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INTRODUCTION  

Water is a natural resource that is essential for the survival of humans, animals, 

and plants. It is vital to life, making it both precious and indispensable, as life on Earth 

would not exist without it. Although water covers 71% of the Earth's surface, only a 

small fraction of the billions of gallons of water on our planet is fresh and usable by 

humans (Moudallal, 1997; Samai et al., 2022). 

While this quantity is sufficient to meet humanity's future needs, the deterioration 

in water quality is making the proportion compatible with human use ever smaller 
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The Lower Seybouse Plain in northeastern Algeria is undergoing 

rapid and unregulated urban development, particularly in the industrial 

sector, resulting in asignificant environmental degradation. Thus, the current 

study aimed to assess the surface water quality of the Oued Seybouse 

(Annaba) and to investigate various water pollution parameters. In February 

2023, three sampling points were examined in the Oued: Djoinou, Sidi 

Salem, and Bouhamra. The analysis focused on key physico-chemical 

parameters indicative of water pollution, including pH (hydrogen potential), 

electrical conductivity, biochemical oxygen demand (BOD5), nitrates, 

nitrites, and chlorides. Increases were recorded in pH and electrical 

conductivity, along with elevated levels of nitrates, nitrites, and chlorides, as 

well as a rise in BOD5, indicating the presence and biodegradability of 

organic matter in the wadi. These changes contribute to the contamination 

and rising pollution levels in the wadi, rendering the water increasingly 

unusable and in urgent need of biological, chemical, and physical treatment. 
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(Burek et al., 2016). Water is second only to air in its importance for sustaining life on 

Earth. It exists in various forms, including surface water such as rivers, lakes, seas, and 

groundwater (Jeng, 2007). As the source of life, water ensures the continuity of all 

species on our planet (Jones et al., 2021). It plays a crucial role in supporting productive 

human activities like agriculture, energy production, industry, sanitation, transport 

services, fisheries, and tourism (UNEP, 2009). However, when polluted, water can 

become a source of disease (Scalon et al., 2005). Interestingly, paleontological data from 

studies on polar ice caps indicate that natural pollution has significantly increased over 

geological time at various levels. This offers hope for the potential restoration of initial 

conditions, which could benefit all ecosystem components on Earth, the only known 

living planet in the solar system (Gaamoune, 2010). 

Water pollution refers to the alteration of water's natural physical and chemical 

properties. It involves actions and processes that degrade water quality (Zenati et al., 

2018). In recent years, global water quality has deteriorated significantly due to 

uncontrolled industrial discharges and the intensive use of chemical fertilizers in 

agriculture, which chemically alter water, rendering it unsuitable for various uses 

(Rouabhia et al., 2004; Rouabhia et al., 2010). Numerous studies have investigated the 

diverse impacts of industrial and urban discharges on surface water quality and the 

contamination of continental aquatic ecosystems (Walling et al., 2001). The 

contamination of natural water sources by toxic pollutants poses a potential threat to 

future human activities (Petrovic et al., 2002). 

Water is considered polluted when its quality no longer meets the standards for 

domestic, agricultural, or industrial use. Pollution of groundwater, rivers, or seas 

primarily results from urban, agricultural, and especially industrial discharges. Industry, 

which consumes a significant amount of water in the production process, is responsible 

for nearly half of all pollutant discharges in the natural environment (Wear et al., 2021). 

These discharges alter and sometimes destroy the nature of the receiving waters, leading 

to ecosystem imbalances, with potentially catastrophic and irreversible consequences for 

the environment (Hafsi, 2017). Therefore, it is essential to address this issue by investing 

in wastewater treatment plants (Raweh et al., 2011) to ensure public health protection. 

By discharging treated water into receiving environments under conditions that maintain 

or improve the quality of these environments, we can preserve the necessary biological 

balance and prevent or mitigate harmful effects reflecting on the environment and public 

health (Derwich et al., 2010). 

Industrial pollution is a major concern in Algeria, as in all countries around the 

world, and particularly in the wilaya of Annaba, the subject of our study. In our study of 

surface water pollution in the Oued Seybouse, we assessed the physico-chemical 

parameters of these waters, by measuring physical parameters, such as pH and electrical 

conductivity and chemical parameters, such as nitrates, nitrites, chloride, ammonium and 
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BOD5 biochemical demand. To hit this target, three samples were collected from the 

towns of Djoinou, Sidi Salem, and Bouhamra during February 2023. 

 

MATERIALS AND METHODS  

1. Site description 

The Lower Seybouse Plain is located in northeastern Algeria, 600km east of 

Algiers, and belongs to the Annaba-Bouteldja aquifer system (Fig. 1).  

Its natural limits are: 

 To the north, the Mediterranean Sea; 

 To the west, the Belelieta (287m) and Bouhamra (152m) massifs, which are 

separated from the main Edough massif (1008m); 

 To the south, the eastern Numidian range (1411m); 

 To the east, the eastern extension of the Annaba-Bouteldja aquifer system. 

