International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

Assessment of Physico - Chemical Quality of
Surface Waters 1n Lake Lere Basin, Chad

Tchinfanbe SOUAREBA® 23, Jean-Claude Doumnang MBAIGANE" %",
Mahamat Nour ABDALLAH?, Mianpereum TARKODJIEL" 2, Bertrand Guy NOUMI*

"Water and Environment Laboratory, University of N’Djamena P. O. Box 1117, Chad
Email: tchinfanbesouarebafat]gmail.com,; doumnang[at]gmail.com; mianpereumfat]yahoo.fr

Natural Products Research Laboratory, University of N’Djamena P. O. Box 1117, Chad
Email: tchinfanbesouarebalat]gmail.com; mianpereum/at]yahoo.fr

*Hydro - Geosciences and Reserves Research Laboratory, University of N’Djamena P. O. Box 1117, Chad
Email: tchinfanbesouarebalat]gmail.com, mnourabdallahfat]gmail. com; tchinfanbesouarebafat]gmail.com

4Chemistry Laboratory, University of N’Gaoundere P. O. Box 454, Cameroon
Email: gnoumifat]yahoo.fr

Corresponding Author Email: doumnang[at]gmail.com

Abstract: The Lake Lere basin is subject to human pressure, which results in the degradation of water quality. . In ovder to establish a
diagnosis of surface water quality, the aim of this study was to assess the physico - chemical parameters of surface water in the Lake
Lere basin. Water samples were analyzed using various analytical methods to assess these parameters. Physical parameters were
measured in situ using the electrochemical method with an electrical multiparameter. Chemical parameters were analysed using the
spectro - colorimetric method with electronic spectrophotometers. Results indicate that the water in Lake Lere has an average
temperature of 30.1°C, a neutral pH of 6.9, and low mineral content with an average conductivity of 166.03 uS/cm. The average
concentrations of various mineral ions were, for the most part, in line with international standards. Thus, we noted in mg/L,
respectively: sodium Na* (8.08), potassium K* (1.92), calcium Ca2* (70.95), magnesium Mg** (57.93), chloride Cl~ (0.85), nitrate NO3 "
(19.35), sulphate SO4*~ (21), phosphate PO~ (4.58) and silica SiO: (52.13). The results of the principal component analysis showed that
the different groups of sites were characterised by a contribution of nutrients mainly from agricultural activities and chemical alteration
of the soils. The Lake Lere basin faces significant human pressure, leading to water quality degradation. This study assesses the physico
- chemical parameters of surface water in the basin. Water samples were analyzed using electrochemical and spectro - colorimetric
methods. Results indicate an average water temperature of 30.1°C, a neutral pH of 6.9, and low mineral content with an average
conductivity of 166.03 uS/cm. The principal component analysis revealed that agricultural activities and soil chemical alterations
influence water quality. The study also identified two primary chemical facies: bicarbonate - calcium - magnesium and sulfate - calcium
- magnesium. The Riverside diagram analysis suggests that the water is suitable for agricultural use.
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1. Introduction

Surface water is essential to all human activity, especially
agriculture and industry. Among continental hydrosystems,
lakes are particularly notable for their capacity to support
biological resources. (H. Alayat and C. La mouroux, 2007).
They play a significant role in climate regulation and
economic growth in many countries. According to (N. Koné,
2022), much of the drinking water currently consumed in the
world comes from surface waters, mainly lakes. However,
discharges of domestic and industrial wastewater into the
environment, excluding run - off, are estimated at around
359 billion m*® (Planétoscope, 2012). This wastewater is
drained into the environment without any treatment.
Wastewater, whatever its origin and nature, contains
dissolved or particulate organic and inorganic
micropollutants that irreversibly affect the quality of natural
waters (C. E. Delisle and J. W. Schmidt, 1977); (S. C.
Louise, 2008); (R. Sébastien, 2014); (B. Batoul, 2018).

