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RESUMEN

Entre diciembre de 2003 y junio de 2004 se han tomado muestras aproximadamente semanales en
Valladolid, Espafia. Se han realizado medidas gravimétricas de las 4 fracciones de material
particulado: PST, PM10, PM2.5 y PM1. Las muestras se han analizado por cromatografia ionica.
Las propiedades opticas de la fraccion fina se estudian por medio de los coeficientes de absorcion,
G,, en el rango visible y la forma espectral de o, se analiza derivando un parametro o, analogo al
exponente de Angstrom utilizado para la extincion. Las propiedades de los aerosoles se clasifican
de acuerdo con la dependencia del origen de las masas de aire.
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ABSTRACT

From December 2003 to June 2004 approximately weekly aerosol samples were collected in
Valladolid, Spain. Gravimetric measurements were performed on the four particulate matter
fractions: TSP, PM10, PM2.5 and PMI1. The samples were analyzed for major ions by ion-
chromatography. The optical properties of the fine particles are studied through the absorption
coefficients, o,, in the visible range and the spectral shape of o, was analyzed by deriving a
parameter, o, similar to the Angstrém exponent used for the extinction. Aerosol properties are
classified according to their dependence on air mass origin.
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1. Introduction parameters are the single scattering albedo and the

Studies of atmospheric aerosols have increased in

asymmetry parameter [8,9].

the last decades not only due to their influence on The net effect of aerosols on the climate is still
climate by “radiative forcing” [1-3] but also due to not completely clear, despite the huge number of
air quality control [4]. In either case, the studies are studies about their radiative properties. Atmospheric
not only focused in aerosols of anthropogenic origin aerosols can behave as a factor of cooling or
but also in those of natural origin as desertic or warming, depending in what prevails [10]: the light
maritime. The atmospheric amount of particulate absorption or the scattering (that is to say the single
matter (PM) has become a key factor, in part due to scattering albedo). The elemental composition is one
the harmful effects of some aerosols on human of the factors that, among others, influence the
health [5-7] and the close relationship between scattering and absorption of light by particles.
aerosols and air pollution. Sulphates are the main type of aerosols leading to a

It is convenient to split the properties of
aerosols into two main classes, physico-chemical
properties and optical or radiative properties. The
first class is associated to the aerosol size,
morphology, structure and composition. This class is
the main focus of atmospheric pollution and air
quality studies. The second class is relevant for the

net cooling by scattering solar radiation and are very
effective as cloud condensation nuclei. This results
in a negative radiative forcing that leads to a cooling
effect on the Earth surface. On the contrary, soot,
mainly composed of carbon particles is considered
the greater absorber of solar radiation and has,
therefore, a warming effect.

interaction effects of aerosols with solar and Particle scattering and absorption properties
terrestrial radiation, through the processes of depend not only on the individual radiative
absorption and scattering, leading to a radiation properties of the particles (such as shape, complex
extinction coefficient and to the aerosols optical refractive index, size parameter, size distribution,
depth after vertical integration. Other relevant wavelength of the incident light) but also on how the
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various aerosol species are mixed. The particles state
of aggregation, that is, if they form an internal
mixture, an external mixture or a core-shell
structure, is also an important factor. If a particle is
mixed internally with other particles, their optical
properties can vary [11,12]. For example, a soot
inclusion in a sulphate particle changes the optical
properties of the sulphate. If the sulphate particle is
alone its effect is a net cooling of the atmosphere;
but, if contains sufficient soot it can emit infrared
radiation and hence warm the surrounding
atmosphere. Usually, the absorption coefficient of a
mixture of elemental carbon with non-absorbent
particles, is higher for an internal mixture than for an
external one [8]. Hence, knowledge of the radiation
scattering and absorption properties of the
atmospheric aerosol is of utmost importance but,
studies of the aerosols optical and radiative
characteristics should not be carried out without also
considering its chemical composition.

Bearing in mind that anthropogenic aerosols
have, in general, the greatest impact on the climate
near their sources [10,13], this work is focused on
the analysis of particles found in the atmosphere of
the city of Valladolid (Spain) in order to categorize
the chemical constitution of its components, and also
its absorbent characteristics, which are directly
related to its range of sizes. It does not intend to be a
monitoring study for Valladolid but only identify the
main components of the local PM and relate it with
the optical parameters measured.

