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Abstract

Groundwater is the main source of domestic water supply in Moundou, the second-largest city in Chad, located in the Western
Logone basin and within the Chari-Logone hydrological system. The literature published specifically on groundwater quality in
Moundou remains sparse, originating from a small number of research teams and often based on one-off sampling campaigns.
This body of work is too narrow to support a systematic review in the PRISMA sense, but it lends itself to a narrative review
that brings together, contextualises and critically interprets the available knowledge on Moundou and relates it to the regional
and comparative literature on urban aquifers of the Sahel and West Africa. Groundwater in Moundou is generally low to
moderately mineralised, with predominantly bicarbonate facies ranging from calcium-magnesium to sodium-potassium types,
shaped by silicate weathering, carbonate dissolution and ion exchange and, to a lesser extent, by the dissolution of gypsum and
CacCl; salts. This relatively reassuring hydrochemical signature contrasts with a worrying bacteriological situation: the available
studies report frequent contamination by total coliforms, faecal coliforms, Escherichia coli and Salmonella spp., with marked
seasonal variability and the recent emergence of strains resistant to certain antibiotics. Comparison with other Sahelian and West
African urban aquifers (N’Djamena, Cotonou, Ibadan, Dakar) shows that Moundou fits a regional pattern of vulnerability of
shallow aquifers to on-site sanitation, while differing from them in its less arid climate, which for now limits the risks of
salinisation and saline intrusion observed elsewhere. The review highlights major gaps: the lack of systematic coupling between
hydrochemistry and bacteriology, limited temporal monitoring, and the still incomplete attribution of contamination sources.
Sustainable management of the resource requires integrated, risk-based surveillance combining hydrochemistry, microbiology,
sanitary inspection and geospatial tools.
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1. Introduction

1.1. Context: Groundwater as a Strategic yet
Vulnerable Resource

In much of sub-Saharan Africa, groundwater provides a de-
cisive share of the drinking-water supply of rapidly expanding
cities [1, 2]. It offers relatively continuous availability
throughout the seasons, a lighter infrastructure footprint than
surface-water networks, and often greater resilience to climate
variability (Foster et al., 2020). This strategic importance is
matched by an equally marked vulnerability: in cities where
urbanisation precedes sanitation and wastewater collection
networks, shallow unconfined aquifers that are directly con-
nected to the surface are exposed to a dual chemical and mi-
crobiological pressure [2, 3].

Chad is no exception to this trend. Population growth, rapid
urbanisation and rising demand for drinking water are placing
increasing pressure on groundwater resources [1, 2]. In Moun-
dou, the capital of Logone Occidental Province and the coun-
try’s second-largest city, private wells and boreholes are an
essential component of the water supply system, in a hydro-
geological setting dominated by sandy, sandy-clayey and
clayey sedimentary formations associated with the Continen-
tal Terminal and Quaternary deposits [4, 5]. The city is also
connected to the Logone hydrographic network and to nearby
water bodies (Lakes Wey and Taba), which promotes ex-
changes between surface water and groundwater, particularly
during high-water periods [4, 6].

The Lake Chad basin, in which Moundou lies, is moreover
recognised as one of the most fragile hydrological systems of
the Sahel, owing to poverty, instability and the population’s
heavy reliance on groundwater to compensate for erratic rain-
fall. At the basin scale, recharge of the Quaternary aquifers
remains globally resilient to climate change, but this quantita-
tive resilience says nothing about the quality of the water ab-
stracted, which depends mainly on local sanitation conditions
and on the protection of abstraction structures [7].

1.2. Problem Statement

Groundwater can be weakly mineralised, with a reassuring
bicarbonate facies, and yet be microbiologically hazardous.
Conversely, a high electrical conductivity or a high nitrate or
chloride content may reflect anthropogenic influence without,
on its own, demonstrating faecal contamination. The two di-
mensions are therefore complementary and not interchangea-
ble: hydrochemistry informs on mineralisation processes and
diffuse anthropogenic inputs, whereas bacteriology provides
direct evidence of exposure to enteric pathogens. A review fo-
cused solely on hydrochemistry risks underestimating the ac-
tual health risk borne by users of private wells and boreholes,
which account for most of the domestic water supply in Moun-
dou.

This issue is all the more critical because studies conducted
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specifically in Moundou since 2019 have revealed very high
rates of bacteriological non-compliance, marked seasonal var-
iability and, more recently, the appearance of Escherichia coli
and Salmonella spp. strains resistant to certain antibiotics in
well water. This antimicrobial resistance dimension intro-
duces a public health issue that goes beyond conventional fae-
cal contamination and remains largely absent from earlier re-
views focused on hydrochemistry.

1.3. Objectives and Synthesis Axes

The objective of this narrative review is to bring together,
interpret and critically contextualise the available knowledge
on groundwater quality in Moundou, by linking hydrogeolog-
ical processes, hydrochemistry and microbiological contami-
nation, and by situating these results within the broader con-
text of Sahelian urban aquifers. Rather than answering re-
search questions formulated according to a pre-registered sys-
tematic protocol, the review is organised around five synthesis
themes that structure the critical reading of the literature:

Theme 1. What are the main hydrochemical processes con-
trolling mineralisation and the chemical composition of
groundwater in Moundou, and how do they compare with the
water quality indices (WQI, SAR, RSC) used elsewhere in the
region?

