
lable at ScienceDirect

Atmospheric Environment 89 (2014) 425e432
Contents lists avai
Atmospheric Environment

journal homepage: www.elsevier .com/locate/atmosenv
Organic characterisation of PM10 in Cape Verde under Saharan dust
influxes

C. Gonçalves a,*, C. Alves a, T. Nunes a, S. Rocha a, J. Cardoso a,b, M. Cerqueira a, C. Pio a,
S.M. Almeida d, R. Hillamo c, K. Teinilä c

aCentre for Environmental and Marine Studies, Department of Environment and Planning, University of Aveiro, 3810-193 Aveiro, Portugal
bUniversity of Cape Verde, Palmarejo Campus, 279 Praia, Cape Verde
c Finnish Meteorological Institute, Air Quality Research, Sahaajankatu 20E, FIN-00810 Helsinki, Finland
dURSN, IST/ITN, Instituto Superior Técnico, Technical University of Lisbon, Sacavém, Portugal
h i g h l i g h t s
� PM10 concentrations were influenced by the Saharan dust influxes.
� Highest PM10 values were registered for the dry months: November to March.
� PM10 concentrations frequently exceeded environmental organisation’s limits.
� PM10 carbonaceous content was very low.
� Sahara/Sahel dust influxes transport organic compounds to the Cape Verde islands.
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a b s t r a c t

The current study presents, for the first time, a long-term organic speciation of aerosol at the Cape
Verde archipelago. The Cape Verde location, in the Atlantic Ocean, provides a unique laboratory to
study background aerosol, long-range transport, aerosol mixing with mineral dust, biomass burning
and sea surface components. In order to contribute to a better understanding of this environment, a
one-year long measurement campaign was performed in Praia City, Santiago Island. PM10 concen-
trations (20.5e370 mg/m3) and the organic composition of PM10 were influenced by the African dust
influxes. The carbonaceous content of PM10 was very low, suggesting that most of the mass has mineral
origin. The PM10 composition was essentially characterised by a large variety of organic compounds,
which can be grouped into general compound classes, such as n-alkanes, n-alkanols, n-acids and
sugars. The n-alkane total concentrations varied from 3.77 to 53.2 ng/m3. The n-alkanols distribution
showed a significant biogenic contribution whether from microbial origin or from epicuticular plants
during African dust outbreaks. The total concentrations of n-alkanoic acids varied from 0.011 to
4.51 ng/m3. The lower n-alkenoic acids content, obtained during the periods of long-range transport
from Africa, indicated a more aged aerosol. The monosaccharide anhydrides were detected in all
samples with a range of concentrations from 2.06 to 12.7 ng/m3.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Atmospheric suspended particulate matter plays an important
role on radiative forcing, changing precipitation patterns (serving
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as cloud and ice condensation nuclei) (Mahowald et al., 2010),
modifying the availability of nutrients in the different biogeo-
chemistry systems (Martin et al., 1991) and affecting human
health (Mauderly and Chow, 2008). It is known that c.a. 44% of
global emissions of particulate matter have mineral origin
(Prospero et al., 2002). Deserts, dry lakebeds and semi-arid sur-
faces are the main sources of this type of aerosol. The human
action on the landscape also leads directly to mineral aerosol
formation by removing surface vegetation for agriculture
(Gillette et al., 1997) or pasture usage (Neff et al., 2005), or
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through mismanagement of water resources (Reheis, 1997). The
largest dust regions of the world are located in the Northern
Hemisphere, particularly in North of Africa (the Bodélé Depres-
sion at the Sahara Desert and the Sahel region) (Mbourou et al.,
1996; Washington et al., 2006; Prospero, 1996), Arabian Penin-
sula and Oman deserts and the Gobi and Taklamakan in China. In
South Hemisphere stands out the Lake Eyre and the Great Arte-
sian Basin in Australia and desert areas in Patagonia and in
Western Argentina (Formenti et al., 2011). The Sahara desert,
considered one of the largest dust producers of the world
(Washington et al., 2003), annually exports an estimated billion
tons of mineral dust from the northwest Africa (Ridley et al.,
2012) to the Mediterranean towards Europe (Moulin et al.,
1998; Müller et al., 2009), western Asia (Ganor et al., 2010),
Caribbean region (Swap et al., 1996; Liu et al., 2008) and South
America (Prospero et al., 1981; Formenti et al., 2001; Ansmann
et al., 2009; Ben-Ami et al., 2010).

