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Abstract

The Sahel Transboundary Taoudéni Basin, covering about 20% of Burkina Faso, hosts vital
aquifers critical for water security and development. Effective groundwater monitoring is
essential for sustainable resource management. In the Kou sub-basin, groundwater quality
assessment is increasingly important. This study integrates hydrochemistry, water stable
isotopes (6180, 62H), GIS, and multivariate statistics to understand subsurface geochemical
processes. A total of 48 samples—43 groundwater and 5 surface water—were analyzed for
19 hydrochemical parameters and isotopes. In surface water, §'80 ranged from —5.96%o to
—5.09%0, and §?H from —37.65%0 to —29.15%.. In groundwater, 'O ranged from —5.93 %o
to —4.39%o, and §*H from —34.62%0 to —25.05%0. The spatial distribution of !0 and
§*H was mapped using inverse distance weighted (IDW) interpolation in ArcGIS 10.8.
A 82H vs. 580 plot showed groundwater values clustered near the Global Meteoric
Water Line, indicating minimal evaporation during recharge. Groundwater chemistry
was dominated by Ca?* > Na* > Mg?* > K* and HCO3~ > NO3~ > Cl~ > SO,%~. Key
hydrogeochemical processes include water—rock interaction (leaching, weathering, ion
exchange) and anthropogenic pollution. Isotopic signatures reveal heterogeneous recharge
sources and aquifer connectivity. These findings enhance the understanding of water
sources and geochemical processes in the Kou basin, supporting informed groundwater
resource management.

Keywords: surface water-groundwater; hydrochemistry; stable isotopes; Sahel region; Kou
basin; Burkina Faso
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1. Introduction

Groundwater is a major component of available freshwater, and its use is increasing
due to climate change, reduced surface runoff, and growing water shortages in river and
lake catchments [1]. According to BGR and UNESCO [2], the interconnections between
surface waters and groundwater and human interactions with them call for an integrated
management approach. Surface Water (SW) and GroundWater (GW) should therefore be
managed coherently and jointly to ensure water supply quality [3,4].

Recent studies have highlighted the role of lacustrine groundwater discharge (LGD)
in regulating nutrient dynamics in lakes, with spatial variability controlled by water
depth and connectivity to aquifers [5]. Such findings underscore that groundwater dis-
charge can significantly influence water quality and ecological functioning, particularly
in floodplain lakes, emphasizing the need to consider similar processes in river and
groundwater management.

In the Sudano-Sahelian zone of West Africa, water demand has steadily increased
since the 1970s, while rainfall has declined markedly over the same period [6,7]. This
reduction in precipitation, largely attributed to climate change, has decreased surface
runoff, potentially limiting the sustainability of current and future water resources [8].
Concurrently, demographic growth and associated land use changes have intensified
pressure on natural resources, altering hydrological responses across the region [9,10]. The
Upper Mouhoun-Sourou (Ms-S) complex, spanning Burkina Faso and Mali, exemplifies
these dynamics: previous studies have quantified climate-driven trends in rainfall and
runoff [8] and assessed the impacts of land use change on river flows and soil water
retention [9,10]. Despite these advances, critical knowledge gaps remain, particularly
regarding the integrated dynamics of surface water, groundwater, and socio-economic
water demands in the Ms-S complex. Addressing these gaps is essential for sustainable
water resource management under evolving climatic and environmental pressures.

Ref. [8] investigated the impacts of climate change on water resources in the Kou basin,
predicting decreased rainfall, increased runoff, and reduced groundwater recharge, which
may lead to soil leaching and reservoir sedimentation. At the same time, the Mouhoun-
Sourou complex plays a crucial role for irrigation, pastoralism, industry, and mining, where
surface water and groundwater are jointly exploited to meet diverse water needs. Despite
these insights, environmental and climatic pressures continue to reduce spring flows and
threaten local ecosystems, highlighting persistent gaps in understanding the interactions
between water resources and socio-economic activities in this region.

Several studies, especially in hydrogeology, have aimed to characterize the aquifer
dynamics and potential within the Ms-S complex, which roughly corresponds to the
southeastern margin of the Taoudeni sedimentary basin [11-16]. According to Derouane
and IAEA [17], this southeastern border can be described as a “unique multilayered aquifer,”
with ancient groundwater and minimal modern recharge. The Taoudeni basin itself is a
transboundary system, also known as the Upper Mouhoun basin (previously called the
Black Volta Basin), extending across Burkina Faso into Ghana.

