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Abstract: The contamination of groundwater by toxic compounds even in low concentrations can 

compromise the exploitation of the resource for long periods. This work is in this theme. Indeed, 

the objective of this study is the determination of the impact of some heavy metals on the quality 

of water resources generated by the discharges of some industrial units in the region of 

El-Kalitoussa. The results obtained have identified the real threat of industrial pollution on the 

receiving environment (wells, boreholes and lake). However, the state of contamination of 

groundwater by heavy metals has been achieved by processing analytical results according to a 

methodology mono and bidimensional using computer tools. This metallic pollution is highlighted 

by an abnormally high average content in the majority of the analyzed water points for iron, lead 

and nickel. While copper has an average concentration at the tolerance limit. However, the 

highest concentrations of heavy metals measured show that the closer the wells and boreholes 

are to industrial waste, the more vulnerable they become to possible contamination. 

1. Introduction 

The population growth, the rise in the standard of living, the development of the 

industrial fabric and the irrigation of agricultural land consume more and more large 

volumes of water, which generates huge quantities of polluted water and increased 

degradation of water quality and the environment (Small, 2007; Banton and Bangoy, 

1999; Pitt et al., 1999; Amin et al., 2011 ), Algeria is not in remainder of this report, it is 

more and more confronted with the problems of the environmental pollution, generated 

by the rejections of various anthropic activities causing serious potential nuisances as 

well for the human health as for the preservation of the ecosystems and the 

environmental quality (Zilberbrand et al., 2001). In addition, the contamination of 

groundwater resources by metal industries (Muchuwetti et al., 2006). Moreover, the 

alteration of groundwater by toxic compounds, even at low concentrations, can 

compromise the exploitation of the resource for drinking water supply for very long 

periods (Marwan et al., 2011 Prasad et al., 2001). The transfer time of pollutants from 

the surface of the soil to the groundwater and then within the aquifer can be long: they 

depend on the hydrogeological context and the hydrological situations (retention 

capacities of the various materials crossed, speed of flow of the groundwater, beat of the 

groundwater) (Riser-Roberts, 1992). Furthermore, wastewater is often loaded with 

pollutants, sometimes toxic, which present an enormous danger for the environment, in 

this case for the groundwater if they are not collected and drained (Attoui et al., 2016; 

Rezaverdinejad, Rahimi, 2017; Prasad et al., 2014). The objective of this study, is the 

determination of the impact of some heavy metals on the quality of water resources 

generated by the discharges of some industrial units in the region of El-Kalitoussa, 

relying on the analytical results of some metallic trace elements. 
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2. Materials and Methods  

2.1 Study area 

The Berrahal commune, covers a total area of 18 019 ha, it is located 30 km west of 

the wilaya of Annaba, on the national road 44 (RN44). Important crossroads between the 

wilayas of Constantine, Skikda and Annaba, Berrahal, has become a large urban center, 

with a population of 21,040 inhabitants (2008 census) spread across 4 rural cities: Ain 

Chouga, Kalitoussa, Tacha and Guirche (Figure 1). Berrahal has 924 farms (domestic 

livestock, beekeeping and industrial crops), which are still its pride. But it is also home to 

the largest industrial zone in the Wilaya of Annaba with its 121 ha, its 82 lots and its 50 

companies (only 28 are operational). The activities listed are the steel industry, food 

processing, metal processing, building materials, spare parts for the rolling stock, 

pharmaceuticals, cosmetics and construction. Created in 1983, this industrial zone is 

located along the RN 44 at the south-western exit of the commune capital of the region 

(Majour, 2010). 

 
Figure 1. Location of the study area 

The aquifer system of Berrahal includes 2 aquifers:  

• a free aquifer of thickness varying between 10 and 20 m, consisting of alluvial 

terrains (silty sands and gravels) with relatively good permeability. The stratigraphic 

columns of the drillings used to delimit the aquifer have highlighted a shallow zone of 

the piezometric level of the aquifer (close to the surface of the ground), located to the 

west (Guirche). This zone is considered a priori very vulnerable to any surface 

contamination. 