Theme 2. What is the level of bacteriological contamination
of groundwater in Moundou, and how does it vary between
seasons?

Theme 3. What are the main natural and anthropogenic
pathways responsible for groundwater contamination in
Moundou?

Theme 4. What are the potential public health implications
of hydrochemical and bacteriological contamination in Moun-
dou?

Theme 5. To what extent is the situation in Moundou com-
parable to, or on the contrary specific relative to, other urban
aquifers in arid and semi-arid Africa?

2. Manuscript Formatting

2.1. Rationale for a Narrative Review

A systematic review, in the sense of the PRISMA 2020
statement, presupposes a body of literature large and homoge-
neous enough to justify a pre-registered search protocol, an
exhaustive quantitative account of the selection process (iden-
tification, deduplication, screening, inclusion) and, where pos-
sible, a statistical synthesis of the results. However, the litera-
ture published specifically on groundwater quality in Moun-
dou remains, to date, limited to a small number of works (a
handful of master’s dissertations, doctoral theses and articles,
produced mostly by small research teams since 2016). Apply-
ing the methodological apparatus of a systematic review to
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this narrow corpus would have given an impression of quanti-
tative rigour that the data cannot genuinely support, with the
risk of masking, rather than acknowledging, the real limits of
the available knowledge base.

This review therefore adopts a narrative approach: it aims
to gather, contextualise and critically interpret all available
work on Moundou, however scarce, by explicitly linking it to
a broader literature on urban aquifers of the Lake Chad basin
and West Africa, in order to place the Moundou case in a re-
gional perspective and to draw lessons despite the narrowness
of the local corpus. A narrative review also allows a more in-
terpretative reading of the results, an explicit dialogue be-
tween disciplines (hydrogeology, hydrochemistry, microbiol-
ogy, public health) and a freer formulation of research gaps,
all of which a rigid systematic protocol would have con-
strained to a greater extent.

2.2. Information Sources and Search Strategy

The literature used includes peer-reviewed scientific arti-
cles, doctoral theses, master’s dissertations, institutional re-
ports and international drinking-water quality guidelines.
Sources were identified from the following databases and plat-
forms: Scopus, Web of Science, PubMed, ScienceDirect,
SpringerLink, Google Scholar, African Journals Online and
DICAMES, as well as World Health Organization guidance
documents. The search combined terms centred on Moundou
and the Chari-Logone basin (“Moundou”, “Logone Occi-
dental”, “Lake Chad basin”, “Chad”) with thematic terms re-
lating to groundwater, hydrochemistry, water quality indices
(WQI, SAR, RSC) and bacteriology (“groundwater”, “aqui-
fer”, “water quality”, “Escherichia coli”, “Salmonella”, “col-
iforms”, “faecal contamination”, “antibiotic resistance”).

Unlike a systematic review, this search was not conducted
using a single Boolean equation applied identically and ex-
haustively to each database, nor was it followed by a numeri-
cal count of references at each selection stage. It proceeded
iteratively and cumulatively: the references cited in works
centred on Moundou were used as entry points to extend the
search to the comparative literature on other Sahelian and
West African urban aquifers (N’Djamena, Cotonou, Ibadan,
Dakar), an approach typical of narrative reviews but one that
would not have met the reproducibility requirements of a
PRISMA protocol.

2.3. Thematic and Temporal Scope

Works were retained if they dealt with groundwater, wells,
boreholes or aquifers of Moundou and of the Chari-Lo-
gone/Lake Chad basin and provided hydrochemical, bacterio-
logical, hydrogeological or health information; studies on
other African urban aquifers were also included where they
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offered relevant comparative insight, notably in arid or semi-
arid zones. Priority was given to the most recent publications
(2015-2026); older references were retained when they pro-
vided fundamental information on geology, regional hydroge-
ology or the classical interpretation of groundwater geochem-
istry (foundational works on the Lake Chad basin; the refer-
ence methods of Richards, 1954 [8], and Wilcox, 1955 [9], for
irrigation indices). No quantitative inclusion threshold was set
a priori: given the small number of works available on Moun-
dou, all relevant studies identified were taken into account ra-
ther than selected according to strict exclusion criteria.

2.4. Synthesis Approach

For each study on Moundou, the following information was
extracted where available: geographical location, sampling
period, number and type of water points, groundwater depth,
physicochemical parameters, major ions, bacteriological indi-
cators, analytical methods, main results, contamination
sources identified and health implications. This information
was organised around five main themes: the hydrogeological
context; hydrochemical characteristics and quality indices;
bacteriological quality and contamination pathways; com-
bined risk factors and population vulnerability; and implica-
tions for management and public health. The synthesis re-
mains narrative and interpretative throughout: given the het-
erogeneity of sampling strategies and analytical units among
studies, no statistical aggregation was attempted; numerical
comparisons between studies, or with other cities, are pre-
sented with the necessary caution.

