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ABSTRACT: The spatial distribution, source identification and contamination assessment of trace metal contents in the 

agricultural soils around Sidi Ahmed Pb-Zn abandoned mine, Northern Tunisia, were investigated using statistical methods, 

pollution indicators and geographic information system (GIS) mapping techniques. A total of 7 soil tailing samples, 54 

agricultural topsoil samples and 9 background topsoil samples were collected. The concentrations of As, Cd, Cr, Cu, Hg, Ni, 

Pb, V, Zn and Zr were then analyzed. The tailings samples are extremely rich in trace metals. The maximum concentrations in 

the tailings were 635.4, 618.2, 156.3, 713.8, 59989 and 91691 mg.kg
-1

 for As, Cd, Cu, Hg, Pb and Zn, respectively.  

Statistical methods (descriptive statistics, Pearson’s correlation coefficient analysis, principal component analysis, and cluster 

analysis) indicate that As, Cd, Cu, Pb, and Zn concentrations in agricultural soils around mining site are indicators of 

anthropogenic pollution, whereas Cr, Ni and V contents are mainly controlled by natural source in the environment.  

Multivariate geostatistical analyses demonstrate that the hot-spot areas of metal contamination appeared closely to the 

tailings, indicating that the toxic elements could be dispersed, both downstream and downslope from the tailings, possibly 

due to surface run-off and strong winds. Spatial distribution of the potential ecological risk index (RI) shows that only 8.4 

hectares around mining area have considerable potential ecological risk. 

KEYWORDS: Trace metal, Agricultural soils, spatial distribution, Contamination assessment, Statistical methods, GIS mapping 

technique. 

1 INTRODUCTION 

Pollution of agricultural soils with trace metals due to mining activities is of great concern in northern Tunisia [1], [2]. 

Extraction of metals from sulfide minerals generated significant amount of waste tailings with elevated concentrations of 

potentially toxic metals (e.g ., Cu, Zn, Cd, and Pb) [3], [4], [5]. Most of the mining wastes were deposited in inadequate 

facilities or were simply released in the nearest water course. Trace elements contained in the residues from mining and 

metallurgical operations are often dispersed, included in particulate material or in aqueous solution by wind and/or water 

after their disposal [6], [7]. In semi-arid environments, such as found in northern Tunisia, the spreading of metal 

contamination from mining waste is often enhanced by trace winds and intense rainfall during the short rainy season [8], [9], 

[10], [11]. As a result large pollution of surface water, sediments and agricultural soils has taken place. 

Trace metal contamination of agricultural soils surrounding the mining areas is a serious environmental problem because 

they have the potential to be accumulated in less soluble forms, transferred into soil solution and subsequently deteriorate 

the groundwater and crop quality. The food crops constitute an important source of human oral exposure to metals ([12], 

[13]. According to Wong [14], the monitoring of metal levels in agricultural soils is of great importance for protecting its 

quality and ensuring future sustainability. 

The pollution indicators (Enrichment factor (EF) and geo-accumulation index (Igeo)) and the potential ecological risk index 

(RI) have been increasingly used to define the pollution degree of the metals and their potential ecological risk, respectively 
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[15], [16], [17]. Statistical methods (descriptive statistics, Pearson’s correlation coefficient analysis, principal component 

analysis, and cluster analysis) and Geographic Information System (GIS) techniques have been increasingly used to identify 

contamination sources and delineate the areas at hazard of contamination [18], [19], [20], [21], [22]. In this context, the main 

objectives of present study were (1) to determine the concentration and distribution of trace metals in agricultural soils 

around the Sidi Amed Pb/Zn closed mine; (2) to identify the possible sources of trace metals; and (3) to assess the trace 

metal contamination in soils. 

2 MATERIALS AND METHODS 

2.1 STUDY AREA  

Sidi Ahmed Pb/Zn mine belongs to the Nefza mining district sited in northern Tunisia. It has a humid Mediterranean 

climate with an annual average precipitation of 716 mm, occurring mostly during winter and autumn as trace storms. The 

annual average temperature is 19.9 °C, while the average minimum and maximum temperatures are 4.7 °C in February and 

36.7 °C in August, respectively. The prevailing winds are from West to North West with a speed of 31 m/s. 

The main flow direction of drainage systems guided by the topographic slope of the mine area is from southeast to 

northwest.  

