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Abstract 

Soil contamination by Pb, Zn and Cd was characterized in the surrounding area of the abandoned 
Lakhouat mine. The mine area was divided into 3 zones. Eighteen topsoil samples were sampled from 
each zone and were characterized, determining the total trace element concentration by acid digestion of 
Pb, Zn and Cd. Samples belonging to the mine tailing dam showed the highest values of contamination, 
with mean concentrations of 2925 mg kg-1 for Pb, 7297 mg kg-1 for Zn, and 37 mg kg-1 for Cd. High 
concentrations of Pb, Zn and Cd were found in many samples taken from the surrounding soils and 
agricultural soils, indicating the extent of spreading pollution of trace elements. Contaminations in soils 
were classified as enrichment factor, contamination factor and contamination degree. Factor values 
indicate that trace elements contamination levels of soils on the 3 studied zones are classified as high 
contamination factors. A principal component analysis revealed the presence of one common source in 
the mining area. Cluster analysis showed a close association between soils with similar trace elements 
concentration. Spreading of tailing wastes from dams of the mining facilitating via rain or wind is the 
main source of soil contamination of agricultural soils. 
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Introduction 

The study of trace elements contamination is of increasing interest because of the awareness that 
trace elements present in soils may have negative consequences on human health and on the environment 
[1-5]. The most important impact of soil contamination on environmental is that contaminants in soil can 
be introduced into the food chain by plants and by their consumption by animals [6]. Trace elements 
taken into the human body at doses higher than the limit values proposed by the World Health 
Organization (WHO) are known to cause certain types of cancers and cardiovascular diseases [6]. 
Therefore, trace elements pollution in areas of agricultural activities is of great concern. 

Recently, there is a growing concern towards the environmental effects of mining tailing sites [7-
10]. Tailings are produced during ore processing and are characterized by high concentrations of trace 
elements. Exposure of tailings dams to air, oxidation and climatic conditions favor the release of trace 
elements [9,11]. Hydric transport, wind transport and leaching processes are major factors which 
contribute to the trace elements in the environment and cause contamination of the surface water, 
groundwater and soil, which can pose serious geochemical risks to human health and the environment 
[9,12,13]. This hazard is aggravated by the long-term persistence of trace elements in the environment. 

Agricultural soils in areas surrounding mines can be contaminated by these trace elements as well as 
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the major ore metals [9,14]. It has been shown that distance from the source, the direction of winds, the 
soil physicochemical properties and interception by the environment may influence agricultural soil 
surrounding mine area [15]. 

Comprehensive methods for identifying and assessing severity of soil contamination by trace 
elements have been introduced in the past few decades [16,17]. One approach to characterizing pollution 
signals is to compare element concentrations and establish guidelines for the environmental media. 
Furthermore, several other methods for determining the extent of pollution in soils have been established 
by various authors in many parts of the world [16,18,19]. A common approach to estimate how much the 
soil is affected with trace elements is to evaluate the enrichment factor (EF), contamination factor (Cf) 
and contamination degree (Cdeg) for element concentrations above uncontaminated background or 
reference levels [20]. Soil contamination by trace elements will be measured as the amount of sample 
element enrichment and sample element concentration above the concentrations present in the reference 
material [19]. 

The objectives of this study were to (i) analyze the total concentration of Pb, Zn and Cd in topsoils 
at the Lakhouat mine, (ii) carry out a preliminary assessment of the environmental risk associated with 
trace element pollution in soils by calculating contamination indexes and (iii) classifying soils following 
the trace elements concentrations by multivariate analysis. 
 
Material and methods 

Study area and soil sampling 
The Lakhouat mine is located in West-Northern Tunisia (UTM Zone 32 North 522005.378/ 

4014334.773) (Figure 1) is characterized by a sub-humid to semi-arid climate. The heavy rainy season 
occurs from September to April. The most rainfall occurs in January with 64.9 mm and the driest month 
is July with 2.5 mm. The highest temperature was recorded in July with 29.2 °C and lowest was recorded 
in January at 10.4 °C [21]. The monthly average humidity ranges from 69 % in January to 41.5 % in July. 
The prevalent winds in Lakhouat mine are from the north-east to the south-west and have an average 
speed of 2.85 m/s. In the Lakhouat mine, ore deposits contained galena, sphalerite, pyrite, marcasite and 
calcite. The tailings from the Lakhouat mine are stored in 3 dams (Figure 1). The adjacent areas are 
cultivated lands with various annual crops, essentially cereal. The mine was closed in 1992 due to the 
depletion of reserves. 