2.5. Methodological Limitations of the Review

This narrative review has limitations that should be explic-
itly acknowledged. First, and this is the very reason for choos-
ing this format, the literature specifically focused on Moundou
remains sparse and originates from a small number of research
teams, which limits the possibility of triangulating results and
exposes the synthesis to a selection bias inherent to the avail-
able works, rather than to the whole of the unpublished grey
literature. Second, the absence of a pre-registered systematic
protocol means that the exhaustiveness of the literature search
can be neither guaranteed nor replicated identically by another
author, which is an accepted limitation of the narrative ap-
proach. Third, the comparison with other African urban aqui-
fers rests on climatic, geological and socio-economic contexts
that are not strictly identical, which requires a cautious reading
of the parallels drawn in the Discussion section. These limita-
tions do not invalidate the synthesis but delimit its scope: it is
a critical, reasoned appraisal intended to guide future research,
rather than an exhaustive and reproducible inventory of the
literature.
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3. Results

3.1. General State of the Available Literature
on Moundou

Before entering into the thematic detail, it is useful to outline,
in narrative form and without claiming bibliometric exhaustive-
ness, the general profile of the literature devoted to Moundou.
This qualitative overview clarifies both the scope and the limits
of the synthesis that follows. No study specifically devoted to
groundwater quality in Moundou was identified before 2016.
The first structuring work is the master’s thesis of Bandé (2016),
devoted to the hydrodynamic and hydrochemical characterisa-
tion of groundwater in an urban setting in Moundou. Output has
since been concentrated almost entirely in the period 2020-2026,
with the series of works by Dionkas and colleagues (2021, 2022,
2023) [10] on physicochemical and bacteriological quality, an-
thropogenic pressure and antibiotic resistance, followed by the
studies of Doumtoudjinodji et al. (2024) [4] on private water-
works and of Djimrabaye et al. (2025) [6] on the Continental
Terminal aquifer. This recent and concentrated output reflects
growing scientific interest, but it rests on a limited number of
teams and field campaigns, which calls for caution in any gen-
eralisation. In this review, the core of work directly centred on
Moundou is complemented by a broader regional literature used
for contextualisation: studies on other cities of the Lake Chad
basin (N’Djamena) and on other West African urban aquifers
(Ibadan, Cotonou, Dakar), together with continental syntheses
on urban groundwater quality in sub-Saharan Africa. This de-
liberate choice to look beyond the local corpus is the main meth-
odological response to the narrowness of the Moundou-specific
literature.

The works most directly centred on Moundou have been
published in African or open-access journals, as well as in the
form of university theses and dissertations, and mainly com-
bine conventional physicochemical assays and bacteriological
analyses by membrane filtration or the most probable number
(MPN) technigue, supplemented by antibiotic susceptibility
tests in the most recent works. More advanced tools, namely
standardised water quality indices (WQI, SAR, RSC), have
been used to assess the potability and irrigation suitability of
Moundou’s waters. However, isotopic tracers and geographic
information systems, which have been used in regional studies
of the Lake Chad basin (for example for N’Djamena), have
not yet been applied specifically to Moundou, a gap identified
later in this review.

3.2. Hydrogeological Setting

Moundou is located in the Western Logone basin, within
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the wider Chari-Logone hydrological system, close to the Lo-
gone River and to water bodies such as Lakes Wey and Taba.
The hydrogeological context is dominated by sedimentary for-
mations made up of sandy, sandy-clayey and clayey deposits,
associated with the Continental Terminal and Quaternary for-
mations, which are identified as the most important hydroge-
ological units of the region. These formations contain shallow
unconfined aquifers, whose sandy nature favours infiltration
and groundwater circulation, while clayey horizons locally in-
fluence flow and the chemical evolution of the water.

Aquifer recharge is mainly associated with direct infiltra-
tion of precipitation, supplemented by exchanges with surface
water during high-water periods, a mechanism documented at
the scale of the Chari basin. This same hydraulic connectivity
that favours recharge also increases the vulnerability of the re-
source: where wells are shallow and poorly protected, rainwa-
ter and runoff can carry microorganisms and dissolved pollu-
tants from latrines, on-site sanitation systems, wastewater and
waste dumps to the aquifer (Figure 1).

3.3. Hydrochemical Groundwater Quality

3.3.1. General Composition and Hydrochemical
Facies

The available studies indicate that groundwater in Moun-
dou is generally low to moderately mineralised, with substan-
tial local variability. The main ions studied include calcium,
magnesium, sodium, potassium, bicarbonate, chloride and
sulphate. The hydrochemical facies reported are mainly of the
calcium-magnesium-bicarbonate and sodium-potassium-bi-
carbonate types, consistent with weak to moderate water-rock
interaction. Doumtoudjinodji et al. (2024) [4], working on pri-
vate waterworks, revealed considerable hydrochemical varia-
bility and identified silicate hydrolysis, ion exchange and an-
thropogenic influences among the main processes controlling
the chemical composition. Djimrabaye et al. (2025) [6], on
sixty samples collected during two campaigns in December
2023 and March 2024 in the Continental Terminal aquife, for
their part reported acidic groundwater resulting from both nat-
ural and anthropogenic influences a notable study because, for
some of the water points, it combines hydrochemical and bac-
teriological analyses within a single sampling design.water-
rock interactions. Doumtoudjinodji et al. (2024) [4] identified
silicate hydrolysis, ion exchange, and anthropogenic inputs as
key drivers of chemical composition. Djimrabaye et al. (2025)
[6] sampled 60 water points across the Continental Terminal
aquifer, reporting acidic groundwater influenced by both nat-
ural weathering and urban pollution.
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Figure 1. Geological map and land-use map of the city of Moundou.