Hydrochemical and isotopic data play a valuable role in both the quantitative and
qualitative analysis of water resources, providing essential insights for developing sustain-
able water management strategies. Additionally, hydrogeochemical investigations reveal
that trace element concentrations in rivers and groundwater are strongly influenced by
rock-water interactions, geothermal inputs, and other natural enrichment mechanisms [18].
These studies highlight the need to disentangle anthropogenic versus natural sources of
contaminants when assessing groundwater vulnerability and water quality in semi-arid
and endorheic basins. Recently, numerous researchers have utilized geochemical and
isotopic methods to investigate water mineral quality, aquifer interactions, as well as
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the processes of recharge and evaporation affecting water bodies [11,14,19-25]. Kumari
et al. [26] highlight that among the physical tracers available, the stable isotopes of oxygen
(8180) and hydrogen (§2H) in water molecules are widely used to analyze hydrological
and hydrogeological processes. Coplen et al. [27] note that the ratio of heavy to light
stable isotopes (**0/1°O and ?H/'H) provides a powerful tool for addressing practical
challenges in environmental isotope geochemistry, with applications spanning hydrology,
climatology, and biogeochemistry. As water moves through different stages of the hydro-
logical cycle, isotope fractionation occurs, leading to distinct isotopic signatures in each
phase [26]. Research by [28-31] has shown that these isotopes behave conservatively during
mixing, making them valuable for studying groundwater—surface water interactions, the
relative contributions to surface flow, recharge patterns, and estimating water residence
times within catchments. When combined with additional parameters such as chloride
concentration, electrical conductivity, and temperature, stable isotopes (§'0 and 5°H)
serve as important indicators of hydrogeochemical processes in a region [28,31-33]. This
study focuses on the Kou basin, located at the southwestern boundary of the transboundary
Taoudéni sedimentary basin in Burkina Faso, to enhance understanding of the region. The
sandstone formations within the Kou basin contain important aquifers that supply drink-
ing water to Bobo-Dioulasso and surrounding communities [34]. In recent decades, these
groundwater resources have faced growing anthropogenic pressures, including increased
extraction rates and higher levels of pollutant inputs into aquatic systems. To aid resource
managers in overseeing and managing these challenges, multivariate hydrochemical analy-
ses combined with stable isotope data (5'80 and §°H) integrated within a GIS framework
have been utilized to map the spatial patterns of pollution and water use.

Groundwater in the Kou basin is increasingly threatened by anthropogenic pressures,
climate variability, and land use changes. However, limited research has examined how
surface water—groundwater interactions and aquifer connectivity shape water quality
at different depths. Among these processes, lacustrine groundwater discharge (LGD)
plays a critical role, not only regulating nutrient fluxes but also mediating the transport
and enrichment of potentially toxic elements (PTEs), with implications for human health
and microbial dynamics in aquatic systems [35]. Understanding these interactions is
therefore essential for assessing both the ecological and socio-economic risks associated
with groundwater use, particularly in regions subject to intensive agriculture, industrial
expansion, or mining activities.

To address these gaps, this study aims to identify and characterize the interactions
between surface water and groundwater, assess the hydrochemical and isotopic signatures
of water sources, and evaluate how environmental changes affect groundwater quality. By
linking these processes, the study seeks to provide critical insights into the vulnerability
of groundwater resources and support the development of sustainable, integrated water
management strategies in the basin.