The location of the sampling points is shown in Figure 1. To investigate the impact of distance on 
trace elements distribution and trace elements scattering to agricultural soils, the study area was divided 
into 3 zones from the trace element source (Tailing Dam 1) to agricultural soils plots (Figure 1). Zone 1, 
located at the mining area, acts as contaminant source of soluble and particulate trace elements from 
tailing Dam 1 (Samples S1, S2, S3, S4, S5 and S6). Zone 2, located in the surroundings of mining area, 
was selected as an example of an area which can receive the soluble and particulate trace elements 
(Samples S7, S8, S9, S10, S11 and S12) and Zone 3 represented the agricultural soils (Samples S13, S14, 
S15, S16, S17 and S18). A total of 18 samples were collected from within each zone from 0 to 30 cm 
depth (Figure 1), to be representative of the different contaminated soils. The samples were placed in 
polyethylene bags for transport to the laboratory. Next, the samples were air-dried at ambient temperature 
for 72 h, disaggregated and sieved through 2 mm. The main physicochemical properties of the soil 
samples were determined. 
 

Soil analysis 
The main physicochemical properties of the soil samples were characterized by the following 

methods: pH in H2O using a pH meter in 1:2.5 distilled water to soil extracts [22]; Electrical conductivity 
(EC) was also determined according to the U.S. Salinity Laboratory Staff [23]. Texture was determined 
following the pipette method described by Kroetsch and Wang [24]. The effective cation exchange 
capacity (CEC) of the soil and exchangeable cations (Ca2+, Mg2+, K+ and Na+) were determined by 
inductively coupled plasma-atomic emission spectrometry (ICP-OES) (Optima 4300 DV, Perkin-Elmer, 
Germany) after extraction with 0.1 mol L-1 BaCl2 [25]. 
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Figure 1 Location of sampling areas at the Lakhouat Mine (Google maps: https://maps.google.com). 
 
 

Particle size distribution was determined following oxidation of organic matter with hydrogen 
peroxide, the upper fraction (down to 50 mm) being separated by sieving and the lower one used for 
analysis using the internationally endorsed procedure [24]. Organic matter (OM) content was determined 
by soil oxidation with potassium dichromate (K2Cr2O2) and concentrated H2SO4 [26]. Total Kjeldahl-N 
(organic plus ammonium-N) was determined according to Bremmer and Mulvaney [27]. The P content 
was extracted using the Mehlich-3 method [28]. The carbonate content was determined with a LECO-100 
analyzer connected to a LECO- CN-2000. 

To determine the total concentration of Pb, Zn and Cd in the soil samples, 1 g of sample was 
digested with a mixture of acids (9 ml of concentrated HNO3 + 3 ml of concentrated HCl) in a hot plate 
according to method of Marcet et al. [29]. After digestion, the trace elements concentration was measured 
by ICP-OES (Perkin Elmer Optima 4300DV. All the samples were analyzed in triplicate. 
 

Enrichment factor, contamination factor and contamination degree 
In the determination of enrichment factor, soil contamination and contamination degree are used. 

Enrichment factors were calculated using titanium as the reference element and the pedogeochemical 
background Earth’s Crust in the classic formula shown below [30]. Enrichment factor (EF) is divided into 
5 groups [31] (Table 1). 
 
EF = (Cn/CTi)sample/ (Cn/CTi)pedogeochemical background               (1) 

 
Cn: element concentration; CTi: Titanium concentration. 
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In the present study, the modified form of the method suggested by Loska et al. [32] for calculation 
of contamination factor by Hakanson [19] was used. Hakanson [19] divided the contamination factor into 
4 groups (Table 2). The contamination factor is computed from the following equation; 
 
Cf = Co/ Cn                   (2) 
 
where Co is the mean content of trace elements of at least 5 sampling areas, Cn is the concentration of 
elements in the Earth’s crust. 
 

The contamination factor reveals contamination of only one element. The sum of the contamination 
factors of all the elements yields the contamination degree (Cdeg) of the contaminated area. The 
contamination degree is divided into 4 groups as described by Hakanson [19] (Table 3). 
 
 
Table 1 Enrichment factor (EF) classification. 
 
EF < 2 Deficiency to minimal enrichment 
EF = 2 – 5 Moderate enrichment 
EF = 5 – 20 Significant enrichment 
EF = 20 – 40 Very high enrichment 
EF > 40 Extremely high enrichment 
 
 
Table 2 Contamination factor (Cƒ) classification. 
 
