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Abstract 

This work is a study of elemental composition of particulate matter (PM-10, with 

aerodynamic diameter lower or equalizes to 10 µm, collected in Meknes city in 

Morocco. The campaigns of measure carried out on a traffic site from March 2007 to 

April 2008. The chemical concentrations of 9 elements (Ca, Cr, Cu, Fe, K, Mn, Ni, Pb 

and Zn) were determined by Total reflection X-Ray Fluorescence (TXRF), Al was 

determined by the Atomic Absorption Spectrometry (AAS), whereas the Pb isotopic 

compositions were determined by Thermo Ionisation Mass Spectrometry (TIMS). 

The obtained results show quite significant seasonal variation of the chemical 

composition for fine and coarse fractions. It should be noted that Pb and Ni 

concentrations exceeded the air quality standards. The calculation of the Enrichment 

Factor (EE) revealed that Cr and Pb were attributed mainly to anthropogenic sources. 

The use of the isotopic extraction of lead confirms the anthropic origin of Pb. 
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1. Introduction 

The atmosphere is the gaseous envelope surrounding the solid Earth. It consists of a gaseous fluid called air. This one 

is essential for life because it participates in the process of respiration and photosynthesis of plants. The atmosphere is 

a very complex environment and strongly influenced by pollution from human activities. Air pollution, especially 

particulate, is one of the problematic of interest that requires regular monitoring. Atmospheric particulate matters are 

complex mixtures of substances suspended in the air. Their properties are defined according to their aerodynamic 

diameter. These particles may carry both essential elements to the life cycles and harmful contaminants (heavy metals, 

sulfur dioxide, etc.) [1]. So, this work aims to establish a Chemical characterization and origin of suspended 

atmospheric particles in Meknes city in Morocco. 

 

2. Materials and methods 

2.1. Sites and sampling campaigns 

From March to October 2007, the sampling of atmospheric particulate matter with diameter less than or equal to 10 

µm (PM-10) was carried out in the FAR Avenue (33,897439N, -5,536886W) (maps.google.fr) in the center of Meknes 

city (Hamriya), near a taxi station and not far from railway traffic. And, because of logistic reasons, the site was 

changed to an other similar site, in the Allal Ben Abdallah avenue (33,898881N, -5,546896W) (maps.google.fr) also in 

the center of Meknes city, from November 2007 to April 2008. This site is characterized also by dense road traffic and 

not far from railway traffic. The Figure 1 shows localization of sampling site in Meknes city. The samples of PM10 

were carried out for a period of 24 hours once every six days to cover every day of the week 

 

 

 

Figure 1. Map of location of sampling sites in the city of Meknes. 

 

2.2. Sampling and analysis 

The sampling was carried out using Gent sampler composed from two filters of polycarbonate placed in series allows 

to obtain a fine fraction with aerodynamic diameter lower or equalizes to 2.5 µm and coarse fraction with aerodynamic 

diameter between 2.5 µm and 10 µm [2-7]. In parallel, the samples were collected by Partisol 2000 (Thermo) 

equipped with PM-10 head. The used filters were in Teflon. The Gent filters have been attacked by 10 ml of nitric acid 

(HNO3) accelerated by heating in the microwave oven ((Mars 5 CEM). The final solution was mixed with a standard 

solution of Se, before being analyzed by Total reflection X-Ray Fluorescence (TXRF) installed in National Center for 

Energy, Sciences and Nuclear Techniques (CNESTEN). The determined chemical elements are Ca, Cr, Cu, Fe, K, Mn, 

Ni, Pb, and Zn. The analysis of Al was performed by Atomic Absorption Spectrometry (AAS) type SpectrAA 220 

Varian also installed in CNESTEN. Elemental concentrations are expressed in (ng / Nm
3
) to normal conditions of 

temperature and pressure. While two Partisol filters sampled in 2008 were used for the determination of lead isotope 

ratios. The analysis technique used is the Thermo-Ionization Mass spectrometry (TIMS). This is the spectrometer 
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Finnigan MAT 262 with solid source installed in European Centre for Research and Teaching of Environmental 

Sciences (CEREGE). The lead extraction procedure is well explained in Hamelin B. work (1990) [8].  

 

2.3. Data processing tools: Enrichment Factor (EF) 

The enrichment factor (EF) is a very interesting tool for comparing the contribution of anthropogenic sources in the 

natural mineral contribution. The EF is calculated as follows [9, 10] : 

,

Y
X

Y
X

=EF(Y)X

ref

ref

m

m                       (Eq. 1) 

where, X is the concentration of element which we want to determine the enrichment (from non-crustal sources), Y is 

the concentration of the reference crustal element (aluminum Al), m: measured in the sample, ref: reference in the area 

of continental crust. Other studies suggest, as reference element, Fe, Ti, Sc, Rb, Ba, Zr in addition to the Al [10-16]. 

However, Al is supposed to be purely crustal origin [17]. It is commonly accepted that EF<10 of element means that it 

has a crustal origin. The FE>>10 suggests that the contribution of this element is came from another source (human 

activity, volcanoes, marine and biological), and finally the FE>>500 demonstrate a strong contribution of human 

activities [10, 16, 18]. 

 

3. Results and Discussion 

3.1. Chemical compositions  

The contents of 9 chemical components (Al, Ca, Cr, Cu, Fe, K, Mn, Ni, Pb, Zn) measured by TXRF for fine and 

coarse fractions, as well as Al determined by AAS are expressed in ng/Nm
3
 (at standard conditions for temperature 

and pressure).  

 

Figure 2. Monthly content of chemical compositions of fine and coarse fractions. 