• other semi captive (becoming captive to the West), it is consisted of metamorphic 

terrains (marbles) corresponding to the continuity of the crystalline lens of the 

Edough massif. The thickness of this layer is low, varies between 2 and 5 m. 

According to Khalfaoui, 2007. Two piezometric maps has been created (November 

2006/ March 2007): 

The piezometric map of the month of November 2006: The observation of 

piezometric curves shows that it generally has a convergence of the flows of groundwater 

to the lake Fetzara in the South and the South East (outlet of the system). The general 

direction of water flow, however, is determined by geography. The morphology of the 

piezometric surface shows that the piezometric curves are parallel to the boundary of 

terrain to the north east of the region. This highlight feeding from the south side of the 



PESD 2022, 16, 2 7 

massif of Edough. During the month of November (low water period) the piezometric 

surface reached its lowest level. 

The piezometric map of the month of March 2007: it corresponds to the 

high-water period and indicates that the aquifer system responds positively to heavy 

rainstorms. This response is manifested by a rise in the groundwater level, highlighting 

an important feeding infiltration of meteoric water. The general direction of flow is 

identical to the low water (November 2006), and follows the morphology of the 

topographic surface (Figure 2). 

 
Figure 2. Piezometric Map of the study area (Khelfaoui, 2007)      

2.2. Water sample collection 

The study of the chemistry of groundwater and surface water in Berrahal, focused on 

41 water points (20 wells, 13 drillings and 8 discharges), covering a large area between 

the industrial area to the north and Lake Fetzara to the south (Figure 3). The wells and 

boreholes are used for domestic and agro-pastoral needs (irrigation and watering). Six 6 

sampling campaigns of groundwater and surface water have been conducted for 

physicochemical analyzes. The monitoring was spread over three years from November 

2005 to May 2008, according to a biannual step time. 

 

Figure 3. Map inventory of water points in the region of El-Kalitoussa Berrahal 

 Berrahal 

Legend:  industrial area    P = The well      ;    F =The Drilling;    R = the discard 
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The chemical analyses carried out at the, concerned the metallic elements (Fe, Pb, 

Ni, and Cu), were dosed in the central laboratory of ARCELOR MITAL STEEL of El Hadjar 

by a spectrometer of atomic absorption of type Perkin Elmer 3110. the treatment of the 

analytical results was realized according to a monodimensional and bidimensional 

methodology (histograms and maps) by calling upon data-processing tools. 

3. Results  

3.1. The copper 

The Copper levels varied between a minimum of 0.34 mg/l and a maximum of 1.87 

mg/l, with an average of 0.78 mg/l (Figure 4). The distribution of copper concentrations 

in the waters of the aquifer, shows that all the water points are in the WHO standards 

(2002). However, certain water points have relatively high average values in this 

element, in particular F8 drillings (1 mg/l), F4 (1.02 mg/l), F3 (1.03 mg/l), P18 (1.27 

mg/l), P10 (1.54 mg/l) and P11 (1.74 mg/l). In addition to a probable naturally occurring 

(chalcopyrite), the relative increase, of copper in the waters catchments of these can be 

attributed to anthropogenic contamination due to corrosion of drilling pipes or due to 

discards R2 (0.98 mg/l) and R3 (1.70 mg/l) that collect wastewater from industries of 

metallurgy (copper entering into the composition of many alloys) (Majour, 2010). 