Sited in northern Tunisia, the study area belongs to the Nappe Zon, characterized by allochthonous thrust sheets 

composed by Numidian clays and sandstones, resulting from a major Neogene tectonic event [23]. Nappe pile in the study 

area is formed by the Kasseb and Ed Diss thrust sheets (Upper Cretaceous to Eocene) which consist of alternating marls and 

limestones (Fig. 1). As the entire of northern Tunisia, the soil in the vicinity of Sidi Ahmed mine is generally calcimagnesic and 

the dominant agricultural crops are cereals. 

The Sidi Ahmed Pb–Zn mine complex consists of several mines exploited in veins [24]. The latest resulted from NNE-SSW, 

NW-SE and E-W faults, and locally from fillings of stratification joints. The original ore deposit mainly consists of galena, 

sphalerite, cerussite and smithsonite hosted in hard carbonate of lower Maastrichtian formations. Pyrite occurs as accessory 

mineral. The ore valorization process used, include crushing, grounding operations and flotation procedure using organic 

matter. The Sidi Ahmed mine was extensively exploited from 1890 until 1951 and produced over 26 200 t of Zn and 10 000 t 

of Pb. However, upon closure of this mine, tailings with elevated levels of toxic elements including Pb, Zn, Cd, As, Cu and Hg, 

were dumped along local oued without any refinement. These toxic elements have a potential to contaminate soils, 

sediments and water by clastic movement through wind and water. 
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Fig. 1. Geological map (from Rouvier 1987) of Sidi Amed mining district with the position of agricultural topsoil and control 

samples 

2.2 SAMPLING AND CHEMICAL ANALYSES 

The geochemical survey was conduct in 2013 by the National Office of Mines (Tunisia). In the study area three types of 

samples were collected with taking into consideration the accentuated relief and the position of potential pollution sources. 

7 mine waste samples were taken from mine tailings that is assumed as source of pollution, 54 agricultural topsoil samples 

were collected nearby the mine waste and 9 control topsoil samples were taken from the opposite site of the mine location 

which were assumed to represent the background concentration of investigated elements (Fig. 1). Samples from the surface 

soil were taken at depths of 0-20 cm. For each sampling site, three sub-samples were collected and mixed to form one 

composite sample using a stainless steel shovel. Geographic coordinates of the sampling points were determined using a 

global positioning system. 

To determine trace metals concentrations, the soil and tailings samples were air-dried, sieved to <2 mm and crushed 

manually in an agate. Then the solid samples were digested in a triacid (HClO4, HF and HNO3) solution to determine the 

concentrations of Cd, Cr, Cu, Ni, Pb, V, Zn and Zr. The As and Hg contents were determined after digestion in Teflon beakers 

with a mixture of nitric acid (HNO3) and hydrochloric acid (HCl) using hot plane. Total concentrations of As, Cd, Cr, Cu, Hg, Ni, 

Pb, V, Zn and Zr in the digested solution were measured by Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-

AES: Ultima C of HORIBA-JOBIN YVON) at the Office National des Mines in Tunis. The limits of detection for examined metals 

were: 0.5 mg.kg
−1

 (As); 0.05 mg kg
−1

 (Cd); 0.5 mg kg
−1

 (Cr); 0.1 mg kg
−1

 (Cu); 0.5 mg kg
−1

 (Hg); 0.5 mg kg
−1

 (Ni); 0.5 mg kg
−1

 

(Pb); 0.5 mg kg
−1

 (Zn) and 0.5 mg kg
−1

 (Zr). All analyses were taken in duplicate and mean values were adopted. 

2.3 STATISTICAL ANALYSIS 

Descriptive statistical parameters, involving minimum, maximum, mean, standard deviation, coefficient of variation, 

Skewness and Kurtosis, were implemented to characterize the distribution of trace metal contents in soil. Box-and-whisker 

plots were also generated for displaying the data distribution. For the box-plots, the length of the box indicates the 

interquartile range whereas the horizontal line within each box represents the median value. 
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 Since principal multivariate statistical analyses are sensitive to outliers and non-normality of geochemical data sets [25], 

log-transformation and Box-Cox transformation [26] were performed. The Kolmogorove–Smirnov (K–S) test was used for 

checking data normality. 

