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Abstract

The objectives of this study are to analyze trihalomethanes (THMs) and their origins in treated wastewater from the Senegal
River Delta, the main source of water supply for local populations. THMs are by-products of water chlorination, formed mainly
by the reaction of chlorine with natural organic substances present in the water. They are potentially carcinogenic, toxic to the
liver and kidneys, and cause skin and eye irritation. To carry out this study, two in-situ sampling campaigns of treated water were
conducted to measure pH, turbidity (NTU), and total trihalomethanes. The first sampling was carried out on December 22, 2023
(just after the rainy season) at the Rawette, Ronkh, and Ross Bethio sites, while the second was carried out on May 21, 2025, at
the Pont Mboubéne, Kassak, and Mboundoum sites. For the first campaign, three (03) tap water samples were taken, one (01)
per site, and for the second campaign, three (03) samples were taken, one (01) per site. The six samples were packaged in 500
mL polyethylene bottles and then transported in a cooler to the Sen'Eau laboratory at the KMS3 plant in Louga for physical and
chemical analysis (pH, turbidity, and THM). The results obtained during the first campaign show values of 3.86 NTU for the
Ross Bethio site and 1.88 NTU for the Rawette site, which do not comply with the SEQ-EAU 2003 standard (1 NTU), and 0.81
NTU for the Ronkh site. For the second campaign, the turbidity values for the Boundoum and Pont Mboubéne sites comply with
the above standard (Boundoum 0.86 NTU and Mboubéne 0.92 NTU), except for the Kassak site, which does not comply with
the standard with a value of 3 NTU. For total THMSs, the Ronkh and Ross Bethio sites showed minimum concentrations of 0 and
4o/L, respectively, and a maximum concentration of 16pg/L for the first sampling and laboratory analysis campaign. For the
second campaign, the minimum concentrations (Opg/L) were recorded at the Kassak and Mboubéne sites, compared to a
maximum concentration of 151g/L recorded at the Boundoum site. Based on this spatial and temporal variation in total THMs
analyzed in the drinking water supply networks at the study sites during the two seasons, the SEQ-EAU 2003 standard (751g/L)
is met. However, the presence of THMs at certain sites could be avoided by completely removing organic matter before
distribution.
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1. Introduction

In Senegal, most surface water reserves are located in the
Senegal and Gambia river basins, which originate in the Fouta
Djalon massif in the Republic of Guinea [1]. There are also
smaller rivers: the Casamance, the Kayanga and its main trib-
utary the Anambe, the Sine and the Saloum. A number of lakes
and ponds complete this hydrographic network, the largest of
which is Lake Guiers, fed by the Senegal River from the
Taouey Canal (Richard Toll). This lake is one of Senegal's
main freshwater reserves and provides a large part of the
drinking water supply for the capital, Dakar. The surface wa-
ters of the river basins have a total average volume of 24 bil-
lion m¥/year, of which 20.4 billion m3/year is accounted for by
the Senegal River. Lake Guiers, which is an integral part of
the Senegal River basin, has a significant potential of 2.34 bil-
lion m3/year, of which approximately 500 million m? are used
for Dakar's drinking water supply and for agriculture.

Among these major waterways that provide drinking water
to most of the Senegalese population is the Senegal River
Delta [2].

The drinking water supply for most of the population of the
Senegal River Delta (SRD) is provided by the Senegal River
and its tributaries [1]. This water is collected by 70 water pu-
rification and treatment units (UPTSs), the installation of which
is financed by organizations such as OMVS, Projet Alize,
Fond Nordique, and the NGO Gret, among others. A total of
seventy (70) WTPs have been installed in the Delta, each cap-
turing different tributaries [3]. Six (06) of these effluents were
selected to study trihalomethanes, which are little known in
Senegal. The effluents studied are Rawette, Ronkh, Ross-
Bethio, Mboubéne, Kassak, and Boundoum dam.
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Figure 1. The hydraulic axes of the Senegal River Delta [4]