3.3.2. Dominant Hydrochemical Processes

Weathering of silicate minerals, present in the sedimentary
matrix of the aquifer, contributes sodium, potassium and dis-
solved silica. This process is particularly relevant in the sedi-
mentary environments of the Continental Terminal and Qua-
ternary formations. Carbonate dissolution contributes to cal-
cium and bicarbonate concentrations, according to the classi-
cal reaction: CaCO3 + CO; + H,O — Ca?* + 2 HCO3™. Alt-
hough carbonate minerals are not necessarily the dominant
lithological component everywhere in Moundou, this reaction,
coupled with soil CO;, contributes to the observed chemical
composition. lon exchange involving clay minerals modifies
the relative proportions of calcium, magnesium, sodium and
potassium, and may explain some of the differences between
calcium-bicarbonate and sodium-bicarbonate waters observed
from one water point to another.
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Evaporite dissolution and salinisation: Doumtoudjinodji et
al. (2025) [11] demonstrated an evaporitic component in the
Moundou area. Indeed, the dissolution of gypsum
(CaS0,4 2H,0) and CacCls, salts, alongside silicate weathering,
carbonate dissolution and organic matter decomposition, is
among the main processes controlling groundwater quality in
Moundou. This dissolution remains moderate and has not, to
date, resulted in a generalised degradation of water quality.
Comparison with more northerly, more arid and more evapo-
rated aquifers confirms that salinisation is not, at this stage of
knowledge, a dominant process in Moundou, which distin-
guishes the city from arid zones in the strict sense, without
ruling out future vulnerability should exploitation of the re-
source intensify.

3.3.3. Water Quality Indices: WQI, SAR, and RSC

Standardised water quality indices are synthesis tools
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widely used in arid and semi-arid regions to translate a set of
physicochemical parameters into a single quality class that can
easily be communicated to managers. The Water Quality In-
dex (WQI), intended for drinking water, generally aggregates
pH, electrical conductivity, total dissolved solids and major
ions, weighted according to their health significance. The So-
dium Adsorption Ratio (SAR) and the Residual Sodium Car-
bonate (RSC), intended for assessing irrigation suitability,
measure respectively the risk of soil sodification, SAR = Na*
/ N[(Ca?* + Mg?*) / 2], with concentrations expressed in mil-
liequivalents per litre, and the excess of carbonates and bicar-
bonates relative to the available calcium and magnesium, fol-
lowing the reference methods of Richards (1954) and Wilcox
(1955).

The WQI and SAR calculated at the scale of the city of
Moundou on 62 samples distributed across the city’s 27 neigh-
bourhoods, in the rainy season (August 2022) and the dry sea-
son (May 2023), classify these waters as acceptable for con-
sumption from a physicochemical standpoint and suitable for
irrigation (Doumtoudjinodji et al., 2026). This situation con-
trasts with that observed in N’Djamena, where Mfonka et al.
(2024) calculated a WQI ranging from 188 to 867 on sixty-six
samples collected from twenty-two boreholes, corresponding
to “poor” (9%), “very poor” (18%) and “unsuitable” (72%)
classes for consumption. A favourable physicochemical WQI,
such as that reported for Moundou, provides no guarantee of
the bacteriological safety of the water: hydrochemical and mi-
crobiological assessments remain complementary and not in-
terchangeable.

3.4. Bacteriological Quality of Groundwater

3.4.1. Indicators of Faecal Contamination

Microbiological quality is a fundamental element of drink-
ing-water safety. Unlike several hydrochemical parameters,
the presence of faecal indicator organisms total coliforms, fae-
cal coliforms, Escherichia coli, intestinal enterococci provides
direct information on contamination by faecal matter and on
potential exposure to enteric pathogens. The World Health Or-
ganization recommends a risk-management approach, from
the catchment to the consumer, emphasising hazard identifi-
cation, risk management and continuous surveillance rather
than one-off checks.

3.4.2. Available Results for Moundou

Analysis of the microbiological quality of groundwater in
Moundou reveals marked sanitary degradation and strong sea-
sonal dynamics. In a reference study conducted by Dionkas et
al. (2021) [12] between May 2019 and July 2020 in two sub-
divisions of the city, the assessment of total coliforms, faecal
coliforms, Escherichia coli and Salmonella spp. revealed high
contamination rates. In the rainy season, non-compliance rates
reached 93% for total and faecal coliforms, while E. coli and
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Salmonella spp. showed non-compliance of 14% and 29%, re-
spectively. In the dry season, degradation increased markedly:
non-compliance reached 100% for total coliforms, faecal col-
iforms and Salmonella spp., and rose to 71.5% for E. coli.