This global atmospheric transport of dust predominately carries
mineral particulate matter. But primary biogenic aerosol, such as
pollen (Cariñanos et al., 2004), spores, microorganisms (Griffin
et al., 2001; Kellogg et al., 2004), and particles from fossil fuel
and biomass burning (Hand et al., 2010; Kandler et al., 2011) also
have an important contribution. The carbonaceous aerosols are a
significant fraction of continental aerosols, but some gaps remain
on its spatial distribution and physico-chemical characterisation,
and consequently on its impact on human health and climatic
changes.

The Cape Verde archipelago is in the transport path of the
continental aerosols from the African continent to the Atlantic.
This particular location in the Atlantic Ocean provides a unique
field laboratory to study background aerosol, long-range trans-
port, biomass burning and sea surface components. The identi-
fication and characterisation of the highly variable distribution of
these types of aerosols is a complex task. In order to contribute
for a better understanding of this environment, a one-year long
measurement campaign was performed at Santiago Island, one of
the ten islands of the Cape Verde archipelago, in the Atlantic
Ocean. Although some previous attempts have been made to
characterise the organic composition of aerosols over the Atlantic
after sampling campaigns on board of research vessels (e.g. Alves
et al., 2007; Nemirovskaya, 2006; Schefuß et al., 2003; Simoneit
et al., 1991), the information is still very scarce and heavily
directed towards the contribution from the surface waters. As far
as we know, the current study presents, for the first time, a long-
term organic speciation of aerosol transported from the Sahara to
the Atlantic.

2. Materials and methods

2.1. Sampling

A monitoring field station was implemented in the surround-
ings of Praia City (14�550 N, 23�290 W, 98 m above sea level), at
Santiago Island, where aerosol sampling, throughout different
samplers, was performed. In order to characterise its chemical
composition, particulate matter was collected with a high volume
sampler (Tisch) with a standard PM10 inlet head, on quartz fibre
filters pre-baked at 500 �C for 6 h, to remove organic contami-
nation. Sampling took place between January 2011 and January
2012, totalising 115 filters. Based on the observed low organic
carbon (OC) content of collected samples, 3 to 10 consecutive
filters were pooled to perform the extractions, resulting in 21 sets
of samples (CV1 to CV21). The filters that form these sets were
collected consecutively, providing a good characterisation of the
different time periods.
2.2. Analytical methods

Gravimetric analysis was performed with a microbalance
(Sartorius M5P) after 24 h equilibration in a temperature and hu-
midity controlled room. Filter weights before and after sampling
were obtained as the average of three measurements, when
observed variations were less than 5%.

The carbonaceous content (organic carbon (OC), elemental car-
bon (EC)) of particulate matter was measured with a homemade
thermaleoptical system, based on the thermal desorption/oxidation
of particulate carbon to CO2, which is subsequently analysed by non-
dispersive infrared (NDIR) CO2 analyser. Controlled heating in anoxic
conditions was performed to separate OC into two fractions of
increasing volatility. The first fraction corresponds to the volatiliza-
tion at T < 200 �C of lower molecular weight organics (OC1). The
second fraction is related to decomposition and oxidation of higher
molecular weight species at temperatures ranging from 150 to
600 �C (OC2). The last fraction of OC is identified by transmittance
and corresponds to pyrolysed organic carbon (PC) produced in the
previous heating steps. Separation between OC and EC was achieved
by initially heating the filter punches under an inert atmosphere to
evaporate first the OC fraction. The remaining fraction is sequentially
evaporated/burnt under a gas flow containing O2. This last carbon
fraction contains initial EC plus OC that has pyrolysed during heating
under an inert atmosphere. The interference between PC and EC can
be controlled by continuous evaluation of the blackening of filter
using a laser beam and a photodetector measuring the filter light
transmittance. The carbonate fraction was determined by sample
acidification with phosphoric acid (H3PO4). The filter punches were
dropped into the concentrated acid and the carrier gas brought the
released CO2 to the carbon analyser (Pio et al., 2011).