2. Materials and Methods

2.1. Study Area
2.1.1. General Information

The study area is the Kou River basin, part of the National Mouhoun basin in Burkina
Faso (Figure 1). The surface area of this small watershed of 1800 km? represents 0.66% of
the country and holds the second largest city of Burkina Faso (Bobo-Dioulasso), a former
public irrigated rice perimeter and several expanding informal agricultural zones. The
basin is located between Longitudes 4°08’ W and 4°36’ W and Latitudes 10°55’ N and
11°32" N. The Kou watershed is situated in the Sudanian climatic zone. The climate is
characterized by the alternation of two seasons, namely a rainy season (4 to 5 months) that
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extends from June to October, and a dry season (7 to 8 months) that extends from October
to May. The alternation of these seasons is conditioned by the annual movement of the
Intertropical Convergence Zone (ITCZ). The alternation of wet and dry seasons is driven by
the annual migration of the Intertropical Convergence Zone (ITCZ). Average yearly rainfall
in the region ranges from 900 to 1100 mm, while potential evapotranspiration averages
around 2000 mm per year [36]. Specifically, Tirogo et al. 16] reported that between 1961
and 2014, the Bobo Dioulasso station recorded an average annual rainfall of approximately
1025 mm. Rainfall decreases from south to north, with isohyets generally spanning between
900 mm and 1100 mm. Monthly temperatures typically vary from 25 °C to 31 °C. Annual
rainfall variations are influenced by prevailing climatic conditions [14]. During years with
higher precipitation, the isotopic composition of local rainfall tends to show more negative
values, which is attributed to cooler temperatures and increased humidity that reduce
evaporation [37]. Moreover, the isotopic characteristics of rainfall are closely connected to
its atmospheric source. In the Sahel region, rainfall primarily originates from either the
Guinean monsoon or easterly disturbances associated with the African Easterly Jet and
Tropical Easterly Jet [38]. The dominance of these weather systems during the rainy season
directly impacts both the amount of rainfall and its isotopic signature [39].
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Figure 1. A topographic map showing the distribution of the water sampling. The pink triangle
indicates the location of the regional weather station.

Precipitation measurements for the Kou Basin in this research were obtained from the
Bobo-Dioulasso synoptic station, spanning the period 1987-2016 (see Figure 2). The soils
within the Kou catchment are predominantly ferruginous and ferralitic, with depths ranging
from 0.1 to 1.2 m [40]. These soil types are chiefly found in the alluvial plains of the Kou
watershed, where they support most of the current hydro-agricultural infrastructures [41].
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Figure 2. Annual precipitation from 1981-2016.

2.1.2. Geological and Hydrogeological Setting

The geology of the study area primarily consists of a combination of sandstones, shales,
and carbonate rocks. Determining the thickness of these lithological formations in the
Kou region is challenging, as highlighted by [34]. Ouedraogo [42] identified five distinct
geological formations: the Kawara-Sindou sandstone (GKS) with thicknesses between
90 and 350 m; glauconitic fine sandstone (GFG) ranging from 100 to 500 m; quartz-grained
sandstone (GGQ) with thicknesses of 300 to 600 m; a formation of siltstones, argillites,
and carbonates (SAC1) approximately 300 m thick; and pink fine sandstone (GFR) with a
thickness near 100 m (see Figure 3). According to Bronner et al. [43], sediment thickness
north of Bobo-Dioulasso may reach up to 2000 m. The basin is also traversed by extensive
post-tectonic dolerite dykes, which appear on the surface as chains of hills or isolated
hills, oriented from south-southwest to north-northeast. These geological units are highly
fractured and segmented by approximately parallel faults with vertical displacements,
trending southeast to northwest.

These five geological formations represent the main aquifer systems in the region.
Their properties and hydrogeological behavior have been examined in several investiga-
tions [11,17,44-46].

Lorenzini [46] describes the Kou basin as being composed of alternating permeable
and less permeable geological deposits, which support the formation of multiple aquifer
layers. The abundance of faults in the area enhances groundwater flow and establishes
important hydraulic links between these aquifers [45]. Additionally, the aquifer system is
locally confined due to the presence of clay layers interspersed between the primary aquifer
units [16]. In more than two-thirds of the area, the sedimentary aquifer is, nonetheless,
unconfined [47]. According to this author, this multilayer aquifer system shelters a sub-
stantial water reserve given its sandstone structure and fractures. Tirogo et al. [16] affirm
that the thickness of the unsaturated zone varies between 0 and 20 m, but in a few places,
it can reach 60 m. In the downstream section of the Kou catchment, within the alluvial
plain, the water table lies very close to the surface, typically less than 3 m deep. Within the
Kou basin, all piezometers are drilled into the upper aquifer layers, at depths shallower
than 200 m [16]. Earlier research often focused on treating the aquifer as a single layer
within a multilayer system [11,48], a perspective supported by isotopic analysis conducted
in the area [14]. Faults are recognized as playing a significant role in groundwater recharge
and in the emergence of water at springs [14,45]. In summary, the study area lies on the
southeastern margin of the Taoudeni sedimentary basin, featuring a monoclinal geological
structure with a gentle dip of approximately 2° toward the northwest (see Figure 4).
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Table 1 provides a summary of the main hydrogeological characteristics of different
aquifer levels. The hydrogeological setting in the regional basin of sedimentary deposits of
the STBA (Southeastern Taoudeni Basin Aquifer) was extensively documented by [47].

