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ABSTRACT: This study is aimed to identify sources of particulate matter with mean aerodynamic diameter
below 10 µm (PM10) present in the atmosphere of the Metropolitan Area of Mexico City (MAMC), using
samples obtained from January 1st to June 30th, 2009, analyzed with X-ray spectrometric techniques.
MiniVol samplers were used to collect samples on polycarbonate filters in three sites (North, Center, and
South) of the MAMC. The filters were exposed along 24 h every two days, starting at 8:00 AM, and then
analyzed with particle induced X-ray emission (PIXE), a microPIXE (µPIXE) system, and X-ray fluorescence
(XRF). Statistical multivariate tests with positive matrix factorization (PMF) were conducted to identify
possible contributing factors. The model HYSPLIT was used to determine back-trajectories and the MODIS
database for fire spot localization. The multivariate methods identified five factors in the Center and South,
and four in the North, including Soil, Sulfate, Fuel/Industry, and Biomass burning, with certain differences in
the factors and contributions. Application of HYSPLIT back-trajectories associated these factors to three
main Soil sources and points of secondary aerosols production, as well as locations where Biomass burning
aerosols were originated. The combination of X-ray spectrometric methods, receptor modeling, back-trajectory
determination, and fire site localization, allowed the identification of possible sources of PM10 in the MAMC,
namely, the dry Texcoco lake, the Toluca Valley, and the North dry plains for Soil aerosols, the influence of
local industrial areas for Sulfate (secondary) aerosols, and the appearance of fires for Biomass burning.
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INTRODUCTION
Different elements influencing the air quality have been
regarded within different studies (Montero Lorenzo et
al., 2011; Zou et al., 2011; Nejadkoorki and Baroutian,
2012). The first studies on the elemental composition
of total airborne suspended particulate matter (TSP) in
the Mexico City Metropolitan Area (MCMA) were
carried out by Navarrete et al. (1974), Barfoot et al. (1984)
and Aldape et al. (1991a, 1991b). In the last two decades,
more than 50 papers were published using different
methods to analyze their composition. Currently, a
systematic monitoring program on aerosols with Mean
Aerodynamic Diameters (MAD) below 10 µm (PM10)

and 2.5 µm (PM 2.5), is being conducted by the
Atmospheric Monitoring Automatic Network (RAMA)
in MAMC. Although this program is limited to the
measurement of gravimetric mass concentrations using
an oscillating microbalance type samplers (TEOM®,
Rupprecht & Patashnick, East Greenbush, NY, USA),
it has helped to improve the air quality in MCMA.
Undoubtedly, the most comprehensive study of air
pollution in MCMA took place in 2006 through the
MILAGRO campaign (Molina et al., 2010).
Nevertheless, the sources of particulate matter related
to soils or fugitive dust are still not fully identified. In
this regard, before the MILAGRO project, Vega et al.
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(2002) explained that “Geological material was the major
component of PM10, accounting for 37.4%” of the total
mass, and its origin was assigned to agricultural lands
around MCMA in the north and northeast sectors of
the basin. In turn, Johnson et al. (2006) observed an
increase in fine soil concentration being associated to
particle back-trajectories passing up the Rio Balsas
valley and over Toluca to the west/southwest of the
Mexico City basin (de Foy et al., 2006). Along with the
low Na and Cl concentrations (around 0.1 µg/m3), these
results disfavor dry Texcoco lake as the dominant
source of soil particles, as it was suggested by other
authors (Moya et al., 2003). In this work, the authors
emphasize that the most important contribution to
inhalable aerosols comes from the coarse fraction PM10.
The origin of soil-derived aerosols was not explicitly
mentioned by Molina et al. (2010) in their MILAGRO
summary, although they cite the works done on the
elemental analysis during the campaign. Querol et al.
(2008) determined that in Southwest Mexico City
samples, soil-derived aerosols probably represent
mineral dust resuspension in the city, without any
specific identification of the emitting sources. More
recently, application of chemical mass balance (CMB)
model (Vega et al., 2009) showed significant spatial
variations in source contributions, which are influenced
by local (not specified) soil types and land use. In
summary, different studies do not fully agree in the
identification of the origin of soil-derived particles in
the atmosphere of MCMA. This work is aimed to study
the contribution of some potential soil dust sources
using elemental analysis of PM10 samples collected in
three representative sites of MCMA. Statistical
techniques such as absolute principal component
analysis (APCA) and positive matrix factorization
(PMF), together with the reconstruction of backtrajectories through the open access model HYSPLIT
(Draxler and Rolph, 2010; Rolph, 2010) were used in
this study. In the past, examples of the combination of
PIXE and XRF, PMF, and back-trajectories have been
developed successfully (Cohen et al., 2010; Chiou et
al., 2009) to determine source contributions.

