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Abstract This study aims to characterize the water resources of the Savé municipality in Benin to support
sustainable management strategies. The research was structured around three complementary components: (i) the
inventory and characterization of surface and groundwater resources; (ii) the assessment of water physicochemical
quality; and (iii) the identification of the primary natural and anthropogenic factors contributing to water degradation.
The methodology combined field surveys to locate and describe water points, systematic sampling campaigns,
laboratory analyses at five representative stations, and statistical analyses using Microsoft Excel and R software
(version 4.3.2). Investigated parameters included temperature, pH, electrical conductivity, total dissolved solids
(TDS), dissolved oxygen, five-day biochemical oxygen demand (BODs), chemical oxygen demand (COD), and
nutrient concentrations (nitrates, nitrites, ammonium, and phosphates). Results revealed a heterogeneous spatial
distribution of water resources, with a predominant reliance on groundwater. Several stations exhibited notably
degraded water quality, characterized by elevated BODs, COD, ammonium, and phosphate levels, reflecting
substantial organic and domestic pollution and low dissolved oxygen concentrations. Correlation analyses further
highlighted strong associations between organic pollution indicators, turbidity, and anthropogenic pressures. Based
on these findings, context-specific strategies for sustainable water resource management in Savé are proposed,
emphasizing participatory approaches that integrate technical, institutional, and environmental measures to improve
drinking water access, safeguard resources, and strengthen local water governance.

Keywords: Water resources, Physicochemical quality, Anthropogenic pollution, Sustainable water management

Cite This Article: Chaim Vivien DOTO, Olanyan Elvis Heribert BIAOU, Dogbé Clément ADJAHOUINOU,
and Hyppolite AGADJIHOUEDE, “Sustainable Management of Water Resources in Save, Benin:
Physicochemical Insights and Conservation Strategies.” Applied Ecology and Environmental Sciences, vol. 14, no. 1
(2026): 7-14. doi: 10.12691/aees-14-1-2.

1. Introduction

Water is vital for human life, economic development,
and ecosystem balance, playing a cross-cutting role in
health, agriculture, industry, and the environment [1,2]. At
the global scale, water resources are subjected to
increasing pressures associated with population growth,
rapid  urbanization, industrialization,  agricultural
intensification, and climate change [3], leading to a
growing imbalance between supply and demand,
particularly in developing countries.

In West Africa, water availability is strongly influenced
by climatic variability, characterized by the alternation of
dry and rainy seasons, which affects river flows and
groundwater recharge [4,5]. The irregularity and
unpredictability of rainfall disrupt hydrological system
functioning and increase population vulnerability [6,7]. In
Benin, a country with a Sudano-Guinean climate, these
disturbances compromise access to drinking water,
exacerbate food insecurity, and weaken livelihoods,
especially in rural areas [8,9].

The municipality of Save, located in central Benin,
exemplifies these challenges. Although it is bordered by
the Okpara River and crossed by several seasonal streams,
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its water potential is subject to strong pressures related to
urbanization, agricultural expansion, population growth,
and the effects of climate change [10,11]. Agriculture, the
main local economic activity, is highly dependent on these
water resources for irrigation, while existing infrastructure
remains limited and inadequate [12,13].

Water resources in Savé are distributed among three
categories: groundwater, surface water, and rainwater.
Groundwater constitutes the primary source of drinking
water, with more than 65% of the population relying on
wells and boreholes [4]. However, overexploitation of
aquifers, combined with climatic variability, leads to
declining water levels and reduced natural recharge rates
[4]. Surface waters, dominated by the Okpara River and
seasonal streams, are highly exposed to domestic and
agricultural pollution [8,14]. Rainwater harvesting,
although promising during the dry season, remains
marginal due to infrastructure deficits and limited public
awareness [15,16].

The water issue in Save is characterized by a dual
quantitative and qualitative constraint. Quantitatively,
groundwater and borehole water levels fluctuate markedly
with seasonal variations, limiting access to water and
forcing populations to travel long distances [6].
Qualitatively, several recent studies in Benin reveal
alarming degradation of water resources: more than 20%
of private boreholes exhibit nitrate concentrations
exceeding the WHO guideline value (> 50 mg/L), linked
to intensive fertilizer use and inadequate sanitation
systems [17,18]. The persistence of fecal coliforms at
points of consumption reflects continuous contamination
along the abstraction—transport—storage chain [19]. These
findings highlight the vulnerability of both surface and
groundwater resources to anthropogenic pressures [19,18].