Table 1. Main hydrogeological characteristics of the SBTA (after [47] cited by [14]).

GI 21 75 5.1 0.6 0.5 0.2
GKS 69 48 5.1 0.4 2.7 1.2
GFG 166 80 9.1 0.5 2.8 0.5
GGQ 271 62 13.0 1.0 8.5 3.0
SAC1 179 66 134 14 49 22
GFR 58 62 6.8 1.3 1.7 1.7

Notes: * The number of boreholes refers to the listing made Gombert [47] over the territory of Burkina Faso only.
b Average depth of the boreholes.

2.1.3. Hydrology and Anthropogenic Pressure

The Kou basin is rich in water resources, including numerous springs, a perennial
river, and an accessible shallow aquifer [49]. These reserves, among the most significant
in West Africa [16], hold substantial socio-economic importance for Burkina Faso, par-
ticularly for Bobo-Dioulasso and surrounding areas. The basin provides drinking water,
irrigation for cultivated areas, industrial supply, and ecological functions [36]. Major
perennial sources, such as Guinguette (6000 m3/h), ONEA1 (850 m?/h), and ONEA2
(550 m3/h), are critical for meeting the water demand of Bobo-Dioulasso, which now hosts
over 900,000 inhabitants [50,51].

Despite this abundance, growing irrigation needs driven by population growth and
inefficient practices are depleting both surface and groundwater [52]. Five major irrigated
zones lie along the Kou River, where surface water supplies nearly 65% of irrigation
demand, exceeding groundwater use [53]. Agricultural expansion and demographic
pressure have contributed to a reduction in river low flows, from 2.3 m3/s in 1960 to
1.6 m3/s by 2008 [44,46,54]. Although perennial flow is sustained by groundwater recharge
from springs near Nasso [55], overexploitation threatens long-term water availability.

These pressures have also generated conflicts over resource allocation. The basin
contains nearly 2000 hectares of hydro-agricultural infrastructure, including private gar-
dens and a 1200-hectare rice irrigation scheme. As the water demand of Bobo-Dioulasso
intensifies, concerns over water quality have become more pressing. Dione [56] showed
that industrialization, combined with inadequate sanitation, leads to untreated discharges
of domestic and industrial wastewater. In parallel, the intensive use of fertilizers and
pesticides further contributes to water degradation.

Subsequent studies reinforced these findings. Bieupoudé [57] identified vulnerable
areas such as the alluvial plains upstream of the Nasso source and downstream of Bobo-
Dioulasso, while Ko [58] highlighted industrial effluents as a key source of pollution
containing heavy metals, organic matter, and toxic chemicals. Together with agricultural
runoff, pesticides, and municipal waste, these discharges constitute major threats to both
surface and groundwater in the basin. Overall, human activities have a clear and cumulative
impact on water quality, underscoring the urgent need for improved resource management
and pollution control measures.

2.2. Sampling Method and Isotope Analysis
2.2.1. Sampling Procedures

Water samples were collected from surface water (1 = 5) and groundwater (n = 43) in
September 2022 during the wet season. Sampling coordinates (latitude, longitude, and alti-
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tude) were recorded using a GPS (WGS-84 datum). Physicochemical parameters—including
temperature, pH, electrical conductivity, turbidity, dissolved oxygen, and total dissolved
solids—were measured in situ after purging the boreholes using a Multi 3430-WTWTM
device. Electrodes were rinsed with distilled water prior to each measurement. These
parameters help distinguish between different aquifers and identify zones of preferential
water supply or potential contamination (Dakouré, 2003; Ben, 2011 [11,59]). Alkalinity
was determined in the field by volumetric titration, using a digital titrator HACH (Hach
Company, Loveland, CO, USA).

