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Physical and chemical characterization of inorganic atmospheric particle samples collected on TSP and PM10 filters from January 2003
through December 2005 from three zones within the city of Hermosillo, Sonora; using Transmission Electron Microscopy, Scanning com-
bined with EDS and Stanford University’s Synchrotron X-Ray. The sample preparation for electron microscopy was deposited as an alcohol
suspension using a sample holder. The different elements found amongst individual particles were Al, Ba, Bi, Br, Ca, Ce, Cl, Cr, Cu, Fe, K,
La, Mn, Mg, Na, P, Pb, S, Si, Ti, U, V, W, Zn and Zr. These particles’ morphology and chemical composition, illustrate an abundance of
natural elements within the zone. However some of the elements present are directly related with human activities, and are of much interest
from the public health and environmental perspectives.

Keywords:SEM; TEM; XAS.

El trabajo se enfoca a la caracteriZacfisica y qumica de las paitulas atmosgfricas inor@nicas presentes en los filtros de los muestreadores
de alto volumen de las Patilas Suspendidas Totales ( PST ) y Ratas Menores a 10 micras (PM10), ubicadas en tres zonas de la ciudad
de Hermosillo, Sonora, durante el pefo de enero 2003 a diciembre de el 2005; aé&saslel empleo de lagd¢nicas de Microscopia
Electibnica de Transmién, de Barrido, equipados con EDS, y del Sin@ntde la Universidad de Stanford; se adetaimetodologa para

la preparadn de las muestras a analizar por medio de la microscopia @iédr permitendonos el asisis de una mayor cantidad de
muestras en un menor tiempo; en donde los elementos encontrados enitasdgsartdividuales han sido el Al, Ba, Bi, Br, Ca, Ce, Cl, Cr,
Cu, Fe, K, La, Mn, Mg, Na, P, Pb S, Si, Ti, U, V, W, Y, Zn y Zr; cuya morfdag composidn qumica de las partulas, nos selan una
importante aportadn de los elementos naturales ubicados en la zona, pero con una incidencia de los elementos de origeanatgpeg

son de integs desde el punto de vista ambiental, como de sdlbtiqa.

Descriptores:SET; TEM,; aire.

PACS: 92.60.Sz

1. Introduction larger than 1micron, and ultrafine particles, that have di-
ameters smaller than 0,1 microns; all of these can be
The atmosphere is a thin Iayer of gases that surrounds to tl’@nm:ed SO much by natural sources as by anthropogenic
Earth and presents a complex and dynamic mixture of natsources.  (14,12,28,30,32,39,44,49) These characteristics
ural and anthropogenic compounds, constituted mainly byre important because they have influence on a particle’s
oxygen, nitrogen and small amounts of other gases, like thgwell time within the atmosphere and on its physical and
water vapor, carbon dioxide, noble gases, as well as by partthemical properties; these properties also have influence
cles (2,3,8,14,22,33,65). These particles have diameters thgh global climate, the environment and on people’s health.
go from a few nanometers to 100 microns. Among these are11,17,19,29,33,46,54,59,66,68,70) Their influence on global
particles generated by combustion processes, such as thosejiimate is due to their ability to intensify or moderate the
automobiles and some energy generation plants, which casffects of the meteorological phenomena, by means of ab-
be very small and as long as one micron. Dust dragged b¥orbing or to turning aside solar radiation, where the specific
the wind, pollen, fragments of plants and the marine salt issize of particles is comparable with the wavelengths of light.