These seasonal variations were also supported by the recent
work of Doumtoudjinodiji et al. (2025) [11], which highlights
contrasting behaviours depending on the indicator organism.
Escherichia coli and faecal enterococci recorded higher mean
concentrations in the dry season (187 CFU versus 100 CFU in
the rainy season for E. coli, and 2.73 CFU versus 0 CFU for
enterococci, respectively). Conversely, total coliforms and to-
tal aerobic flora showed a clearly higher bacterial load during
the rainy season (reaching 2,366 CFU and 15,023 CFU, re-
spectively, in the rainy season, versus 1,029 CFU and 6,818
CFU in the dry season).

The study by Dionkas et al. (2021) [12] shows greater con-
tamination in the dry season for several bacteriological indi-
cators, which may be explained by reduced dilution, higher
temperature, concentration effects and the persistence of con-
tamination sources around water points. Precipitation may,
however, under certain hydrogeological conditions, also in-
crease contamination by promoting runoff and the rapid infil-
tration of surface pollutants. The relationship between precip-
itation and microbiological contamination is therefore not lin-
ear: it depends on well construction, water-table depth, soil
permeability, surrounding sanitation conditions and the re-
charge timing specific to each site.

3.4.3. Salmonella and Antibiotic Resistance:
An Emerging Dimension

The detection of Salmonella spp. in well water in Moundou
is an additional concern. Dionkas et al. (2023) [13], using sam-
ples collected between May 2019 and July 2020, examined the
antibiotic resistance of Salmonella spp. and Escherichia coli
isolated from well water, and reported substantial resistance
to several antibiotics, notably ceftriaxone and ampicillin, with
resistance profiles varying according to organism and season.
This observation is part of a broader issue of antimicrobial re-
sistance (AMR) in environmental waters in Africa, widely
documented in other countries of the continent, where high
rates of resistance to ampicillin and other first-line antibiotics
are commonly reported in untreated drinking water in low-
and middle-income countries. Contaminated groundwater
may thus not only act as a vector for enteric microorganisms
but also contribute to the environmental dissemination of re-
sistance genes, although current data do not allow the specific
contribution of this pathway to the resistance observed in clin-
ical settings in Moundou to be estimated.

3.5. Sources and Pathways of Contamination

The available data suggest that groundwater contamination
in Moundou results from several sources that may interact
with one another:

1) Poorly designed or poorly maintained latrines and on-
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site sanitation systems, which allow the infiltration of
faecal microorganisms and dissolved nitrogen com-
pounds, with an increased risk when these facilities are
close to shallow wells;

2) Untreated domestic wastewater, discharged onto the
ground surface and infiltrating permeable soils, in the
absence of adequate drainage and treatment networks;

3) Solid waste accumulated around water points, a local
source of microorganisms and, through rainfall and de-
composition, of dissolved pollutants;

4) Surface runoff during rainy periods, which may enter
poorly protected wells directly or infiltrate through per-
meable soils;

5) Deficient construction and maintenance of wells, open
or poorly protected structures being particularly vulner-
able to surface inputs.

This configuration echoes the findings established for urban
sub-Saharan Africa by Lapworth et al. (2017) [2], who asso-
ciate the vulnerability of shallow aquifers with the proximity
of pit latrines, inadequate waste management and poor well-
head protection, with nitrate and chloride as the most widely
used indicators of anthropogenic pollution in studies of the re-
gion.

3.6. Combined Risk Factors and Population
Vulnerability

The combination of a shallow water table, permeable sandy
formations and inadequate on-site sanitation places a signifi-
cant proportion of private wells in Moundou in a situation of
structural vulnerability. This vulnerability translates into a di-
rect health risk for users, particularly children under five, who
are more exposed to waterborne diarrhoeal diseases, and low-
income households, which often depend on private wells for
lack of a safe and affordable alternative. The absence of alter-
native supply sources forces many households to continue us-
ing water whose bacteriological hon-compliance is nonethe-
less documented, illustrating the tension between resource
availability and health safety that is typical of situations de-
scribed for other rapidly growing West African cities.

Integrated assessment of hydrochemical and bacteriological
quality is, in this respect, a major contribution of the recent
literature: hydrochemistry identifies mineralisation processes
and possible diffuse anthropogenic inputs; microbiology pro-
vides direct evidence of faecal contamination and potential ex-
posure to pathogens; sanitary inspection identifies local con-
tamination sources; and hydrogeology, finally, explains the

pathways by which contaminants are transferred to the aquifer.

An integrated monitoring programme should therefore jointly
include pH, electrical conductivity, total dissolved solids, ma-
jor ions, nitrates, ammonium and iron, on the one hand, and
total coliforms, faecal coliforms, Escherichia coli and, where
relevant, intestinal enterococci and certain pathogenic micro-
organisms, on the other.
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3.7. Temporal Trends

1990-2000. No study specifically devoted to groundwater
quality in Moundou was identified for this period in the corpus
assembled. Knowledge available for Chad at that time consists
essentially of geological and hydrogeological mapping work
at the national scale, which sets the regional geological frame-
work without specifically addressing water quality in Moun-
dou.