The Senegal River Delta is a transitional area between Sen-
egal and Mauritania. It is part of a hydrosystem, the Senegal
Valley, which originates in the Guinean zone with very high
rainfall [5]. This resource, shared by several countries (Sene-
gal, Mauritania, Mali, Guinea), provides a sustainable supply

of fresh water to an area located between the Sahel, the Ferlo
and the Atlantic Ocean, where the presence of water has al-
ways been an opportunity for development. Thus, from the
French West Africa (AOF) to the establishment of the Organ-
ization for the Development of the Senegal River (OMVYS),
development projects have multiplied [6]. In the case of this
study, the projects concerned are those of the OMVS with the
installation of water purification and treatment units (UPT) in
some of the tributaries of the Senegal River. These continuous
flow water treatment plants all use chlorine as a disinfectant
to eliminate microorganisms present in the drinking water dis-
tribution network after treatment. However, the surface water
collected by these treatment units is not free of organic matter,
and the coexistence of the latter with chlorine in the water
would lead to the formation of chlorinated by-products
(CBPs), including trihalomethanes (THMSs), which are
sources of carcinogenic diseases [7], given that these waters
themselves contain metals that are sources of waterborne dis-
eases.

1.1. Economic Activities in the Studies Area

The economy around the SRD is based mainly on agricul-
ture. In fact, it was seasonal rain-fed agriculture, which, due
to climatic uncertainties, found itself in a very difficult situa-
tion. However, irrigation has made it possible to remove agri-
cultural constraints in this area [8]. Irrigated agriculture has
continued to develop since the construction of dams and the
establishment of structures to supervise and monitor develop-
ments such as the SAED in the delta area. Lake Guiers and the
various river effluents make this area a pioneer in irrigated ag-
riculture, in addition to the evolution of the area’s hydrological
context thanks to the major developments installed since 1985.
Indeed, following the construction of dams, the delta region
has seen an explosion of private initiatives in the context of
village irrigation schemes, which has led to a decline in rural
exodus [9]. In addition, the delta region contributes signifi-
cantly to national cereal production, particularly rice, as well
as ensuring total sugar cane production through the CSS. It is
also an area of onion and industrial tomato production, with
the Societe de Conserve Alimentaire du Senegal (Senegal
Food Preservation Company) for tomatoes [10]. This activity
contributes to food security and, consequently, improves the
country's economic performance. Also known as the “sylvo-
pastoral zone,” livestock farming is the second most common
activity in the delta region, regardless of ethnicity, with large
herds of cattle [11].

1.2. Livestock Farming

The livestock sector, like agriculture, is part of the first pil-
lar of the structural transformation of the Senegalese economy.
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It is an activity that contributes to food security and, conse-
quently, to improving the country's economic performance.
Also known as the “sylvo-pastoral zone,” livestock farming is
the second most common activity in the delta region, practiced
by all ethnic groups and involving large herds of cattle [12].
Extensive and transhumant livestock farming by the Fulani is
indeed a traditional practice based on the use of natural pas-
tures. This method of farming allows livestock farmers to
adapt to seasonal variations and the availability of fodder
throughout the year [13]. On the other hand, it is intensive, i.e.,
a sedentary village activity among the Wolof and Moors with
small ruminants [14].

1.3. Fishing

Fishing contributes to the dynamism of the country's local
economy. It is an industry that plays a major role in feeding
the local population and also contributes significantly to the
country's gross domestic product [10].

Inland fishing has long been a highly developed activity in
the Senegal Delta. It was practiced using traditional methods,
with immediate consumption by local populations, and was
considered a means of subsistence for riverside dwellers [15].
Today, in addition to inland fishing, aquaculture is also being
developed in the area with the implementation of development

projects such as P2RS. These are often community or private
farms, supported by the National Aquaculture Agency (ANA).
However, this activity, like livestock farming, also faces ob-
stacles such as reduced catches due to aquatic plants, includ-
ing typha and ceratophillum, which invade water bodies, pre-
venting fishermen from accessing them [16]. Between 2013
and 2014, there was a 15% decline in weight and an 11.47%
decline in value in fishing around Lake Guiers. This decline is
the result of climate change and the proliferation of cattails in
the water bodies [17].

2. Methodology

2.1. Study Area

The Senegal Delta is a buffer zone between the Republics
of Senegal and Mauritania. It is part of the Senegal River hy-
drosystem (Figure 1), which has now been largely artificial-
ized by dams of different generations (from Diama-Manantali
in 1986 to Felou-Gouina today). The Senegal River therefore
has significant hydraulic potential for development (hydro-ag-
ricultural or drinking water supply) and hydroelectric power
(to meet energy needs).
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Figure 2. The three regions of the Senegal River valley [18].