The multivariate statistical techniques through Pearson’s correlation analysis, principal component analysis (PCA) and 

cluster analysis (CA) were applied to identify the possible sources of trace metals in the surface soils. Correlation coefficients 

significant at the 0.01 level are chosen for the Pearson’s correlation analysis. The PCA and CA were implemented to further 

identify metals having similar distribution patterns. The PCA was performed with varimax rotation, in order to facilitate the 

interpretation of results. The CA was performed using Ward method [27] with squared Euclidean distances. The results are 

reported in the form of dendrogram providing a visual summary of the clustering processes. All the statistical analyses were 

realized using SPSS software version 20.0. 

2.4 CONTAMINATION ASSESSMENT METHODS 

Enrichment factor (EF), geo-accumulation index (Igeo) and potential ecological risk index (RI) were implemented to assess 

trace metal contamination in soil located near and surrounding the Sidi Ahmed mine.  These soil contamination indicators are 

calculated with respect to local background. In this paper, background values were estimated from the mean concentrations 

of the trace metals in soil samples taken far from the mining wastes in area that has a similar lithology, soil horizons and 

vegetation. 

Enrichment factors (EF) of trace metals were used to distinguish the anthropogenic and natural metal sources occurring 

and to determine the pollution degree [28], [29]. 

The EF of individual trace metal in the soil was calculated by equation given below: 

 

where C� and C� are the concentrations of the target metal and the reference metal, respectively; B�and B� are the 

background concentrations of the target metal and the reference metal. In this paper, background values were estimated 

from the mean concentrations of the trace metals in unaffected soils of the studied area. 

We select Zirconium (Zr) as a reference element, because it’s relative stability on the earth and its high chemical stability 

during the weathering process. Generally, most of Zr minerals accumulate in placer deposits, small quantity takes part in 

sedimentation circulation and it absorbed by clay minerals [30]. The mean of metal concentration in the control soils were 

used as the geochemical background concentration of the metals. The degree of pollution deduced from the enrichment 

factor values was defined by Sutherland [31] (Table 1). 

Geo-accumulation index (Igeo) firstly introduced by Müller [16] is equally used to evaluate the level of trace metal 

contamination in each sample by comparing current and pre-industrial concentrations. Geo-accumulation index is expressed 

by the following formula: 

 

Were C� is the content of metals in examined sediment sample, B� is the background content of the metal and k is the 

background matrix correction factor. Loska [32] proposed a factor of 1.5 for the correction of lithospheric effects and small 

anthropogenic influences.  

Table 1 shows the seven classes of contamination level related to the geo-accumulation index, as described by Müller 

[16]. 

The potential ecological risk index (RI), presented by Hakanson [17], is used to assess the degree of HMs pollution in soil 

according to the toxicity of the trace metals and the response of the environment. The RI was calculated as the sum of risk 

factors of the trace metals, it expressed by the following equation: 

 

Where, E� is the single risk factor for trace metal i and is defined as: 
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Where, Ti is the toxic-response factor for trace metal i as calculated by Hakanson [17] and Xu et al. (2008), i.e., Hg = 40, Cd 

= 30, As = 10, Pb = Cu = Ni = Co = 5, Cr =V= 2, Zn = 1; C�		is the measured concentration of the metal i and B� is the background 

value of the metal in soils. Hakanson [17] defined four levels of ecologic risk index RI, as shown in Table 1. 

Table 1. Degree of contamination by metals according to soil indices. EF-enrichment factor (Sutherland (2000); Igeo-geoaccumulation 

index (Müller, 1969);  RI-potential ecological risk index (Hakanson, 1980). 

Index Value Degree of contamination 

EF > 40 extremely high enrichment 

 
20-40 very high enrichment 

 
5-20 significant enrichment 

 
2-5 moderate enrichment 

 
< 2 depletion to minimal enrichment 

Igeo > 5 extremely contaminated 

 
4-5 strongly to extremely contaminated 

 
3-4 strongly contaminated 

 
2-3 moderately to strongly contaminated 

 
1-2 moderately contaminated 

 
0-1 uncontaminated to moderately contaminated 

 
< 0 Uncontaminated 

RI >600 very high ecological risk 

 
300-600 considerable ecological risk 

 
150-300 moderate ecological risk 

 
< 150 low ecological risk 

2.5 GEOCHEMICAL MAPPING  

The first step in the spatial analysis was the creation of the digital geological map of the studied area by digitalizing the 

1/50000 Nefza geological map [33]. The obtained map was then overlaid with other thematic maps such as stream networks 

and mine waste maps. The coordinate locations of sampling soil samples, the trace metal contents and the contamination 

indices values were also intergraded in geo reference information system (GIS) database.  

