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These results indicate that the minerals analysed interact with each other in the sediments and that they originate
mainly from inputs from the catchment areas. Phosphate and nitrate are nutrients for plant growth; these minerals
could be retained in sediments in various chemical forms. Consequently, their concentrations in sediments should be
monitored to prevent any form of pollution through eutrophication. These nutrients are the subject of a possible
study of their speciation in order to preserve the quality of the sediments in the Lake Lere basin.
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Introduction:-

Industrial and agricultural activities are currently growing and intensifying in many Central African countries
(Hazebrouck et al., 2021). As a result, environmental pollution, particularly in aquatic environments, is becoming a
cause for concern. The most common consequences observed are the degradation of water and soil quality. Among
the environments that receive pollutants, sediment stands out for its ability to accumulate various minerals and
micropollutants (Mouyalou et al., 2019). When sediment is oversaturated with minerals, it can release metallic
substances through acid digestion, which can make the environment toxic to biological systems (Casado et al.,
2021). This could compromise its potential recovery due to the high cost of decontamination (Rofes et al., 1991;
Ayah et al., 2012). However, Chad, a particularly landlocked country with no access to the oceans, is currently
facing challenges related to water and soil quality. For more than a decade, Chad's lakes have been subject to
anthropogenic activities and constraints linked to global warming, which have had a negative impact on water and
sediment quality (Souareba et al., 2024).Another problem is that the Lake Lere basin, the subject of the study,
located in the far south-west of the country, is an area of intense agricultural activity (fertilisers and pesticides),
mineral exploitation (gold, limestone, gypsum, etc.), quarrying (sand, gravel, laterite, clay, etc.) and transhumance
(Nadjiam, 2013).

The Baore cement plant, located upstream of the basin's water supply system, which has been producing cement for
over a decade, is a typical example of a mining industry that generates inorganic micromaterials. Currently, the Lake
Lere basin is subject to environmental constraints due to erosion and changing climatic parameters (Souareba et al.,
2024) . Nevertheless, this basin is crossed by the permanent watercourse, the Mayo-Kebbi, and fed during the rainy
season by the Mayo-Binder and El-Ouaya. Studies show that the lake has been considerably reduced in depth, from
an average of 14 m in 1993 to 4 m today (Levéque, 1971; 2019). It is filling up downstream with material from the
Mayo-Binder and upstream with material from the El-Ouaya, which then cuts off the connection between the two
lakes of Lere and Trene (Kedeu, 2021).However, this phenomenon of filling of the Lere basin is currently
characterised by overflowing water levels, which then leads to flooding that has consequences for socio-economic
activities and the health of coastal populations. Geological (Doumnang, 2006) and geomorphological (Passinring,
20006) studies also reveal that the Lere Lake basin is rich in significant mineral potential. The objective of this article
is to evaluate the physico-chemical parameters, particularly the major ions and minerals in the surface sediments of
the Lere Lake basin. This study is part of an effort to build a database on these elements with a view to potentially
exploiting the sediments in this basin on the one hand, and understanding the mechanism of water and sediment
quality degradation on the other.

Materials and Methods:-

Materials:-

Geographical context of the study area:-

Administratively, Chad consists of 23 provinces, one of which is Mayo-Kebbi West, located in the south-west of the
country. Lake Lere is one of the five departments of the Mayo-Kebbi Ouest province. It is located between 9° and
9.37° north latitude and 14° and 14.17° east longitude. Lere is the 19th most populous city in Chad. Its population
was estimated at 12,600 in 1993, 226,000 in 2009 and more than 650,000 today, with more women than men
(INSEED, 2009). The population's activities are mainly based on agriculture, livestock farming, trade, fishing and
crafts. The Lake Lere Department, like the greater south-west of Chad, has a tropical climate characterised by a
single, short rainy season from May to October, with annual rainfall varying from around 400 to 1,200 mm over the
last 30 years (NASA, 2024). Lere experiences a harsh and long drought with maximum temperatures hovering
around 45°C. The Lake Lere basin is bordered by mountain ranges with rugged and particularly picturesque shapes
(Doumnang, 2006).1t is occupied in the centre by a plain, dotted with a few granite hills. In terms of soil, the soils
are loamy and rich in alluvium along the watercourses. However, there are also clayey and sandy soils in the large
lacustrine plain of the basin (Baldal et al., 2013).