 The geomorphology of the site is characterized by a flat topography over the 

entire plain, marked by significant inclinations at the edges of the plain, to the west and 

south, due to the anticline of the Edough, Belelieta metamorphic massif, and that of the 

Numidian chain (Vila, 1980; Kerrouch & Chahlaoui, 2009). 

This study region belongs to the Mediterranean climate, with rainy winters and dry 

summers, according to the Thomthwaite balance (Chaoui et al., 2013). The average 

annual precipitation is around 623.9mm, and the average temperature is 18.6 celsius. 

 

Fig. 1. Map of the Seybouse water shed showing the two dams built on Oued Charef and 

Oued Bouhamdane (Aounallah et al., 2022) 
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2. Sampling and measurement of physico-chemical parameters 

The experimental study consists of carrying out physico-chemical analyses of 

water from the Oued Seybouse, which flows through the city of Annaba. The water 

quality study comprises three stages: sampling, analysis, and interpretation. 

In February 2023, sampling was conducted at the mouth of Oued Seybouse, which is one 

of the primary sources of continental input. The sampling points were selected based on 

the location of industrial zones. Additionally, we focused on the towns of Djoinou, Sidi 

Salem, and Bouhamra. Surface water samples were collected in three sterile bottles, 

which were rinsed three times with water, followed by examination to ensure they 

maintained the same water characteristics. The bottles were then filled to the brim with 

water to prevent any potential chemical reaction. After sealing, each bottle was carefully 

labeled and numbered with the date, contact details, and sampling number. 

Before analysis, within 24 hours, the laboratory filtered, de-oiled, and acidified the 

samples with a few drops of nitric acid (HNO₃), and stored them at 4°C (AFNOR, 1999), 

when necessary. 

The measured parameters and their analysis methods implemented in the current study 

are detailed as follows: 

 Hydrogen potential (pH) and conductivity (EC) were measured in situ using a 

portable multiparameter device in accordance with the respective protocols (ISO 

10523:2008), (ISO 7888:1985), and (ISO 5814:2012). 

 Biological oxygen demand (BOD5) was determined using a BOD meter, following 

the guidelines of (ISO 5815-1:2003). 

 Nitrates (NO₃⁻) and nitrites (NO₂⁻) were determined by a colorimetric assay using 

a spectrophotometer (UV/visible) in accordance with the protocols (ISO 7890-

3:1988), (ISO 6777:1984), and (ISO 13395:1996). 

 Chlorides (Cl⁻) were measured by silver nitrate titration using chromate as an 

indicator (Mohr's method) according to the studies of Rodier (2009) and Barour 

(2015). 

 

 

3. Statistical analysis 

All the results were analyzed using the statistical software Minitab version 10, 

using the Tukey test to analyze variance with a single classification criterion. 

 

RESULTS AND DISCUSSION 

 

Physico-chemical indicators of the water quality are often subject to 

spatiotemporal variations induced by anthropogenic activities that modify the 

characteristics of the water and affect its quality (Kerrouch & Chahlaoui, 2009). 
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1. Hydrogen potential (pH) 

Water pH measures the concentration of H+ protons in water. It summarizes the 

stability of the equilibrium established between the different forms of carbonic acid and is 

linked to the buffer system developed by carbonates and bicarbonates (El Blidi & 

Fekhaoui, 2000). The observed values indicate that the pH is slightly neutral to acidic in 

all Wadi Seybouse stations. This is due to the effect of acid discharges from factories, 

especially Fertial. The water is therefore polluted by acidic discharges (Fig. 2). 

 

 

Fig. 2. Spatial variation of pH 

2. Electrical conductivity (EC) 

This parameter allows us to predict the state of chemical ions in water, as well as 

the direction of chemical reactions (oxidation or reduction). Conductivity measurement 

provides a good indication of the degree of mineralization of water, where each ion acts 

through its concentration and specific conductivity (Rodier, 2009; Arouya, 2011). The 

average values recorded ranged from 2630 to 8100µS/ cm, showing variations in the 

excessive mineralization of the water in this wadi. This finding is ascribed to Fertial's 

industrial discharges (Fig. 3). 



Amri et al., 2024 2228 

 

Fig. 3. Spatial variation of CE 

 3. Biochemical oxygen demand (BOD5) 

BOD5 (biochemical oxygen demand) is the quantity of dissolved oxygen 

consumed by microorganisms in the dark at 20 Celsius for 5 days. It is used to assess 

biodegradable organic matter (Makhoukh et al., 2011). Fig. (4) shows an increase in the 

BOD5 content of Wadi Seybouse waters, with average BOD5 values ranging from 11.1 to 

13.2mg/ l (Fig. 4). This increase is at its highest at the second station (Djoinou), where 

fertilizer inputs and domestic or industrial discharges are the main causes. 

