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Abstract

Objectives: Dust, soil and leaf samples of Ficus
benjamina were collected in the metropolitan area of
Guadalajara (GMA) (Pefia-Garcia et al., 2017), allowing
to identify the type of metallic particles, size, shape and
spatial distribution. With the results obtained, the
possible effects of metallic particles on human and plant
health were discussed (Pefia-Garcia et al., 2019).
Methodology: The sampling was in six municipalities of
the GMA; Atomic absorption spectrophotometry
analyses were carried out on leaves, which identified the
presence of various elements that mostly exceeded the
reference values. Through X-ray fluorescence, 23
elements were identified in soil, including Th and Ac in
at least 14 sites. Using the scanning electron microscopy
technique and elemental mapping analysis, coarse, fine
and ultrafine metallic particles were identified in human
bronchus and lung tissue, as well as fragments of cement,
plastic, yeast and bacteria. The similarity between the
metallic particles in the collected samples and those
observed in lung tissue, warns of latent risks to the health
of the GMA population. Contribution: The results
obtained with the methodology used in this work allow
us to glimpse the polluting potential in urban areas.

Urban dust, Ficus benjamina, Heavy metals

Resumen

Objectives: Se recolectaron muestras de polvo, suelo y
hojas de Ficus benjamina en el area metropolitana de
Guadalajara (AMG) (Pefia-Garcia et al., 2017),
permitiendo identificar el tipo de particulas metélicas,
tamafio, forma y distribucién espacial. Con los resultados
obtenidos se discuti6 sobre los posibles efectos de
particulas metalicas en la salud humana (Pefia-Garcia et
al., 2019). Methodology: El muestreo fue en seis
municipios del AMG; se realizaron andlisis de
Espectrofotometria de absorcion atomica en hojas con lo
que se identificd la presencia de diversos elementos que
en su mayoria superé los valores de referencia. Mediante
fluorescencia de rayos X se identificaron 23 elementos en
suelo, entre ellos Th y Ac en al menos 14 sitios. Con la
técnica de microscopia electrénica de barrido y analisis
por mapeo elemental, se identificaron particulas
metalicas gruesas, finas y ultrafinas en bronquio y tejido
pulmonar humano, asi como fragmentos de cemento,
plastico, levadura y bacterias. La similitud entre las
particulas metalicas en las muestras recolectadas y las
observadas en tejido pulmonar, advierte riesgos latentes
en la salud de la poblacion del AMG. Contribution: Los
resultados obtenidos con la metodologia empleada en
este trabajo permiten vislumbrar el potencial
contaminante en las zonas urbanas.

Polvo urbano, Ficus benjamina, Metales pesados
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Introduction

In Latin America and Mexico, productive
activities have impacted the quality of life of
the population and the environment, as well as
the heavy vehicular load and the low rainfall
(Querol, 2008). One of the biotic elements that
have been used to characterize atmospheric
pollution in wurban dust, soil, suspended
particles, sediments and in some plant species
(Tam et al., 1988; Aguilar et al., 2011). It is
particularly interesting to note that vegetation
can be used as a biological indicator of trace
elements, coarse, fine and ultra-fine particles
from polluted air.

These bio-indicators have a high
sensitivity to environmental changes in living
beings, allowing to evaluate air quality in a very
viable, fast and economical way and, most
importantly, they can distinguish accumulations
of toxic and polluting substances in ecosystems.
Magnetic susceptibility techniques (Aguilar et
al., 2012), infrared (Sangi, et al., 2008),
scanning electron microscopy (Tomasevié
et.al., 2005), X-ray fluorescence (Margui et.al.,
2009) and atomic absorption (Sawidis et.al.,
1995), have been used to identify and quantify a
wide variety of airborne particles deposited on
plant leaves.

The present work was carried out in six
municipalities of the metropolitan area of
Guadalajara (MAG), the samples were
collected on March 23, 2013, in which the
atmospheric  contamination  produced by
metallic particles deposited on the ground and
leaves of Ficus benjamina from the
Metropolitan Area of Guadalajara, Mexico
(Pefia-Garcia et al., 2016). In addition, the
possible adverse effects on human health and
on vegetation as a consequence of the presence
of these particles are presented.