generally greater to one micron. In addition, the atmospherez 7 11,17,18,21,27,29,30,33,39,48,55,59,63)
also contains materials produced by photochemical processes

can be found in form of particles smaller than one micron. Emphasizing that the magnitudes of the effects that
(3.6,12,31,42,48.52,57) aerosol conforming particles have on solar radiation depends
The size of particles and their concentrations are then its composition, measurement and size of distribution,
basic characteristics of the atmospheric aerosols, allowabundance, hygroscopic and surface properties, densities and
ing us to classify them, by its multimodal nature, in index of refraction. These parameters are interdependent and
coarse particles, which have sizes larger than 10 micronsiary accordingly to each locality, the sources of emission and
in fine particles, with sizes smaller than10 microns ando environmental variables, like solar light intensity and rel-
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ative humidity. Aerosols can also act like condensation nu-  The northeastern station is surrounded by residential and
clei and therefore can modify the radioactive properties ofoadside areas; the downtown station, by office commercial
clouds.(7,10,13,17,24,26,28,38,45,49,59,66,68) buildings and by high traffic areas, and finally, the northwest-

Observing that during the last few decades, human acern station is also surrounded by high traffic zones and com-
tivities have increased the amount, kind and distribution ofmercial buildings plus areas of industrial activity.
aerosols inputs to the atmosphere, plus the fact that anthro- The characterization of individual particles was com-
pogenic particles are especially abundant within the submipleted by using Scanning Electron Microscopy combined
cron fraction of aerosols, there is great uncertainty about theith EDS (JEOL JSM-5800LV), Philips CM200 Transmis-
estimation of its effects on climate. sion Electron microscopy and XAS.

Previous studies on aerosols have been focused on their Specimens were initially processed by separating the col-
classification based on size, concentration and on chemicigcted particles from the filters by means of submersing a
composition of whole particle masses; with relatively few de-2 cn? section of each filter into isopropilic alcohol within
tails on the size, shape and chemical composition of their in@ test tube for 5 minutes. Then, an aliquot of the suspen-
dividual components. (1,13,15,17,19,20,22,25,28,31,35,3&i0n was placed over a sample holder and into the TEM. The
43,46,48,52,57,59,60,61,66,69,70) same was done with each filter sample. For the particles ana-

Knowledge of the kinds of particles, especially thoselyzed through the SEM, a section of the filter was placed over
which are of wide spatial and chronological distribution, such@ sample holder and then covered with gold, then placed in
as particles derived from industrial activities and from geo-POsition for its viewing (Fig. 2).
logical sources such as volcanoes and deserts, is necessary Later on, we made a variation of this sample preparation
to build a specific assemble of each particle, being that th&ethod by applying ultrasonic waves to the submerged filter
chemical composition of atmospheric aerosols varies accordi€ctions inside the test tubes for 10 seconds at the beginning

ing to its size, its geographic position and the season of thef the 5 minute separation period, we then carried on with the
year. rest of the microscopic method for the TEM.

Thanks to this, there has been a constant development
and improvement of necessary instruments used for bette
and more precise characterization of atmospheric aerosol
Presently, the Scanning Electron Microscope, Transmissio
Electron Microscope and X-Ray Synchrotron are considered
the most reliable equipment for studying of inorganic parti-
cles that can be found in our atmosphere, thus, in direct con
tact with population. (2,3,5,8,9,13,15,19,22,25,27,29,35,37,
41,47,56,59,61,64,68,70)

The use of electrons for the study of particles has had an
enormous impact, allowing us to obtain an immense amount|
of information about the nature, origin, and chemical com-
position of a research’s subject. Plus, these sorts of tech
nologies are specific enough for the analysis of small sized
particles bellow the range of nanometers and provide infor-
mation which is essential for aerosol observation, becausq
through them, we are able to individually identify and com-
pletely characterize each particle present among a group of
numerous particles.

2. Experimental Details

This work is based on samplings collected in three atmo-
spheric monitoring stations property of the Air Quality Im-
provement Municipal Program for the City of Hermosillo
(Fig. 1). Each monitoring station consist of proper equipment
for collecting Total Suspended Particles (TSP) and of Parti-
cles Smaller than 10 microns (PM10), and are established in
three different zones within the city. The first station is lo- .
cated in the northwestern area of the city, the second statior| b)
in the downtown area, and the last station in the northeast
area. FIGURE 1. SEM (a) and TEM (b) particles from PM10 filters.
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to a dry-warm climate classification with extreme thermal os-
cillation, mostly of 14C. Precipitation is mainly restricted to

a summer rain regime. During July, August and September,
there in a season of strong winds whose velocities range be-
tween 60 to 80 km/hr and average relative humidity is 55%;
while on the rest of the year, mostly weak and dry winds oc-
cur. However, there are approximately 129 days of wind calm
per year.