Such contamination has major public health
consequences, increasing the risk of waterborne diseases
such as diarrhea, typhoid fever, and gastroenteritis,
particularly during the dry season [18]. Despite initiatives
by local authorities and technical partners aimed at
improving access to water and promoting good sanitation
practices, significant structural challenges persist,
including diffuse pollution, territorial inequalities,
fragmented governance, and inadequate infrastructure [6].

Although numerous studies have separately addressed
water availability, quality, or use in Save, few have
adopted an integrated approach combining morphological,
physicochemical, and microbiological characterization of
water resources within a territorially grounded and
decision-oriented framework. This methodological gap
limits the operational relevance of existing findings. The
present study therefore distinguishes itself through a
cross-cutting and up-to-date analysis of water resources in
Save, taking into account anthropogenic pressures specific
to the local socio-environmental context, with the aim of
proposing locally adapted strategies for sustainable water
resource management.

2. Materials and Methods

2.1. Study Area

The municipality of Save is situated in the Collines

Department in central Benin, between 7°42' and §°45’
North latitude (Figure 1). It covers an area of
approximately 2,228 km?2 and experiences a Sudano-
Guinean climate, with a rainy season from April to
October and a dry season from November to March.

The hydrographic network is dominated by the Ouémé
River and several seasonal tributaries. The landscape is
characterized by plateaus, rocky hills, and permeable
sandy-clay soils, which favor rainfall infiltration and
groundwater recharge.

P e e e e L e I

---------

Legend

Figure 1. Location and Administrative Boundaries of the Study Area
(Municipality of Save)

2.2. Data Collection and Sampling

Five sampling stations were selected to represent the
main hydrological units of the Savé municipality,
including major rivers (Ouémé and Okpara) and seasonal
streams, while capturing a gradient of anthropogenic
pressure ranging from agricultural zones and urbanized
areas to relatively less disturbed environments. Station
selection was based on water permanence, accessibility,
hydrological significance, and the intensity of
anthropogenic influences. The selected sites included
Atchakpa-Bethel on the Ouémé River; Kaboua, Besse, and
Igbodja on the Okpara River; and Atchakpa on the Sakin
Stream. Although the number of sampling stations
remains limited, this targeted and representative selection
enabled the identification of dominant water quality
patterns and major pollution hotspots across the
municipality.

Sampling campaigns were conducted during the rainy
season, when river flows are high and hydrological
connectivity is enhanced, allowing for the assessment of
water quality under conditions of maximal dilution and
active transport of nutrients and contaminants. In situ
measurements of temperature, electrical conductivity, total
dissolved solids (TDS), dissolved oxygen, and pH were
performed using a multiparameter probe and a portable pH
meter (HANNA HI 98107). Water samples were collected
between 08:00 and 12:00 in sterilized bottles, preserved at
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4 °C, and transported to the laboratory for subsequent
chemical analyses.

2.3. Laboratory Analyses

The following parameters were analyzed: five-day
biochemical oxygen demand (BODs), chemical oxygen
demand (COD), nitrates (NO3z7), nitrites (NO3?),
ammonium (NH,*), and orthophosphates (PO,37). All
analyses were performed at the Laboratory of Ecology,
Health and Animal Production (LEPSA), University of
Parakou, using spectrophotometric methods with a HACH
DR 1900 spectrophotometer, in accordance with standard
procedures described by [20].

2.4. Statistical and Spatial Analysis

Descriptive statistical analyses and Pearson correlation
coefficients were computed using data from the five
sampling stations (n = 5). Given the limited sample size,
correlation results were interpreted with caution and were
used primarily to explore dominant physicochemical
relationships rather than to infer causal links. All
statistical analyses were performed using Microsoft Excel
and R software 4.5.2 [21], while the spatial distribution of
water resources and sampling stations was analyzed
through GIS-based mapping using ArcGIS.