The following variables were defined: a)
the chemical composition of the particulate
material deposited on Ficus benjamina leaves,
b) the presence of heavy metals in the soil, c)
the amount of dust deposited on sidewalks, c)
particles in the lung tissue of cadaveric samples
observed (Instituto Jalisciense de Ciencias
Forenses) (Pefia-Garcia et al., 2019a).
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The PM deposited in the soil and in the
Ficus benjamina leaves from the air pollution in
the AMG, are constituted by a wide variety of
heavy metals of different morphologies and
sizes that can affect human health and the
photosynthetic process of this species of tree
(Pefia-Garcia et al., 2016).

Methodology

For the analysis of the Ficus benjamina leaf
samples, more than one technique was used in
order to corroborate the presence of the
identified elements. We start with SEM images
and their respective elemental mapping analysis
(Pefia-Garcia et al., 2016), by X-ray energy
dispersive spectrometry (EDS) to know the
morphological and chemical characteristics of
the localized particles. Later atomic absorption
spectroscopy to determine concentration of
elements such as Cu, Cd, Co, Cr, Ni, Pb and Zn
(Pefia-Garcia et al., 2019c). The magnetic
properties were also analysed, with which a
spatial distribution map of the magnetic
susceptibility of heavy metals was elaborated to
determine the areas with the highest presence of
pollutants (Pefia et al., 2016; Pefia Garcia et al.,
2019c).

For soil, the selected technique was XRF
through a qualitative elemental chemical
analysis of elements comprised between
fluorine (F) and uranium (U) (Pefia-Garcia et
al., 2019c).

With the wurban dust samples, the
geostatistical interpretation was made and the
map with the representation of areas of the city
with higher dust density on the sidewalks
(Pefia-Garcia et al., 2016).

Results

Through SEM, it was possible to determine the
sedimentation of dust on both sides of the Ficus
benjamina leaves that were systematically
observed in several of the samples, so it can be
deduced that a significant amount of particulate
matter (PM) is present floating in the
atmosphere of the GMA and are preserved in
the leaves of the trees (Pefia-Garcia et al.,
2019c). Of the samples observed in one, 26
elements were present, three with 21, three with
19, one with 17, one with 16 and two with 14
elements present, with different land uses and
types of roads (Pefia-Garcia et al., 2018).
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Traces of heavy metals such as Cd, Co,
Cu, Pb and Zn were also observed in samples
from other sites analysed by atomic absorption
spectroscopy. Few fine and ultra-fine particles
with oval and spherical shape were observed in
all cases, as well as large aggregates (Pefia-
Garcia et al., 2019b). Also, aggregates of metal
particles of irregular shape and size <1 um
which predominated in the leaves collected in
other urban areas of Mexico (Reyes et al.,
2012) and a great variety of heavy metals of
micrometric size have been reported in other
countries (Tam et al., 1988).

The most abundant elements were Cu, Pb
and Zn, (14.58-24.72 mg/Kg) and in lower
concentrations Cd, Cr, Co and Ni (3.46-5.93
mg/Kg) (Pefa-Garcia et al., 2019c). The
average concentration of all heavy metals
(except Zn) was higher than the value reported
in the "reference plant” proposed by Market
(1992). The concentration values for Cd, Co, Pb
Ni, Cr and Cu were 69, 26, 20, 3.9, 3.6 and 2.47
times higher than the reference values,
respectively. The high concentrations can be
attributed to the progressive accumulation of
metals in the leaves over time (Pefia Garcia et
al., 2019c).