Cƒ < 1 Low contamination factor indicating low contamination 
1 ≤ Cƒ < 3 Moderate contamination factor 
3 ≤ Cƒ < 6 Considerable contamination factor 
6 ≥ Cƒ Very high contamination factor 
 
 
Table 3 Contamination degree (Cdeg) classification. 
 
Cdeg < 8  Low degree of contamination 
8 ≤ Cdeg < 16  Moderate degree of contamination 
16 ≤ Cdeg < 32  Considerable degree of contamination 
32 ≥ Cdeg  Very high degree of contamination 
 
 

Statistical analysis 
All statistical analysis was carried out using the software SPSS® for Windows version 20.0. 

Pearson’s correlation coefficient was used to measure the degree of relationship between the 
physicochemical properties and total trace elements concentrations. 

Statistical significance of differences was determined by using one-way analysis of variance 
(ANOVA). The data set for trace elements concentrations was subjected to principal component analysis 
(PCA) in order to highlight the relations between the analyzed elements. Cluster analysis (CA) was 
applied to group the samples with similar trace elements content. CA was undertaken according to the 
Ward-algorithmic method. Results are shown in a dendrogram where steps in the hierarchical clustering 
solution and values of the distances between clusters (squared Euclidean distance) are represented. 
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Results and discussion 

Soil characterization 
General soil characteristics of the Lakhouat mine area are presented in Table 4. The pH was 

alkaline (8.15, 8.26 and 8.50 in Zone 1, Zone 2 and Zone 3, respectively). The alkalinity of the soils could 
be attributed to the presence of carbonates in soil samples. 

Most of the soils are moderately saline with an electrical conductivity (EC) in the saturation paste 
extract below 1 dS m-1. In spite of these low values, salinity could facilitate the mobility of some trace 
elements especially Cd [35]. This issue has been tackled in other studies on soils with similar conditions 
[36]. The particle size distribution of soils exhibits a substantial variation in sand, silt, and clay contents, 
from a sandy texture in Zone 1 to a clay texture in Zones 2 and 3. Effective cation exchange capacity 
(CEC) showed a little broad interval of variation from between zones (17.27 cmol kg-1, 29.36 cmol kg-1 
and 29.37 cmol kg-1 in Zone 1, Zone 2 and Zone 3, respectively). 

The presence of a vegetation cover near tailing dam and in some parts of the mining area could 
explain the moderate values of organic matter (OM) content in soils samples corresponding to Zone 1. In 
addition, N content exhibited a steady increase, with 0.31, 0.77 and 0.89 % for Zones 1, 2 and 3, 
respectively. This fact was related to the land plants covering, which presented a poor spontaneous 
species in Zone 1 and cereal crops in Zones 2 and 3. The percentages of carbonates are low in Zone 1 (8 
%) and presented a moderate content in Zone 2 (15 %) and Zone 3 (27 %). 

The levels of OM, high percentages of clay and the presence of carbonate in Zones 2 and 3 seem to 
suggest an important retention of trace elements by these components [37-40]. According to these results, 
the bioavailability and mobility of trace elements would be expected to be low in the studied soils [7]. 

The basic descriptive statistics for each zone and the results of one-way ANOVA for comparison of 
the average trace elements concentrations in soil between these zones are presented in Table 5. 

The trace elements concentrations in all samples exceed reference values reported by Kabata-
Pendias and Pendias [41] for agricultural soils with a pH > 7 (Table 5). In addition, several patterns of 
change of trace element concentrations were detected. In fact, significant differences between the zones 
were observed for concentrations of Pb, Zn and Cd. This is in accordance with findings of similar studies 
worldwide that trace element-particles can be found far away from the mining area, even in a non-
prominent wind direction [10,42]. 

Furthermore, Zone 1 has high trace element concentrations average with 2925, 7297 and 37  
mg kg-1 for Pb, Zn and Cd, respectively. The highest trace element concentrations were also detected in 
Zone 1 with 3958, 8733 and 39 mg kg-1 for Pb, Zn and Cd, respectively. This may be explained by the 
presence of the Dam 1 in Zone 1 (Figure 1), which represents the main source of soil contamination by 
trace elements. 

Many researches on soil contamination by trace elements near the mining area worldwide found that 
the average concentrations of Pb, Zn and Cd in the surrounding soils were above the natural soil 
background levels. In addition, trace element concentrations were within the range of those of other 
mining sites in Tunisia, including the Bougrine, Boujaber, Slata and Fedj Lehdoum [10]. Furthermore, 
about 4-fold higher Pb, Zn and Cd concentrations were reported by Bech et al. [43] for soils in the 
surroundings lead mining in Bellmunt (Spain) and were several-fold lower than those reported by 
Navarro et al. [44] and Iavazzo et al. [45,46]. 