In Chad, groundwater and surface water resources amount to
between 263 and 455 billion m? per year from rivers and run
- off. However, because of the population explosion, urban

waste management is becoming a problem (S. A. M.
Mahamat and al., 2015). Wastewater is drained directly into
rivers or lakes (N. Ngaram and al., 2011). Industries and
urban areas are usually located close to rivers and lakes. This
inevitably affects their physico - chemical quality. The Lake
Lere basin is one of the potential areas for agricultural
activity and mineral exploitation. To increase agricultural
yields, farmers use fertilisers and pesticides, which have a
visible impact on water quality (T. Souareba and al., 2024).
Research in the fields of geology (O. Baldal and al., 2013)
and geography (P. Kedeu, 2021) has shown that the nature,
properties and dynamics of the soils and rocks in the Léré
area are likely to cause them to deteriorate, leading to an
accumulation of minerals (D. Nadjiam, 2013). Due to the
impact of human activities and soil alteration on water
quality, assessing the physico - chemical parameters of Lake
Lere was essential.

2. Materials And Methods

2.1 Material
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Presentation of the study area: The Lake Lere basin is
located in the extreme south - west of Chad. The lake
currently covers an area of approximately 40 km2 during
low - water periods and 50 km2 during high - water periods,
with an average depth varying between 4 and 8 m (P. Kedeu,
2021). The basin is centred on 9.37° North longitude and
14.10° East latitude. It receives tributaries from three main
catchments: the Mayo - Kebbi, the Mayo - Binder and the El
- Ouaya. The Mayo - Kebbi rises from the hydrographic
network formed at the end of the gullied valleys of the
marigots separated by the sandbanks (P. Kedeu, 2021). It
drains into Lake Lere, crossing Lake Trene to the east
(Figure 1). The Mayo - Binder and El - Ouaya belong to the

temporary regime. The Mayo - Kebbi, on the other hand, is
semi - permanent. The Lake Lere basin, like the extreme
south - west of Chad, is dominated by a Sudanian - type
climate, marked by the alternation of two main seasons: a
dry season from November to April and a wet season from
May to October. Average rainfall in the Lake Lere
department is around 854 mm per year. This rainfall pattern
is characterised by chronic irregularity in time and space (P.
Kedeu, 2021). Wind speed is around 10 m/s. The average air
temperature hovers around 45°C during heatwaves (NASA,
2024). However, wind and temperature are determining
factors in the soil erosion mechanism (L. Gouaidia, 2008).

Figure 1: Map showing the location of the study area and sampling points

Sampling: The samples were taken in September 2023, a
period of high water levels. This period coincides with the
period when fertilisers are spread and fields are treated with
pesticides. Based on the activities carried out, 8§ sites were
chosen and 1.5 litres of water was taken from each of these
eight points. Samples were taken from a depth of more than
20 cm. Before sampling, the bottles (made of ethylenic
plastic) were rinsed with demineralised water and then
rinsed three times with water from the sampling site.
Immediately after sampling, the samples were labelled and

stored in a fridge at around 4°C before being transported to
the Hydrogeosciences and Reservoirs Research Laboratory
for analysis (J. Rodier, and al., 2009).

2.2 Methods

Sample analysis: The various methods for measuring and
analysing samples taken from the book by Rodier (J. Rodier,
and al, 2009) and the Association Frangaise de
Normalisation (AFNOR) are listed in Table 1.

Table 1: Summary of equipment and methods for analysing physico - chemical parameters in water.

Parameters studied

Apparatus and methods

T°, pH and conductivity

In - situ measurement using a HANNA HI 8915 multimeter

Sodium and potassium

Spectrometric method using the JEANZAY - PFP7 flame spectrophotometer

Calcium, magnesium bicarbonate and chloride

Titrimetric method using the HACH - SI Analytics automatic titrator

Nitrate, sulphate, phosphate and silica

Spectrometric method using the HACH - LANGE Link2SC DR 3900 spectrophotometer.