This resource, shared by several countries (Senegal, Mauri-
tania, Mali, Republic of Guinea) ensures a sustainable supply
of fresh water to an area located between the Senegalese Sahel
(approx. 300 mm/year) — including Ferlo (approx. 250

mm/year) —and the Atlantic Ocean, where the temporary pres-
ence of fresh water has always provided an opportunity for
development through its control. The Senegalese Sahel region,
a transition zone between the desert regions of the Sahara and
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the Sudanian climate region, has been greatly affected by cli-
mate deterioration, which has contributed to the fragility of
largely agro-pastoral societies [19].

2.2. In-situ Measurements and Sampling

Strategies for in-situ measurement of physical parameters
were implemented at all sampling points, followed by sample
collection, packaging, transport, and storage in the laboratory
prior to physical and chemical analysis. To carry out this study,
two campaigns of in-situ measurements of temperature (<C)

and pH. as well as sampling, were carried out on December
22, 2023 (just after the rainy season) at the sites of Rawette,
Ronkh, and Ross Bethio, followed by measurements on Janu-
ary 9, 2025, at the Pont Mboubéne, Kassak, and Mboundoum
sites. For the first campaign, six (3) samples were taken, two
(2) per site, while for the second campaign, three (3) samples
were taken, one (1) per site (Figure 2). The nine samples were
packaged in 500 mL polyethylene bottles and transported in a
cooler to the Sen'Eau KMS3 plant laboratory in Louga for
physical and chemical analysis (turbidity, major ions, and
heavy metals).
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Figure 3. Sample collection sites [4].

3. Results

3.1. Laboratory Measurements

The physical parameters of the treated water, such as pH and
electrical conductivity (JS/cm), were measured at all study sites
(Map 4) using a METTLER TOLEDO multiparameter device.
Trihalomethanes were analyzed using a HACH DR 6000 spec-
trophotometer.

3.1.1. pH

Figure 3 shows the variation in pH at the six study sites.
These values were measured in December 2023 for the first

three sites and in May 2025 for the last three sites. In the figure,
the highest pH values (7.18 to 7.23) were recorded during the
first measurements taken in December 2023, a period corre-
sponding to the immediate end of the rainy season and the be-
ginning of winter, with the exception of the Boundoum site,
which had a pH of 7.19 measured in May 2025. On the other
hand, the minimum pH values (7.08 to 7.11) were recorded in
the summer of May 2025 at the Kassak and Mboundoum sites.
However, all these values measured at the study sites and dur-
ing the two campaigns comply with the SEQ-EAU 2003
standard.

These minimum pH values recorded at the end of the rainy
season can be explained by the use of large quantities of alu-
minum sulfate in the coagulation-flocculation phase due to the
significant presence of suspended solids in the raw water.
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Variation of Hydrogen Potential (pH) Across Sites
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Figure 4. Variation in pH.

pH is an important factor, as alkaline environments act as cat-
alysts for the reaction between chlorine and MON. The WHO
review indicates that, in general, a higher pH is associated with
higher THM concentrations [20]. The results show that the
treated water from the treatment plants all have a relatively neu-
tral pH. This explains why the presence of THMs in the water
at the study sites is not due to pH.

3.1.2. Turbidity

Figure 5 shows the variation in turbidity over the two meas-
urement campaigns in December 2023 and May 2025. The re-
sults obtained during the first campaign show value of 3.86
NTU for the Ross Bethio site and 1.88 NTU for the Rawette site,
which do not comply with the SEQ-EAU 2003 standard (1
NTU), and 0.81 NTU for the Ronkh site. For the second cam-
paign, the turbidity values for the Boundoum and Pont

Mboubéne sites comply with the above standard (Boundoum
0.86 NTU and Mboubéne 0.92 NTU), except for the Kassak site,
which does not comply with the standard with a value of 3 NTU.
(Figure 5).

The high turbidity values can be explained by the fact that the
measurements were taken immediately after the end of the rainy
season. This period corresponds to the influx of runoff water
loaded with organic and mineral matter by the river, on the one
hand. On the other hand, it corresponds to the influx of runoff
water loaded with organic and mineral matter from the river, as
well as agro-industrial activities present in the water to be
treated. This makes them difficult to eliminate.