Samples for hydrochemical analysis were collected following IAEA guidelines (IAEA,
2007) [60]. Water was transferred into 125 mL polyethylene bottles, filtered in the field
through 0.45 pm syringe filters for cation and anion analysis, and acidified with a few drops
of concentrated ultra-pure nitric acid (HNOj3) to preserve cations. All bottles were carefully
labeled, stored in coolers during transport, and kept refrigerated until delivery via DHL to
the laboratory in France. These procedures ensure sample integrity and reproducibility,
consistent with standard protocols for stable isotope and hydrochemical investigations.

2.2.2. Analytical Techniques

Hydrochemical and stable isotope analyses of water samples were performed at the
Hydrogeology Department (CNRS UMR 6134 SPE), University of Corsica, France. The con-
centration of dissolved major ions was determined using a Dionex ICS 1100 chromatograph.
Ion balances ranged from —11% to +13%, within the 5% charge balance threshold recom-
mended for quality assurance (Freeze & Cherry, 1979) [61]. These values are consistent
with geological variability, as noted by Favreau (2000) [62], who highlighted the influence
of bedrock types and weathering on acceptable ion balance limits in West African basins.

For §°H and §'80, samples were analyzed using a LGR IWA-45EP isotope analyzer,
with values reported relative to VSMOW (Vienna Standard Mean Ocean Water) and preci-
sion better than 1%. for 52H and 0.1%. for 580 (Penna et al., 2010) [63]. Isotopic data were
interpreted against the Local Meteoric Water Line (LMWL) derived from Bobo-Dioulasso
precipitation data and the Global Meteoric Water Line (§°H = 8580 + 10; [64]. Deuterium
excess (d-excess = 5°H — 8 x §'80) was used to assess evaporation and secondary processes
(Kumari et al., 2021; Dansgaard, 1964) [26,65].

Hydrochemical facies were represented using a Piper diagram generated with DIA-
GRAMMES software (Roland Simler, version 31-10-2014, Université d”Avignon) [66], en-
abling classification of the main water types within the study area.

2.2.3. Spatial Analysis

Spatial distributions of §?H, §'80, and d-excess in groundwater were mapped using
the Inverse Distance Weighted (IDW) interpolation method in ArcGIS 10.8. IDW estimates
values at unsampled locations based on neighboring measurements, with closer points
exerting greater influence. This method allowed the identification of spatial patterns and
trends in isotopic composition across the Kou Basin.

3. Results and Discussion
3.1. Groundwater Depth and Direction of Flows

The groundwater flow direction has been determined based on depth to groundwater
observations collected from different boreholes and wells collected in the Kou basin area.
Golden Surfer version 28 was used to translate the XYZ data into a clear surface and contour
map, supporting a better understanding of the overall flow direction across the study area.
Groundwater in the Kou basin varies ranges from 20 to 200 m (see Figure 5). The map
shows that major groundwater flow direction is from south to north of the basin. Tirogo
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et al. [16] affirm that the Kou catchment is located upstream of a large sedimentary basin,
and the groundwater flow is from southwest to northeast (SW-NE) between 499 m and
286 m.a.s.l., with a gradient of 3 %o.
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Figure 5. Contour map of the groundwater depth in the study area.

3.2. Hydrochemical Characteristics
3.2.1. Descriptive Statistics

This study focuses on freshwater resources, specifically groundwater (boreholes and
wells) and surface water within the Kou basin. Descriptive statistics of the measured
parameters are summarized in Table 1. Groundwater samples (GW) exhibit pH values
ranging from 3.2 to 7.5, while surface water samples (SW) range from 5.4 to 7.1. Electrical
conductivity (EC) in GW varies between 8 and 1080 uS/cm, compared to a narrower range
of 55.2-83.6 uS/cm in SW. Total dissolved solids (TDS) in GW range from 8 to 1080 mg/L,
with an average of 178.74 mg/L, while in SW values extend from 55 to 1616 mg/L. In situ
turbidity (Turb) and dissolved oxygen (DO) in GW vary from 0.01 to 126.1 NTU and 3.24
to 6.6 mg/L, with averages of 6.7 NTU and 4.8 mg/L, respectively. For SW, Turb ranges
from 2.1 to 843.9 NTU (average 217.4 NTU), while DO values range from 2.6 to 6.88 mg/L
(average 5.3 mg/L).