Volume 14 Issue 2, February 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net

Paper ID: SR241005193410

DOI: https://dx.doi.org/10.21275/SR241005193410

1854



http://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

Data analysis and processing: Principal component analysis
and analysis of variance (ANOVA) were performed using
IBM SPSS statistics 25 software. The hydrochemical
diagrams were constructed using the DIAGRAM
programme.

3. Results and Discussion
3.1 Results

The results presented in Table 2 show that most of the
physico - chemical parameters such as temperature, pH,
electrical conductivity and mineral ions analysed in the
surface waters of the Lake Lere basin vary according to the
sampling stations. The physico - chemical variables correlate
with each other and are influenced by each other. The
different chemical facies of the water are illustrated by the
construction of different water digrams.

Variation in physical parameters: Temperature varies from
28 (S5 and S6) to 32°C (S8) with an average of 30.1°C. This
variation in temperature is not statistically significant at the
95% level. The pH varied from 6.3 (S3) to 7.4 (S1) with an
average of 6.9. The average pH value of the Léré water is
close to 7. The analysis of variance shows a non - significant
variation in pH at the 95% level. The pH varies from 6.3
(S3) to 7.4 (S1) with an average of 6.9. The average pH of
the Léré water is close to 7. The average pH value of the
Léré water is close to 7. The analysis of variance shows a
non - significant variation in pH at a level of 95%. The
highest value for electrical conductivity (492 uS/cm) was
obtained at station S1 and the lowest at station S8 (98
puS/cm). The average conductivity of the surface waters of
Lake Léré obtained during this period was 166.03 pS/cm.
The analysis of variance shows a statistically significant
difference in electrical conductivity between points at a
confidence level of 95%.

Variation in mineral ion concentrations: The sodium
concentration varied from 7.5 (S6) to 9.3 mg/L (S8) with an
average of 8.08 mg/L. Analysis of variance shows a non -
significant difference in Na® concentration. Potassium
concentration varied from 1.5 (S6) to 2.4 mg/L (S8) with an
average of 1.92 mg/L. Analysis of variance shows a non -
significant difference in K+ concentration. Magnesium
concentration varied from 27 (S6) to 106.3 mg/L (S7) with
an average of 57.93 mg/L. The analysis of variance shows a
statistically significant difference in Mg?" concentration at
the 95% level between the sampling points. Calcium
concentration ranged from 34.4 (S8) to 120.4 mg/L (S3)
with an average of 70.95 mg/L. The analysis of variance
shows a significant difference in Ca®" concentration at the
95% level. The silica concentration varies from 31 (S3) to
88.7 mg/L (S5) with an average of 52.13 mg/L. The analysis
of wvariance shows a significant difference in SiO;
concentration at a level of 95%. The chloride concentration
varies from 0.4 (S3 and S8) to 1.6 mg/L (S1) with an
average of 0.85 mg/L. Analysis of variance shows a non -
significant difference in Cl ~ concentration at the 95%
confidence level. The nitrate concentration in the water
ranged from 4.3 (S3) to 57.8 mg/L with an average of 19.35
mg/L. Analysis of variance shows a non - significant
difference in Cl - concentration at the 95% confidence level.
The nitrate concentration in the water ranged from 4.3 (S3)
to 57.8 mg/L with an average of 19.35 mg/L. The analysis of
variance shows a significant difference in variation in NOs -
concentration at a 95% confidence level. The sulphate
concentration in the water ranged from 8 (S3) to 52 mg/L
(S5) with an average of 21 mg/L. Analysis of variance
shows a significant difference in SO4% - concentration at a
95% confidence level. The bicarbonate concentration in the
water ranged from 9.4 (S5) to 23.73 mg/L (S1) with a mean
of 14.48 mg/L. Analysis of variance indicates a significant
difference in HCOs3 " concentration at a level of 95%. Finally,
the phosphate concentration varies from 0.89 (S8) to 7.88
mg/L with an average of 4.58 mg/L. The analysis of variance
indicates a significant difference in the concentration of
PO.*-at a level of 95%.