The PM10 composite samples were subjected to detailed organic
analysis by gas chromatographyemass spectrometry (GCeMS). The
combined portions of the filters were consecutively extracted with
dichloromethane and methanol (Fisher Scientific) and the total
organic extract was separated into five different organic fractions by
flash chromatography with silica gel and different solvents of
increasing polarity. After elution, the different fractionswere vacuum
concentrated and evaporated by ultra-pure nitrogen stream. The
detailed description of the methodology for the organic compounds
extraction canbe found inAlves et al. (2011). The fractionated extracts
were analysed with a Gas Chromatography model 6890, quadrupole
Mass Spectrometry Detector 5973 from Hewlett Packard and with a
Gas Chromatography Trace Ultra, quadrupole DSQ II from Thermo
Scientific. Before injection, the compounds with hydroxylic groups
were converted into the corresponding trimethylsilyl derivatives by
addition of N,O-bis(trimethylsilyl)triflouroacetamide (BSTFA): tri-
methylchlorosilane (TMCS) 99:1 (Supelco). Fatty acids were deriva-
tised by methylation/esterification using a BF3(10%)/methanol
complex. The GCeMS calibration was performed with injection of
about 110 standards in different concentration ranges and relative
response factors calculated for each compound and for each organic
class. For those with no authentic standards available, relative
response factors were calculated as an average of the relative
response factors from the overall homologous series or from com-
pounds of similar chemical structure and retention time. Standards
and samples were both co-injected with one internal standard: Tet-
racosane-d50 (SigmaeAldrich). Compounds identification was based
on comparison of resulting spectrawithmass spectra libraries (Wiley
275 and NIST MS Search 2.0), co-injection with authentic standards
and analysis of fragmentation patterns. The quantitative analysis was
performed by both single ion monitoring (SIM) and total ion chro-
matogram (TIC) methods, in two separate GC runs. Anhydrosugars
(levoglucosan, mannosan and galactosan) were analysed by high
performance anion-exchange chromatography (HPAEC) with



Fig. 1. HYSPLIT model backward trajectories arriving at Praia city area, Santiago Island.

Fig. 2. Variation of aerosol mass and percentage of total carbon in PM10.
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electrospray ionisationemass spectrometry (ESIeMS) detection. The
detailed description of the extraction and analytical procedures can
be found elsewhere (Saarnio et al., 2010).

Quantitative data for the identified compounds in the field filter
blanks were obtained in the same way as for samples, and blank
levels were subtracted from the samples in order to obtain blank-
corrected results.

3. Results and discussion

3.1. Climatic conditions and backward trajectory analysis

The Cape Verde archipelago is located in the sub-Sahelian region
with an arid or semi-arid climate. The temperature is moderated by
the ocean action and the trade winds. The temperature, relative
humidity and precipitation mean values obtained during the
sampling campaign were 24.4 �C, 73.5% and 151 mm, respectively.
August (51 mm) and October (82 mm) were the rainiest months. In
the dry season, from December to March, the area is subject to
northeasterly trade winds, locally called “Harmattan” carrying the
Sahara mineral dust to long distances.

The Sahara dust influence can be observed in the backward
trajectories calculated using the HYSPLIT transport and dispersion
model and READY (Draxler and Rolph, 2013). Fig. 1 shows two
different frequent situations. Samples collected between the end of
November and the beginning of March were related to air mass
outflow from or linked to the African continent, especially through
the Saharan and Sahel corridor (Fig. 1b). On the other months,
samples were more dominated by Atlantic air conditions, some-
times with regional recirculation (Fig. 1a).

3.2. Aerosol mass and carbonaceous content

The PM10 measured concentrations varied between 20.5 and
370 mg/m3. Higher values (CV2 e 370 mg/m3; CV18 e 261 mg/m3)
correspond to periods of the year with the greatest dust outflow
from the Sahara region (Fig. 2). In the remaining months, the
average concentration was 42.2 mg/m3. This value can be consid-
ered as the local background. In the Eastern Atlantic off West Africa
dust concentrations from 2.0 mg/m3 to 60.0 mg/m3 have been
described, though in some events airborne dust levels may reach as
high as 13,735 mg/m3 (Goudie and Middleton, 2006 and references
therein). In Canary Islands, daily PM10 concentrations during
Saharan dust events can reach up to 1000 mg/m3, which contrasts
with a regional background value of only 19 mg/m3 (Querol et al.,
2004). A more recent study made in Canary Islands determined
one of the highest peaks of African dust of recent times, 5586 mg/m3

in 2002 (Gelado-Caballero et al., 2012). In the Azorean archipelago
PM2.5 concentrations ranging from 5 to 86 mg/m3, with an average
concentration of 21.4 mg/m3, have been described (Alves et al.,
2007). The PM10 average concentration measured during the
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sampling period was 97.1 mg/m3. This means that the concentration
of particulate matter throughout the year is most often higher than
the different limits set by different environmental and health or-
ganisations: 20 mg/m3 established by World Health Organization
(2000), 40 mg/m3 defined by the European Directive (2008/50/EU)
and 50 mg/m3 determined by U.S. Environmental Protection Agency
(2008).