4. Results and discussion

The change developed in the sample preparation for its analy-
sis in the scanning and transmission microscope, was an im-
portant factor to make agile the study in the mentioned mi-
croscopes, because it allowed to the saving of the time search
FIGURE 2. SEM image of a PM10 particle containing S. and analysis us of the interest particle; then in the scanning
microscope the time to analyze of one to two samples, with
the initial form, took us from 1,5 hr to 2 hr, and with the done
adjustment, the number of samples was extended, because
with the same time that has been mentioned we analyzed be-
tween six to seven samples of filters.

The studies by EDS to TSP showed in all monitoring sta-
tions, that elements are Al, Ba, Br, Ca, Ce, Cl, Cr, Cu, Fe, K,
Mg, Si, Ti, Zr, in two stations, northeast and northwest, the
principal elements were Mo, S, V, Zn y W; in downtown the
principal element was Pb and northwest with Br, La and Na
(Table I).

With respect to PM10 in the three stations we found Al,
Ca, Cr, Fe, K, Mg, Na, S, Si and Ti; in the northwest and
northwest the Zn was the more abundant; in the downtown
and northwest only Pb and minor proportion Ce, Cl, Ni, U, V
y Zr (Table I1).

What's most important in this study is underlining the de-
tection of chemical elements that are highly relevant due to
their potential impact on public health. Such found elements
include Bi, Cr, Pb, S and U, that due to the size of the par-
ticles found, PM10, posses the capacity to penetrate deeper
into the respiratory system and subsequently be relocated and
FIGURE 3. SEM image of the particle containing Pb. settled within other body tissues and systems.

XAS results illustrate a distinct difference between those

Another variation was made to the previously mentionedelements that were found to be abundant as Cr, Cd and Pb,
method of sample preparation for SEM of the samples. Inthese elements tend to be associated with natural and human
stead of using a gold covered section of the filters, we tookgyrces (Figs. 5 to 8).
several aliqUOtS from the same alcohol SUSpenSionS made for The results obtained from the characterization of the par-
TEM, and placed each one over individual aluminum sam+jcles captured by TSP and PM10 filters, showed that ele-
ple holders. These individual holders were then placed on ghents such as Al, Si, Ca, Fe, K, and Mg are largely abundant,
holder grid and into the SEM for the viewings (Figs. 3 and 4).and are usually related with litophilic sources, such as agri-

The experiments of the XAS were made in the Stanforccyltural activities, areas of soil free of anthropogenic impact,
Synchrotron Radiation Laboratoy in Stanford, CA.; using thepaved streets and construction sites. While elements such as
Lyttle detector, the adjustments of the F (r) were made using| are more frequently associated with incineration and com-

FEFF 8.0 bustion activities as well as derived from marine aerosols.
Other chemical elements such as Ba, Bi, Br, Cu, Cr, Mn,
3. Meteorological factor Na, Ni, P, Pb, Ti, and Zn are more commonly related various

human and industrial activities. Elements such asV and S are
The annual average temperature in the city of Hermosillo isndicators of the level of carburant combustion as well as of
25°C; with an annual precipitation of 315 mm. This agreesthe regional sulfate supply.
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TABLE |. The elements found in the filters (TSP ) from each station

At(%)

Northwest At(%) Downtown At(%) Northeast At(%)
Al 14.402 Al 5.39 Al 10.02
Ba 4.035 Ba 0.475 Ba 495