The GIS mapping technique was employed to produce the spatial distribution maps of elemental concentrations and 

environmental indices (EF, Igeo and RI). The inverse distance weighting (IDW) interpolator method was used for gridding the 

geochemical data. This technique is exact deterministic interpolator that requires very few decisions regarding model 

parameters as it uses distances inter sample distances only. In this study, a power and number of neighboring samples equal 

to 1 and 6, respectively, were chosen to clearly underline spatial variation and spatial patterns of the pollution. The ArcGIS 

software developed by ESRI, was used for the geochemical data gridding and mapping.  

3 RESULTS AND DISCUSSION 

3.1 DESCRIPTIVE STATISTICS 

The descriptive statistics of the trace metal concentrations in the agricultural soils around mining site, control soil and 

tailings are presented in Table 2.  High levels of trace metals were identified in tailing samples, with maximum contents of 

635.4, 618.2, 156.3, 713.8, 59989 and 91691 mg kg
-1

 for As, Cd, Cu, Hg, Pb and Zn, respectively. These values are significantly 

higher than those in uncontaminated soil (He et al. 2005), and also higher than the ranges of maximum allowable 

concentrations (MAC), which are considered as phytotoxically excessive [34]. Thus, tailing was considered as a potentially 

point contamination source of trace metals in the mine area. 

The mean concentrations of all traces elements in control soil samples are close to the mean of worldwide soils [35] of 

5.5, 0.26, 71.9, 14.3, 42.9, 30, 92, 61, and 54 mg kg
-1

  for As, Cd, Cr, Cu, Ni, Pb, V, Zn and Zr, respectively (Table 2). All these 

metal contents are characterized by minimum values of coefficient of skewness and kurtosis, showing a homogeneous 

distribution and it is most probable that the origin of these elements isn’t anthropogenic and it is predominantly lithogenic. 
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Therefore, the background values of the studied soils were estimated as mean concentration of As, Cd, Cr, Cu, Ni, Pb, V, Zn 

and Zr in control soils.  

The mean concentration values of As, Cd, Cu, Pb, and Zn in agricultural topsoil samples around Sidi Ahmed mine are 

notable superior than their correspond concentrations found in control sol samples, while the Cr, Ni and V concentrations are 

comparable to their background (Table 2). The similarity of concentrations for the last elements (Cr, Ni and V) between 

agricultural soils samples and control samples suggests the influence of local geochemistry and regional soil characteristics, 

indicating natural source.  

The coefficient of variation (CV) values of As, Cd, Cu, Pb, and Zn concentrations are very high indicating a significantly 

variation of these metal contents from site to site. Moreover, the concentrations of these elements were strongly positively 

skewed, with skewness values considerably higher than 1, showing the existing of some extremely high concentration values 

indicative of heterogeneous spatial distribution of  these metal  in agricultural soils.  

The box plots for the concentrations of As, Cd, Cr, Cu, Ni, Pb, V, Zn and Zr are shown in Fig. 2. According to the results of 

Fig. 2, it is clear to see that As, Cd, Cu, Pb, and Zn have numerous outliers, which are located around mine wastes (Fig. 1). The 

results suggest that the elements would have a higher possibility of being influenced by anthropogenic inputs.  

Table 2: Descriptive statistic of the trace metal concentrations mg kg
−1

 of tailing. control and agricultural soil samples 

 As Cd Cr Cu Hg Ni Pb V Zn Zr 

Tailing samples (n=7)            