 

Figure 4. Variation of copper concentrations in sampled water points 

(Berrahal/2005-2008) 

3.2. The iron 

In groundwater plain Berrahal, iron concentrations fluctuate between 0.35 mg/l and 

1.83 mg/l with an average of 0,74mg/l. All water points have levels that exceeds the 

potability standard (WHO, 2002) (Figure 5). However, the wells P7, P16, P15, P6, P10 

and P11 have high average concentrations (> 1 mg/l), because they recorded the 

respective concentrations of 1.01 mg/l, 1,03mg/l, 1,05mg/l, 1.28, 1.43 mg/l and 1.83 

mg/l. These high concentrations are explained mostly by contamination due to the 

wastewater infiltration into the underlying aquifer, from discharges R2 and R3 of the units 

"Protuil and Copracˮ (specialized in galvanizing and storage of iron) (Kholtel et al., 2003; 

Brignon et al., 2005), indicate that water pollution by iron increases water turbidity by 

giving them the color and an unpleasant metallic taste. Furthermore, iron precipitate on 

the walls of conduits and considerably diminishes their useful diameter or even clogging. 

Furthermore, the presence of iron bacteria causes the corrosion in boreholes. The 

water discharges have relatively higher iron concentrations than groundwater, especially 

discharges R2 (2.07 mg/l) and R3 (1.61 mg/l). The average value of discharges water is 

0.79 mg/l.  
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Figure 5. Variation of iron concentrations in sampled water points (Berrahal/2005-2008) 

3.3. The nickel 

The nickel contents of groundwater vary between 0.02mg/l and 0.15 mg/l with an 

average of 0.07 mg/l. Of all analyzed water catchment (wells and drillings), 13 comply 

with the standard (≤ 0.05 mg/l) (WHO, 2002) and 20 (16 wells and 4 drillings) have 

average concentrations except standard (between 0.06 and 0.14 mg/l). Nickel is a metal 

that enters alloys and chemical or he associates with other metals, Figures 6 illustrate 

that the abstraction for nickel contents and in the higher iron have the same pattern of 

change, which suggests a common origin of these elements. Concerning the distribution 

of nickel concentrations in discharges, Figure 6 shows that it is the corresponding 

discharges wastewater metallurgical industries (Protuil and Coprac) which record the 

most important nickel contents (Majour, 2010). 

 

Figure 6. Variation of Nickel concentrations in sampled water points 

(Berrahal/2005-2008) 

3.4. The lead 

In the waters of wells and drillings, lead contents fluctuate between a minimum of 

0.01 mg/l and a maximum of 0.65 mg/l with an average of 0.1 mg/l. On 33 analyzed 

catchments (Figure 7), only 7 of them meet the drinking water standards (≤ 0.01 mg/l) 

(WHO, 2002). While the 26 others record the average concentrations of between 0.02 

and 0.61 mg/l. The wells which are characterized by the highest levels of lead are P5 

(0.23 mg/l), P3 (0.25 mg/l), P11 (0.36 mg/l), P6 (0.44 mg/l), P10 (0.53 mg/l) and P7 

(0.61 mg/l). Contamination from such concentrations renders the waters of these wells it 

 
mg/l 
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unfits for domestic uses. The contamination of the wells is related to the infiltration of 

waste water loaded with lead from NAFTAL unit (R1) which marks an average 

concentration 1.67 mg/l. 

 
Figure 7. Variation of lead concentrations in sampled water points (Berrahal/2005-2008) 

4. Discussion 

4.1. Spatial distribution map of copper 

The spatial distribution of copper levels (Figure 8) shows that all the water points have 

concentrations that comply with WHO drinking water standards (WHO, 2002). However, 

some catchments have relatively higher levels of this element than the rest. This is the 

case of the boreholes and wells, F8, F4, F3, P18, P10 and P11, which have copper levels 

between 1 and 1.74 mg/l. These relatively high copper contents in these works may be 

related to the infiltration of wastewater from the R3 discharge of the "Protuilˮ and 

"Copracˮ units (Zenati et al., 2013). 