the 3.75 MV Van de Graaff Accelerator at Universidad
de Chile, Chile. The protocols for PIXE application,
including the measurement of the detection system
efficiency with an RM 8785 National Institute of
Standards and Technology (Gaithersburgh, MD, USA)
urban particulate matter standard, are better described
elsewhere (Miranda et al., 2006). In the case of XRF, an
analyzing system was constructed, based on an Rh
anode X-ray tube and an Amptek Si-PIN detector. The
calibration of this device was carried out by means of
MicroMatter thin film standards. A voltage of 50 kV
and anode current of 750 µA was set, irradiating each
filter during 900 s; the primary X-ray beam had a 5 mm
diameter. Also, gravimetric mass was determined using
a 210D Ohaus electrobalance (resolution 10 µg).
Temperature during gravimetric mass measurements
oscillated between 20 °C and 25 °C, while relative
humidity was in the range 30% - 40%; filters were preconditioned during 24 h within similar temperature and
relative humidity ranges. PIXE results allowed the
identification of episodes possibly related to soil
particles or biomass burning, so those specific filters
were studied with µPIXE employing the Oxford
Microprobe (Oxford, UK) nuclear microprobe installed
at the Universidade Federal do Rio Grande do Sul,
Brasil. A beam of 3 MeV protons was focused to a spot
of diameter within 2 µm to 3 µm to irradiate an area of
100 x 100 µm2 in order to obtain elemental mappings at
three locations in each selected sample. It must be
mentioned that there was not an important
superposition of particles on the filters, because of
the use of MiniVol (low volume) samplers, a fact tested
with optical microscopy observations; furthermore, no
quantitative analyses were attempted, so the possible
effect of particle accumulation is even lower. Thus, the
µPIXE results effectively come from single particles
only. The computer code GUPIX (Maxwell et al., 1995)
was used to analyze PIXE spectra while QXAS (IAEA,
1997) was applied to XRF spectra.
Once the elemental concentrations were
determined, the multivariate statistical analysis
technique Positive Matrix Factorization (PMF) (Paatero
and Tapper, 1994) method was used to look for an
alternative identification of emitting sources. The
evaluation of the experimental uncertainties in elemental
concentrations, required in PMF applications, was
done following the procedure explained by Espinosa
et al. (2010).

MATERIALS & METHODS
Aerosol samples were deposited onto 47 mm
diameter, 0.4 µm pore size polycarbonate filters
(Nuclepore, Costar Corp.) using MiniVol portable
samplers, every two days, for 24 h periods starting at
8:00 AM, from January 1st to June 30th, 2009. Samplers
were located at roof top level (between 2.5 m and 12
m). The sampling sites (Fig. 1) were placed in the North
(Instituto Mexicano del Petróleo, IMP), Center (the
Palacio de Minería building), and South (Instituto de
Física, main UNAM campus). Samples were analyzed
with PIXE, using a 2.2 MeV proton beam produced by

Concerning the meteorological parameters, they
were obtained from stations belonging to the Programa
de Estaciones Meteorológicas del Bachillerato
Universitario, managed by the Centro de Ciencias de
la Atmósfera, UNAM, located near to the sampling
sites (not farther than 1 km). Also, the databases
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Fig. 1. Location of the sampling sites
obtained by the Automatic Monitoring System
(SIMAT) in the MAMC were used for SO 2
concentrations data.