Taking into account the high trace elements concentration on the study area, we recommended a 
revegetation work using hyperaccumulating species of Pb, Zn and Cd, such as Atriplex purpurea and 
Paulownia tomentosa, and thus, avoiding problems of toxicity [47,48]. 
 
 
 
 
 
 



Assessment of Trace Elements Contamination of Agricultural Topsoil Hamdi SAHRAOUI et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(11) 
 
970 

Table 4 Physicochemical characteristics of the mine soils in the sampling areas Zone 1, Zone 2 and    
Zone 3. 
 

Soil characteristic Zone 1 Zone 2 Zone 3 
pH (H2O) 8.15c a) 8.26b 8.50a 
EC (dS m-1) 1.07a 0.24b 0.23b 
Sand (%) 45a 3c 15b 
Silt (%) 7c 8b 22a 
Clay (%) 48c 89a 63b 
CEC (cmol kg-1) 17.27b 29.36a 29.37a 
OM (%) 1.69a 1.62a 1.42b 
Carbonate contents (%) 8c 15b 27a 
N(%) 0.31b 0.77a 0.89a 
P (mg kg-1) 13.72c 27.08a 20.44b 
a) Means followed by the same letter(s) within each row are not significantly different at P < 0.05 (n = 3). 
c) Not detectable. 
 
 
Table 5 Basic statistical parameters of trace elements concentrations in soils at the Lakhouat mine (data 
in mg kg-1). 
 

  Pb Zn Cd 

Zone1 

Maximum 3958a 8733a 39.1a 
Minimum 2165a 5634a 36.2a 
Median 2549a 7629a 37.05a 
Average  2925a 7297a 37.33a 

Zone1 

Maximum 1852b 5624b 36b 
Minimum 1107b 4256b 22.8b 
Median 1420b 4966.5b 28.4b 
Average  1447b 4935b 29b 

Zone1 

Maximum 1065c 4220c 21.3c 

Minimum 198.7c 840c 7.2c 

Median 692.5c 2141c 13.5c 
Average  690c 2327c 14.03c 

Means followed by the same letter(s) within each column for each zone are not significantly different at P 
< 0.05 (n = 3). 
 
 

Correlation analysis 
Pearson correlation analysis between concentrations of different trace elements in soil samples and 

physicochemical properties are shown in Table 6. OM and pH showed a positive linear relationship with 
all the elements analyzed despite the fact that OM content was low in the study area (Table 3). EC only 
showed a positive relationship with Cd content. Doner [35] found that the substitution of sodium in the 
exchange positions can produce desorption of Cd. This result may suggest a higher bioavailability of Cd 
in some soils with salinity problems. 

Trace elements are generally closely associated with each other. Table 2 shows that all elements are 
significant at a level of P < 0.05. Significant and high correlations between these elements indicate that 
contaminants and hazardous trace elements in the Lakhouat mine soils have a similar source which 
originates from abandoned tailing dams. 
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Table 6 Correlation between trace element concentrations and studied soil properties. 
 

 pH EC OM Clay Silt Sand Carbonate Pb Zn Cd 
pH 1          

EC -0.879(**) 1         

OM 0.959(**) -0.067 1        

Clay -0.282 0.183 -0.177 1       

Silt -0.813(**) -0.531(*) -0.918(**) -0.094 1      

Sand 0.585(*) 0.031 0.526(*) -0.923(**) -0.298 1     

Carbonate -0.884(**) -0.464 -0.955(**) 0.217 0.951(**) -0.577(*) 1    

Pb 0.951(**) 0.188 0.894(**) -0.471(*) -0.714(**) 0.729(**) -0.846(**) 1   

Zn 0.941(**) 0.011 0.941(**) -0.292 -0.791(**) 0.587(*) -0.866(**) 0.933(**) 1  

Cd 0.941(**) 0 .652(**) 0.959(**) -0.190 -0.849(**) 0.512(*) -0.891(**) 0.858(**) 0.938(**) 1 
 
*Correlation is significant at P ≤ 0.05 
**Correlation is significant at P ≤ 0.01 
 
 

Assessment of soil contamination in Lakhouat mine 
In order to determine the general contamination in the 3 studied zones of Lakhouat mine, the 

enrichment factor (EF), the contamination factor (Cf) and contamination degree (Cdeg) was used. 
Contamination factor and contamination degree values computed for each element are provided in Table 
7. The elements in each zone were classified on the basis of the contamination factor calculations. 
Accordingly, the 3 zones presented very high contamination factors. The lowest Cf values were recorded 
on agricultural soils (Zone 3), with Cf value 13 for both Pb and Zn, and 72 for Cd which point to very 
high contamination factors. 