Table 2: Distribution of values of physico - chemical parameters analysed in the surface waters of the Lake Léré basin
according to sites.

Paramétres Unité S1 S2 S3 S4 S5 S6 S7 S8 M
T °C 31 31 31 30, 2 28 28 30 32 30,1
pH - 7,4 6,5 6,3 6,9 6,9 7,3 7,2 7,1 6,9
CE uS/cm 492 113,5 92,9 92,7 208 119 114 98 166, 03
Na* mg/L 8,3 7,6 8 8,1 7,9 7,5 8 9,3 8, 08
K* mg/L 2,1 1,7 1,9 2 1,8 1,5 2 2,4 1, 92

Mg? mg/L 78, 6 33,7 30,1 54,7 50,9 27 106, 3 82,2 57,93
Ca* mg/L 68, 8 86 120, 4 51,6 86 68, 8 51,6 34,4 70, 95
Si0, mg/L 46, 2 43,1 31 47,2 88,7 51 46,5 63, 4 52,13
Cl- mg/L 1,6 1,4 0,4 0,5 0,7 1 0,8 0,4 0, 85
NO3 mg/L 8,6 14,3 4,3 12,9 57,8 16,9 14,2 25,8 19, 35
S0;~ mg/L 12 18 8 17 52 17 18 16 21
HCOz mg/L 23,73 16, 88 10,4 9,5 9,4 12, 26 13,9 11, 84 14, 48
P03~ mg/L 5,32 1,08 7,88 5,41 2,69 5, 98 7,43 0, 89 4,58

S1 - 8: Site 1 - 8; M: Average

Principal component analysis: Table 3 shows that
temperature correlates negatively with conductivity and
bicarbonate. pH correlates positively with silica and
magnesium and negatively with calcium. Electrical
conductivity correlates positively with bicarbonate and

chloride. Nitrate correlates positively with sulphate and
silica and negatively with phosphate. Sulphate correlates
positively with silica and negatively with phosphate.
Bicarbonate correlates positively with phosphate. Phosphate
correlates negatively with silica. Sodium correlates
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positively with potassium and magnesium and negatively
with calcium. Potassium correlates negatively with calcium
and magnesium. Finally, calcium correlates negatively with
magnesium. Figures 2a and 2b show the distribution of
variables between the two main axes. Component 1 explains
32.55% of the total variance. The positive part of this
component includes nitrate, silica, sulphate, sodium,
potassium, magnesium and pH, and the negative part
phosphate and calcium. Component 2 provided 26.02% of
the information.

The positive part of this category includes -electrical
conductivity, bicarbonate and chloride, and the negative part
temperature. According to Figure 2b, sulphate, nitrate,
sodium, potassium and magnesium come mainly from sites
S4, S5 and S8 and are influenced by pH variation. Phosphate
and calcium come from sites S2, S3 and S6. Finally, chloride
and bicarbonate come from station S7 and are influenced by
temperature, which causes the significant variation in
electrical conductivity.

Table 3: Correlation matrix between the physico - chemical parameters analysed in the surface waters of the Lake Lere basin.