2000-2010. This decade is also poorly documented for
Moundou in the literature reviewed. At the scale of the Lake
Chad basin, doctoral work on the neighbouring Chari-Ba-
guirmi aquifer system (N’Djamena area) laid the methodolog-
ical foundations (hydrochemical characterisation, recharge es-
timation by chemical and isotopic methods) that would later
be used for regional comparisons, but without data specific to
Moundou.

2010-2020. This period marks the starting point of work
specifically devoted to Moundou, with the hydrodynamic and
hydrochemical characterisation by Band€(2016) [14], which
establishes the basis of the local hydrogeological context. In
parallel, at the basin scale, studies on the recharge and hydro-
logical functioning of the Chari-Logone system [15], based on
earlier field data) confirm the importance of surface water-
groundwater interactions for the recharge of the region’s shal-
low aquifers. The very end of this decade also saw the launch,
in May 2019, of the most comprehensive bacteriological sam-
pling campaign available to date for Moundou [12].

2020-2026. This period accounts for most of the recent sci-
entific output on Moundou: the results of the 2019-2020 cam-
paign were published and elaborated by Dionkas et al. (2021,
2022, 2023) [10, 12, 13], who successively document seasonal
bacteriological contamination, the relationship between an-
thropogenic pressure and water quality, and then the antibiotic
resistance of the isolated strains. Doumtoudjinodji et al. (2024)
[4] provide a detailed hydrochemical characterisation of pri-
vate waterworks, and Djimrabaye et al. (2025) [6] publish the
first study combining, at least partially, hydrochemistry and
bacteriology on the Continental Terminal aquifer.
Doumtoudjinodji et al. (2026) [11] complete this picture by
producing the first spatio-temporal assessment of the WQI and
SAR at the scale of the entire city, on 62 samples distributed
across the 27 neighbourhoods of Moundou and two con-
trasting seasons (August 2022 and May 2023), identifying the
dissolution of gypsum and CaCl; salts, alongside silicates, car-
bonates and organic matter, among the processes dominating
water chemistry. This period also saw the publication of a
comparable study for N’Djamena [16], which introduced the
WQI in the region for the first time from an integrated man-
agement perspective.

Degradation, stabilisation or improvement? In the absence
of a continuous series of measurements on the same network
of water points, it is not possible to state with certainty
whether groundwater quality in Moundou has deteriorated,
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stabilised or improved over recent decades. The apparent in-
crease in the number of documented contaminations since
2019 largely reflects an intensification of monitoring effort
and the introduction of parameters not previously measured
(Salmonella, antibiotic resistance), rather than a demonstrated
and measured degradation of the resource. What the data do
allow us to conclude, however, is the persistence of a high and
recurrent bacteriological risk from one season to the next since
the beginning of monitoring, accompanied by a new and
growing concern related to antimicrobial resistance since
2023. This lack of historical perspective is in itself one of the
major gaps identified by this review (section 4.3).

3.8. Comparative Synthesis of Previous Studies
on Moundou

This comparison shows that hydrochemical and bacterio-
logical studies are complementary rather than contradictory:
the former emphasise natural mineralisation processes,
whereas the latter reveal the vulnerability created by urban
sanitation conditions and the shallow depth of the aquifers.
The apparent difference between results is therefore explained
mainly by different objectives and sampling strategies, rather
than by a fundamental contradiction.

Table 1. Main studies on groundwater quality in Moundou.

Study Period / design Main parameters
Moundou;
. hydrogeological and  Hydrogeology,
Bande(2016) hydrochemical hydrochemistry
study
Physicochemistry + to-
Dionkas et al. 2019-2020; wells, tal coliforms, faecal col-
(2021) two subdivisions iforms, E. coli, Salmo-

nella

Anthropogenic pres-

Four seasonal cam- .
sure, bacteriology,

Dionkas (2022)

paigns; 50 wells

Dionkas et al.
(2023)

2019-2020, same
samples

Doumtoudjinod]
i etal. (2024)

Moundou; private
waterworks

Dec. 2023 and Mar.
2024; 60 samples

Djimrabaye et
al. (2025)

Aug. 2022 (rainy
season) and May
2023 (dry season);
62 samples, 27
neighbourhoods

Doumtoudjinod]
i etal. (2025)

4. Discussion

health risks

E. coli, Salmonella, an-
tibiotic susceptibility

Major ions, pH, conduc-
tivity, etc.