Regarding the magnetic parameters, the
samples were divided into categories, such as
land use and type of road. The highest average
values of mass magnetic susceptibility are
given for industrial land use (7.56 um3 kg?),
mixed (6.29 um? kg?), and urban corridor (6.46
um® kgl), as well as in roads of zones
agricultural (7.20 um3 kg-1) primary (6.04
pum3 kg-1) and secondary (6.07 um3 kg-1)
routes. A significant difference was identified
in the average values of the different categories
for land use and roads for yd% and MRIS.
Regarding MRIO.7 T and y both present an
almost linear trend, which indicates the
presence of carriers of the ferrimagnetic type,
clustering patterns of sites are observed
according to land use and type of road.

The values of low magnetic concentration
belong to a group of samples that are associated
with: a) categories of land use of green areas,
one of them in the Sierra la Primavera, the other
in the Parque de la Liberacion, b) undeveloped
intraurban and c) the agricultural and control
zone.
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The highest wvalues of magnetic
concentration are observed in land use a)
industrial, mixed, urban corridor and b) with
primary or secondary roads. The polygon that
presented the highest concentration of magnetic
particles was the one corresponding to the
International  Airport "Miguel Hidalgo vy
Costilla"™ and its surroundings, as well as the
polygon where the Military Air Base is located
and extensive areas of entry or exit of the city,
as well as Av. Lazaro Céardenas which crosses
the city from Southeast to Northwest, and in a
good part of the city is accompanied by the
railroad, on which a great variety of substances
and materials such as food, machinery,
agrochemicals, products are transported.
automotive, cement, industrial products,
mineral coal, coke, asphalt, paraffin, diesel, fuel
oil, iron ore, copper concentrates, silica sand,
clays, fluorite and chemical products, among
many others (Pefia et al., 2016; Pefa-Garcia et
al., 2019c).

Of the 12 samples (12 individuals) of
lung tissue observed in the IJCF, 19 elements
were identified in two individuals, 10 in two,
three presented nine elements, two more had
eight elements and in three more individuals
between seven and five elements were
observed. The most abundant elements were Al,
Pb, As, Hg and W. The least abundant were Zn,
Ta, Nb, Hf, Cu and Rh (Pefia-Garcia et al.,
2019a; Pefia Garcia et al., 2019c).
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Conclusions

The diversity of techniques used for the
analysis of the samples allowed us to first
observe, then identify and finally corroborate
the presence of metallic elements in the
samples. The SEM technique gave us the
facility to observe the shape, size and
composition of the particles. By means of XRF,
the presence of 21 elements was determined,
one non-metal Br and two radioactive elements
Ac and Th.

The areas with the highest amount of dust
were the Guadalajara International Airport
"Miguel Hidalgo y Costilla", the junction
between the highway to Chapala and the
Manuel Gomez Morin peripheral ring in the
municipality of Tlaquepaque, as well as the
extension of Av. Lépez Mateos in the
municipality of Tlajomulco de Zuiiiga, and the
area of the XV military zone, north of the city.
It is important to note that in the surroundings
of the GMA there are a large number of brick
kilns, 831 which burn any kind of waste to
supply the kilns.
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Atomic absorption spectroscopy allowed
the identification of concentrations of the most
abundant, Cu and Pb. In Cd, Pb and Zn are very
evenly distributed on Lazaro Cérdenas avenue
until reaching the Mercado de Abastos area.
The concentration values of Cd, Co, Cr, Cu, Ni
and Pb deposited on leaves, exceeded the
reference values.

The high concentration of heavy metals
found shows that the quality of the ambient air
in the GMA is unhealthy, so it would be
expected that there would be a correlation
between this aspect and the health of the
population that resides here. It is important to
highlight that the diameter of the particles
present in the Ficus benjamina leaves are
fundamentally less than 2.5 microns (PMz2s)
and aggregate states, and that the health
problems of the GMA population are associated
with fine PM.

In the lung, 21 elements were identified,
in addition to observing the shape and size of
the particles. Said images were compared with
some other environmental particles presented
by various authors. Some of the uses of these
elements are used in the automotive, electrical
and medical industries, in addition to the food
industry where they also have great influence.
The dust samples collected in this way
represent the air that exists at the level that is
breathable by the population.
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