
99

 
 

 
CONTRIBUTION TO THE STUDY OF THE PHYSICO-CHEMICAL 
QUALITY OF THE SURFACE WATER OF THE RIVER SEYBOUSE  

 
Mazouz KHEROUF, Ammar MAOUI 

 
University of Guelma 8 May 1945, Civil and Hydraulic Engineering Laboratory (LGCH),  

Guelma, Algeria 
 

Corresponding author email: kherouf.mazouz@gmail.com  
 
Abstract  
 
Like all parts of the North- east Algeria, the study area has considerable surface water wealth, to which attention must 
be reserved. River Seybouse, which is fed by a network of rivers, is one of the most important rivers of this region; it 
drains the Guelma basin towards West-East clearly on nearly 45 km with a total contribution estimated at 408 Hm3/ 
year to Boudraoua station (Bouchegouf). 
In parallel with the rapid population growth, record the development of agricultural and industrial sectors that knows 
the study area in recent decades, River Seybouse, became the seat of important illegal dumping and polluting 
discharges. 
For this purpose, samples of water samples were conducted at nine stations during wet periods and dry periods. A 
multidisciplinary analysis concerned in particular, the physicochemical parameters (T°, pH, CE, O2, Cl-, PO4, NO2 and 
NO3), the evaluation of contamination by trace elements (Fe, Mn, Cu, Zn) 
The analysis results show that the waters of this river are characterized by high natural mineralization and 
concentrations substantially higher than the standards recommended by OMS and Algerian standards of the various 
parameters reflecting generally the waters of this course of water are of good quality. 
The concentrations of metallic elements are not alarming, and the degree of metal contamination differs from one site 
to another depending on the distance away from the source of pollution. 
 
Key words: contamination, surface water, Seybouse, physicochemical parameters.  
 
INTRODUCTION  
 
The countries on the southern shore of the 
Mediterranean are characterized by a situation 
of structural water stress.  
North Africa accounts for only 0.1% of the 
world's renewable natural water resources for a 
total population of 180 million inhabitants, i.e. 
about 2.6% of the world population.  
Since the commissioning in 1996 of the 
Guelma, Bouchegouf irrigated perimeter, the 
issue of the quality of irrigation water from the 
Seybouse River has been a major concern. 
Should the water from this river be used for 
irrigation or not?  
Knowing that industrial wastewater, domestic 
wastewater and waste oil and others are 
discharged directly into this river, without any 
prior treatment. This on the one hand, and on 
the other hand, another source of pollution, not 
least, is pollution of agricultural origin 
(leaching of chemical fertilisers and pesticides) 
(Guettaf, 2015). It is important to note that all 
the drinking water supply wells and wells are 

located in agricultural land and that the latter 
are irrigated from the Seybouse River. 
The intensification of irrigation with water of 
dubious quality can cause the infiltration of 
various pollutants into the groundwater of the 
aquifer, as the self-purifying power of the soil 
should not be overestimated, since a real case 
of contamination was reported by the health 
service of the Wilaya of Guelma (DSP) during 
the month of July 1997, when the well (BA3) 
located in Belkhir was contaminated by a leak 
in the delivery pipe of the irrigated area. 
However, there could be other similar cases 
since the irrigation network is branched over a 
surface area of 12000 ha. 
The aim of our study is to see the impact of 
irrigation water on the soil and on the 
groundwater table.  
Therefore, the content of irrigation water in 
various pollutants (nitrates, orthophosphates, 
heavy metals, etc.) was compared with that of 
groundwater to determine the responsibility of 
this water in the degradation of the quality of 
the Guelma alluvial aquifer. 
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MATERIALS AND METHODS  
 
Study area 
The River Seybouse drains one of Algeria's 
main catchment areas. This basin is located in 
the north-east of Algeria and covers a total area 
of about 6471 km2 (Figure 1). It is the largest 
basin, after the Medjerda, in the eastern part of 
North Africa and is subdivided into six main 
sub-basins (Balayac, 19912; ABHCSM, 1999). 
From the point of view of the importance of 
water resources and its strong anthropisation, 
the physiographic characteristics and the humid 
and sub humid climate of the Seybouse 
catchment area (located between the confluence 
of the River Charef and the River 
Bouhamdane), explain the hydrological 
functioning of this watercourse. The River 
Seybouse originates from the commune of 
Medjez Amar, wilaya of Guelma 
(36°26.587''N, 0 07°18.740''E), west of the 
town of Guelma and flows for 134.74 km 
before emptying into the Mediterranean Sea, 
near the commune of Sidi Salem, wilaya of 
Annaba (36°51.689''N, 007°46.066''E). It 
crosses three wilayas (Guelma, El-Tarf and 
Annaba) and continuously receives the 
discharges and wastewater from the 68 
communes and agglomerations of the 
catchment area, i.e. 1300000 inhabitants 
(Ghachi, 1986). Guelma and El-Tarf are two 
wilayas with an agricultural vocation. 
 