Figure 8. Spatial distribution map of copper 

 mg/l 
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4.2. Spatial distribution map of iron 

The spatial distribution of iron concentrations (Figure 9), shows that all the water 

points analyzed are contaminated and are characterized by levels of this element largely 

exceeding the threshold of potability (0.3 mg/l) recommended by the WHO (WHO, 2002). 

However, the highest concentrations (between 1 and 1.83 mg/l) are observed in the wells 

(P7, P16, P15, P6, P11) which are close to the industrial discharges, thus testifying to a 

direct contamination, by infiltration and diffusion through the soil. These results are 

similar to those found by Djabri, 1996; Debièche, 2002; Hani et al., 2007; Djorfi et al., 

2008; Zenati et al. 2013 and Bougherira et al., 2017. 

 

Figure 9. Spatial distribution map of iron 

4.3. Spatial distribution map of lead 

Observation of the distribution map of lead concentrations (Figure 10) shows that, 

with the exception of a few water points (P4, P19, P20, F1, F5, F10 and F12) that meet 

the standards of potability (0.01 mg/l, WHO 2002), 83% of the catchment works (34/41) 

have average concentrations that fluctuate between a minimum of 0.02 mg/l and a 

maximum of 0.61 mg/l. The observation of figure 10 shows that the wells of Class 3 (the 

most loaded with lead), are located near the discharge of the Naftal unit (R1). Moreover, 

it is in the R1 discharge that the highest lead concentrations are recorded (between 1.46 

and 1.83 mg/l). The results are identical with those reported by Attoui et al., 2016 and 

(Djabri, 1996; Debièche, 2002; Hani et al., 2007; Djorfi et al., 2008; Zenati et al., 2013, 

Bougherira et al., 2017) in the industrial area of Meboudja (Annaba). 

4.4. Spatial distribution map of nickel 

The spatial distribution of nickel contents according to (Figure 11) in three classes, 

gives the following results: 

• Class 1, includes water points characterized by nickel levels not exceeding the WHO 

potability threshold (0.05 mg/l) (WHO, 2002). 

• Class 2, includes water points with nickel concentrations between 0.06mg/l and 

0.09mg/l. 

• Class 3, determines the water points (P7, P16, P2, P9, P11, P15, P10) with the 

highest nickel content (levels between 0.1 and 0.14 mg/l). These water points are 

either close to the R2 and R3 discharges, or located 1km downstream from these 
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discharges. These results are weak compared to those found by Djabri, 1996; 

Debièche, 2002; Hani et al.,2007; Djorfi et al., 2008; Zenati et al., 2013; Bougherira 

et al., 2017) in the industrial area of Meboudja (Annaba). 

 

Figure 10. Spatial distribution map of lead 

 

 Figure 11. Spatial distribution map of Nickel 

5. Conclusions and recommendations 

Metallic pollution is highlighted by an abnormally high average content (> WHO 

standards), on the majority of the analyzed water points for iron, lead and nickel. While 

copper has an average concentration at the tolerance limit. However, the highest 

concentrations of these elements were observed in wells and drillings located near the 

discharges of industrial units Naftal and Protuil. The analysis of the distribution maps of 

the level of pollution of the aquifer for the heavy metals measured, shows that the closer 



PESD 2022, 16, 2 13 

the wells and boreholes are to the industrial discharges, the more vulnerable they 

become to a possible contamination. 

Following this conclusion several recommendations can be suggested for an effective 

protection of the water resource: 

• Need to establish a treatment plant in the vicinity of the industrial zone of Berrahal. 

And this, to preserve as well the water table as the lake Fetzara (Ramsar site). 

• Engage in additional water resource management efforts by local communities. 

• Develop incentives to reduce the pollution load generated by human activities 

(industrial, agro-pastoral, urbanization, etc.). 

• Install a network of piezometers to monitor groundwater quality and fluctuations in 

the piezometric surface. 

• Delimit the protection perimeters of the water catchment points. 

• Raise awareness of the need for groundwater protection. 
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