3. Results

3.1. Inventory of Water Resources

The Save municipality possesses diverse water
resources, including the Ouémé River, 23 tributaries,
numerous seasonal streams, and groundwater accessed

through wells and boreholes. However, their spatial
distribution is uneven, with notable water scarcity in the
Besse and Kaboua districts. The inventory also
highlighted areas with significant but underexploited
hydraulic potential, as well as zones vulnerable to
anthropogenic or environmental pressures, such as
pollution, overexploitation, and seasonal water deficits,
particularly in the Sakin district (Figure 2).
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Figure 2. Spatial Distribution of Water Resources in the Savé
Municipality: Surface Water bodies (left) and Water Supply Points (right)

3.2. Physicochemical Characteristics

The graphs in Figure 3 illustrate the variations in
physicochemical characteristics of the main surface water
resources in the Savé municipality. Analysis of the
measured parameters in the principal rivers (Ouémé,
Okpara, and Sakin) reveals a widespread deterioration of
water quality, with varying degrees of severity across the
different sampling stations.
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Figure 3. Spatial variability of physicochemical parameters across sampling stations (mean + standard deviation)

3.2.1. Thermal Regime

Recorded water temperatures are generally high (Figure
3-a), with averages ranging from 29.5°C to 34.2°C,
reflecting a warm climatic context that promotes
intensified biochemical processes. Some stations, notably
Atchakpa-Bethel (Ouémé River), exhibit elevated but
relatively stable temperatures, whereas others, such as
Igbodja (Okpara River), display pronounced thermal
variability. These fluctuations, combined with high
temperatures, enhance dissolved oxygen consumption and
increase ecological stress in aquatic environments.

3.2.2. Mineralization

Values of electrical conductivity (Figure 3-b) and TDS
(Figure 3-d) indicate generally low to moderate
mineralization, but with notable spatial variability.
Atchakpa-Bethel is characterized by weakly mineralized
waters, whereas Igbodja (Okpara River) exhibits the
highest and most variable levels, reflecting irregular inputs
of dissolved salts. The strong correlation between
conductivity and TDS suggests common influencing
factors, likely associated with domestic and agricultural
discharges, as well as soil leaching.

3.2.3. Hydrogen Potential (pH)

The waters are predominantly slightly to moderately
alkaline, with mean pH values ranging from 7.3 to 8.8
(Figure 3-c). This alkalinity is particularly pronounced at
Besse, Kaboua, and Igbodja. The high variability observed
at Igbodja and Atchakpa (Sakin Stream) suggests frequent
chemical disturbances, potentially associated with
intermittent  anthropogenic inputs. Combined with
elevated temperatures, these pH levels may also increase
the toxicity of certain nitrogen species, particularly
ammonium.

3.2.4. Dissolved Oxygen

Dissolved oxygen concentrations are consistently below
the 5mg/L threshold (Figure 3-e), indicating poor
ecological water quality. The Kaboua and Igbodja stations
show the most critical levels, reflecting high oxygen
consumption associated with the decomposition of organic
matter. This situation highlights the low self-purification
capacity of the rivers and significant stress on aquatic
fauna.

3.2.5. Nitrogen (NH4*, NO2, NO»)

The different forms of nitrogen indicate chronic
nitrogen pollution (Figure 3-f). Nitrites (NO,"), which are
toxic, reach concerning concentrations, particularly at
Besse (0.066 mg/L) and Kaboua (0.034 mg/L), suggesting
incomplete nitrification and the presence of fresh organic
pollution. Nitrates (NOs"), although less toxic, occur at
levels that may promote eutrophication, reflecting
continuous inputs from agricultural fertilizers, animal
waste, and domestic sewage. Ammonium (NH,*) is
present at alarming concentrations at all stations, posing
an immediate threat to aquatic organisms, particularly
under conditions of alkaline pH and elevated temperatures.