On the other hand, the low values observed during the sec-
ond campaign (May) can be explained simply by the low lev-
els of organic and mineral elements in the raw water to be
treated.
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Figure 5. Variation in turbidity.
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Since all turbidity values comply with the WHO standard of
5NTU after treatment, it can be said that the presence of organic
matter is not significant enough to allow the identification of
THMs in the analyzed water.

3.2. Trihalomethanes

For total THMs (Figure 6), the Ronkh and Ross Bethio sites
showed minimum concentrations of 0 and 4jg/L, respectively,

and a maximum concentration of 16jg/L for the first sampling
and laboratory analysis campaign. For the second campaign, the
minimum concentrations (Opg/L) were recorded at the Kassak
and Mboubéne sites, compared with a maximum concentration
of 151n/L recorded at the Boundoum site. Based on this spatial
and temporal variation in total THMs analyzed in the drinking
water supply networks at the study sites during the two seasons,
the SEQ-EAU 2003 standard (75pg/L) is met.

Variation of Trihalomethanes Across Sites
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Figure 6. Variation in total THMs.

These total THMs are likely to originate from the presence
of organic matter in the network and residual chlorine from
chlorine injection during disinfection. The presence of these
organic materials in drinking water supply networks is the re-
sult of the significant and variable turbidity of the effluent col-
lected by the UPTs. In this study, as the turbidity of the treated
water does not exceed the standard of 5 NTU, we can say that
the presence of THMs in the analyzed water is not due to or-
ganic materials.

In fact, at the Rawette site, the dosing pump (chlorine injec-
tion) is electric and breaks down very often. This situation re-
quires the treatment operator to inject chlorine manually, re-
sulting in a lack of control over the amount of chlorine injected
and, therefore, the significant amount of THMs noted in the
network.

At the Ross Bethio site, the large population size has led to
the installation of a large treatment and purification unit (UPT)
to meet the demand for water in terms of both quantity and
quality. This requires the gradual use of chlorine by injection
from the dosing pump, causing the traces of THM noted in the

network. However, the amount of THM analyzed in the drink-
ing water supply network is not significant because the treat-
ment plant is run by highly qualified personnel who are ex-
perts in the treatment chain, and by electrical engineers who
prevent and repair any breakdowns in the electromechanical
equipment.

Like the Rawette site, the Boundoum dam site shows peaks
in THM concentration recorded in the network. This situation
is due to the fact that the site's UPT does not have an electric
chlorine dosing pump. However, as chlorine injection is man-
ual, the uncontrolled quantity of disinfectant injected has led
to the high concentration of THM analyzed in the network af-
ter final disinfection.

4. Conclusion

This work made it possible to evaluate trihalomethanes in
water treated by several UPTs installed in the tributaries of the
Senegal River Delta (the source of water supply for the popu-
lation) and to determine their origins. The results showed the
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presence of total trihalomethanes in both campaigns corre-
sponding to the two seasons, namely the rainy season and the
dry season. According to the analyses, the presence of THMs

is
in

due to the uncontrolled use of chlorine during disinfection

areas where THMs have been identified.

Consequently, it is recommended that:

1) The installation of electric dosing pumps in all UPTs in
the Senegal River Delta;

2) The recruitment of an electrical engineer in all UPTs in
the study area. Failing that, the provision of electrical en-
gineering training for all operators and laboratory techni-
cians in the study area so that any chlorine injection pump
breakdowns can be repaired as soon as possible;

Looking ahead:

1) Add total THM analysis to the analysis of drinking water
quality parameters in Senegal;

2) Conduct a study on the automation of dosing pumps so
that they are sensitive to variations in organic matter.

Abbreviations

UPT Treatment and Purification Unit

NTU Nephelometric Turbidity Unit

THM Trihalomethanes

pH Hydrogen Potential

WHO World Health Organisation

DFS Senegal River Delta

ANA National Aquaculture Agency

P2RS Program to Strengthen Resilience to Food and
Nutritional Insecurity in the Sahel

SRD Senegal River Delta

SAED National Company for the Development and
Exploitation of the Senegal River Delta and
the Senegal and Faleme River Valleys

OMVS  Organization for the Development of the
Senegal River

AOF French West Africa

SEQ Water Quality Assessment System for
Watercourses
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