It is important to mention that the sampling period
was influenced by two relevant facts: firstly, due to
the AH1N1 epidemics, all activities in the MCMA were
suspended and, secondly, the first half of the year 2009
suffered from a remarkably dry weather. Because of
the suspension of urban activities it was not possible
to collect samples from April 25 to May 6 in the North
and Center sites. Fig. 2 shows a comparison of the
total elemental mass measured with PIXE and the wet
precipitation in the South site for the whole period. It
is observed that in the period when the activities were
suspended there was not a significant decrease in the
total elemental mass concentrations determined by
PIXE. There was an episode during May 4 to May 7,
during the activities suspension. This fact strongly
suggests that the main contributor to the measured
mass is not from anthropogenic origin. Fig. 3 presents
a wind rose for the Center site, showing that the winds
came from the east and south, which coincide with
what will be shown below using back-trajectories. This
is in partial agreement with the proposed sources of
soil-derived particles that had been mentioned in
previous works (Moya et al., 2003), although no
sources in the south have been described before. In
addition, contribution from re-suspended dust due to
vehicular traffic is not expected in the suspension
period. This is in contrast with the assertion that
probably dust re-suspension explains the geological
material found in PM10 (Querol et al., 2008), but a single

RESULTS & DISCUSSION
PIXE analyses allowed the identification of 14
elements (Al, Si, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu,
and Zn), although not all of them were found in each
sample (Cr in less than 50% of the samples). Moreover,
XRF gave information on Se and Pb contents, being
detected in less than 50% of the samples. A total of 146
valid samples could be used in the analysis: 50 from
the North, 45 from the Center, and 51 from the South;
the sampling periods were the same for all three sites.
Mean gravimetric mass and elemental concentrations
are summarized in Table 1. The South site is located in
a mostly residential area with medium traffic load, while
the North site is in an industrial district, with heavy
traffic. The Center site presents usually heavy traffic
most of the time. As it has been reported previously
(Miranda et al., 1998; Miranda et al., 2004; Miranda et
al., 2005), the South site presents lower mass and
elemental concentrations, as compared to the other
two sites. Moreover, Table 1 displays a comparison
among the results for PM10 elemental concentrations
determined at the Center site during 2002 (Miranda et
al., 2005), and in 2009. It is interesting to find very
similar values for the most important elements in both
studies.
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Table 1. PM10 mean elemental concentrations in 24 h (in µg/m3)
Element

Nor th

Ce nter

Sout h

Cen ter 2002 (Mirand a
et al. 2005)

Va lid samples

50

45

51

-

Mass

71.1 (3.8)a

80.8 (6.9)

66.7 ( 4.4)

-

Al

0.89 (0.76)

0.63 ( 0.31)

0.49 (0.27)

1.25 (0.14)

Si

4.4(3.4)

3.1 ( 1.5)

2.5 (1.4)

3.2 ( 0.35)

S

1.4 (1.1)

1.3 (0.59)

0.92 (0.46)

1.40 (0.11)

Cl

0.20 (0.19)

0.20 ( 0.39)

0.094 (0.095)

0.29 (0.06)

K

0.73 (0.64)

0.45 ( 0.25)

0.43 (0.29)

0.51 (0.05)

Ca

2.5 (2.1)

1.3 (0.52)

1.04 (0.62)

1.7 ( 0.14)

Ti

0.096 (0.071)

0.071 ( 0.034)

0.068 (0.039)

0.090 (0.008)

V

0.048 (0.089)

0.017 ( 0.028)

0.016 (0.029)

0.019 (0.004)

C rb

0.019 (0.038)

0.003 ( 0.005)

0.005 (0.010)

0.012 (0.002)

Mn

0.066 (0.091)

0.013 ( 0.009)

0.018 (0.018)

0.055 (0.011)

Fe

1.20 (0.88)

0.84 ( 0.34)

0.76 (0.39)

0.84 ( 0.097)

Ni

0.011 (0.013)

0.012 ( 0.020)

0.006 (0.008)

0.006 (0.001)

Cu

0.036 (0.033)

0.045 ( 0.029)

0.031 (0.024)

0.020 (0.002)

Zn

0.19 (0.16)

0.095 ( 0.047)

0.064 (0.037)

0.088 (0.010)

S eb

0.37 (0.25)

0.063 (0.30)

-

-

0.095 (0.077)

0.088 ( 0.058)

0.077 (0.063)

0.024 (0.003)

Pb
a
b

b

Numbers between parenthesis represent the standard deviation
This element was present in less than 50% of the samples

event may not be enough to discard this suggestion.
In a different aspect, there is a small growth in the
rainfall after May 14, with an expected decrease in the
measured particle mass, as noted in Fig. 2, also.