Sampling and sample preparation:-

Surface sediments (between 0 and 15 cm deep) were collected from 24 locations using special equipment designed
for sample collection. The samples were collected by pirogue, accompanied by a fisherman, from a motorised boat.
Once collected, the samples were carefully labelled and placed in polyethylene plastic packaging. The samples were
transported to the Hydrogeosciences and Reservoirs Research Laboratory for analysis. Dried at room temperature,
the samples were quartered, crushed and sieved. The 24 samples were thus prepared to obtain a final total of eight
representative samples (Rodier et al., 2005; 2009).
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Figure 1: Geolocation map of the study area and sampling sites.

Methods:-
Extraction and analysis of ions and minerals:-
5 g of each sediment sample was placed in a 100 ml Erlenmeyer flask containing 50 ml of a 1 mol/L ammonium
acetate solution. The mixture was homogenised using a magnetic stirrer for 1 hour and then filtered using Wattman
filter paper into a 100 ml flask. The volume was adjusted to 100 ml with demineralised water and finally filtered
through a cellulose membrane (Maynard, 1970). The samples obtained were subjected to spectrophotometric
analysis of minerals according to the methods described in Table 1 (Rodier et al., 2005; Wang et al., 2010). The
concentrations of anions measured in mg/L were then converted to mg/kg of dry sediment using the following
formula:
mg/L * 1000
g /ke] = [ g{; g]mes
* 1000
100 mL

[J [mg/L] mes is the concentration measured during analysis;

(11000 in the numerator results from the conversion of g to kg: 1 kg = 1000 g;

[] 1000 in the denominator results from the conversion of 1 mL to L: 1 L = 1000 mL;
[1 100 mL represents the volume in which the 5 g of sediment were dissolved.

Table 1: Summary of methods and devices for measuring minerals.

Minerals studied Device and methods

Nitrate, sulphate, Spectrometric method using the HACH-LANGE Link2SC DR 3900
phosphate and silica spectrophotometer.

Carbonate, chloride, Titrimetric method using the HACH-SI Analytics automatic titrator

calcium and magnesium

24



ISSN:(0) 2320-5407, ISSN(P) 3107-4928 Int. J. Adv. Res. 13(12), December-2025, 22-31

Data analysis and statistical processing:-
The histograms were constructed using Microsoft EXCEL version 2013. Principal component analysis and analysis
of variance (ANOVA) were performed using IBM SPSS statistics software version 25.

Results and Discussion:-
Results:-

Variation in chemical elements content:-

The results presented in Figures 2a, 2b, 2¢, 2d, 2¢, 2f, 2g and 2h show that the ion and silica contents analysed in the
sediments of the Lake Lere basin vary according to the sampling sites and are mostly lower than the contents in the
geochemical background of the continental crust.

The nitrate content varies from 7.5 (S4) to 50 mg/kg downstream (S6) with an average of 17.75 mg/kg. This
variation is significant at a 95% level. The nitrate content recorded upstream (S2) is 10.5 mg/kg (Figure 2a). The
sulphate content varies from 30 (S4) to 430 downstream (S6) with an average of 41.25 mg/kg. The sulphate content
recorded downstream is 50 mg/kg. This variation is highly significant at a 99% level (Figure 2b). The carbonate
content varies from 23.5 mg/kg upstream (S2) to 358 mg/kg downstream (S6), with an average of 106.2 mg/kg. This
variation is significant at a 95% level (Figure 2c).

The chloride content varies from 1.25 mg/kg downstream (S6) to 4.75 mg/kg (S5), with an average of 2.81 mg/kg.
This variation is not statistically significant. The chloride content recorded upstream is 3.25 mg/kg (Figure 2d). The
phosphate content varies from 4.1 (S5) to 196.6 mg/kg upstream (S2) with an average of 61.05 mg/kg. This
variation is highly significant at a 99% confidence level. The phosphate content recorded downstream is 70 mg/kg
(Figure 2e). The silica content varies from 79 (S4) to 1692.5 mg/kg downstream (S6) with an average of 422.68
mg/kg. The silica content recorded upstream is 122.5 mg/kg. The variation in silica content is highly significant at a
99% confidence level (Figure 2f). The calcium content varies from 516 (S8) to 1462 mg/kg upstream (S2) with an
average of 849 mg/kg. The content recorded downstream is 946 mg/kg. The variation in calcium content is not
significant (Figure 2g).