The sum of the contamination factors determined for each element yields the contamination degree. 
The contamination degree for the 3 zones soils is found to be 683, 462 and 223 for Zone 1, Zone 2 and 
Zone 3 respectively, which is noticeably higher compared to the classification proposed by Hakanson 
[19]. The contributions of each element to the contamination degree in the 3 zones are 50 % by Pb, 34 % 
by Zn and 16 % by Cd. 

The EF for Pb and Zn presented extremely high enrichment values on Zone 1 and Zone 2, whereas 
on Zone 3 the minimum values point to significant enrichment, while maximum values imply extremely 
high enrichment of soils. The minimal EF average for Cd was recorded in Zone 3 with 140, which points 
to extremely high enrichment with Cd. 
 

Principal component analysis (PCA) and cluster analysis (CA) 
The PCA based results for soil heavy metals are listed in Table 8. According to the initial 

eigenvalues, only one principal component is selected, accounting for over 98.16 % of the total variance. 
The eigenvalues of the extracted component are greater than the ones before and after the matrix rotation. 
All of the trace elements are consequently grouped into a one component model indicating that the 3 
studied trace elements are associated and have one common source in the mining area, thus showing high 
values in the principal component which explains 98.16 % of the total variance and loads heavily on Pb 
(0.998), Zn (0.952), and Cd (0.934). 

The cluster analysis Ward’s method and squared Euclidian distance are used to amalgamate the 
elements. In this study, CA is developed on soil samples, in order to identify similarities in trace element 
concentrations between the analyzed soil samples. The results are shown as a dendrogram, where the 
distance axis represents the degree of association between groups of variables, i.e. the lower the value on 
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the axis, the more significant the association (Figure 2). 
Two main clusters are distinguished: 
- Cluster 1 groups soils S1, S2, S3 and S4 i.e. soils near the tailing Dam1, the main source of 

contamination by trace elements.  
- Cluster 2 contains 3 subclusters. The first group soils S5, S6 and S7 situated on the limit of Zone 1 

and Zone 2; the second group soils S9 to S15 situated on the limit of Zone 2 and Zone 3 and the third 
concerns S16, S17 and S18 located in Zone 3 with the lowest trace elements concentrations. 
 
 
Table 7 Enrichment factor (EF) Contamination factor (Cƒ) and Contamination degree (Cdeg) on Zone 1, 
Zone 2 and Zone 3. 
 

    Enrichment factor (EF) Contamination factor (Cƒ) Contamination degree (Cdeg) 
    Pb Zn Cd Pb Zn Cd 

Zone 1 

Average 198 112 373 198 112 373 683 
Maximum 267 134 391 267 134 391 793 
Minimum 146 87 362 146 87 362 595 
Median 172 117 371 172 117 371 660 

Zone 2 

Average 98 76 288 98 76 288 462 
Maximum 125 87 360 125 87 360 572 
Minimum 75 65 228 75 65 228 368 
Median 96 76 284 96 76 284 456 

Zone 3 

Average 47 36 140 47 36 140 223 
Maximum 72 65 213 72 65 213 350 
Minimum 13 13 72 13 13 72 98 
Median 47 33 135 47 33 135 215 

 
 
Table 8 Total variance explained and component matrixes for trace elements concentration (one-
components extracted). 
 

Component 
Initial Eigenvalues Extraction Sums of Squared Loadings  

Component 
Total % of 

Variance 
Cumulative 

% Total % of 
Variance 

Cumulative 
%  

1 6742169.766 98.164 98.164 2.774 92.479 92.479 Zn 0.998 
2 126061.651 1.835 100.000    Pb 0.952 
3 14.622 0.000 100.000    Cd 0.934 

 
 
 
 
 
 
 



Assessment of Trace Elements Contamination of Agricultural Topsoil Hamdi SAHRAOUI et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(11) 
 

973 

 
 
Figure 2 Dendrogram obtained by cluster analysis for soil samples. 
 