 

We present in Figure 2 monthly elementary developments contents for fine and coarse fractions. From this figure, the 

seasonal variation is not significant either for the fine fractions or coarse fractions. Furthermore, Al has the highest 
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concentrations (11 645 ng / Nm
3
) with abundance in the fine fractions, followed by Ca with average concentration of 

6201 ng / Nm
3
 and Fe with an average concentration of 1750 ng / Nm

3
, whereas, the Ni has the lowest levels (below 

100 ng /Nm
3
). The high measured levels reflect, in addition to terrigenous origin, presence of anthropogenic pollution, 

including the remobilization of road dust, the state fleet and fuel quality [19-22].  Against quality standards, 

particularly for regulated metals (Pb and Ni), the limit value of the European Directive and the WHO guideline value 

set at 500 ng/m
3
/year [23-28] are respected for Pb where the average concentration was 310 ng / Nm

3
/year. Similarly, 

Moroccan standard (2000 ng/m
3
/year) [29] is also respected. However, the quality target of 250 ng/m

3
/year [23-26] is 

clearly exceeded. The average concentration of Ni (20.5 ng/Nm
3
/year) is very close to the target value of the European 

Directive (20 ng/m
3
/year) [24, 25, 26]. For other chemical components no standard exists currently. 

 

3.2. Enrichment factors (EF) 

The enrichment factors were calculated using Al as reference. In the lack of data on the soil of the Meknes region, we 

considered the average composition of the continental crust of the working Squalli Houssaini A.S. (2007) [30]. Thus, 

we present the seasonal variation of enrichment factors (EF) for chemical components (Ca, Cr, Cu, K, Fe, Mn, Ni, Pb, 

Zn) respectively determined in the case of continental crust [30] and in our study for fine and coarse fractions (Figure 

3). 

. 

  

Figure 3.  Seasonal variations of EF of fine and coarse fractions. 

 

The enrichment factors for the elements (Ca, K, Fe, Mn, Ni) are very close to unity, indicating that the contents of 

these elements are similar to those in the reference site. So these elements can be natural. For other elements (Cr, Cu, 

Pb, Zn), high values of enrichment factors can be explained by the influence of anthropogenic sources or by a different 

chemical composition between urban and rural soil (reference) [30].  In addition, the enrichment in coarse fractions is 

more important than in fine fractions. Maximums Enrichment Factors observed in June 2007 and March 2008 in the 

case of coarse fractions are due to the low values of Al which are respectively of the order of 427 and 164 ng/Nm
3
. 
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To confirm obtained interpretations, we presented in Figures 4 and 5 the correlation diagram of enrichment factor for 

these chemical components (Cr, Cu, Pb, Zn) with Al concentrations for fine and coarse fractions. We note that the 

following elements (Cu and Zn) showed no correlation with Al, so we can conclude that these elements come from 

natural sources. Thus, the enrichment observed for Cu and Zn is not attributed to contamination of the soil, but 

perhaps due to a change of the nature of the soil. The other elements (Cr and Pb) correlated well with the Al indicating 

the influence of anthropogenic sources. 

 

 

 Figure 4. Correlation diagrams of enrichment factor based on the contents of Al in the finer fractions 

Figure 5. Correlation diagrams of enrichment factor based on the contents of Al in the coarse fractions. 
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3.3. Isotope ratios of lead  

One of the advantages of lead for the study of the anthropogenic pollutants spread is the variety of its isotopic 

composition. The lead present in nature four stable isotopes of atomic weights (204, 206, 207 and 208) [31]. The ratios 

of these isotopes are tracers of anthropogenic activity and sources of minerals [10]. The low abundance of the isotope 

204 non-radiogenic does not allow precise measurements [10]. The knowledge of the isotopic composition of lead in a 

contaminated site, the composition of natural contribution in this site and the probable sources of anthropogenic 

contamination, allow determining the origin of the pollution [32]. Thus, and according to the results obtained 

concerning the anthropogenic lead and view its toxicity [33, 34], we calculated isotopic composition to better 

determine its origin and thus identify mixtures of sources from which it originated. The lead isotope ratios for PM10 

collected on Partisol filters in 2008 are compared with fuels, urban aerosols and sediments characterize the 

geochemical background, Figure 6. Lead isotope ratios measured in the city of Meknes, has a signature belonging to 

the urban center. This is due to the presence of road traffic and the re-suspension of soil samples at the sampling sites 

in Meknes city. This result confirms the anthropogenic obtained when calculating the Enrichment Factor (EF) and 

determining the correlation diagram between Al and EF(Pb). Similarly, we note that the isotopic signatures of lead in 

our samples, collected at the road traffic, are in agreement with the results obtained in urban sites in several cities in 

China, Paris in France and Morocco. 

 

Figure 6. Isotope ratios 
208

Pb/
206

Pb, 
206

Pb/
207

Pb of various area of atmospheric lead emissions: sediments, fuels and 

urban aerosols. 

  

4. Conclusion 

This work aims to develop a better understanding of the air quality in the city of Meknes. Chemical characterization of 

the particulate matter was conducted between 2007 and 2008 in urban areas where traffic is dense. The majority of 

chemical compositions obtained shows the same distribution for fine and coarse fractions and generally do not show a 

great seasonal variability, with high levels compared to European and Moroccan standards; especially for Pb and Ni. 

Calculating the Enrichment Factor allows identification of natural sources of pollution for Ca, Cu, Fe, K, Mn, Ni and 

Zn and source of anthropogenic pollution for Cr and Pb. A confirmation of results obtained in the lead case was 

provided by the study of isotopic signature. 
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