3.2.6. Organic Pollution

The very high values of five-day biochemical oxygen
demand (BOD;s) and chemical oxygen demand (COD)
confirm severe and widespread organic pollution (Figure
3-g). The Kaboua and Igbodja stations are particularly
affected, exhibiting elevated organic loads indicative of
untreated domestic, agricultural, or artisanal discharges.
The high COD levels also suggest the presence of poorly
biodegradable chemical pollutants, prolonging pollution
persistence and increasing the risk of anoxic conditions.
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3.2.7. Phosphates

Phosphate concentrations are extremely high at all
stations, well above acceptable ecological thresholds
(Figure 3-h). This indicates an advanced state of
eutrophication driven by agricultural runoff and domestic
discharges.  Associated risks include algal and
cyanobacterial ~ blooms, oxygen  depletion, and
deterioration of water usability.

Overall, surface waters in the Savé municipality exhibit
pronounced physicochemical degradation, characterized
by intense organic and nutrient pollution, insufficient
oxygenation, and a high risk of eutrophication. The
Igbodja and Kaboua stations are particularly vulnerable.
These findings underscore the urgent need for integrated
management measures, including the reduction of
untreated discharges, regulation of agricultural practices,
and the implementation of monitoring and aquatic
ecosystem restoration programs.

3.3. Integrated Analysis of Physicochemical
Parameters

The Pearson correlation matrix indicates that the
functioning of the rivers is strongly influenced by
pollution pressures, reflecting the low resilience of the
studied aquatic ecosystems. Figure 4 illustrates the
interactions among physicochemical parameters.

The very strong correlation between electrical
conductivity and TDS (r = 0.98) confirms that
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mineralization is largely driven by continuous
anthropogenic inputs, indicating chronic accumulation of
dissolved salts that persistently degrade water quality.
Significant negative correlations between dissolved
oxygen and organic pollution indicators (BODs: r = -0.63;
COD: r = -0.36) demonstrate that organic load is the
primary driver of deoxygenation, generating persistent
ecological stress and limiting the self-purification capacity
of the waters.

The positive correlation between BODs and COD (r =
0.56) reflects the coexistence of biodegradable and
persistent pollutants, prolonging oxygen consumption and
delaying ecosystem recovery. Strong correlations among
nitrogen species (NH; and NO3~: r = 0.70; NO,- and NO3:
r = 0.46) indicate chronic nitrogen pollution associated
with active but often incomplete nitrification, typical of
already degraded and poorly oxygenated environments.

A moderate correlation between pH and phosphates (r =
0.46) highlights the influence of domestic and agricultural
inputs, creating conditions favorable to eutrophication.
Finally, the low contribution of temperature to the
observed relationships confirms that water quality
degradation is primarily driven by anthropogenic factors.

In summary, the correlation matrix reveals
physicochemical interactions structured by persistent
organic and nutrient pollution, resulting in deficient
oxygenation, advanced eutrophication, and very limited
ecological resilience of the rivers in the Save municipality.
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Figure 4. Pearson Correlation Matrix of Physicochemical Parameters

4. Discussion

The results of this study provide an integrated
assessment of water resources in the Savé municipality,
highlighting heightened structural vulnerability and
progressive qualitative degradation of waters under the
combined influence of anthropogenic pressures and
seasonal hydroclimatic variability.

4.1. Structural Vulnerability of Water
Resources

The inventory reveals an apparent diversity of water
sources; however, the population is heavily reliant on
groundwater, particularly wells and boreholes, which
increases vulnerability under conditions of hydrological
variability and aquifer overexploitation. These structural
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dynamics are consistent with regional observations, where
groundwater exhibits heightened sensitivity to seasonal
fluctuations and anthropogenic pressures, especially in
agricultural plains across West African countries [22]. The
concentration of water points in densely populated areas
and regions of intensive agricultural activity further
elevates the risk of cross-contamination between surface
and groundwater, thereby reducing local hydrological
resilience.

Although this study primarily focused on surface waters
rather than groundwater, these systems act as integrative
indicators of catchment-scale anthropogenic pressures and
serve as major pathways for contaminant transfer toward
aquifers. Consequently, surface water quality provides
indirect yet valuable insight into potential risks affecting
groundwater resources, particularly given the hydraulic
connectivity between rivers, streams, and shallow aquifers
in the Collines region. The observed degradation in
surface waters therefore raises concerns regarding the
long-term sustainability of groundwater quality.