The carbonaceous content of PM10 was very low. The OC and EC
represented, on average, 1.76% and 0.41% of the aerosol mass,
respectively, suggesting that most of it is of mineral origin. The OC
content varied between 0.50 and 3.0 mg/m3, with an average of
1.29 mg/m3. The OC concentration was higher during the dust epi-
sodes (CV2 and CV5; CV17 to CV21) (Fig. 2). The EC content pre-
sented values between almost undetectable and 0.74 mg/m3,
averaging 0.17 mg/m3. The OC and EC levels are comparable to those
obtained by Querol et al. (2013) in Izaña, in the Canary Islands. In
this remote site, the OC and EC annual average concentrations
ranged from 1.1 to 1.6 mg/m3 and from 0.07 to 0.13 mg/m3, respec-
tively. On the other hand, the carbonaceous content is higher than
those registered by Alves et al. (2007) in Terceira Island, North-
Eastern Atlantic. The OC and EC average concentrations observed in
the Azorean Island were 0.33 � 0.26 mg/m3 and 0.043 � 0.029 mg/
m3, respectively. In general, the total carbon (TC ¼ OC þ EC) rep-
resented 1e3% of the PM10 mass, excepting in August 2011, when
the percentage reached 6%. This unusual value coincides with the
EC content increase (0.745 mg/m3), which may be related to local
traffic emissions (Fig. 2).

3.3. Particulate matter organic speciation

OC encompasses a large variety of organic compounds, which
can be grouped into general compound classes, such as n-alkanes,
n-alkanols, fatty acids, sugars, etc. A description of the organic
compounds found in this study is presented in the following
paragraphs.

Aliphatic compounds comprised the n-alkane homologous se-
ries from C17 to C36, with a clear preference for molecules with an
odd number of carbon atoms and maximising for the homologues
�C23. The higher molecular weights with an odd carbon number
represent typical n-alkanes attributable to natural plant waxes
(Abas and Simoneit, 1996, 1997; Alves, 2008). The n-alkane ho-
mologues with the highest concentrations (Cmax) were C29 and C27.
The ratio between these two homologues remained approximately
constant over the observation period (Table 1), suggesting a con-
stancy in the typology of wax n-alkane emissions throughout the
year. The n-alkane total concentrations varied from 3.77 to 53.2 ng/
m3, with an average of 12.7 ng/m3. The carbon preference index
(CPI) for the whole range of n-alkanes oscillated from 0.93 to 2.07
(Fig. 3). CPI values close to unity denote the input of n-alkanes from
anthropogenic activities, for example, derived from petroleum
Table 1
Ratios calculated with same homologous compound series.

Ratios Range Average

Without Sahara/Sahel
dust influxes

n-alkanes C29/(C29 þ C27) 0.454e0.685 0.559
n-alkanols > C20/�C20 0.120e0.464 0.325
n-alkanols � C20/n-alkanes � C25 0.010e1.13 0.474
n-carboxylic acids > C22/�C20 0.041e0.200 0.128
C18:0/C18:1 0.093e0.395 0.243
C18:0/C18:2 0.615e0.918 0.724

With Sahara/Sahel
dust influxes

n-alkanols > C20/�C20 0.794e1.33 1.03
n-alkanols � C20/n-alkanes � C25 1.08e1.40 1.27
n-carboxylic acids > C22/�C20 0.264e0.508 0.333
C18:0/C18:1 0.302e0.522 0.445
C18:0/C18:2 0.953e2.24 1.48
products or from the incomplete combustion of fossil fuels. On the
other hand, values greater than 3 indicate that the n-alkanes are
predominantly from biological materials. An average CPI value of
1.29 clearly reveals that the anthropogenic inputs superimposed
the biogenic contributions. The highest CPI value (2.07) was ob-
tained for the CV4 sample set, when the wax contributions were at
their maximum and the bacterial/algal inputs were the lowest. The
n-alkane content was higher than those registered by Alves et al.
(2007) in Azores, who presented values from 0.30 to 6.18 ng/m3,
with an average of 1.11 ng/m3, but smaller than the average con-
centrations determined by Ladji et al. (2010) in Algerian Sahara
desert dusts (66 � 32 ng/m3). With respect to n-alkanes, it was not
observed any well-marked seasonality. Two batches of samples are
noteworthy for having concentrations substantially higher than the
others (CV2 and CV14). These peaks are likely of local anthropo-
genic origin, since they correspond to the minimum values of the
global CPI.