Min  368.2 409.3 68.4 100.4 478.6 25 31236 93.1 53153 52.4 

Max  635.4 618.2 92.3 156.3 713.8 48.6 59989 114.4 91691 61.7 

Mean  518.5 500.4 79.2 127.3 608 41.7 46137 100.8 71894 56.6 

Standard deviation  86.9 72.3 9.1 19.8 84.6 7.7 11015 7.1 14171 3.2 

Coefficient of variation (%)  16.8 14.5 11.5 15.6 13.9 18.5 23.8 7 20 5.7 

Skewness  -0.6 0.2 0.3 0.3 -0.5 -2.0 -0.1 1.1 0.1 0 

Kurtosis  0.5 0 -1.3 -0.9 -0.9 4.5 -1.8 1.2 -1.5 -1.2 

Control soil samples (n=9)      < BLD
d
      

Min  3.3 0.2 62.4 11.7  36.4 26.3 74.2 49.8 51.4 

Max  7.8 0.3 84.3 17.8  46.7 37.8 113.5 77.9 55.6 

Mean  5.5 0.3 72 14.3  43.0 30.0 92.0 61.0 54.0 

Standard deviation  1.5 0 6.8 2  3.8 3.5 10.3 9.9 1.4 

Coefficient of variation (%)  27 18.7 9.5 14.2  8.7 11.7 11.2 16.2 2.5 

Skewness  -0.2 -0.1 0.4 0.6  -1.0 1.4 0.6 0.8 -0.9 

Kurtosis  -0.8 -1 -0.2 -0.6  -0.3 2.4 2.9 -0.6 0.3 

Agricultural soil samples (n=54)      < BLD
d
      

Min  3.4 0.1 65.1 10.9  27.4 9.6 74.5 32.4 52.4 

Max  24.1 3.6 84.2 53.6  51.3 716.6 105.2 1 152.9 58.3 

Mean  7.9 0.6 74.7 20.3  40.8 106.5 91.4 185.7 55.1 

Standard deviation  5.1 0.9 5.8 11.2  6.8 157.7 7.3 246.8 1.7 

Coefficient of variation (%)  64.2 141.8 7.8 55.2  16.6 148.1 8 132.9 3.1 

Skewness  1.8 2.2 -0.1 1.7  -0.5 -0.3 2.1 2.4 0.0 

Kurtosis  2.2 3.8 -1.3 1.7  -1.3 -0.6 3.6 5.0 -1.3 

Mean of worldwide soils
a
  9.36 0.06 20-200 20 0.03 40 10-150 90

 c
 10-300 - 

MACs for trace elements in 

agricultural soils
b
  

15-20 1-5 20-200 60-150 0.5-5 20-60 20-300 150 100-300 - 

a 
He et al. (2005), 

b 
Kabata-Pendias and Mukherjee (2007), 

c
 Pais and Benton Jones. 1997, 

d
 < BLD: below limit of detection 
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Figure 2. Box plots for the concentration of selected elements in topsoil (mg kg
−1

) 

3.2 SPATIAL DISTRIBUTION  

The spatial distribution of As, Cd, Cr, Cu, Ni, Pb, V, and Zn in the topsoil are represented in Fig. 3 using contour maps 

based on IDW interpolator gridding. The distributions of As, Cd,  

Cu, Pb and Zn, share a similar pattern (Fig. 3). The hot-spot zones of these elements are mainly associated with the mine 

area especially close to the mine wastes (Fig. 3). These high concentrations decreased with increasing distances from the 

mine waste sites. The distribution patterns observed for Cr, Ni and V were distinctly different from the trace elements 

discussed above (Fig. 3). The concentrations of these elements are distributed randomly and are close to, or slightly superior 

to their corresponding background values, reflecting a major natural lithologic source. 
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Figure 3. Spatial distribution of trace metals in the topsoil 

3.3 POLLUTION ASSESSMENT 

Fig. 4 shows the EF maps of As, Cd, Cr, Cu, Ni, Pb, V, and Zn. The results show that the EF values of Cr, Ni and V are less 

than 2 indicating deficiency to minimal enrichment levels (class 1) of these metals (Fig. 4). From the EF maps of As, Cd, Cu, Pb 

and Zn two different zones are distinguished. The first zone, sited close to the mining wastes, is characterized by relatively 

high but homogeneous EF values for As, Cd, Cu, Pb and Zn; suggest that the distribution pattern of these elements could be 

influenced by anthropogenic sources. The second zone, around the first one, shows low EF values for the target trace 

elements, reflecting weakly enrichment. The dissimilarity between the two domains can be explained by the presence of 

tailings. Toxic elements contained in tailings could be dispersed, both downstream and downslope from the tailings, possibly 

due to surface run-off and strong winds. 