2. Experimental
2.a. Sampling location

The particles sampled in this study were collected
within the urban environment of Valladolid, Spain
(41.67N, 4.74E), during 2004 winter and spring.
Valladolid is a medium size town with =~ 500.000
inhabitants located in the north-center of the Iberian
Peninsula (continental climate), Fig. 1. The urban
aerosol corresponds to a not very industrialized city,
whose pollution basically arises from road traffic
and domestic heating, and is strongly dependent of
the weather and atmospheric conditions. The
continental climate of the region is characterized by
short and very hot summers and long and cold
winters with very frequent fog, due to the Pisuerga
River Valley that crosses the city. The relative
humidity goes from 83% in January to 54% in June,
the annual mean being ca. 65%. Precipitation varies
from 40 mm in January to 33 mm in June, the annual
mean is 435 mm (data from the INM (2000) [14]).
The predominant wind direction follows the river
valley, NE-SW, however approximately 25% of the
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days have calm wind. Synoptic meteorological
classification and its relationship with particulate
matter concentration had been established before
[15] and identified two characteristic situations: high
pollution events corresponding with anticyclonic
weather and very low pollution levels corresponding
to air masses coming from the Arctic. Extremely
high episodes of particle concentration occur during
Saharan desert dust intrusions which are very
frequent. Although there is no specific inventory
about Valladolid, there is an incidence of 14%-21%
of the days per year with desertic dust intrusions in
south Spain [16] and most of them should reach
Valladolid.

The sampling site was in the campus of
Valladolid University and the impactor was located
on a balcony on the second floor of the building of
Sciences Faculty, = 150 m from the nearest street.

In the bibliography, only optical data can be
found about this town [17] or others in this part of

the Iberian Peninsula which is a mostly
uncharacterized region.
atlantic Atlantic
{ATctic)

%

Atlantic
{tropical)

South Spain
and africa

Fig. 1. Map of the area. The arrows indicate the main origins of
air masses that usually arrive at the Iberian Peninsula. Air masses
passing over the Mediterranean sector have a very low incidence
and are included together with the continental ones coming from
Europe.

2.b. Aerosol collection

A Dekati PM10 impactor collecting over
polycarbonate membrane filters with 0.2 pm pores
was used, working with a constant flow rate of
16.5 I/min. The impactor is composed of four stages
and the aerodynamic cut-off diameters are 1 pum,
2.5 um and 10 pm, allowing the description of four
fractions of particulate matter in the ranges < 1 um,
1-2.5 pm, 2.5-10 pm and > 10 pm.

A total of 16 days and 64 filters were analyzed
from Dec 2003 to Jun 2004 on a weekly basis. The
sampling took place during the night, starting at
local 08:00 pm and the sampling times varied from 8

© Sociedad Espaiiola de Optica
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to 15 h. Sampling interval times were limited by the
amount of aerosol needed by the integrating plate
technique for the evaluation of the absorption
coefficient of particles smaller than 1 pm.

The filters were weighed before and after
collection, and care was taken to eliminate
electrostatic charges from them before weighing.

2.c. Optical analysis: absorption coefficients
determination

The absorption coefficients were evaluated by
performing measurements on every filter before and
after the aerosol collection. The method used is an
adaptation of the integrating plate method [18-20]
and is fully described in Mogo et al [17].

The aerosol absorption coefficients (c,) of
particle samples with aerodynamic size below 1 pm
were determined by:

o.(A)= —Aln(

\

'fo‘)], Q)

1o(2)

where I{A) and lo(A) are the intensities of light
passing through the sampling filter and a blank filter,
respectively, for each wavelength, V is the volume
of sampled air and A is the effective cross-section
area of the filter.

Since we have detailed spectral information, a
reliable analysis of the spectral shape of the
absorption coefficient can be carried out. In order to
evaluate the slope of the absorption spectra we use
an equivalent coefficient commonly used in aerosol
extinction studies, the Angstrdm exponent. As
already proposed by other authors [21,22], we use
the empirical expression:

A

=]

where K is a constant (with the same units as o), A
is the wavelength, A, is an arbitrary reference
wavelength usually taken as 1 pum and o, is the
absorption alpha exponent which represents the
aerosol size and refractive index influence on the
wavelength.  This  power law  expression
characterizes the steepness of the slope of the curve
G, Versus A.

2

The mass absorption specific coefficient of fine
particles, B,(\) can be obtained from:

B,(A)=0,()-[Mp <1 pm]", 3)

where M$p < | um is the mass concentration of
submicrometric particles.