From the analysis of n-alkanes in samples collected in a cruise,
Schefuß et al. (2003) asserted that the distribution of the CPI values
along the African coast indicates a potential explanation for their
variations. Lowest CPI values were found off the arid regions, the
Sahara and Sahel, and off the coast of Gabon, areas that are sparsely
vegetated. Highest CPI values were found off the tropical rainforest
regions. According to the authors, this suggests that the n-alkane
distributions are sensitive to the contribution of fossil fuel- or
marine-derived compounds when the fluxes of the plant waxes are
low due to a low vegetation density in the source regions.

The n-alkanol series ranged mainly from C12 to C30, maximising
at C19 and C17. The distributions are characterised by an odd carbon
number predominance. The global CPI for n-alkanols ranged from
1.37 to 6.14 (average ¼ 3.46), presenting a distribution that seems
directly related to the Saharan dust influxes. In fact, the lowest n-
alkanol concentrations and the highest CPI values (whole range)
were registered in the sets of filters collected during Saharan dust
influxes (CV18 to CV21). In the remaining composite samples,
collected in periods without dust influxes (except CV2 and CV5),
the CPI values were low, ranging from 0.115 to 0.722, with an
average of 0.379 (Fig. 4). This distribution showed a significant
biogenic contribution whether from microbial origin or from
epicuticular plants during African dust outbreaks. Griffin et al.
(2003) and Kellogg et al. (2004) have identified up to 120 bacte-
ria types in African dust, some of which are of direct concern to
human health. The total concentrations of n-alkanols varied from
1.63 to 138 ng/m3, with an average of 18.2 ng/m3. Once again, the
concentrations obtained in this study are higher than those
observed in Terceira Island (0.75e18.6 ng/m3) (Alves et al., 2007).
The ratios of n-alkanols >C20 to those �C20 and to n-alkanes �C25
are given in Table 1. The homologs <C20 are not found in fresh
vascular plant waxes and may have a microbial origin. The homo-
logs >C20 may derive from epicuticular vegetation (Abas and
Simoneit, 1996, 1997). During the Saharan dust episodes, an in-
crease in the relative proportions of n-alkanols associated with
epicuticular plant waxes was observed.

Fatty acids constitute another group of solvent-extractable
compounds present in the Cape Verde aerosol samples. The dis-
tribution of n-fatty acids (C9eC29) is characterised by an odd carbon
number predominance, carbon maximum at C17 and carbon mini-
mum at C10. The CPI (whole range) showed a constant distribution
with values always below 1. The total concentrations of n-fatty
acids varied from 0.011 to 4.51 ng/m3, with an average of 0.784
(Fig. 5). As regards to saturated acids, the concentrations obtained
in this study are lower than those observed in Terceira Island
(0.42e86.56 ng/m3) (Alves et al., 2007) and in Algerian Sahara
desert dusts (80 � 39 ng/m3) (Ladji et al., 2010). This group of
compounds showed the dominance of n-carboxylic acids <C20,



Fig. 3. Temporal variation of concentration of n-alkanes and CPI indexes.
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with ratios>C22/<C22 under 1 (Table 1). The homologues<C20 may
represent a microbial component (Alves, 2008) or, taking into ac-
count the oceanic characteristics of the sampling site, are more
probably derived from marine phytoplankton (Kawamura et al.,
2003).

In addition to n-alkanoic acids, n-alkenoic acids, such as pal-
mitoleic (C16:1), oleic (C18:1) and linoleic (C18:2) acids, were also
detected in the aerosol samples. These unsaturated fatty acids are
common in phytoplankton and bacteria (Rogge et al., 1993;
Simoneit et al., 2004). Due to their nature, these compounds are
Fig. 4. Temporal variation of concentra
rather unstable in the atmosphere and are often used as an indi-
cation of the age of aerosols. Their presence in the aerosol suggests
recent biogenesis (Abas and Simoneit, 1996). The ratio between the
concentration of the saturated C18 alkanoic acid (C18:0) and the
unsaturated C18 alkenoic acid (C18:1) is frequently used, since the
unsaturated acid breaks down much faster by atmospheric oxida-
tion than the saturated analogue. The ratio C18:0/C18:1 obtained in
this study (Table 1) ranged from 0.302 to 0.522, with an average of
0.445, during dust influxes from Sahara. In the remaining sampling
periods, values were lower. The C18:0/C18:2 ranged from 0.953 to
tion of n-alkanols and CPI indexes.