 
Figure 1. Watershed of the Seybouse and its tributaries 

 
Sample collection site 
During 2013 and in two periods, one in winter 
and the other in summer, water samples from 

the River Seybouse were taken in clean plastic 
bottles with a capacity of 1.5 litres and 2 m 
from the banks. The bottles were filled to the 
brim and then the cap was screwed on to avoid 
any gas exchange with the atmosphere. The 
water samples were sent directly to the 
laboratory within 8 hours for analysis. Nine 
stations were selected (Figure 2). They were 
chosen because of their accessible locations for 
sampling, the crossing of densely populated 
urban areas and some of them along 
agricultural land.  
The following parameters were analysed, T°C, 
pH, Electrical Conductivity (EC), Dissolved 
Oxygen (DO), Sulphates (SO4-), Ortho-
phosphates (OP), Chlorides (Cl), Nitrates 
(NO3), and Ammonium (NH4). The following 
parameters (Temperature, pH, Electrical 
Conductivity and Dissolved Oxygen) were 
measured directly in situ using a suitable 
portable multi-parameter (WTW multi 1971). 
The other physicochemical parameters were 
determined according to Rodier's analysis 
protocol (Rodier et al., 1984). Thus, the total 
hardness of the water was determined by 
volumetric titration with EDTA 0.2N and the 
concentrations of chloride ions by argentometry 
(determination by silver nitrates). The other 
indicators (parameters) were determined 
spectrophotometrically. Univariate (correlation 
tests) and multi-variety (similarity tests and 
Principal Component Analysis) statistical 
analyses were carried out on these data in order 
to determine the various correlations existing 
between these parameters. 
 

 
Figure 2. Location of sampling points 

 
RESULTS AND DISCUSSIONS  
 
Physicochemical characteristics of water 
Physicochemical indicators of water quality are 
often subject to spatial-temporal variations 
induced by anthropogenic activities that modify 
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the characteristics of the water and affect its 
quality (Karrouch, 2009) Thus, measurements 
of these parameters in a logic ecosystem can 
give us information on the degree of pollution 
of this biotope. 
The pH is a factor that depends on the natural 
conditions of the environment, such as the 
vegetation cover and the nature of the rocks 
and the soil substrate, and on human activities 
such as pollution (Dussart, 1966; Bermond and 
Vuichaard, 1973). It decreases in the presence 
of high levels of organic matter and increases 
during low-water periods, when evaporation is 
high enough (Meybeck et al., 1996). In our 
region, the values of this hydrogen potential 
fluctuate between 7.5 and 8.8 (Figure 3) and 
show a slight gradient increasing from 
upstream to downstream. As a result, the pH is 
slightly neutral to moderately alkaline at 
stations S1 and S7. 
 

 
Figure 3. Spatial and temporal variation of pH 

 
Water temperature (Figure 4) is strongly 
influenced by environmental conditions related 
to the geographical location of the locality, the 
geology of the terrain, the hydrology of the 
ecosystem and, above all, the prevailing 
climate (Rodier et al., 1984). Thus, the 
temperature does not vary greatly from one 
station to another. The minimum recorded is 
13.5°C (station S3) and the maximum is 22°C 
(station S5). 
Electrical conductivity (EC) is the ability of 
water to conduct an electrical current. It is 
proportional to the mineralization of the water, 
so the richer the water is in ionized mineral 
salts, the higher the conductivity (Derwich et 
al., 2010). It is also a function of the 
temperature of the water, and is higher as the 

temperature rises (Rejsek, 2002). Not only that, 
but it is also used to assess the quantity of 
dissolved salts in the water (Rodier et al., 
1984). Following the measurements carried out, 
with values always varying between 650 and 
1600 µS/cm, the waters of the Seybouse are 
considered to be mineralized (Figure 5). 
 