T° pH CE | NO3 | SO4 |HCO3| PO4 Cl | SiO2 | Na K Ca | Mg
T | 1,00
pH [-0,13] 1,00
CE [-0,77[ 0,26 [ 1,00
NO3 |-0,08] 0,45 [-0,01] 1,00
SO4 1-0,08] 0,48 |-0,01)| 0,99 | 1,00
HCO3{-0,73|-0,16]| 0,79 |-0,39]|-0,38]| 1,00
PO4 [-0,07] 0,02 | 0,03 |-0,50|-0,51[-0,04| 1,00
cl |-0,86|-0,23| 0,67 |-0,19|-0,19| 0,88 [-0,13| 1,00
Si02 |-0,12] 0,55 | 0,09 | 0,97 | 0,96 |-0,30(-0,53|-0,15] 1,00
Na | 0,41 | 0,31 | 0,07 | 0,06 | 0,06 | 0,01 |-0,34]-0,38][ 0,19 1,00
K 10,30]0,40]0,16 |-0,06]|-0,03] 0,11 |-0,19|-0,31| 0,06 | 0,94 | 1,00
Ca |-0,06(-0,50| 0,02 |-0,07|-0,09|-0,05| 0,27 | 0,07 |-0,25|-0,54|-0,51| 1,00
Mg |-0,18]| 0,54 | 0,26 | 0,01 | 0,05 | 0,28 | 0,04 |-0,01] 0,13 0,57 | 0,71 [-0,67[1,00
Values in bold are statistically significant at the 95% confidence level.
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Figure 2: a) factorial and b) spatial representation of the physico - chemical parameters analysed in the natural waters of the
Lac Léré basin

Variation in hydrochemical properties: The Piper and
Schoeller - Berkallof diagrams shown in Figures 3a and 3b
reveal two chemical facies: the first facies is bi/carbonate
magnesian and calcic and the second is sulphate magnesian
and calcic. The waters can be classified into three main
groups according to their hydrochemical properties. The first
group consists of two sites, SI and S3, dominated by
carbonate followed by sulphate; the second group consists
solely of station S2, dominated by the presence of sulphate

Ca

meqL  mgiL
300 00K

100

S04 HCO3+CO32 NO3
mgiL  mgiL  mglL

Mg Na+K ci
mpll.  mgll  mgiL

11

meqg/L E

followed by bicarbonate; and the final group includes sites ! =0
S4, S5, S6, S7 and S8, dominated by sulphate followed by =
nitrate. Finally, analysis of the Riverside diagram (Figure 3c) it
shows that the results obtained all belong to the zone of low
sodium content and low electrical conductivity.
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Figure 3: Surface water diagrams for the Lac Léré basin. a)

Piper diagram, b) Schoeller - Berkallof diagram and c)

Riverside diagram

3.2 Discussion
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physical and chemical quality of water. The results showed
that the surface waters of the Lake Lere basin have
temperature values above the WHO range. The solubility of
oxygen in water depends on temperature variation. In fact, it
decreases when the temperature rises (R. Sébastien, 2014).
Temperature plays an important role in the development of
microbial life (B. Batoul, 2018). The rise in temperature
causes the decomposition of carbonate, which then produces
the carbon dioxide responsible for the change in pH of the
water. The water in Lake Lere is neutral (average pH 6.9)
and low in mineral content (average conductivity 166.03
uS/cm). The pH and electrical conductivity comply with
WHO standards. However, the high conductivity was
obtained at station S1. This rise in conductivity at this level
may be linked to the solubilisation of minerals from
agricultural activities along El - Ouaya. Others (F. Benrejdal
and H. Ghoualem, 2015) obtained a very low electrical
conductivity in rainwater in the Tizi - Ouzou region of
Algeria, and this water has an acidic tendency compared
with water from the Lac Lere basin. This result justifies the
fact that rainwater is generally less loaded with mineral salts
than surface water. The minerals in surface water most often
come from human activities and run - off. However, the
water from the lake at the Kossou hydroelectric dam on the
Bandama river in Coéte d'Ivoire has similar physico -
chemical characteristics to our own (N. Koné, 2022). While
the waters of Lake Lere and the Kossou dam have low
electrical conductivity, this is not the case for the
thermomineral surface waters of the Monts de la Cheffia in
Algeria (H. Alayat and C. La Mouroux, 2007). The physico -
chemical properties of water depend on the geological
formation, the nature of the catchment areas and the
surrounding human activities (J. P. Vicat, 2023).

Chemical parameters: The results of mineral analysis show
that concentrations comply with the recommended standards
for most of the sites studied.