mass is shown in Fig. 4, where it is seen that the sum
of elemental measured mass was higher for the colddry season (January to March). The unexplained mass
must undoubtedly come from organic carbon (OC),
elemental carbon (EC), oxygen, nitrates, or other
compounds/elements not detected by PIXE or XRF.
To obtain absolute source contributions, in PMF the
total gravimetric mass was included in the computing
with the EPA-PMF computer code (EPA, 2010). Using
this program, it was possible to repeat the calculation
until the most appropriate number of factors was
reached, looking at the Q value (10900 for Center, 10200
for North, and 9500 for South), and the F and G
matrices. Additionally, different FPEAK values were

Now, it is possible to follow with the development
of the receptor models using PMF. The number of
samples is above the minimum necessary to apply this
method (Hopke, 1991), although it would have been
desirable to obtain more samples. It is fundamental to
mention that in this work the models are referred to the
total gravimetric mass. As an average, total PIXE plus
XRF mass represents 13% of gravimetric mass in the
Center site, 18% in the North site, and 14% in the South
site. The ratio of PIXE plus XRF mass to gravimetric
600
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Fig. 2 .Time series of total mass measured with PIXE and precipitation in the South site
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Fig. 4. Ratio of total PIXE + XRF mass to gravimetric mass (Mg) for the three sampling sites
tested; for North and South FPEAK = 0.1 gave the best
results, while FPEAK = 0.2 was more appropriate for
Center. All of the runs converged, while most residuals
for all detected elements were low, except for some
episodes. Increasing the number of sources only
resulted in the appearance of factors with a null
contribution to total gravimetric mass; therefore, the
number reported here is considered as the most
appropriate. Table 2 summarizes all the factors
determined with both methods, with the elements
included in each factor and the fraction contributed
by each factor to the total gravimetric mass. The
elements Cr, Se and Pb were not considered because,
as mentioned earlier, they were found in less than 50 %
of the samples; V and Ni had very small contributions,
because of their low concentrations. It is possible to
see that PMF identifies two types of “soil” sources for
Center and South. There are other important
contributors to PM10, like biomass burning, with
elements in full agreement with those reported by the
database Speciate (Speciate, 2009); sources labeled
as “agricultural vegetative burning”, “vegetative
burning” or “wildfires” contain all the elements found
in those factors with PMF with similar profiles as those
determined in this work. Also, there are secondary
aerosols (labeled in this work as “sulfate”), which are
characterized by the correlation of S with “soil”
elements; this fact was already observed before in the
MAMC (Miranda et al., 2005). A final factor is related
to “industry/fuel oil” emission sources. This factor
might also be related to traffic/vehicle emissions, but
the presence of the S-V-Ni group usually marks to fuel
oil combustion (Miranda et al., 2004). To check the

accuracy of the predictions made by PMF, the mass
predicted by the multivariate method is plotted in Fig.
5 as a function of the gravimetric mass, for the Center
site; the agreement for both methods is excellent, with
similar findings for the North and South sites. As
expected, the largest fraction comes from the “soil”
components. Time series of the contributions from
“soil” factors in the three sites for PMF are shown in
Fig. 6. It is apparent that there are several episodes
along the sampling period.
It was also noticeable that S is often found as a
component in “soil” factors (see, in particular, the
North results in Table 2), and also the identification of
“sulfate” sources, which actually contain elements with
a geological origin (Al, Si, Ca, Fe), too. Additionally,
the sources identified as “biomass burning” showed a
few episodes. Therefore, it was necessary to check if
particles with those assigned factors are real or if it
was only an artifact of the statistical model. Samples
that showed a high concentration of the
aforementioned possible sources were then analyzed
with µPIXE. Due to the large number of available
samples, only 15 among those filters, which were
associated with episodes in the factors described by
the receptor models, were analyzed with µPIXE,
choosing three spots per sample. Two examples of the
results are displayed in Figs. 9 and 10 (Center, January
19; South, February 15, respectively). Aside from the
particles including the common “soil” elements Si, K,
Ca, Ti, Mn, and Fe, many particles with these elements
also contain S, corroborating the results obtained with
PMF. An association of the ion SO42- and the elements
602
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Table 2. Factors determined in PM10 with the application of PMF showing associated elements and contribution
of each factor to total gravimetric mass
Fa ct or