Using this method we assume that the optical
properties of the particles are not altered by the
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collection method and that their behavior remains
the same after being collected in the filter as it
would be in an atmosphere cylinder of thickness x
and section equal to the filter's effective cross-
section, A.

2.d. Chemical analysis and microanalysis of
samples

After the determination of absorption coefficients, as
the technique used is non-destructive, the samples
were analyzed for major ions wusing ion
chromatography. The filters were treated with
deionised water and the soluble matter ultrasonically
extracted. Samples were placed in the ultrasound
bath for half an hour. Then, levels of CI", NOs,
SO427, Mg2+, Ca2+, K+, Na' and NH," were assayed
by means of ionic chromatography with
conductometric detection [6]. This procedure
allowed the mass ions of the four well established
sizes to be obtained. The average error in the
measurements does not exceed 5%.

As a complementary  analysis, some
representative  samples  were  selected  for
morphologic and elemental analysis of single

particles by scanning electron microscopy (SEM)
and energy dispersive X-ray (EDX). The results
have already been presented elsewhere [17] and will
not be discussed here except to confirm some results
about particle chemical composition.

3. Results and discussion
3.a. PM levels and components

The PM10 values registered range from 25.06 ug/m3
to 138.93 pg/m3 and the average for all measured
days is 75.26 pg/m3. Figure 2 shows time series of
the mass concentrations of TSP, PM10, PM2.5 and
PM1, the mean values are summarized in Table 1.
Although these values were obtained during only a
short campaign, Table I clearly reflects that they are
very high, but high values had already been reported
in Spanish stations [23]. According to Querol et al
[24], 60% of the PM10 mass and 60-70% of the
PM2.5 mass is attributed to regional background in
which soils have considerable contribution.

The contribution of PM1, PM1-2.5 and PM2.5-
10 in PM10 is presented in Fig. 2(a). The PM2.5-10
contribution in the PM10 mass is = 35%, which is
within the range presented by Querol et al [24] for
central and north Spain but the load of PMI in
PM10 (=36%) is below their values. Nevertheless,
the values presented by Querol et al [24] for central
and north Spain are representative of rural
(Bemantes) and/or urban background (Llodio) and
they are not comparable with the urban atmosphere

© Sociedad Espaiiola de Optica
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of Valladolid. Our values are representative of a
urban medium-sized town in Spain, a continental
central site in the Iberian Peninsula, where the PM
levels are, as yet, not well established, The high
correlation of PM2.5 to PM10 with a slope of 0.65
(R=0.98) is indicative of the dominance of coarse
particles to fine particles [2,25], as confirmed by the
C/F ratio, between particles with diameter 1-10 um
and submicrometric particles. This ratio is presented
in Fig. 3 together with the time series of PM1 and
PM1-10 (see also Table I) showing the bimodal
feature ~ which  generally characterizes size
distribution of ambient aerosol. The submicrometric
mode is usually associated with air pollution
whereas the larger mode mostly consists of dust and
mineral soil particles. The submicrometric particles
concentration ranged between 10.23 ug/m3 and
53.60 pg/mz, the average value was 28.22 ug/m3.
The concentration of particles 1-10 um ranged
between 7.66 pg/m3 and 85.77 ug/m3, its average
value was 47.04 pg/m3. The ratio C/F was generally
larger than 1.0 during the period of measurement,
thus the presence of larger particles seems to be a
characteristic of the Valladolid atmosphere.
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——PM2.5

200+
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Fig. 2. (a) Mean mass contributions of PM1, PM1-2.5 and PM2.5-
10 in PM10. (b) Concentrations of aerosols observed during the
measurement period.
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Fig. 3. Concentrations of the observed aerosols and ratio C/F.
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In Fig. 4 the average concentration of anions
and cations in each impactor stage is shown.
Sulphate and nitrate are important contributors to the
PM mass concentration and the aerosol found in
Valladolid has significant levels of Na'. The Mg**
and NH," ions come next in the scale. The average
concentration for the remaining ions is less relevant.
These results are comparable with those described
for the city centre of other towns [3]. Table I
summarizes the mean daily levels of TSP, PM10,
PM2.5, PM1, BC and major ionic components
during the measurement period. Figure 5 shows the
averaged relative contributions of various species to
each PM fraction. All components are present in
both the fine and the coarse fractions, but their
contributions in each fraction are different.