 

Fig. 4. Spatial variation of  
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4. Nitrates  

 

Nitrates are the final stage in the oxidation of nitrogen and represent the most 

highly oxidized form of nitrogen present in water. Their concentrations in natural water 

range from 1 to 10mg/ l, while their levels in untreated wastewater are low (Saadali et 

al., 2015). The recorded values range from 39.17 to 59.1mg/ l (Fig. 5). The increase in 

nitrate levels in Oued Seybouse and its presence in surface waters are linked to the 

intensive use of fertilizers (chemical or organic). In a permeable watershed, diffuse 

discharges of agricultural origin are the primary cause (Ruiz, 200). 

 

Fig. 5. Spatial variation of  

5. Nitrites  

 

Nitrites are considered a pollutant that is highly harmful to human and animal 

health (  levels become harmful when they exceed ) (Seghir & Khérici, 

2008). The results obtained show high nitrite levels, exceeding the standard , 

which varies between  and  (Fig. 6). Therefore, it can be deduced 

that the waters of Wadi Seybouse are highly polluted with nitrites. 
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Fig. 6. Spatial variation of  

6. Chlorides (Cl-) 

Chlorides are important inorganic anions found in varying concentrations in 

natural waters, generally in the form of sodium  and potassium  salts. They 

are often used as an indicator of pollution. They influence the aquatic flora and fauna, as 

well as the plant growth (Remi, 2010). Chloride ion concentrations in Oued Seybouse 

water ranged from  to  (Fig. 7), indicating that urban or industrial 

anthropogenic input is involved.  

 

Fig. 7. Spatial variation of  
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7. Statistical analysis 

7.1. Analysis of variance pH 

Source DL SomCar adjust CM adjust Value of F 

 

Value of P 

Factor 1 89,468 89,4676 237,89 0,000 

Error 16 6,017 0,3761     

Total 17 95,485       

 

7.2. Analysis of variance ( . 

Source DL SomCar adjust CM adjust Value of F 

 

Value of P 

Factor 1 129186738 129186738 46,03 0,000 

Error 16 44901810 2806363     

Total 17 174088548       

 

7.3. Analysis of variance  

Source DL SomCar adjust CM adjust Value of F 

 

Value of P 

Factor 1 480,50 480,500 578,92 0,000 

Error 16 13,28 0,830     

Total 17 493,78       

 

7.4. Analysis of variance . 

Source DL SomCar adjust CM adjust Value of F 

 

Value of P 

Factor 1 9865,9 9865,91 261,52 0,000 

Error 16 603,6 37,72     

Total 17 10469,5       

 

7.5. Analysis of variance . 

Source DL SomCar adjust CM adjust Value of F 

 

Value of P 

Factor 1 0,3961 0,3961 1,02 0,327 

Error 16 6,1982 0,3874     

Total 17 6,5942       
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7.6. Analysis of variance . 

Source DL SomCar adjust CM adjust Value of F 

 

Value of P 

Factor 1 25741,8 25741,8 2125,01 0,000 

Error 16 193,8 12,1     

Total 17 25935,6       

 

The single-criterion analysis of variance for the classification of physico-chemical 

water parameters for the three selected stations in Oued Seybouse showed a highly 

significant difference for , , , , and , . However, we did not 

detect any difference, with  for , between the different stations in Oued 

Seybouse. 

CONCLUSION  

The present study aimed to determine the degree of pollution in the Oued 

Seybouse (Annaba, Algeria), a major watercourse in northeastern Algeria. For this 

purpose, we conducted physico-chemical analyses of the Oued's surface waters. 

The various physico-chemical parameters measured in February 2023 indicated a 

slightly acidic pH at Bouhamra and a basic pH at Djoinou and Sidi Salem, with high 

electrical conductivity, and a slight increase in biochemical oxygen demand (BOD₅). Our 

results also showed that the Oued Seybouse is highly charged with chloride, nitrate, and 

nitrite ions. A deterioration was observed in the surface water quality of the Oued 

Seybouse, particularly at stations subject to wastewater discharges from settlements in the 

Annaba Wilaya and its proximity to the industrial zone (Fertial). Consequently, these 

waters cannot be used for market gardening or irrigation as currently practiced. It is 

advisable to halt the direct discharge of urban and industrial effluents into the wadi by 

treating them before reaching the wadi and to continuously monitor the water quality. 

To combat pollution, it is imperative to implement appropriate biological, 

chemical, and physical treatments for all discharges and to install wastewater treatment 

plants. 

For a more comprehensive study, it would be advisable to: 

 Extend the monitoring period. 

 Sample additional sites. 

 Measure other physical parameters, such as turbidity, color, and alkalinity. 

 Include additional chemical measurements, such as dissolved oxygen (DO), 

suspended solids (SS), ammonia (NH₃), redox potential (ORP), phosphorus (P), 

and potassium (K). 
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