The magnesium content varies from 247.98 (S8) to 1341.6 mg/kg upstream (S2) with an average of 636.11 mg/kg.
The recorded content downstream is 802.38 mg/kg. The variation in Mg content is not statistically significant
(Figure 2h).
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Figure 2: Variation in the concentrations of elements analysed in sediments from the Lake Lere basin
according to location: a) Nitrate; b) Sulphate; ¢) Carbonate; d) Chloride; e) Phosphate; f) Silicate; g) Calcium
and h) Magnesium.

Principal component analysis:-

Table 2 shows the correlation matrix between the mineral compounds analysed in sediments from the Lake Lere
basin. Only significant correlations (positive or negative) are interpreted and are shown in bold. According to Table
2, nitrate correlates positively with sulphate (coefficient 0.99), carbonate (coefficient 0.84) and silica (coefficient
0.92) and negatively with chloride (coefficient -0.69). Sulphate correlates positively with carbonate (coefficient
0.81) and silica (coefficient 0.88) and negatively with chloride (coefficient -0.67). Carbonate correlates negatively
with chloride (coefficient -0.65) and positively with silica (coefficient 0.95). Chloride correlates negatively with
silica (coefficient -0.70). Phosphate correlates positively with calcium (coefficient 0.73) and magnesium (coefficient
0.66). Finally, calcium correlates positively with magnesium (coefficient 0.93). Table 3 shows the variance in
information explained by the principal components. Thus, 100% of the information is extracted and explained by the
first seven components. Approximately 85.87% of the information is explained by the first two components, with
component 1 accounting for 53.66% and component 2 accounting for 32.21% of the total variance. However,
components 3 to 7 account for only a small proportion of the variance (approximately 14.13%). The results
presented in Figures 3 and 4 show that the first component of the factorial plan groups together nitrate, carbonate,
sulphate and silica, which are associated with sites S6 and S7, in its positive part, and chloride, which is associated
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with sites S1, S4, S5 and S8, in its negative part. The second component groups together only minerals such as
phosphate, calcium and magnesium in its positive part, which coincide perfectly with sites S2 and S3.

Table 2: Correlation matrix between the elements analysed in the sediments of Lake Lere basin.

NO3 |SO4 CO3 Cl PO4 Si02 Ca Mg

Correlation |[NO3 | 1,00

SO4 0,99 1,00

CO3 0,84 0,81 1,00

Cl -0,69 |-0,67 -0,65 1,00

PO4 [0,24 0,17 0,01 -0,19 1,00

Si02 |0,92 0,88 0,95 -0,70 0,12 1,00

Ca 0,02 -0,02 -0,04 0,02 0,73 0,08 1,00

Mg -0,02  |-0,09 0,04 -0,12 0,66 0,14 0,93 1,00

Values in bold are statistically significant at a 95% level (P<0,05).

Table 3: Total variance explained by the first seven components of the factorial design representing the few

elements analysed in the sediments of Lake Lere basin.

Sums extracted from the load|Sums of rotation from the load
Initial eigenvalues square square
Cumu
Compone % of | Cumul % of | Cumulati % of [lative %
nt Total variance | ative % | Total variance |ve % Total variance
1 4,32 54,08 54,08 (4,32 54,08 54,08 4,29 53,66 53,66
2 2,54 31,80 85,88 (2,54 31,80 85,88 2,57 32,21 85,88
3 0,51 6,45 92,34
4 0,45 5,66 98,00
5 0,13 1,71 99,72
6 0,01 0,24 99,96
7 0,00 0,03 100,00
2.0
1.5
= 10 Ca JMg
:} PO4
e 05
) siozNO3
2 00 = —
e ’ CcOo3 S04
w
& -0,5
-
S 1,0/
-1,5
2.0
20 -1,6 -1.0 -0.5 0.0 0,5 1.0 15 2.0
Composante 1 (53,66 %)
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Figure 3: Factorial representation of ions and elements analysed in sediments from the Lake Lere basin.
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Figure 4: Spatial representation of the contribution of the elements analysed at the various sites in the Lake
Lere basin.