<7pm
BEEZ 1-2,5 um
K E—25-10um
1.2 M =10 um
A= 1.0 N
E q
o
= 0.8
é 0.6+
T
E 0.4
g
o
L g2 %1‘ E
0.0 %ﬂ'ﬂ i %ﬂ ! EEF R &
cr NoS SCI:' Ma" NH™ K Ca” Mg~
Fig. 4. The average concentration of anions and cations of aerosol

particles for each impactor stage.

Table I. Mean levels of TSP, PM10, PM2.5, PM1, BC and major
ionic components measured at Valladolid.

PM1 PM2.5 PMIO TSP
3

pg/m
PM 2822  49.64 7526 108.03
BC 3.77 - - -
S0,> 1.29 1.41 1.51 1.61
NO;~ 1.06 1.34 1.58 1.77
cr 0.11 0.19 0.23 0.27
Na* 0.58 1.08 1.45 1.87
NH,* 0.93 1.16 1.52 1.69
K* 0.10 0.14 0.19 1.19
Ca** 0.04 0.07 0.08 0.10
Mg 0.31 043 0.2 0.59

© Sociedad Espaiiola de Optica
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As a typical urban atmosphere, the fine mode is
basically composed of SO,%*, NO;™ and NH," ions
which display clearly maximum concentration in
stage 0 of the impactor, submicrometric particles.
The Na' ion can be found in approximately the same
proportion in the four size levels. Regarding the K’
ion, it is predominantly found in coarse particles.
The high concentration of Na' was confirmed by
semiquantitative analysis of samples using a
SEM/EDX combined technique [17]. This high
concentration of salt has already been reported by
other authors [26,27] in reports on rainwater
monitoring in other northern Spanish Towns. This
may be related the “thaw-salt” used in the streets on
winter days to help clear ice and snow.

100

oo ]

iy

PM1 PM2.5 PM10 TSP
Particle size fraction

Fig. 5. Averaged chemical composition of the identified portions
of PMI1, PM2.5, PMI10 and TSP. Note that the volatile

components are missed with these techniques.
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3.b. Determination of the absorption coefficient
and black carbon content

An important characteristic of the urban atmosphere
is its optical absorption properties which are
represented by the absorption coefficient. In Fig. 6
the time series of the absorption coefficient for
submicrometric particles in visible wavelengths are
presented. For 550 nm the minimum and maximum
absorption  coefficients were 7.3 Mm '  and
101.4 Mm'' respectively. The average value for all
the measurement periods was 44.7 Mm . Our daily
detection limit for the absorption coefficient is
0.0l Mm . The average absorption coefficient
measured had a minimum value of 4.6 Mm ' for
650 nm and a maximum of 120.3 Mm™' for 450 nm.
—=—400 nm

50

—o—550 nm
—e— 600 nm

120+

304

o, [Mm?]

0 T T T T T T ]
9 Nov 9 Dec 9 Jan 9 Feb 9 Mar 9 Apr 9 May 9 Jun
Day

Fig. 6. Time series of the absorption coefficients observed during
the measurement period.
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The values of the absorption coefficient
reported are within the expected range for this urban
atmosphere. However, we must emphasize the
strong variations observed during the whole
experimental period (see February as the period with
maximum variations). Values reported by other
authors are: 50-250 Mm "' for dust with black carbon
contamination in Asia [28], between 5-80 Mm"' for
aerosols in Melpltz Germany [29], a maximum
value of 2.1 Mm ' for Big Bend National Park in
South Texas, USA [30]. At a rural site in southern
Spain (“El Arenosillo” Atmospheric Soundln%
Station) we measured values between 0.09 Mm
and 2.31 Mm " for 550 nm [31].

The variation of the absorption coefficient for
550 nm and the ratio C/F, are shown in Fig. 7. By
looking at the shape of the curves it can be observed,
a clear anticorrelation between o, and C/F as, each
increase of the absorption coefficient coincides with
a decrease of the ratio C/F. The situations of
C/F<1.0 coincides with the highest absorption
coefficients measured. The increase of the C/F ratio
is usually associated with an increase in the levels of
the large non-absorbent particles. In this situation, a
decrease is registered in the value of the absorption
coefficients. On the contrary, when the levels of fine
particles increase, the ratio C/F decreases and higher
values of o, are registered. Exceptions to this
situation occur in the presence of desert dust
intrusions in which the ratio C/F increases but o,
may remain constant or not depending on the level
of small absorbent particles not associated with the
dust event.
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Fig. 7. Variation of absorption coefficient for 550 nm and of the
ratio C/F during the period of sampling.