Fig. 5. Temporal variation of concentration of n-alkanoic acids and CPI indexes.
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2.24, with an average of 1.48 during Sahara dust influxes, showing
the same trend of the previous ratio for the remaining periods. The
lower content obtained during the periods of long-range transport
from Africa indicated a more aged and processed aerosol, in which
the unsaturated compounds have suffered oxidative or breakdown
reactions.
Fig. 6. Temporal variation of concentration of monosaccharide anhydrides and Lev-
The n-alkanedioic acids are also present in these samples. The
series ranged from C8 to C15, maximising at C11. The total concen-
tration varied from 0.0278 to 0.951 ng/m3, with an average of
0.369 ng/m3. These compounds may have different origins. They
could be oxidation products from polypeptides, nucleic acid or
C/OC (%) ratio. The conversion factor for levoglucosan-C ¼ levoglucosan*0.444.
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other lipid components or incomplete combustion products (Alves,
2008).

The monosaccharide anhydrides (MAs) (levoglucosan, man-
nosan and galactosan) are organic compounds widely used as
biomass burning markers (Simoneit et al., 1999). They were
detected in all samples at concentrations ranging from 2.06 to
12.7 ng/m3, with an average of 6.86 ng/m3 (Fig. 6). Levoglucosan
represented, on average, 81% of the total concentrations of the 3
isomers. The levoglucosan concentration varied from 2.06 to
10.0 ng/m3, averaging of 5.47 ng/m3. Concentrations from around
0.2 to 1.3 ng/m3 and from 0.3 to 19.2 ng/m3 have been observed in
North Pacific marine/remote areas (Kesselmeier et al., 2009) and in
Azores, Portugal (Puxbaum et al., 2007). In general, the
levoglucosan-C (Lev-C ¼ levoglucosan*0.444) represented only
0.1e0.3% of the OCmass, excepting inMarch (CV6) and June (CV10),
when the percentage reached 0.5%. These higher values may be
related to biomass burning periods with greater local influence
(Fig. 6). According to Puxbaum et al. (2007), the contribution of Lev-
C to OC for Azores Islands varied between 0.04% and 3.71% with an
average of 0.89%. The levoglucosan-to-mannosan (L/M) ratio has
been used to distinguish different biomass burning sources
(Schmidl et al., 2008). In this study, the L/M ratio was in the range of
4.27e14.2, averaging 7.56. These values indicate that the burned
species belong to the softwood group, which is in agreement with
the typical savanna species observed in the Santiago Island.

4. Conclusion

In this study, a long-term organic characterisation of the aerosol
off the coast of northwest Africa was performed for the first time.
The organic compounds found in particulate matter could be
conducive to source apportionment studies and will contribute to
the improvement of emission inventories in the Saharan/sub-
Saharan region, overcoming the existing lack of information.

An increase in PM10 concentration was observed between the
end of November and the beginning of March. This event was
related to air mass outflow from or linked to the African continent,
especially through the Saharan and Sahel corridor. The particulate
matter concentration throughout the year was frequently higher
than the limits set by different environmental and health organi-
sations. This raises concerns about the people’s health who are
constantly exposed to these air conditions.

The PM10 carbonaceous content was very low. Due to local char-
acteristics, most of the aerosol mass had mineral origin. As observed
for PM10, the OC concentration was higher during the dust influxes
from the African continent. Taking into account the predominant
wind direction, the abnormally high value of TC observed in August
could be justified with the increase of EC emissions from local traffic.

The organic compounds found in the particulate material can
contribute to a better source apportionment. With respect to n-
alkanes, it was not observed any well-marked seasonality. In gen-
eral, n-alkanes are likely of local anthropogenic origin, as suggested
by the low values of CPI. The n-alkanol distributions showed a
significant biogenic contribution whether from microbial origin or
from epicuticular plants during African dust outbreaks. The n-
alkanoic acids were probably derived from marine phytoplankton.
The low content of n-alkenoic acids during dust influxes periods
was indicative of aging and processing of the aerosol during long-
distance transport. The presence of levoglucosan and its isomers
denotes some local influence from biomass burning.
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