Physicochemistry +
bacteriology

Physicochemistry, mi-
crobiology, multivariate
analysis, WQI, SAR,
suitability as concrete-
mixing water, aggres-
siveness

4.1. Moundou Compared with Other Urban
Aquifers in Arid and Semi-arid Zones

The situation in Moundou is part of a more general trend

observed in rapidly urbanising African cities. The synthesis
work of Lapworth et al. (2017) [2] shows that shallow urban
groundwater in sub-Saharan Africa is frequently affected by

Main results Contribution

. Basis of the
Characteristics of shallow groundwater .
. - hydrogeological
and its hydrochemistry
context

Demonstration of bac-
teriological vulnera-
bility

High microbiological contamination and
marked seasonal variability

Strong relationship between urban pres-
sure and groundwater quality

Integrated risk assess-
ment

Antimicrobial re-

Detection of resistant strains in well water . . .
sistance dimension

Hydrochemical heterogeneity; natural and
anthropogenic influences

Perspective on private
waterworks

Acidic groundwater; natural and anthro-
pogenic influences

First recent integrated
approach

89% of sites acceptable (WQI); dissolu-
tion of gypsum and CaCl. among the
dominant processes; pH, iron and ammo-
nium non-compliant with WHO guide-
lines; water better suited to irrigation, ag-
gressive

First complete physi-
cochemical and mi-
crobiological charac-
terisation at the scale
of the entire city

microbiological and chemical contamination, particularly
where waste management and the protection of water points
remain inadequate, with nitrate as the most widely used indi-
cator of anthropogenic pollution in the studies reviewed at
continental scale. The most direct comparison is with N’Dja-
mena, the capital of Chad, also located in the Lake Chad basin
but under a more arid Sahelo-Saharan climate. Mfonka et al.
(2024) [16] report there a hydrochemical facies almost identi-
cal to that of Moundou calcium-magnesium-bicarbonate type,
associated with the Quaternary aquifer and likewise low to
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moderate mineralisation (conductivity of 92 to 590 microsie-
mens per centimetre). The major difference lies in bacterio-
logical quality: in N’Djamena, poor water quality, measured
by a WQI reaching the “unsuitable” class for 72% of samples,
is directly attributed to the presence of bacterial species rather
than to an excess of major ions a finding that echoes, almost
term for term, the bacteriological situation documented in
Moundou.

The comparison with West African coastal and sedimentary
aquifers, in Cotonou (Benin) and Ibadan (Nigeria), reveals
structural similarities: in both cases, shallow unconfined aqui-
fers are degraded by the proximity of septic tanks and latrines,
with markedly higher electrical conductivity in shallow wells
located in the immediate vicinity of sanitation facilities than
in deeper boreholes. In Cotonou, Houénénou et al. (2020) [17]
further show that the vulnerability of the shallow aquifer re-
sults from the combination of salinisation, related to proximity
to the coast and to brackish water bodies, and contamination
by wastewater and septic tanks, with a risk that varies with the
seasons and with the position of neighbourhoods in the re-
charge or discharge zone of the aquifer. This dual saline and
sanitary pressure has no documented equivalent in Moundou,
where contamination remains, in the current state of
knowledge, almost exclusively of sanitary rather than saline
origin.

Finally, comparison with strictly arid aquifers (Ksour
Mountains in Algeria, the Ewaso Ng’iro-Lagh Dera basin in
Kenya, the Aksum basin in Ethiopia) confirms that Moundou
occupies an intermediate position: its more humid climate and
its position within the Chari-Logone system protect it, for the
time being, from the salinisation and saline intrusion pro-
cesses that dominate in more arid or coastal aquifers. A mod-
erate contribution from the dissolution of gypsum and CaCl,
salts has nevertheless been demonstrated locally by
Doumtoudjinodji et al. (2025) [11], although it has not re-
sulted to date in a generalised degradation of water quality. At
the same time, rapid urban growth and still largely on-site san-
itation bring Moundou closer to the bacteriological vulnera-
bility described for secondary cities throughout sub-Saharan
Africa. This specificity indicates that management strategies
developed for more arid aquifers, focused on salinity and irri-
gation, cannot be transposed as such to Moundou, where the
management priority remains resolutely sanitary and microbi-
ological.

4.2. Methodological Limitations of the Studies
Reviewed

The data available on Moundou are heterogeneous: some
studies focus mainly on hydrochemistry, others on bacterio-
logical contamination or health risks, rarely on both simulta-
neously. Sampling campaigns also differ in duration, number
of water points covered, analytical methods used and parame-
ters measured, which limits the possibility of strict statistical
comparison between studies. Field protocols (exact depth of
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structures, distance to pollution sources, sample preservation
conditions before bacteriological analysis) are not always doc-
umented at the same level of detail, which complicates the in-
terpretation of differences observed between studies. Finally,
most campaigns rely on a limited number of water points and
on one or a few one-off campaigns, rather than on a permanent
monitoring network, which restricts the spatial and temporal
representativeness of the available results.

4.3. Identified Research Gaps

Insufficient integrated data: Most studies address either hy-
drochemistry or bacteriology. Few works simultaneously
measure major ions, nutrients, metals, bacteriological indica-
tors, piezometric levels and sanitary conditions at the same
sampling points. Djimrabaye et al. (2025) [6] and
Doumtoudjinodji et al. (2025) [11] are, to date, the most ac-
complished examples of this integration in Moundou, but with
a limited number of bacteriological samples (twenty of the 62
samples, respectively).

Limited long-term monitoring: The available studies gener-
ally cover one or a few one-off campaigns rather than contin-
uous monitoring over several years. It is consequently difficult
to distinguish normal seasonal variations from longer-term
underlying trends, and hence to answer with certainty the
question of a possible degradation of the resource (see section
3.7).