 
Conclusions 

This paper aimed to investigate the impact of mining on the trace elements contamination of soils 
belonging to both mine tailings dam and the surrounding agricultural plots. High concentrations of trace 
elements were detected in the entire mine area and surrounding zones, with almost all the samples 
exceeding the maximum tolerable concentrations for Pb, Zn and Cd established by most directives for the 
agricultural soils. As regards to the surrounding zones, moderately high concentrations of Pb, Zn and Cd 
were detected in many of the samples, showing a certain extent of dispersion of pollution from the mine 
area. According the trace elements concentrations, 3 zones were distinguished. Contaminated soils on 
these zones suggested that water and wind transport of tailings from the dam were the main effects 
causing the dispersion of pollution. In addition, a high enrichment factor, contamination factor and 
contamination degree were founded in the soils of Zone 1, Zone 2 and Zone 3. Moreover, a high 
significant correlation obtained between all the trace elements analyzed in the soil samples strongly 
suggested their common origin in mining activities. 

Based on environmental health criteria, 2 measures must be done at Lakhouat mine and also for the 
similar mines. As an immediate measure, which is a short-term measure a barricade should be proposed 
to cover the abandoned mine and the surrounding agricultural area, thus creating a protection of the mine 
area. In the contaminated area, any agriculture activities must be forbidden. Further, soil remediation 
must use remediation techniques such as phytoremediation to mitigate pollution. 



Assessment of Trace Elements Contamination of Agricultural Topsoil Hamdi SAHRAOUI et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(11) 
 
974 

References 

[1]  PW Abrahams. Soils: Their implications to human health. Sci. Total Environ. 2002; 291, 1-32. 
[2]  Selinus, BJ Alloway, JA Centeno, RB Finkelman, R Fuge, R Lindh and P Smedley. Essentials of 

Medical Geology. Elsevier Academic Press, 2005, p. 812. 
[3]  HM Conesa, A Faz and R Arnaldos. Heavy metal accumulation and tolerance in plants from mine 

tailings of the semiarid Cartagena-La Union mining district (SE Spain). Sci. Total Environ. 2006; 
366, 1-11. 

[4]  AM Khorasanipour, H Majid, A Tangestani, BR Naseh and H Hajmohammadi. Hydrochemistry, 
mineralogy and chemical fractionation of mine and processing wastes associated with porphyry 
copper mines: a case study from the Sarcheshmeh mine, SE Iran. Appl. Geochem. 2011; 26, 714-30. 

[5]  M Miler and M Gosar. Characteristics and potential environmental influences of mine waste in the 
area of the closed Mezica Pb-Zn mine (Slovenia). J. Geochem. Explor. 2012; 112: 152-60. 

[6]  BJ Alloway. Heavy metals in soils: Trace metals and metalloids. Environ. Pollut. 2013; 22, 615. 
[7]  J Frouz, K Hrčková, J Lána, V Krištůfek, O Mudrák and A Lukešová. Can laboratory toxicity tests 

explain the pattern of field communities of algae, plants, and invertebrates along a toxicity gradient 
of post-mining sites? Appl. Soil. Ecol. 2011; 51, 114-21. 

[8]  J Ribeiro, SR Taffarel, CH Sampaio, D Flores and LFO Silva. Mineral speciation and fate of some 
hazardous contaminants in coal waste pile from anthracite mining in Portugal. Int. J. Coal. Geol. 
2013; 109, 15-23. 

[9]  S Boussen, M Soubrand, H Bril, K Ouerfelli and S Abdeljaouad. Transfer of lead, zinc and 
cadmium from mine tailings to wheat (Triticum aestivum) in carbonated Mediterranean (Northern 
Tunisia) soils. Geoderma 2013; 192, 227-36. 

[10]  C Monterroso, F Rodríguez, R Chaves, J Diez, C Becerra-Castro, PS Kidd and F Macías. Heavy 
metal distribution in mine-soils and plants growing in a Pb/Zn-mining area in NW Spain. Appl. 
Geochem. 2014; 44, 3-11. 

[11]  J Smuda, B Dold, JE Spangenberg and HR Pfeifer. Geochemistry and stable isotope composition of 
fresh alkaline porphyry copper tailings: Implications on sources and mobility of elements during 
transport and early stages of deposition. Chem. Geol. 2008; 256, 62-76. 

[12]  HM Anawar, A Garcia-Sanchez, A Murciego and T Buyolo. Exposure and bioavailability of arsenic 
in contaminated soils from the La Parrilla mine, Spain. Environ. Geol. 2006; 50, 170-9. 

[13]  S Castillo, JD de la Rosa, AMS de la Campa, Y González-Castanedo, JC Fernández-Caliani, I 
Gonzalez and A Romero. Contribution of mine wastes to atmospheric metal deposition in the 
surrounding area of an abandoned heavily polluted mining district (Rio Tinto mines, Spain). Sci. 
Total Environ. 2013; 449, 363-72. 