Nitrate  NO3; ~ Nitrate is the result of the chemical
combination of nitrogen and oxygen. This inorganic
compound is the result of a series of highly complex
chemical reactions involving nitrogen compounds (proteins,
ammonia, amino acids, oxides, etc.). (H. Haddad and H.
Ghoualem, 2014) found similar nitrate levels in the waters of
Algeria's coastal catchment. However, nitrate levels were
abnormally high at station S5. This rise in nitrate
concentration at this level may be due to the use of fertilisers
in agriculture along the Mayo - Binder. (S. Mouissi and H.
Alayat, 2016) explain in their work that nitrates in the water
come from the mineralisation of biomass in the lake and the
oxidation of ammoniacal nitrogen and nitrites.

Sulphate SO/ ~ Sulphur combines with oxygen to give the
sulphate ion, present in certain minerals such as gypsum and
baryte. Sulphate can exist in water at a highly variable level,
depending on the composition of the solid materials present
in the water. The results show that the average concentration
of sulphate analysed is very low compared with the
admissible limit for sulphate, i. €.2500 mg/L (WHO) and
400 mg/L (Algerian standard). However, very high
concentrations of sulphate were found by [18]. In the waters
of Algeria's coastal watershed. Some authors attribute the
sharp increase in sulphate content in water to industrial

discharges and domestic wastewater (C. E. Delisle and J. W.
Schmidt, 1977).

Phosphate PO/ ~ Phosphate ions are responsible for the
eutrophication of lake environments (L. Gouaidia, 2008),
one of the main phenomena responsible for the deterioration
of surface water quality (W. Ayad, 2017). Phosphate
concentrations in the water of Lake Lere comply with WHO
standards (5 mg/L) at sites S2, S5 and S8, and exceed the
admissible threshold at stations S1, S3, S4, S6 and S7.
According to some authors, the origin of phosphate
emissions is linked to soil leaching and biomass combustion
(F. S. Zhuang, 1997). Phosphate ions also come from the
dissociation of mineral fertilisers used in agriculture.

Bicarbonate HCO; ~ Carbonate precipitation at lake level
depends on CO, content and pH (S. Mouissi and H. Alayat,
2016). However, when temperature increases, carbonates
decompose to release the CO, responsible for the pH
variation. The results show that the carbonate concentrations
obtained in the water of Lake Lere are very low compared
with the recommended standards, which is 150 mg/L. There
is therefore no risk of pollution due to the presence of
carbonate ions. Bicarbonates, associated with sulphates, are
more dominant in Maestrichtian groundwater in the Biskra
region of Algeria (F. L. Bouchemal and S. Achour, 2015).

Chloride CI ~ while the waters of Lake Lere contain
chlorides in very low concentrations compared with the
prescribed standards, the values exceed 1400 mg/L in the
Maestrichtian groundwater of the Biskra region in Algeria
(L. Bouchemal and S. Achour, 2015). The presence of
chloride ions in water depends on the lithology and
geological formation of the environment studied. It is most
often associated with alkali metals (Na, K) and alkaline earth
metals (Ca, Mg). The sharp increase in CI - content in water
is generally linked to the discharge of industrial and
domestic wastewater.

Silica SiO>: this is a compound resulting from the association
between a silicon atom and two oxygen atoms. Silica is
present in water as a result of soil erosion. Silica exists in
water in a free state in crystalline or amorphous form.
However, crystalline silica is toxic and highly carcinogenic.
Consumption of water containing crystalline silica can
therefore cause silicosis, emphysema and lung cancer in
humans (A. Radauceanu, 2019). The results show that
concentrations are relatively low in the waters of the Lake
Lere basin compared with the admissible limits (200 mg/L).
However, the highest concentration is obtained at site S5
which would be due to thermal cracking of inorganic
materials along the Mayo - Binder.