Incomplete attribution of contamination sources: The rela-
tive contributions of latrines, septic tanks, wastewater, agri-
cultural activities, livestock and solid waste have not yet been
established quantitatively in Moundou, for lack of tracing
studies (isotopic, microbiological or based on distance to
sources) comparable to those conducted in Cotonou or in other
sub-Saharan African cities.

Limited spatial assessment of vulnerability: An assessment
based on geographic information systems, integrating water-
table depth, soil permeability, land use, sanitation infrastruc-
ture and well location, would make it possible to better iden-
tify the most vulnerable areas and to improve the planning of
groundwater protection an approach already implemented in
N’Djamena but not yet in Moundou.

Lack of quantitative health risk assessment: The available
studies demonstrate the existence of microbiological contam-
ination but do not yet provide a quantitative estimate of the
probability of infection or of the disease burden specifically
attributable to groundwater consumption, a gap that a quanti-
tative microbial risk assessment (QMRA) approach would
make it possible to address.

Emerging concern related to antimicrobial resistance: The
detection of antibiotic-resistant Escherichia coli and Salmo-
nella in well water in Moundou calls for further investigation,
in particular to determine whether the resistant microorgan-
isms are spatially associated with wastewater, livestock activ-
ities, health facilities or other specific anthropogenic sources.
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4.4. Implications for Water Resource
Management and Public Health

The available data indicate that groundwater management
in Moundou should shift from an approach mainly centred on
resource exploitation to an integrated approach to water safety
management, in line with the risk-based management frame-
work promoted by the World Health Organization, from the
catchment to the consumer. This shift is consistent with the
recommendations made for all rapidly growing African cities
dependent on shallow groundwater, and is in keeping with the
Sustainable Development Goal targets on access to safely
managed drinking water.

5. Conclusion and Perspectives

5.1. Synthesis

Groundwater is a strategic resource for Moundou, whose
quality is controlled by the combination of natural hydrogeo-
logical processes and growing anthropogenic pressures. The
available data indicate that this water is generally low to mod-
erately mineralised and has bicarbonate-rich hydrochemical
facies, shaped by silicate weathering, water-rock interactions
and ion exchange, with no evidence to date of significant
evaporite dissolution or saline intrusion which distinguishes
Moundou from the more arid or coastal aquifers of the region.
At the same time, shallow groundwater remains vulnerable to
contamination, as permeable formations and seasonal re-
charge facilitate the transfer of pollutants from the surface.
Bacteriological data constitute the main public health concern.
Studies conducted in Moundou have consistently detected to-
tal and faecal coliforms, Escherichia coli and Salmonella spp.,
with substantial seasonal variability, while recent work has re-
vealed bacterial strains resistant to certain antibiotics. Com-
parison with other Sahelian and West African urban aquifers
confirms that this microbiological vulnerability is not specific
to Moundou but is part of a broader regional pattern associated
with inadequate on-site sanitation and the shallow depth of the
aquifers exploited, while underscoring Moundou’s climatic
specificity, which for now limits the salinisation risks ob-
served elsewhere in the Lake Chad basin.

Groundwater quality in Moundou can be properly under-
stood only through a joint reading of hydrochemistry, bacteri-
ology and hydrogeology. The city’s groundwater, chemically
reassuring on the whole, carries a very real and poorly quanti-
fied health risk, driven by on-site sanitation and the shallow
depth of the aquifers exploited. Filling the gaps identified in
this review systematic coupling of data, standardised quality
indices, long-term monitoring, mapping of contamination
sources, quantitative risk assessment is a necessary condition
for turning a currently vulnerable resource into a reliable and
sustainable pillar of the city’s drinking-water supply.
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5.2. Recommendations for Future Research

1) Consider, once the local corpus is sufficiently developed,
a full systematic review in accordance with the PRISMA
2020 statement, with formalised search equations, a
guantitative account of the selection process and, if the
data allow, a statistical synthesis of the results; the pre-
sent narrative review may serve as its starting point;

2) Implement campaigns that simultaneously integrate hy-
drochemistry, bacteriology, piezometric levels and sani-
tary inspection at the same water points, in order to move
beyond the current juxtaposition of thematically separate
studies;

3) Calculate and map standardised quality indices (WQI for
drinking water, SAR and RSC for irrigation) specifically
for Moundou, to facilitate comparison with other cities
of the Lake Chad basin and West Africa;

4) Develop permanent seasonal monitoring on a fixed net-
work of water points, the only way to distinguish sea-
sonal variations from medium- and long-term underly-
ing trends;

5) Deepen the study of antimicrobial resistance in ground-
water and its potential sources (wastewater, livestock,
health facilities), drawing on spatial tracing methods;

6) Use isotopic techniques and hydrogeological modelling
to clarify transit times and the pathways by which con-
taminants are transferred to the aquifer;

7) Conduct a quantitative microbial risk assessment
(QMRA) in order to translate contamination data into
disease-burden indicators directly useful for public
health.

Abbreviations

AMR Anti-Microbial Resistance

CFU Colony-Forming Unit
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RSC Residual Sodium Carbonate

SAR Sodium Adsorption Ratio

wQl Water Quality indice
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