[14]  OA Al-Khashman and RA Shawabkeh. Metal distribution in urban soil around steel industry beside 
Queen Alia Airport, Jordan. Environ. Geol. Health 2009; 31, 717-26. 

[15]  C Fritsch, P Giraudoux, M Coeurdassier, F Douay, F Raoul, C Pruvot, C Waterlot, A de Vaufleury 
and R Scheifler. Spatial distribution of metals in smelter-impacted soils of woody habitats: 
influence of landscape and soil properties, and risk for wildlife. Chemosphere 2010; 81, 141-55. 

[16]  C Nikolaidis, I Zafiriadis, V Mathioudakis and T Constantinidis. Heavy metal pollution associated 
with an abandoned lead-zinc mine in the Kirki region, NE Greece. Bull. Environ. Contam. Toxicol. 
2010; 85, 307-12. 

[17]  M Aktaruzzaman, ANM Fakhruddin, MAZ Chowdhury, Z Fardous and MK Alam. Accumulation of 
heavy metals in soil and their transfer to leafy vegetables in the region of Dhaka Aricha Highway, 
Savar, Bangladesh. Pak. J. Biol. Sci. 2013; 16, 332-8. 

[18]  L Hakanson. An ecological risk index for aquatic pollution control, a sedimentological approach. 
Water. Res. 1980; 14, 975-1001. 

[19]  GMS Abrahim and PJ Parker. Assessment of heavy metal enrichment factors and the degree of 
contamination in marine sediments from Tamaki Estuary, Auckland, New Zealand. Environ. Monit. 
Assess. 2008; 136, 227-38. 

[20]  HH Huu, S Rudy and AV Damme. Distribution and contamination status of heavy metals in 



Assessment of Trace Elements Contamination of Agricultural Topsoil Hamdi SAHRAOUI et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(11) 
 

975 

estuarine sediments near Cau Ong Harbour, Ha Long Bay, Vietnam. Geology Belgica 2010; 13, 37-
47. 

[21]  INM Institut National de la Météorologie de Tunisie 2014, Available at: http://www.meteo.tn/ 
htmlen/donnees/observations.php, accessed December 2014. 

[22]  F Guitian and T Carballas. Técnicas de Análisis de Suelos. Ed. Pico Sacro, Santiago de Compostela, 
Spain, 1976. 

[23]  U.S. Salinity Laboratory Staff. Diagnosis and Improvement of Saline and Alkaline Soils. USDA 
Handbook 60. U.S. Government Printing Office, Washington DC, USA, 1954, p. 1-160. 

[24]  D Kroetsch and C Wang. Particle Size Distribution. In: MR Carter and EG Gregorich (eds.). Soil 
Sampling and Methods of Analysis. 2nd ed. Canadian Society of Soil Science, CRC Press, Boca 
Raton, 2008, p. 713-26. 

[25]  WH Hendershot and M Duquette. A simple barium chloride method for determining cation 
exchange capacity and exchangeable cations. Soil. Sci. Soc. Am. J. 1986; 50, 605-8. 

[26]  A Walkley and IA Black. An examination of Degtjareff method for determining soil organic matter 
and a proposed modification of the chromic titration method. Soil Sci. 1934; 34, 29-38. 

[27]  JM Bremmer and CS Mulvaney. Nitrogen-Total. Methods of Soil Analysis, Part 2. In: AL Page, RH 
Miller and DR Keeney (eds). Agronomy Monographs No. 9. 2nd ed. American Society of Agronomy 
and Soil Science Society of America, Madison, 1982, p. 595-624. 

[28]  A Mehlich. Soil test extractant: A modification of extractant. Commun. Soil. Sci. Plant. Anal. 1984; 
15, 1409-16. 

[29]  P Marcet, ML Andrade and MJ Montero. Efficacité d’une méthode de digestion par microondes 
pour la détermination de Fe, Mn, Zn, Cu, Pb Cr Al et Cd en sédiments. In: Proceeding of the 3rd 
International Conference on the Biogeochemistry of Trace-Elements, Paris, 1997. 

[30]  M Soubrand-Colin, C Neel, H Bril, C Grosbois and L Caner. Geochemical behaviour of Ni, Cr, Cu, 
Zn and Pb in an Andosol Cambisol climosequence on basaltic rocks in the French Massif Central. 
Geoderma 2007; 137, 340-51. 