 
Figure 4. Spatial and temporal variation of temperature 

 
These high values seem to be the consequence 
of the inputs from the river on the one hand and 
on the other hand they may be the result of soil 
leaching. 
 

 
Figure 5. Spatial and temporal variation of conductivity 

 
Quantifying the concentration of dissolved 
oxygen (DO) in the water of a hydro-system is 
a fairly important factor because it is involved 
in the majority of chemical and biological 
processes in these aquatic environments 
(Rodier et al., 1984, Brahimi and Chafi, 2014). 
The evolution of dissolved oxygen in the water 
of River Seybouse shows a more or less clear 
degradation of the quality of these waters 
downstream of this river (Figure 6).  
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The highest content is observed at the level of 
the inlet of the STEP and River Hellia which 
are respectively of the order of 5.9 and 5.6 
mg/l. The lowest values are observed in the 
river (Boumahra outlet) with a value of 3.5 
mg/l. 
 

 
Figure 6. Spatial and temporal variations of dissolved 

oxygen 
 
As far as chlorides and sodium are concerned, 
we note that the origin of these elements is 
mainly linked to the dissolution of evaporate 
(calciferous) formations and to the effect of 
marine salinity. In the waters of the Seybouse 
river, the existence of these two elements is 
linked to the dissolution of evaporate 
formations. The sodium and chloride contents 
generally present variable values that are 
sometimes higher than the portability standards 
with a content varying between 94.5 and 280 
mg/l (station S6, Boumahra exit) for chlorides 
and 49 to 120 mg/l for sodium, these figures 
indicating the existence of strong calciferous 
contributions from the Triassic geological 
formations (Figure 7 and Figure 8) 
 

 
Figure 7. Spatial and temporal variations of sodium 

 
Figure 8. Spatial and temporal variation  

of the chloride ion 
 
As far as nutrients (nitrates and nitrites) are 
concerned, these represent the most oxygenated 
form of nitrogen. It is a very soluble form. Its 
presence is linked to the intensive use of 
chemical fertilizers (Debieche, 2020). In this 
form, nitrogen is a nutrient salt that can be used 
by most plants. The average nitrate 
concentrations in the waters of the River 
Seybouse are lower than the norm for surface 
waters. Therefore, the waters of the Seybouse 
River and its tributaries cannot be the source of 
pollution of the groundwater. 
Nitrite or nitrous nitrogen is a less oxygenated 
and less stable form representing the form of 
the transition between nitrate and ammonium. 
It is a toxic form. The highest value is observed 
at the WWTP S1 outlet (2.25 mg/l). The high 
values are due to the effect of oxidation of the 
ammonium form. In the whole region, the 
average value is around (0.16 mg/l). 
For phosphates in water, it is linked to urban 
discharges or to the dissolution of chemical 
fertilizers (NPK) (Chapman and Kimstach, 
1996; Lgourna et al., 2014). In surface waters, 
its content is variable and does not exceed the 
standard for surface waters (15 mg/l). 
 
Statistical processing of data 
The study of bivariant linear correlations 
between the parameters studied provides 
information on the strength of any associations 
between them (Wilcox, 1955). The correlation 
matrix of the thirteen parameters measured 
during the study period (March and July 2013) 
is presented in Table 1. 
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Table 1. Correlation matrix of the different physical and 
chemical elements of the Seybouse River 

  

 
 
Figures in bold indicate significant correlations 
 
Thus, a strong correlation is observed between 
conductivity and calcium ions r = 0.84 on the 
one hand and on the other hand with 
bicarbonates r = 0.81. Calcium ion caries well 
with bicarbonate ions r = 0.76, sulfate ions r = 
0.68 and magnesium ion r = 0.68. Also, 
potassium ion caries well with nitrate r = 0.67 
The multi-variant analysis by means of PCA 
(Principal Component Analysis) carried out on 
a double entry table (13 variables and 9 
stations) by STATISTICA software and 
expressed up to four factors and 77.05% of the 
variance were expressed. The projection of the 
variables on the factorial plane F1 and F2 
shows two poles (Figure 9): The plane F1, 
showing 35.70% of the variance, expresses an 
axis characterizing the mineralization of the 
water by the leaching of the geological 
formations. It is determined by electrical 
conductivity, chlorides, calcium ions, sulfates, 
bicarbonates and phosphates. The factorial 
plane F2 representing only 19.15% of the 
information is considered as an axis 
characterizing agricultural pollution and is 
determined by nitrates, nitrites, magnesium and 
chlorides (Figure 9). 
By projecting the variables onto the factorial 
plane 1-3 (Figure 10), we see that chloride, 
sodium and magnesium are opposed to the 
elements. Chlorine followed by sodium and 
magnesium show the best contributions along 
factorial axis 3. The chloride and sulphate-
calcium-magnesium faces predominate in the 
waters of the Seybouse as shown in the Piper 
diagram (Figure 11). 
 