The shape or variation of the o, through the
visible spectrum is carried out by a detailed
evaluation of the absorption alpha exponent, o,,
which is obtained by linear fitting in the log-log plot
of o, versus A. The calculated alpha absorption
exponents are plotted in Fig. 8. The results are in the
range 0.1-1.3 and the average alpha value is 0.7
(standard deviation 0.4). Then the absorption
coefficient varies in averaﬁge with the wavelength
according to the law A When the absorption
coefficient does not present any wavelength
dependence, the alpha parameter of absorption is
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a,=0. The wide range reported is due to the long
period of the measurements, where different types of
aerosols were collected. The weight fit error
associated with the determination of the absorption
alpha parameter was determined and reaches, in the
worst case, as much as +30%. The alpha parameter
is highly sensitive to the absorption spectral
variation and one must be aware of the high
uncertainty in the determination of this parameter,
and use it with extreme care. The extreme value
obtained for 26 Feb, a,=2.5, is considered as not
reliable because it refers to very small values of the
absorption  coefficients. This increases the
uncertainty in the determination of the absorption
alpha parameter because we approach the limit of
detection in the integrating plate system. This value
was not considered for the determination of the
average d,. In a paper on the influence of organic
carbon in the light absorption spectral dependence,
Kirchstetter et al. [32] used a similar empirical
approach and obtained absorption exponents for
various fine mode aerosol samples, between 0.6 and
2.9. Bond et al. [20] also assumes a similar relation
and reported o values in the range 1.7-2.5 for the
industrial combustion of lignite. Mogo et al. [31]
obtained values in the range 0.2-2.0, for the 400-800
nm region at the El Arenosillo site.
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Fig. 8. Evolution of the absorption alpha parameter during the
period of measurements. The extreme value of 26 Feb (a,,=2.5) is
considered as not reliable (see text for explanation).

The time series of the mass specific absorption
coefficient of PM1 and PM10 are presented in Fig.
9. For Bapm)y (550 nm) the values vary between
0.4 mz/g and 4.7 m /g, the average value was
1.8 m/g For Bapmigy (550 nm) the values vary
between 0 1 mz/g and 2.8 m /g, the average value
was 0.9 m /g. The variability of ¢, and PM values is
reflected in the large range of values obtained for B,
nevertheless, in Fig. 9 it is possible to see winter
values are predominantly higher than spring values.
We observe that the higher B, values registered
correspond to situations when the concentration of

the PM fine fraction was higher than the
concentration of the coarse fraction.
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Fig. 9. Evolution of the mass specific absorption coefficient of
aerosols for the wavelength of 550 nm during the period of
measurements.

If we assume the commonly accepted value of
10 m /g for the mass specific absorption coefficient
of black carbon [33-35], we can make a rough
estimation of the concentratlon of black carbon Just
by putting Bypc=10 m /g in MBC—Ga(Ba(BC))
used the o, determined for 650 nm because we have
smaller errors for this wavelength. With this
approach, the minimum, maximum and average
concentration of black carbon observed were,
respectlvely, 0.46 ug/m3, 8.52 ug/mS, and
3.77 ug/m see Table 1. With this approach we
assume that black carbon is the only absorber of
light at the wavelengths in which we are working.

3.c. Analysis of backward trajectories

Pure aerosol types, marine, continental, desert, etc.,
are associated with well defined air masses.
However different air masses can arrive at a given
place giving rise to mixed aerosols and properties
variability, thus defining the local aerosol
climatology. Therefore the origin of air masses must
be analyzed together with its aerosol properties. To
achieve this objective we have carried out a
backtrajectory analysis using NOAA's HYSPLIT
model [36,37]. The backtrajectories were calculated
for 5 days at three different altitudes, 500, 1500 and
3000 m above ground level, over Valladolid.

These trajectories for the days of the measuring
period were analyzed and classified in order to
identify the most common and characteristic local
situations. The Atlantic origin includes three
different situations: air masses from the Arctic -
maritime arctic air mass; air masses from the
Atlantic north but not from the Arctic - maritime
polar air masses; air masses from lower latitudes that
reach the Iberian Peninsula from the west or
southwest - maritime tropical air masses. The air
masses with European origin usually originated in
Siberia or north Europe and are classified as
continental because they reach Spain after crossing
the European continent or remain in it for enough
time in order to allow mixing with local aerosol
components. Due to the proximity of the African
continent, the Iberian Peninsula is strongly affected
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by desert outbreaks. The air masses classified as
originating from south Spain and Africa come from
the north of the African continent, the Sahara Desert
or Sahel Desert.