It is important to acknowledge that this study did not
include direct multi-seasonal monitoring of groundwater.
However, analogous analyses in similar contexts
demonstrate the relevance of considering seasonal
variability: [23] showed significant seasonal fluctuations
in groundwater quality in drought-prone agricultural
regions using GIS and integrated water quality indices
(IWQI), highlighting the importance of both wet and dry
seasons for understanding aquifer vulnerability. While this
limitation restricts direct conclusions about groundwater
quality dynamics, surface water assessments remain a
robust proxy for evaluating catchment-level anthropogenic
impacts.

Although quantitative land-use and demographic
datasets were not directly integrated into this analysis,
observed water quality patterns are consistent with known

land-use characteristics of the Savé municipality,
including intensive agriculture, expanding urban
settlements, and limited sanitation coverage, as

documented in regional studies on land use impacts on
water quality [24,25].

4.2. Mineralization and Agricultural
Pressures

The strong correlation between electrical conductivity
and total dissolved solids confirms that water
mineralization is largely driven by anthropogenic solute
inputs, notably through the percolation of mineral
fertilizers and agricultural runoff. Studies in agricultural
basins across West Africa indicate that nutrients from
farming practices contribute significantly to the ionic load
of both surface and groundwater, particularly during dry
periods and transitional seasons [26]. This chemical
signature, characteristic of diffuse contaminant inputs,
alters local physicochemical conditions and compromises
the ecological stability of aquatic environments.

4.3. Deoxygenation and Organic Overload

Observed dissolved oxygen concentrations were
consistently below the WHO recommended minimum
threshold of 5 mg/L required for the protection of aquatic

life [17], indicating severe ecological stress incompatible
with the maintenance of diverse and functional aquatic
communities. This pronounced deoxygenation, combined
with elevated biochemical oxygen demand (BODs) and
chemical oxygen demand (COD) levels, reflects excessive
organic loading primarily associated with untreated
domestic  effluents, agricultural runoff, and the
decomposition of organic matter. Similar patterns have
been widely reported in anthropogenically impacted
surface waters, where organic pollution constitutes a
dominant driver of oxygen depletion [27]. The
accumulation of biodegradable organic matter intensifies
microbial respiration, reduces the natural self-purification
capacity of aquatic systems, and promotes localized
anoxic conditions, thereby serving as a robust indicator of
advanced water quality degradation at the regional scale.

Beyond ecological impairment, elevated organic loads
also entail direct public health implications. Although
microbiological indicators such as fecal coliforms or
Escherichia coli were not measured in the present study,
numerous investigations conducted in Benin [28,29] have
consistently documented widespread microbial
contamination of both surface and groundwater,
particularly in areas characterized by inadequate sanitation
infrastructure and high population density. In this context,
the very high BODs and COD values observed strongly
suggest favorable conditions for the survival and
proliferation of pathogenic microorganisms. This risk is
likely exacerbated during low-flow periods, when reduced
dilution capacity enhances contaminant concentrations
and increases human exposure potential.

4.4. Nitrogen Pollution and Disruption of the
Nitrogen Cycle

High concentrations of ammonium, nitrites, and nitrates,
along with their significant correlations, indicate chronic
nitrogen pollution associated with active but incomplete
nitrification. Ammonium concentrations exceeded WHO
guideline values for surface waters, particularly under
alkaline pH and high temperature conditions, increasing
toxicity risks [17]. These conditions are characteristic of
environments receiving continuous nitrogenous organic
matter inputs, such as domestic effluents and animal waste,
and are widespread in agricultural water systems in sub-
Saharan Africa [23]. The coexistence of elevated levels of
different nitrogen compounds suggests insufficient
oxygenation, hindering completion of the nitrogen cycle
and sustaining persistent reducing conditions driven by
high organic loads.

4.5. Phosphate Enrichment and
Eutrophication

The elevated phosphate concentrations observed at all
stations indicate advanced eutrophication, well above
recommended ecological thresholds for freshwater
ecosystems.  Nutrient  enrichment  (nitrogen and
phosphorus) from agricultural fertilizer runoff and
domestic effluents drives algal proliferation and
subsequent dissolved oxygen depletion during biomass
decomposition, a dynamic commonly observed in rural
sub-Saharan water systems [30]. This process establishes a
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feedback loop of ecological degradation, limiting natural
recovery without targeted management interventions.