Discussion:-

Variations in content depend on the nature of the compound analysed and the sites studied. Let us examine
each of the minerals analysed in the Lake Lere basin, namely:

nitrate, sulphate, phosphate, carbonate, chloride, silica, calcium and magnesium.

Nitrate: Nitrate comes mainly from chemical fertilisers. It is also the result of a series of oxidations of nitrogenous
organic matter. Its content in the soil is around 20,000 mg/kg. The high nitrate content obtained at sites S6 and S7
may be due to agricultural activities along the Mayo-Binder. During the physico-chemical characterisation of
dredged sediments from the port of Owendo in Gabon for the purpose of their recovery, Mouyalou et al. (2019)
found a low concentration of nitrate (0.5 mg/kg dry soil) in the dredged sediments compared to the levels in the
sediments of the Lake Lere basin. The strong correlation between nitrate and sulphate, carbonate, silica and chloride
may be the result of anthropogenic activities and the geology of the catchment areas.

Sulphate: Anthropogenically, sulphates come from household waste and used batteries (Emilien, 2008).

nitrate, sulphate, phosphate, carbonate, chloride, silica, calcium and magnesium.

However, they may also result from the natural dissociation of sulphate minerals, the main ones being gypsum
(CaS0O,4.nH,0) and barite (BaSO,4). There is a low sulphate content in the sediments of the Lake Lere basin
compared to that of the reference bottom (20,000 mg/kg dry sediment) (INRAE, 2013). However, unlike ours, a
high sulphate content (2530 mg/kg dry sediment) was found in dredged sediments used as alternative material in the
English Channel (Saussaye et al., 2012).

Phosphate: The main phosphate minerals are apatite (Cas(P0,)3(OH,Cl F

) and monazite (Ce,La, Y, Th)PO,). According to Aissaoui (2017), variations in phosphate content in sediments
may result from anthropogenic inputs and erosion of the soils that make up the catchment area. The results show that
sediments in the Lake Lere basin contain high average levels of phosphate. 75% of the sites analysed have levels
above the geochemical background (23 mg/kg). Site S2 is identified as having the highest phosphate content.
However, a phosphate content (40 mg/kg) similar to ours was recorded in deep soil (between 300 and 400 cm) in
Lyon, France, during a study of the role of vegetation on the evolution of the physicochemical characteristics of
sediments deposited in a rainwater infiltration basin (Bedell et al., 2013). In contrast, in soil without vegetation, the
authors obtained a content of around 1500 mg/kg (Badin, 2009). Phosphate is a vital nutrient for plants, which is
why its concentration in soil or sediments must be influenced by vegetation (Couvida, 2015). In the Lake Lere basin,
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phosphate is influenced by calcium and magnesium. This explains why these minerals are involved in the formation
of inorganic complexes in the soil.

Carbonate: Carbonate minerals such as calcite (CaCOs), siderite (FeCOs) and dolomite (CaMgCOs) are mainly
found in the soil. The highest carbonate content analysed in the sediments of the Lake Lere basin reached 350 mg/kg
at site S6, a point located downstream of the lake. Carbonates are unstable in sediments and can spontancously
transform under variations in temperature and pH. Souareba et al. (2024) showed that the water temperature in the
middle of Lake Lere was very high (30.8°C), which means that carbonates can decompose into CO2, causing the
environment to become acidic. Badin (2009) found a carbonate content of 162,000 mg/kg in vegetation-free soil in
La Manche, France. At the same location, Bedell (2013) obtained a content approximately twice as high as that
obtained by Badin (2009). It should also be noted that the carbonates analysed in the Lake Lere basin are mainly
influenced by chloride and silica.