N o rt h

1

C ente r

S ou th

Su l fate

I nd u st ry / Fu el

In du s tr y/Fu el

A l, S i, S, K , Ca, T i , Fe

S, Ca, V , Fe, N i , C u, Z n

Si , S, K , V , N i , C u, Z n

2 .6 %

2 .5 %

1 . 4%

So i l

S ulfat e

So i l 1

A l, S i, K , Ca, T i , M n ,

A l , Si , S , K, Ca , Ti , Fe

Si, S , K , Ca , F e

Fe

4 .3 %

5 . 4%

B io m a ss b u rn i ng

Bi om as s bu rn in g

Su lf ate

S i, S, Cl, K , C a

Al , Cl, K , C a, Fe

A l, Si , S , K, Ca , F e

3 .4 %

0 .8 %

3 . 2%

2

8 .7 %
3

4

In d us try /F ue l

So il 1

So i l 2

S , V , Fe , N i , Cu , Zn

A l , Si , K , Ca , T i, M n ,

A l, Si , K , Ca, T i, Fe

4 .3 %

Fe

2 . 6%

3 .7 %
5

-

So il 2

Bio m as s b u rn in g

A l, Si, K , C a, T i, Fe , Z n

Si, S , C l, K

2 .1 %

1 . 3%

200

Re constructed Ma ss ( µg m

-3

)

Cen ter

150

100

50

0
0

50

100

150

200

Gravimetric M ass (µg m -3)

Fig. 5. Comparison of the total mas measured with PIXE and the prediction by PMF, for the Center site
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Fig. 9. µPIXE elemental mappings for the sample collected on the Center site, January 19, 2009. The large
circles correspond to a particle containing Si, S, K, Ca, Ti, and Fe, while the small circles identify a particle
containing S and Ca
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Fig. 10. µPIXE elemental mappings for the sample collected on the South site, February 15, 2009. The circles
correspond to a particle containing Si, S, Ca, Ti, and Fe; the squares to a particle with Cl and K; the diamonds
to a particle containing Si, K, Ca, and Fe
K and Ca has been observed earlier in the South site
(Báez et al., 2007), supporting the present results. As
mentioned above, most probably these are not particles
coming from an S-rich type of soil, but rather fugitive
dust particulate matter subjected to atmospheric S
chemical reactions (secondary aerosols). This kind of
processes has already been observed by other authors
(Jeong and Park, 2008). In this regard, it is very difficult
to associate with confidence any specific emitting
source to the resulting factors.

and 0.050 for PMF in 2009 and APCA in 1996,
respectively; for Ca both are equal to 0.319; for Ti, 0.016
and 0.033; for Fe, 0.241 and 0.213. The difference comes
from the presence of S in the present study for Soil 2/
South. It seems that the Soil 2 source is actually a “soil”
emission subjected to chemical reactions with S
compounds. It is inferred, then, that the only fugitive
dust source analyzed by Vega et al. (2001) that may be in
fair agreement with the present study is the Dry Lake,
with some chemical influence from other sources (adding
elements like S, Ca, and Fe).

As a first attempt to determine the definite source
of the particles with a geological origin, the profiles of
the “soil” factors found with PMF are compared with
the results obtained in the extensive work published by
Vega et al. (2001). It may be done, as above, through the
calculation of elemental concentration ratios relative to
Si for each kind of fugitive dust emitter studied by Vega
and coworkers (2001). The results are shown in Fig.11,
considering PM10 elemental composition. Although in
earlier papers an association with the dry Texcoco Lake
was found (Miranda et al., 2004; Miranda et al., 2005),
in the present work there are no definite similarities for
the PMF “soil” factors, with an important presence of S
in Soil 2/Center, Soil/North, and Soil 2/South.
Nonetheless, PMF Soil 1/Center and Soil 1/South have
a certain similarity with Dry Lake, having a visible
enrichment with Fe, which is also appreciated in every
“soil” factor. In contrast, it is convenient to say that the
profile of the PMF Soil 2 factor in the South presents
very similar concentration ratios to those calculated in a
previous study in the same site for the year 1996 (Miranda
et al., 2000). The concentration ratios for K are 0.052