Bi 0.324
Br 0.75
Ca 0.733 Ca 0.571 Ca 0.81
Ce Ce 0.65 Ce
Cl 0.91 Cl 0.60 Cl 0.216
Cr 2.64 Cr Cr 2.62
Cu 2.56 Cu 0.15 Cu 4.303
Fe 6.17 Fe 12.27 Fe 10.555
K 1.148 K 0.984 K 0.74
Mg 0.945 Mg 7.56 Mg 7.73
Mo 0.958
Ni 5.05 Ni 2.0
Na 4.622
Pb 1.9
S 14.34 S 0.75 S 0.125
Si 5.02 Si 5.96 Si 10.871
Ti 2.45 Ti 0.873
Zn 4.19 Zn 1.35 Zn 0.685
Zr 2.65
w 12.53

TABLE Il. The elements found in the filters (PM10) from each sta-

tion At(%)
Northwest  At(%) Downtown At(%) Northeast At(%)
Al 14.676 Al 3.055 Al 33.82
Ba 11.4 Ba 0.396
Ca 2.503 Ca 0.737 Ca 0.745
Cl 0.20
Cr 5.23 Cr 0.21
Cu 1.05 Cu 4.72 Cu 0.7
Fe 9.15 Fe 3.054 Fe 4.157
K 0.521 K 1.566 K 0.603
Mg 1.787 Mg 1.051 Mg 1.38
Mn 1.22 Mn 0.11
Na 1.482 Na 2.562 Na 0.893
Pb 3.52
S 1.575 S 0.40
Si 3.55 Si 12.53 Si 14.43
Ti 3.041 Ti 0.36 Ti 2.225
U 2.32
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FIGURE 4. XAS spectrum of Crlll (a) and CrVI (b) present in the

TSP samples.
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FIGURE 6. XAS spectrum of the trace element Pb.
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' ' ' The chemical analyses performed on the aerosol forming
0oE - A conglomerates allow us to determine air quality on each city.
However, these might ignore the chemical elements that oc-
cur in smaller amounts because these are not considered or
detected during the elaboration the laws established accord-
ing to normal determinations.

Among the particles studied, S was found in form of sul-
fates, both for TSP and PM10 samples. This is of particular
interest because sulfates were found within every particle an-
alyzed. Sulfates are very important climate influents given
that these particles deflect solar radiation, thus participating
in global cooling. However, sulfates can also absorb this ra-
diation and modify certain optical features of the atmosphere
thanks to their hygroscopic properties, thus allowing global
warming (Fig. 3).

This is the first time that the presence of U is reported
within the results of a scientific research about an air qual-

The rare earth elements how Ce and La showed assodty monitoring program that is not part of a study on nuclear
ated with P suggesting are common accessory mineral in pluplants located near human population. Although the origin of
tonic and sedimentary rocks. the U present in the city’s air suspended patrticles is consid-

Zr is intensely associated to particles containing Fe an@red to be natural, these uranium containing particles were
Ti as well as to particles with Ca and Al silicates. found in all of the city’s studied areas. Hence, the need of
deeper, more specific studies on its possible significance for
public health.

This highlights the necessity of carrying out more re-
searches and specific studies that allow us to better know the
Given that there is relatively little knowledge on speciationurban aerosols to which a city’s inhabitants are exposed and
and size of atmospheric particles, the elements found amortf)e need for the development of models that indicate their
the atmospheric particles caught on the TSP and PM10 filregional movements and their possible impact on global cli-
ters highlight the importance of individual characterization ofmate change.
atmospheric aerosol. This knowledge is valuable additional Finally, results given by the XAS provide us information
information about the possible actions and potential effectsibout the presence and concentration of trace elements, such
that air pollutants, of natural or anthropogenic origins, haveas Crlll, CrVI and Pb, which are impossible to detect through
within the studied area. SEM and TEM analyses.

FTekrk?)

FIGURE 7. Radial distribution function of Pb.

5. Conclusion
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