Sodium Na* and potassium K" Regardless of the site
studied, the sodium and potassium concentrations analysed
in the surface waters of the Lake Lere basin are below the
recommended standard (12 mg/L for Na and 200 mg/L for
K). In their studies on the physico - chemical characteristics
of rivers in Cote d'Ivoire, (A. Iltis and C. Lévéque, 1982)
found sodium (3.3, 3.7 and 2.3 mg/L) and potassium (3.2,
1.9 and 2.2 mg/L) concentrations in the water of rivers in the
north of Céte d'Ivoire, levels in the Haute Comoe, Bagoe
and Leraba respectively are very similar to those we
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obtained in the waters of the Lake Léré basin. Alkali metal
levels do not vary much naturally in surface waters. The
sharp increase in Na and K in the water is due to
anthropogenic activities.

Calcium Ca’* and magnesium Mg?": Calcium has a high
concentration that exceeds the admissible threshold at site
S3 (120.4 mg/L). The concentrations obtained at the other
sites comply with the recommended standards for calcium, i.
e.100 mg/L. The site represents the load of pollutants from
the town of Lere. Limestone from the demolition of houses
and used porcelain materials could be linked to the increase
in concentration at this level. As for magnesium, this metal
coordinates the centre of the chlorophyll complex. The
results show that 62.5% of the sites (S1, S4, S5, S7 and S8)
have Mg concentrations above the recommended standards
(50 mg/L). This high variation in Mg concentrations at these
sites could be explained by the decomposition of the algae as
a result of the rise in water temperature. Low concentrations
of Ca (53.55 mg/L) and Mg (27.84 mg/L) compared with
ours have been recorded in surface waters in a mining
environment in west - central Cote d'Ivoire (K. S. A. Yao and
K. E. Ahoussi, 2020). Mining activities make little
contribution to calcium and magnesium emissions, except
for limestone processing industries such as cement works,
which can generate calcium in the environment.

Principal component analysis: This analysis shows four
main classes of water based on physico - chemical
properties. The first class includes sites S5 and S8, which
express the alkalinity of the water through the action of
nitrate and sulphate ions on alkali metals in the presence of
dissolved silica. The second class includes sites S2, S3 and
S6, characterised by pollution linked to agricultural activities
and limestone processing. The third class of water is made
up of sites S4 and S7. This class expresses the influence of
the thermal process on the evolution of minerals. Finally, the
last class is formed by S1, which characterises
mineralisation followed by the dissociation/precipitation
equilibrium of the carbonate present in the water. (S.
Mouissi and H. Alayat, 2016) obtained higher percentages of
variance than ours (F1: 40.12% and F2: 29.65%) in the
waters of Lake Oubéira in the extreme north - east of
Algeria. Their analyses were used to characterise organic
pollution, mineralisation and the presence of colloids in the
form of silicate compounds.

Chemical facies: The hydrochemical properties of the water
in the Lake Lere basin were determined by constructing
various diagrams (Piper, Schoeller - Berkallof and
Riverside).

The bi/carbonate magnesian and calcic and sulphate
magnesian and calcic facies probably reflect the lithology
and geological formation (E. Kadjangaba, 2016) as well as
the chemical nature of the catchment areas. The predominant
presence of sulphate ions followed by nitrate could reflect
agricultural inputs. The presence of alkaline earth ions may
be due to mineral exploitation and to the decomposition of
microflora. However, the results presented in the Riverside
diagram show that the water in the Lake Lere basin is of
excellent quality for irrigation. These waters contain fewer

mineral salts that can disrupt the texture and ion exchange
capacity of the soil.

4. Conclusion

This study assessed the physico - chemical and
hydrochemical quality of surface waters in the Lake Lere
basin. Results indicate compliance with most recommended
water quality standards. The identified chemical facies—
bicarbonate - calcium - magnesium and sulfate - calcium -
magnesium—reflect geological and agricultural influences.
Given the low mineral salt content and low electrical
conductivity, the water in Lake Lere is deemed excellent for
agricultural use. Future research should focus on seasonal
variations in water quality to further assess long - term
sustainability.
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