In order to have a more definite recognition of the
origin of soil-derived particulate matter, the simulation
model HYbrid Single-Particle Lagrangian Integrated
Trajectory, better known as HYSPLIT (Draxler and
Rolph, 2010; Rolph, 2010), was employed to calculate
back-trajectories during the episodes identified in each
site using PMF. A period of 24 h (24 trajectories per
day, with a point every hour), and two different heights
(500 m and 1000 m, as recommended) above ground
level were taken into account for the simulations, to
overcome the low resolution limitations of the
simulation software. Due to the spatial resolution of
HYSPLIT, it was not possible to obtain different
backtrajectories for each sampling site; the same was
found for the three sites. The time period was chosen
to coincide with beginning and the end of the sample
collection time, and to look for proximate possible
sources, but not necessarily from long-range transport.
It was noticed that, in the majority of cases, the sets of
back-trajectories did not have a wide spread, making it
feasible to identify the possible provenance of the
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Fig. 11. Concentration ratios relative to Si for PM10 fugitive dust sources determined by Vega et al. (2001) and
for the “soil” factors obtained with PMF
industrialized area of Xalostoc. The SO2 data from
SIMAT (2009), collected in the Xalostoc automatic
station in the days around this date are displayed in
Fig. 13, together with the concentrations predicted for
the “sulfate” factors in the three sites. There are maxima
in the values for all the variables, strongly suggesting
there is a correlation between SO2 and the presence of
secondary aerosols, produced when “soil” particles
cross areas with high contents of this gas. A completely
similar comportment is found for the data in May 10,
but in this case the back-trajectories come from the
western area of the MAMC. There are no available
SO2 data for stations along the back-trajectories, but is
noted that they come over the Naucalpan industrial
which is also expected to have high SO2 contents. This
result favors “local” chemical reactions of the aerosols
with SO2 rather than long-range transport. The
remaining episodes for “soil” and “sulfate” are in
concordance with the examples shown, having “soil”
sources from the north and east of the sampling sites,
and “sulfate” crossing industrial areas (northeast,
northwest and north of the MAMC). Only in a few
cases (like the episode in April 4), the provenance of
particulate matter from the Toluca Valley agrees with
the observations by Johnson et al. (2006). Furthermore,
it is highly probable that the Tula refinery and
thermoelectric power plant are reacting with the “soil”
particles, giving origin to the “soil 1” in the Center,
“soil” in the North, and “soil 1” in the South. These
factors show elevated S contents.

particles. Nevertheless, it must be recalled that the
transit of a trajectory above or from a specific area may
be a hint of a possible source contributing to particulate
matter at the sampled site, but it is not enough to assure
the origin. Although HYSPLIT has been applied by
other authors (Báez et al., 2007), no specific association
between the back-trajectories and the so-called crustal
elements was given. In this work, it was found that
most of the “soil” and “sulfate” events came from the
northeast and east, with a few directions from the west.
In this regard, Fig. 12 shows examples of the results
associated to “soil” and “sulfate” episodes. The dates
are January 7, February 12, and May 4 for “soil”;
February 15 and May 10 for “sulfate”. In the first case,
there is an episode around that date registered in the
three sites; the application of HYSPLIT describes backtrajectories coming from the north of the sampling sites,
some of them also passing above the dry Texcoco Lake,
in accordance with what was expected from other
authors’ results (Moya et al., 2003). The strong episode
observed for “soil 2” in the South is associated with
back-trajectories also from east and north. The next
episode shown (May 4) is associated with backtrajectories definitely crossing the dry lake. Results
achieved with HYSPLIT are in complete agreement also
with µPIXE findings, with important number of particles
with elements Si, K, Ca, Ti, and Fe. The back-trajectory
for February 15, connected to an episode in “sulfate”
factors for the three sites, corresponds to an east
origin; this path crosses the heavily polluted and
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100 km
▬ January 7 Soil

▬ February 12 Soil

▬ May 4 Soil ▬ February 15 Sulfate ▬ May 10 Sulfate

Fig. 12. Back-trajectories predicted by HYSPLIT for Soil and Sulfate episodes found at different dates. The
continuous, dotted and dashed curves represent back-trajectories starting 24 h, 18 h and 12 h before the
ending of the sample collection, respectively. The symbols represent:
industrial areas;
agricultural
areas; * Texcoco Lake;

Tula thermoelectric power plant. Trajectories shown correspond to a 500 m above
ground level height

Fig.13. Concentrations of SO2 measured by SIMAT (2009), collected in the Xalostoc automatic station in the days
around February 12, as compared with the concentrations predicted for the Sulfate factors in the three sites
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factor and not in the other two sites. For February 19,
the back-trajectories come from the north, east and
south of the MAMC, right above several observed
fire spots. Finally, the episode in the South during May
28 is related to numerous fires in the west of the
MAMC, with back-trajectories coming precisely from
that area. As a whole, the results for biomass burning
are completely coherent, including the mappings
obtained with µPIXE (Fig. 9), where particles with the
Cl-K combination are found.