4.6. Overall Implications, Limitations, and
Management Perspectives

Overall, the rivers of the Savé municipality function
under chronic disturbance, characterized by continuous
pollutant inputs, deficient oxygenation, and advanced
eutrophication. These patterns are consistent with regional
trends of rural water resource degradation observed in
Benin and across West Africa, driven by agricultural
intensification, population growth, climate variability, and
inadequate sanitation infrastructure [22]. Although water
resources in Save remain quantitatively available, their
physicochemical quality is generally insufficient for
sustainable use without appropriate treatment.

The limited number of sampling stations constitutes an
inherent constraint for capturing fine-scale spatial
heterogeneity in water quality across the municipality.
However, the convergence and consistency of degradation
patterns observed across distinct hydrological systems,
including major rivers and seasonal streams subjected to
varying degrees of anthropogenic pressure, indicate that the
identified physicochemical processes are not site-specific
anomalies but rather reflect structurally representative
surface water dynamics at the municipal scale.
Consequently, despite these spatial limitations, the results
provide a robust basis for interpreting dominant pollution
processes and for formulating relevant and context-
appropriate water resource management implications.

It is also important to note that the water sampling
campaigns were conducted during the rainy season, a
period characterized by increased river flows and
enhanced hydrological connectivity. This season was
deliberately targeted in line with the findings of [8], who
demonstrated that peak rainfall periods strongly influence
pollutant mobilization through runoff and erosion,
resulting in substantial variations in surface water quality.
Sampling during the rainy season enabled the assessment
of water quality under conditions of maximal dilution and
active transport of nutrients and contaminants, thereby
complementing previous studies focused on dry-season
worst-case scenarios. Nevertheless, seasonal variability
was not fully captured through multi-season sampling, and
this limitation should be considered when extrapolating
the present findings to other hydrological periods.

Taken together, these findings underscore the urgent
need for an integrated water resources management
approach in the Savé municipality. Priority actions should
include: (i) reduction of pollution at the source through
improved agricultural practices, optimized fertilizer
application, and effective waste management; (ii)
restoration and protection of riparian buffer zones; (iii)
development of decentralized sanitation solutions adapted
to rural contexts; and (iv) strengthening of local water
governance through the active involvement of all
stakeholders. Such an integrated approach is essential to
mitigate the cumulative impacts of anthropogenic and
hydroclimatic pressures on Save’s water systems and to
promote the long-term sustainability of aquatic
ecosystems. Future research incorporating multi-season

sampling, including dry- and transitional-season
assessments, would further enhance understanding of
temporal water quality variability and support the design
of adaptive and resilient water management strategies.

5. Conclusion

This study provides an integrated assessment of water
resources in the Savé municipality by combining a
comprehensive inventory of water resources with
physicochemical characterization and statistical analyses.
The results reveal a marked spatial heterogeneity in water
resource distribution, with a strong dependence on
groundwater, while surface waters, often seasonal, exhibit
generally degraded physicochemical quality.

Elevated concentrations of organic pollution indicators
(BODs and COD) and nitrogenous and phosphorus
nutrients (NHz, NO,~, NO3~, and PO,%"), coupled with
low dissolved oxygen levels, indicate significant organic
and nutrient loading. These conditions reflect the
combined effects of untreated domestic wastewater
discharges, intensive agricultural activities, and diffuse
runoff. Such pressures compromise the self-purification
capacity of aquatic systems and reduce their ecological
resilience. Pearson correlation analyses further confirm
the dominant influence of anthropogenic activities on the
observed physicochemical patterns.

Although microbiological indicators such as fecal
coliforms and Escherichia coli were not assessed, the very
high levels of organic pollution strongly suggest potential
microbiological contamination, raising concerns for public
health. Future studies should therefore incorporate
microbiological analyses to improve health risk
assessments and strengthen drinking water safety
management.

Overall, these findings underscore the urgent need to
reinforce local water governance through enhanced water
quality monitoring, the promotion of improved sanitation
practices, and the implementation of an integrated
municipal water resources management plan. Despite
limitations related to the limited number of sampling
stations and the absence of microbiological data, this
study provides a scientifically sound basis for informing
sustainable water management strategies in Save and
similar rural contexts.
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