[31]  RA Sutherland. Bed sediment associated trace metals in an urban stream, Oahu, Hawaii. Environ. 
Geol. 2000; 39, 611-27. 

[32]  K Loska, D Wiechula and I Korus. Metal contamination of farming soils affected by industry. 
Environ. Int. 2004; 30, 159-65. 

[33]  IT Joliffe. Principal Component Analysis. 2nd ed. Springer, New York, 1986, p. 488. 
[34]  RG Brereton. Data Analysis for the Laboratory and Chemical Plant. Wiley, West Sussex, 2003, p. 

504. 
[35]  HE Doner. Chloride as a factor in mobilities of Ni(II), Cu(II) and Cd(II). Soil Sci. Soc. Amer. J. 

1978; 42, 882-5. 
[36]  R Ortiz, S Hernández and F Alcaraz. Caracterización edafogenetica de los suelos halomorfos de un 

sector meridional de la Albufera de Elche (Alicante). Anal. Edaf. Agrob. 1985; 44, 93-117. 
[37]  AL Lafuente, C González, JR Quintana, A Vázquez and A Romero. Mobility of heavy metals in 

poorly developed carbonate soils in the Mediterranean region. Geoderma 2008; 145, 238-44. 
[38]  A García-Sánchez, P Alonso-Rojo and F Santos-Francés. Distribution and mobility of arsenic in 

soils of a mining area (Western Spain). Sci. Total Environ. 2010; 408, 4194-201. 
[39]  F Zeng, S Ali, H Zhang, Y Ouyang, B Qiu, F Wu and G Zhang. The influence of pH and organic 

matter content in paddy soil on heavy metal availability and their uptake by rice plants. Environ. 
Pollut. 2011; 159, 84-91. 

[40]  E Helios-Rybicka and R Wójcik. Competitive sorption/desorption of Zn, Cd, Pb, Ni, Cu, and Cr by 
clay-bearing mining wastes. Appl. Clay. Sci. 2012; 66, 6-13. 

[41]  A Kabata-Pendias and H Pendias. Trace Elements in Soils and Plants. 3rd ed. CRC Press, Boca 
Raton, FL, 2001. 

[42]  RD Knight and PJ Henderson. Smelter dust in humus around Rouyn-Noranda. Québec. Geochem. 
Explor. Environ. Anal. 2006; 6, 203-14. 

[43]  J Bech, N Roca, J Barceló, P Duran, P Tume and C Poschcenrieder. Soil and plant contamination by 
lead mining in Bellmunt (Western Mediterranean Area). J. Geochem. Explor. 2012; 113, 94-9. 



Assessment of Trace Elements Contamination of Agricultural Topsoil Hamdi SAHRAOUI et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2016; 13(11) 
 
976 

[44]  MC Navarro, C Perez-Sirvent, MJ Martinez-Sanchez, J Vidal, PJ Tovar and J Bech. Abandoned 
mine sites as a source of contamination by heavy metals: a case study in a semiaridzone. J. 
Geochem. Explor. 2008; 96, 183-93. 

[45]  P Iavazzo, P Adamo, M Boni, S Hillier and M Zampella. Mineralogy and chemical forms of lead 
and zinc in abandoned mine wastes and soils: an example from Morocco. J. Geochem. Explor. 
2012; 113, 56-67. 

[46]  P Iavazzo, D Ducci, P Adamo, M Trifuoggi, A Migliozzi and M Boni. Impact of past mining 
activity on the quality of water and soil in the High Moulouya Valley (Morocco). Water. Air. Soil. 
Poll. 2012; 223, 573-89. 

[47] SS Kachout, AB Mansoura, R Mechergui, JC Leclerc, MN Rejeb and Z Ouerghi. Accumulation of 
Cu, Pb, Ni and Zn in the halophyte plant Atriplex grown on polluted soil. J. Sci. Food. Agr. 2012; 
92, 336-42. 

[48] N Ben Bahri, B Laribi, S Soufi, S Rezgui and T Bettaieb. Growth performance, photosynthetic 
status and bioaccumulation of heavy metals by Paulownia tomentosa (Thunb.) Steud growing on 
contaminated soils. Int. J. Agron. Agr. Res. 2015; 6, 32-43. 

 


	[47] SS Kachout, AB Mansoura, R Mechergui, JC Leclerc, MN Rejeb and Z Ouerghi. Accumulation of Cu, Pb, Ni and Zn in the halophyte plant Atriplex grown on polluted soil. J. Sci. Food. Agr. 2012; 92, 336-42.