 
Figure 9. Representation of the measured variables on 

the F1 and F2 factorial plane of the PCA 
 
Factor 3 can therefore be considered to be a 
factor in the dissolution of evaporates 
formations. 
 

 
 
Figure 10. Representation of the measured variables on 

the F1 and F3 factorial plane of the PCA 
 

 
Figure 11. Piper diagram 
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Water suitability for irrigation 
The sodium adsorption ratio (SAR) which 
expresses the relative activity of sodium ions in 
exchange reactions in soils. This index 
measures the relative concentration of sodium 
to calcium and magnesium. The SAR is defined 
by the following equation: 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁+

�𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶+++𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀++

2

 

 
The concentrations of Ca++, Mg++ and Na+ are 
in meq/l. 
Richards (1954) developed a classification 
based on the two parameters (SAR and 
electrical conductivity). The water quality 
classes (C1S1, C4S4) correspond in Richards' 
diagram to (Figure 12) SAR (ordinate for the 
letter S) and conductivity (abscissa for the letter 
C). 
Thus, class C1S1 (bottom left corner) is 
considered excellent because it corresponds to 
minimum values of SAR and conductivity; in 
contrast, class C4S4 (top right corner) is poor, 
because SAR and conductivity values are at 
their maximum.  
Three classes appear (eligible, poor and bad) 
each with its own characteristics. 

• Eligible (C3S1-C3S2). 
In general, it is suitable for irrigating salt-
tolerant crops on well-drained soils. However, 
salinity changes must be monitored. 

• Poor (C4S2). 
The water is highly mineralized and is likely to 
be suitable for the irrigation of certain species 
(cucumbers, etc.) that are well tolerant of salt 
and on well-drained and leached soils. 

• Bad (C4S3-C4S4). 
This water is generally not suitable for 
irrigation, but can be used under certain 
conditions: very permeable soils, good 
leaching, very salt-tolerant plants (cabbage, 
beetroot, etc.). 
The waters of the Seybouse River and its 
tributaries belong to the C3S1 classes and are 
therefore suitable for irrigation, but the salinity 
evolution must be controlled. If the irrigation 
water is loaded with sodium, the number of Na+ 
ions combined with the soil increases. This 
leads to structural degradation, with swelling of 
the clays causing impermeability of the 

environment. The desalination and drainage 
process can then be completely stopped. 
Generally, plants do not tolerate sodium-
saturated soils. 
 

 
Figure 12. Richards’s diagram 

 

 
Figure 13. Wilcox diagram 

 
CONCLUSIONS 
 
Spatial and temporal monitoring of several 
physicochemical parameters of the water of 
River Seybouse has provided us with the image 
of a relatively intense pollution which 
translates into a significant mineral and organic 
load. We shall retain: 
A predominance of chloride and sulfate 
calcium and magnesia faces. 
From a statistical point of view, sulfates, 
bicarbonates and calcium show a good 
correlation with electrical conductivity on the 
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one hand and between chloride, nitrate and 
electrical conductivity on the other hand, 
confirming the pollution of the River water. 
The principal component analysis allowed us to 
determine three factors influencing the 
chemistry of the surface aquifer water, namely 
a factor F1 of mineralization, factor F2 
characterizing water pollution. 
The comparison of the saturation indices 
obtained by geochemical modelling applied to 
13 elements, allowed us to obtain the following 
results: 
 Super saturation with respect to calcite 

and aragonite, thus precipitation of these 
chemical elements in water. 
 Evaporate minerals are always in a state 

of under-saturation, hence a tendency for these 
minerals to dissolve. 
 The study of the suitability of the water 

for irrigation has shown the good quality of the 
water. However, control of salinity and other 
chemical elements (boron, heavy metals, etc.) 
is necessary. 
We insist on developing means to fight against 
this pollution of the Seybouse River. The best 
means remain the sensitization of the residents 
of the watercourse, its users and the local 
population. The adequate treatment of all these 
discharges becomes an imperative operation. 
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