Chloride: The main chloride minerals found in soil are rock salt (NaCl) and sylvite (KCl). However, chlorides also
come from household waste and urban waste. Sediments in the Lake Lere basin contain low levels of chlorides,
around 3 mg/kg, compared to the reference level for this mineral (15,000 mg/kg) (INRAE, 2013). The low
concentration of chlorides in the bottom of Lake Lere may be linked to the geology of the catchment basins, but also
to the nature of anthropogenic activities. However, a very high chloride content (11,403 mg/kg) compared to ours
was found in dredged sediments at the port of Owendo in Gabon (Mouyalou et al., 2019).

Silica: Silica results from the combination of oxygen atoms surrounding the silicon atom. Silica is thought to result
from the alteration of the main silicate minerals found in the soil: quartz (SiO2), sillimanite (Al.SiOs), microcline
(KALSiOs) and orthoclase (KAISisOs). The results indicate that the average silica content determined in the surface
sediments of the Lake Lere basin is lower than the content in the reference soil (27,700 mg/kg). However, site S6
has a silica content of over 1,600 mg/kg, which is particularly high compared to the other stations. This increase in
the mineral at this level may be due to inputs from the Mayo-Binder. Silica levels of 530 mg/kg upstream and 470
mg/kg downstream, similar to the average recorded in the Lake Lere basin, were found in the silt accumulated in
port sites at the Port of Binic in Cotes-d'Armor (Clozet et al., 2000). Silica is the main constituent of the Earth's
crust.

Calcium and magnesium: calcium and magnesium are involved in the formation of many soil minerals. Variations
in calcium and magnesium content therefore depend on the chemical nature of the sediments studied (Casalet,
2012). The average levels recorded in the surface sediments of the Lake Lere basin are relatively low compared to
the threshold value (3,630 mg/L for Ca and 2,000 mg/kg for Mg). Nevertheless, site S6 contains about twice the
average recorded. This can be explained by the calcareous nature of the Mayo-Kebbi and the limestone mining and
processing activities (Baore cement plant at Pala). Calcite (CaCO3) and dolomite (CaMgCO3) (the main
constituents of limestone) are thought to be the most dominant minerals at this level, and their dissociation would
release Ca and Mg into the sediments. Magnesium is thought to come from the weathering and dissolution of
magnesian and ferromagnesian minerals, the main components of the basic and ultrabasic rocks that outcrop around
Lake Lere (Doumnang, 2006). However, concentrations of 11.5 mg/kg and 13.7 mg/kg of Ca and Mg respectively in
the form of metal oxides have been determined in dredged sediments from the port of Owendo (Mouyalou et al.,
2019).

Conclusion:-

Several major ions and minerals were analysed in sediments from the Lake Lere basin. The aim was to assess the
quality of these materials for possible recovery after dredging. The results indicate that the sediments contain low
concentrations of major ions compared to the reference geochemical background.However, among the ions
analysed, phosphate is the mineral with the highest concentration in the sediments, with a recorded content above
the threshold. Sites S2 and S6 (representing the Mayo-Kebbi and Mayo-Binder flows, respectively) are considered
to be the most potentially enriched in major elements. The results also show that most of the elements analysed
belong to a well-defined group of sites and interact with each other. However, as phosphate and nitrate are essential
nutrients for aquatic plants, they can be retained in sediments in various chemical forms. Consequently, their
concentrations in sediments must be monitored in order to prevent any possible pollution through eutrophication. The
surface sediments of Lake Lere exhibit variable concentrations of major ions and minerals. Phosphate enrichment is
significant, posing environmental risks. PCA reveals site-specific mineral groupings, reflecting anthropogenic inputs
and natural processes. Effective monitoring and management strategies are essential to preserve sediment and water
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quality in the basin.We therefore propose that these nutrients (phosphate and nitrate) be studied in terms of their
speciation in the sediments of the Lake Lere basin so that measures can be taken to protect the fauna and flora of the
Lake Lere basin.

Based on the results obtained, we propose the following actions in the future:
- Conduct continuous monitoring to prevent ecological degradation.

- Implement sediment quality monitoring programmes.

- Conduct studies on phosphate and nitrate speciation.

- Develop sustainable agricultural practices to reduce nutrient runoff.

- Assess the potential for reusing sediments for construction or soil improvement.
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