The geo-accumulation index maps of metals are represented in Fig. 5. From Fig. 5, it can be seen that the repartition 

patterns reveled by the enrichment factor maps are observed in the geo-accumulation index maps. Thus, the zones describe 

previously are conserved with generally same shapes and trends.  The Igeo values of Cr, Ni and V are very low in the entire of 

study area, reflecting practically unpolluted elements. The area close to mining wastes shows the highest Igeo values of As, 

Cd, Cu, Pb and Zn. The remaining area exhibits low Igeo values for the target elements. 
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The potential ecological risk index (RI) was calculated to assess pollution by multiple trace metals in the topsoil. The 

spatial distribution of the potential ecological risk index in the agricultural soils is shown in Fig. 6. It can be seen from the map 

that the highest RI values were located around tailings, which was consistent with the PCA. The RI values for the remaining 

area were less than 300, suggesting that most areas had low to moderate ecological risk from the investigated trace metals. 

The polluted zone surface (8.4 hectares) of considerable potential ecological risk is relatively insignificant on comparison to 

the unpolluted zone surface.  

 

 

Figure 4. Spatial distribution of enrichment factor (EF) for trace metals in the topsoil 
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Figure 5. Spatial distribution of geo-accumulation index (Igeo) for trace metals in the topsoil 

3.4 SOURCE IDENTIFICATION 

To identify the possible sources of metal contamination, multivariate statistical analyses were carried out using the 

correlation coefficient, principal component analysis (PCA) and Hierarchical cluster analysis (HCA). The statistical distribution 

of raw data was checked with the test of Kolmogrov–Smirnov (K–S) for normality with a confidence interval of mean 95%. 

The application of the K–S test (p > 0.05) shows that the concentrations of Cr, Ni and V are normally distributed, while the 

concentrations of the rest of elements are not normally distributed (table 3). Compared with log-transformation, the Box-Cox 

transformation (Box and Cox 1964) has made the data more normal. Therefore, Box–Cox transformation was applied to the 

concentrations of As, Cd, Cu, Pb and Zn before multivariate statistical methods. 

CORRELATION MATRIX  

Table 4, presents the Pearson’s correlation coefficients between investigated metals. There were strong positive 

correlations between anthropogenic elements (As, Cd, Cu, Pb, and Zn). The strongest correlations were found between the 
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following element concentration pairs: Cd-Zn, (r = 0.72); Cu-Zn (r = 0.71); Pb-Zn, (r = 0.69); As-Pb, (r = 0.68); As-Zn, (r = 0.68). 

Another strong relationship was found between Cr, Ni and V (r > 0.65). 

The highly positive correlations between As, Cd, Cu, Pb, and Zn with elevated concentrations suggest that these trace 

metals had similar pollution levels and similar pollution sources. Moreover, the strong positive correlations between Cr, Ni 

and V (r > 0.65) together with relatively low concentrations, suggest that these elements are derived from parent materials.  

 

Figure 6. Spatial distribution of the potential ecological risk index (RI) for trace metals in the topsoil 

 

Table 3. Significance level of K–S test for raw, log-transformed and Box–Cox transformed data sets 

Data set  Parameter  As  Cd  Cr  Cu  Ni  Pb  V  Zn  

Raw data  K-S p  0  0  0.47  0  0.06  0  0.5  0  

Log-transformed  K–S p  0.01  0  0.38  0.06  0.02  0  0.49  0  

Box-Cox transformed  K–S p  0.19  0.13  0.32  0.63  0.23  0.18  0.83  0.04  

 
Lambda  -1.3  -0.6  1.80  -1.5  2.7  -0.5  2.8  -0.7  

Table 4. Pearson correlation matrix for trace metal in topsoil 

 As  Cd  Cr  Cu  Ni  Pb  V  

Cd  0.64  
      

Cr  0.30  0.14  
     

Cu  0.61  0.60  0.14  
    

Ni  0.11  0.03  0.78  0.20  
   

Pb  0.68  0.62  0.13  0.66  0.23  
  

V  0.05  0.12  0.65  0.21  0.72  0.21  
 

Zn  0.66  0.72  0.15  0.71  0.20  0.69  0.19  

 Bolded values are significant at 0.01 level 
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PRINCIPAL COMPONENT ANALYSIS (PCA) 

Principal component analysis (PCA) was applied as a way to reduce the large number of variables to a few element 

associations that could be strongly correlated. Table 5 shows the factor loadings of principal components obtained by PCA 

using the elemental concentrations. The plot of PC loadings is shown in Fig. 7.  

Two principal components with eigenvalue higher than 1, were extracted representing a total variance of approximately 

76.9 %. 