The air masses were assigned Atlantic origin in
~47% of the days, central Europe origin in =~ 29% of
the days, southern (south Spain and Africa) in =12%
of the cases and they arrived from other directions in
~12% of the days.

Figure 10 summarizes the main characteristics
of aerosol optical properties and concentration levels
for the four air mass types. The mean values of o,
B., o, and PM fraction concentrations, are shown in
each of the situations. The most clear situation
corresponds to air masses coming from south Spain
and Africa. The entry of Saharan dust events is
commonly observed in the Iberian Peninsula and is
characterized by higher values of the PM and
absorption coefficients. The o, parameter ranges
from an average of 0.4 when air masses came from
central Europe to 0.84 when they came from the
Atlantic. During Saharan dust events, the average o,
was 0.8.

The highest absorption event of the campaign
was observed on 12 Feb. The PM levels remain at
low values but the C/F ratio is the lower registered,
C/F = 0.28, indicating the predominance of fine
particles. For this day it was observed that air
masses, although of atlantic origin, crossed through
heavy industrialized areas of south England and
northwest France, entering Spain via the Basque
Country. Transport from central Europe is supported
by backward trajectory modeling for air parcels
arriving at the site, as shown in (a). Air masses
originated in central Europe, indicating the
advection of the likely anthropogenic pollutants. On
the other hand, in (b) the trajectories of air masses
on 27 Feb are shown, coinciding with the lower
measured absorption coefficient and low PM
concentration. Backward trajectories indicate air
masses stemming from the Arctic (east from
Greenland) and reaching Spain via the north of the
country. In (c) another common situation which
occurred on 17 Mar is shown, the entry of a Saharan
dust event: the air masses arrived from North Africa,
the Sahara Desert. The absorption coefficients
remain within average values (c,=45.7 Mm ' at
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Fig.10. Classification of air masses according with its origin. Optical parameters and PM values observed in each situation. Percentage
values refer the frequence of each air mass origin.
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Fig.11. The trajectories of air masses for 500, 1500 and 3000 m above ground level. (a) Day of the highest absorption coefficient event, 12
Feb. Air masses backtracked to north Spain and France. (b) Day in which the lowest absorption coefficient was measured, 27 Feb. Air
masses backtracked to the Arctic. (c) The trajectories of air masses at 17 Mar: Saharan dust event.

Opt. Pura Apl. 39 (4) 331-340 (2006)

-339 -

© Sociedad Espaiiola de Optica




OPTICA PURA Y APLICADA. www.sedoptica.es

550 nm) and the C/F ratio is 2.18. The PMI1 =
31.69 pg/m’, PM2.5 = 70.14 pg/m’, PMI10 =
100.80 ug/m3 and TSP = 112.75 pg/m3 levels are
significantly higher than average.

One interesting feature is the highest PM events
that occurred on 04 Feb and 31 Mar. The PM levels
are high on both days but the other properties do not
show relevant values. On 04 Feb the ratio C/F is
lower than on 31 Mar, showing the presence of more
fine particles and, the level of absorbent particles
registered is higher with consequently higher
absorption coefficients. On this day air masses had
desertic origin but they had been recirculating over
the Iberian Peninsula before they reach Valladolid.
On 31 Mar the air masses had Atlantic origin
(formed in Greenland) and reached Valladolid
coming from Portugal, after which they reached the
Peninsula from the southwest.

4. Summary and conclusions

We proposed in this study a combination of
chemical, optical and other techniques in order to
better characterize the atmospheric aerosols of a
representative medium-sized town in north-central
Spain (continental climate). The particulate matter
levels were measured in four fractions and the
chemical composition of each fraction was detailed
as much as possible. In addition, the optical
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parameters as absorption coefficients, the alpha
parameter of absorption and mass specific
absorption coefficients were also determined. The
trajectories of air masses were analyzed and
combined with the measured parameters to further
explore the possible sources.

The main findings of this study are: 1) the
extremely high values of PM registered in
Valladolid, that can be related with the local rough
and dry soils and frequently with desert dust events;
2) the anticorrelation between o, and C/F ratio,
except during the desert dust events; 3) the increase
of o, values during desert events, which can be
related with coagulation of small absorbent particles
with dust, forming mixtures of stronger absorbent
particles.
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