With regard to the behavior of “biomass burning”
particles, it is helpful to make use of the open access
resource known as Web Fire Mapper (http://
maps.geog.umd.edu/firms/), which is a part of
MODIS41,45 (moderate-resolution imaging spectroradiometer) (Justice et al., 2002). This is carried out in
conjunction with the HYSPLIT back-trajectories. There
are several episodes for the “biomass burning” factors
in the three sites, namely, January 7 in the North,
January 19 in the North and Center, and May 28 in the
South site. Fig. 14 displays probable fire spots obtained
around those dates, together with the simulations by
HYSPLIT. In all the cases, it was observed that those
fires were only present during the episodes. For January
7, it is shown how two fire sites are located very near
to the North sampling site; therefore, it is not surprising
to see this sudden growth in the “biomass burning”

Although it is highly desirable to apply CMB
methods to the present study, it was not possible,
because the sources identified with PMF do not
correspond exactly to any of the already characterized
fugitive dust sources (Vega et al., 2001). Thus, as
mentioned by Shivastava et al. (2007): “CMB requires
a priori knowledge of source profiles that represent

100
km
Fig. 14. Fire spots determined by the Web Fire Mapper during January 7 (black triangles), January 19 (empty
squares), May 28 (black circles), and back-trajectories predicted by HYSPLIT for January 19 (dash-dotted
curve), and May 28 (dashed curve). The dates correspond to episodes in the Biomass burning factors
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the aggregate emissions from all sources in a given
source class. Selecting source profiles is complicated
because most profiles are based on a single or a small
number of source tests and multiple profiles have been
developed for important source classes such as motor
vehicles. This creates substantial uncertainty because
CMB results can depend strongly on which profiles
are included in the model”. This task is even more
difficult here because many of the soil-based particles
seem to be strongly influenced by chemical reactions
with, for instance, SO2, a fact observed simultaneously
with µPIXE, through the PMF model, the SO2 measured
concentrations, and the HYSPLIT simulations. The
present work, therefore, should encourage a wider
characterization of sources of soil-derived airborne
particulate matter.

results coincide with a “local” phenomenon. The
concurrence of episodes in Sulfate factors and SO2
concentrations in industrial zones support this
assertion. The use of HYSPLIT and the MODIS
database to explain the episodes helped to support
the results published by other authors, namely, that
both the Texcoco Lake and to a lesser extent the Toluca
Valley contribute to soil-derived aerosols, while fire
spots located around the MAMC produce high
concentrations of particulate matter in the urban area.
Finally, it is suggested to use other models with a better
spatial resolution to determine back-trajectories, to find
out the possible existence of short-range sources.
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CONCLUSION
The results presented in this work emphasize the
need of using different tools to obtain more reliable
results in the study of atmospheric aerosols. In this
case, the main goal was to identify the possible
provenance of certain types of aerosols, X-ray
spectrometric methods were good enough to attain
this objective. In spite of not being able to provide
information about other very important compounds
(nitrates, elemental and organic carbon, oxygen), the
determination of contents of certain elements
considered as source “markers” allowed the
identification of their possible origin. Regarding the
development of receptor models through PMF, it is
necessary to stress the fact that they describe very
well the general behavior of the measured gravimetric
mass, giving reasonable identification of polluting
sources. It is not required to have information on the
trace elements (such as Cr, Ni, Cu, Se, Pb), but only on
“major” elements, to find the geological, biomass
burning, or secondary aerosols (sulfate) potential
emitters. A more extensive characterization of possible
sources of geological material must be carried out in
the future. Although the work by Vega et al. (2001) is a
useful guide for the partial understanding of the
present results, the composition of those sources is
highly affected by chemical processes with other
compounds present in the atmosphere during transport
to the sampling sites. The application of µPIXE allowed
the confirmation of the existence of secondary
aerosols, namely, soil-derived particles subjected to
chemical reactions with atmospheric SO2 or other Srelated chemically active ions, as well as of biomass
burning particles. Whether there is a long-range
transport or a short one producing secondary aerosols
may require further investigations, but the present
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