Table 5.  Factor loadings, extraction sums of loadings and percentage of variance 

Variables  F1  F2  

As  0.87  -0.07  

Cd  0.85  0.016  

Cr  0.05  0.89  

Cu  0.82  0.15  

Ni  0.072  0.92  

Pb  0.85  0.14  

V  0.10  0.86  

Zn  0.87  0.13  

Eigenvalue  3.87  2.27  

Variance %  46  30.9  

Cumulative %  46  76.9  

 

 

Figure 7. Factor loadings for two principal factors after varimax rotation 

The first component (F1) explaining 46 % of the cumulative variance shows high loadings for As, Cd, Cu, Pb, and Zn, 

reflecting the anthropogenic contamination in the agricultural soils. The second component (F2) explaining 30.9 % of the 

cumulative variance has elevated loadings for Cr, Ni and V, reflecting the input of parent materials. The PCA is in total 

agreement with the elemental relationship in correlation matrix. 

The spatial distribution of the two factors (F 1 and F 2) is illustrated in Fig. 8. F1 including As, Cd, Cu, Pb and Zn, shows 

high values in two main areas around mining wastes. The first area is more developed following NW-SE direction that 

coincides with the predominant NW wind direction and indicates metal dispersion from the tailings by clastic movement 

through wind. Tailings consisting of very fine ground barren rock with significant quantities of metals found in the host ore 

are very susceptible to erosion caused by wind. Wind transport of trace metal-rich particles is the important factor 

influencing the spreading of pollution from tailings to agricultural soils. These results were in agreement with numerous 

previous studies [36], [37], [38] that had found strong loadings of As, Cd, Cu, Pb, and Zn in single factor, which is interpreted 

as mining related anthropogenic factor. The Pb–Zn–Cu–As–Cd association is explained by the abundance of galena, 
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sphalerite, chalcopyrite and arsenopyrite in the mining wastes due to high inefficiency of the extraction method and the 

concentration process of Pb/Zn ore. According to López-García et al. [39], the arsenopyrite can appear as inclusions and/or 

bordering the galena mineralization. Hannigton et al. [40] had shown that the Cd inclusion in the cluster could be due to the 

fact that this element can appear associated to sulfide minerals at concentrations greater than 0.1 wt. %. The Cr–Ni–V 

association may be explained by the influence of parent materials. 

For F2 including V, Ni, and Cr, the high values were distributed randomly and mainly originated from the parent soil 

materials. 

The results of Hierarchical cluster analysis (HCA) applied to trace metal contents in the soil are illustrated by a hierarchical 

dendrogram in Fig. 9. Generally, an agreement is clearly distinguished between the HCA and PCA results. Two distinct 

clusters are distinguished from the dendrogram.  The first cluster shows high positive loading for As, Cd, Cu, Pb, and Zn, 

supporting anthropogenic inputs. The second cluster shows significant weights for Cr, Ni and V, suggesting the influence of 

natural sources. 

 

Figure 8. Spatial distribution of the factor score (F1, F2) obtained by factorial analysis 

HIERARCHICAL CLUSTER ANALYSIS 

 

Figure 9.  Hierarchical clustering of trace metals in topsoil 
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4 CONCLUSIONS 

Statistical methods and potential ecological risk index (RI) combined with GIS mapping technique were been suggest for 

the assessment of extension and intensity of soil contamination with toxic elements from the abandoned Sidi Ahmed mine. 

High concentrations of As, Cd, Cu, Pb and Zn were found in the tailing and the soils nearest this mining wastes. The 

contents of these metals decreased as far away from the mine tailing. These elements also have high EF, Igeo and RI values. 

Cr, Ni and V concentrations are comparable to their background, indicating natural source. 

The results of descriptive statistics and multivariate geostatistical analyses in this study agree with each other confirming 

the presence of two clusters of metals. The first cluster contains Cr, Ni and V which mainly influenced by natural inputs. The 

second cluster includes As, Cd, Cu, Pb, and Zn which are related to the mining wastes. The spreading of metal pollution from 

tailings is enhanced by climate factors including wind and hydric transport of particles. The spatial distribution of the RI in 

agricultural soils shows that only 8.4 hectares of the study area have considerable potential ecological risk. 

Tacking in consideration the exploitation and the unexploited periods of the Sidi Ahmed mine of 60 and 75 years, 

respectively, the surface polluted appear insignificant especially that is surround with agricultural domains of thousands 

hectares. 

This paper may be a basis for future studies including temporal dimension for assessing the evolution of the polluted zone 

in the Sidi Ahmed site. 
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