero and Iztapalapa. We did not have
a Pb loading reference value to find out the level at which a site could be considered as contaminated; however, as
the Q3 for Pb concentrations corresponded to a high level of contamination, we assumed that Q3 could represent the
highest contamination with Pb loading.
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Figure 4: Spatial distribution of Pb loading in Mexico City.

The only reference value for Pb loading that we found was the permitted Pb loading limit in the house dust set by
the U.S. Environmental Protection Agency [50], which is 0.43 mg/m2. Ninety-eight percent of the samples were
greater than this limit and the Q3 was 15.8 times higher. This could seem a very high value, however, a reference
value for street dust Pb loading is needed for proper comparison.

3.2.4 Highest level of Pb concentration and Pb loading
The superimposition of the areas with the highest concentrations and Pb loadings, more than Q3, permitted us to
distinguish the sites with the highest level of contamination, due to both Pb concentrations and Pb loadings (Figure
5). The most extensive areas with a high level of contamination were in the northeastern part of the city (Gustavo A.
Madero) and in the northwestern part of the Iztapalapa district. With this map, we also corroborated that street dust
is a good surrogate of air pollution, as other authors said [5], even better than soils. In a study undertaken in Mexico
City in 2004, it was observed that the greatest concentrations of Pb in the air were located in the northeastern part of
the city [17]; our results also showed the highest level of contamination with Pb from street dust in the northeastern.

Figure 5: Areas of highest contamination: high concentrations and Pb loading in Mexico City.
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3.3 Human health risks
We founded a tolerable risk to develop cancer during a lifetime. The average ILCR ing was between the tolerable risk
range of 1E-06 to 1E-04 [34], for children and adults. Only nine samples exceed this range for children, with a
maximum ILCRing of 6.2E-04, and only one sample exceeded the range for adults, that was the maximum value of
2.7E-04 (Table 4). Due to Pb inhalation, the ILCRinh was below the tolerable risk range for all the samples. The
maximum values, for children and adults, were 1.7E-07 and 2.5E-07, respectively. In the case of non-carcinogenic
risk, the average HI was greater than 1, for children (Table 4). Therefore, possible adverse effects for human health
may occur. For adults, the average HI was less than 1, however, 11% of the samples exceed this limit. The principal
exposure pathway to Pb was the ingestion of street dust, both for children and adults. In fact, HQ ing contributed the
most to the HI, while HQinh and HQderm contributed little. For children, the average HQing value was 1.4 with a
maximum of 20.8. For adults, the HQing was 0.6 with a maximum of 9. More than half of the samples, that is 56%,
had an HQing greater than 1, for children, and 12% for adults. In other studies ingestion was also the main exposure
pathway to Pb [11, 24, 25, 36, 39], followed by dermal contact and lastly by inhalation. However, none of these last
two routes had hazard quotients greater than 1, signifying that they do not represent a significant risk.

Children

Adults

HQing

HQinh

HQderm

HI

ILCRing

HQing

HQinh

Average

1.4

7.8E-05

7.8E-03

1.4

4.2E-05

0.6

Median

1.1

6.2E-05

6.2E-03

1.1

3.3E-05

Minimum

0.1

5.4E-06

5.4E-04

0.1

Maximum

20.8

1.2E-03

0.12

21

HQderm

HI

ILCRing

1.1E-04 5.E-03

0.6

1.8E-05

0.48

9.0E-05 4.E-03

0.5

1.4E-05

2.9E-06

0.04

8.0E-06 3.E-04

0.0

1.2E-06

6.2E-04

9

1.7E-03 0.07

9

2.7E-04

HQing-hazard quotient of ingestion; HQinh-hazard quotient of inhalation; HQderm-hazard quotient of dermal contact;
HI-hazard index; ILCRing-incremental lifetime cancer risk of ingestion; ILCRinh-incremental lifetime cancer risk of
inhalation.
Table 4: Risk assessment of Pb in street dust for children and adults.

The HQing for children were greater than for adults, which was expected given that the rate of ingestion in children is
higher because of their lower body weights [36]. Children are also more vulnerable to exposure to Pb because of
where they play, which represents a greater risk for the ingestion of contaminated street dust [39]. Furthermore,
children are less tolerant of toxins than are adults [36]. We mapped the spatial distribution of HQ ing instead of HI
because HQing was the main exposure pathway and it represents 99% of the HI (Table 4). For children, the map
demonstrated that there were areas of health risk in all of the districts studied, with quotients greater than 1 (Figure
6). These values were obtained from concentrations of 91 mg/kg and on.

In fact, empirical investigations have indicated that the concentrations of Pb in the soil should be ~40 mg/kg to
assure Pb levels in the blood less than 5 µg/dL, the limit set by the U.S. Centers for Disease Control and
Prevention’s [8]. Even more, this limit should be more deeply analyzed since negative affections on intelligence and
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behavior in children have been reported [13]. In Mexico City, our findings indicated that negative affections in
children may be expected due to Pb exposure. Furthermore, some authors have reported Pb blood levels higher than
5 µg/dL in the city [9, 17], then the affections on intelligence and behavior in children could be expected [13].
Children in the northeastern had Pb blood levels 11% higher than those who lived in the southeastern part of the city
[17]. Due to this, negative affections on children's health should be deeply studied.

Figure 6: Spatial distribution of HQing of street dust by children in Mexico City.

In the case of HQing for adults, there were significantly fewer areas that surpass the threshold of 1 (Figure 7). The
largest extensions are located in the northeastern part of Iztapalapa, the southeastern part of Gustavo A. Madero, and
the eastern part of Coyoacan.

Figure 7: Spatial distribution of HQing of street dust by adults in Mexico City.

It is important to remember that the estimated daily intake calculated in this study are only estimations, based on
factors of general exposure. For example, the rate of ingestion per day applied to all of the sampled sites was that
reported by the United States Environmental Protection Agency [35], but this varies according to the street dust
loading present in each site. Furthermore, not all of the Pb found in the samples is assimilated by the organism, and
it is, therefore, important to measure the bioaccessibility of Pb in street dust to adjust the HQ [10, 12, 41]. On the
other hand, other potential sources, such as soils, water, and foods, have not been considered, all or some of which
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could elevate the HQ [42]. What our results indicate is that high HQ ing are alert signals, especially for children, and
more studies should be performed.

4. Conclusions
The concentrations of Pb in street dust have been altered in Mexico City by human activities, producing a
considerable increase in the level of lead in the environment (contamination factor 5.6, Igeo 1.6). Thanks to the
versatility of geographic information systems and interpolation models, it was possible to identify the most
contaminated areas in which there are high lead concentrations and lead loadings. This study is first tentative to
quantify the lead loading in street dust. This analysis in combination with the concentrations of lead allows having
firm constraints about the population’s exposure to lead contamination. Namely, we clearly identified that the areas
of greatest exposure were located in the districts of Gustavo A. Madero and Iztapalapa. Children were found to be at
higher health risk, since in 56% of the cases the hazard index was greater than the admitted safety level, while for
adults it was 12%. The ingestion of street dust was the principal route of exposure, for both children and adults.
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