Furthermore, by analyzing results illustrated in Table 2, the relationship between the
average concentrations of GW anions was sorted as HCO3;~ > NO3z™ > Cl™ > SO42~. The
concentration of HCO3; ™~ range from 0.0 mg/L to 309.4 mg/L, with an average concentration
of 66.8 mg/L. We observe that the NO3 ™ level ranges between 0.1 mg/L to 222.9 mg/L,
with an average concentration of 19.1 mg/L. The concentration of CI~ ranges from 0.1
mg/L to 113.0 mg/L, with an average concentration of 6.8 mg/L. The concentration of
SO42~ ranges from 0.1 mg/L to 11.0 mg/L, with an average concentration of 1.2 mg/L.
For the cations, the relationship of the average concentrations in groundwater was Ca**
> Na* > Mg?* > K*. Ca?* and Na* are dominant, and their concentrations range from
0.1 mg/L to 65.5 mg/L and 0.8 mg/L to 87.7 mg/L, respectively, with average values of
12.8 mg/L and 8.5 mg/L. For other chemical elements, such as F~, Li*, Br~, and NO,~,
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the values obtained during the analysis are below the permissible limits set by the World
Health Organization [67] drinking water standards.

Figure 6 displays boxplots illustrating four physical-chemical characteristics (TDS,
pH, T and NO3;™) concerning various lithologies of aquifers in the Kou basin. High
concentrations of NO3 ™~ are observed in GGQ aquifer lithology in the basin. Huneau
et al. [14] affirm that in the GFG, nitrate levels can reach concentrations up to 25 mg/L.
These concentrations typically indicate poor conditions in the vicinity of the borehole rather
than general contamination at the aquifer level. Additionally, the pH, TDS, and temperature
in this particular aquifer (GGQ) are lower compared to the other two formations (GFQ
and SAC1).

According to Huneau et al. [14], in their study, most samples originating from carbon-
ated lithologies exhibited circumneutral pH values (SAC1, GFG), whereas waters from the
most siliceous levels showed a clear tendency toward more acidic pH (GGQ).

Huneau et al. [14] reported that groundwater in the GGQ region generally exhibits
the lowest temperatures, typically between 28 and 30 °C, a range that likely indicates its
deep source.

In the study area covered by the RAF/7/011 project from IAEA in [68], they observed
that pH values generally fell within the normal range of 5 to 7.5 for all formations. However,
certain points exhibited acidic pH levels (<4.5), particularly in the sandstone and lemon
facies formations. Following Huneau et al. [14], the pH values of most samples from
carbonates were close to neutral. Conversely, the pH of water at the most siliceous levels
tended to be more acidic.

Boxplot of TDS vs Lithology Boxplot of Temperature vs Lithology

32
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Figure 6. Box plots displaying the four physical-chemical parameters of groundwater from Kou basin
according to main lithostratigraphy contexts (GFG: Fine glauconitic sandstones; GGQ: Sandstones
with quartz granules; SAC1: Siltstones—claystones—carbonates).
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Table 2. Descriptive statistics of hydrochemical parameters and isotope composition in water.
Temp . EC Turb _ _ _ - _ . . . . . 2 2 §%0 8%H d-Excess
€0) pPH () (uSfem) (NTU) DO TDS HCOs3 F Cl NO, Br NO3 SOy Li Na NH, K Mg Ca (%o) %o) o)
Groundwater (n =43)
Mean 29.8 5.6 178.3 6.7 4.8 178.3 66.8 0.1 6.8 0.1 0.3 19.1 1.2 0.0 8.5 0.5 3.9 6.0 12.8 —29.7 —5.0 10.4
CVx100 57 20.6 130.5 299.6 19.1 130.5 147.1 75.5 283.5 16.2 17.4 258.3 208.4 69.4 192.2 309.0 1125 148.2 140.3 —8.0 —7.2 9.0
SD 1.7 1.1 232.8 199 0.9 232.8 98.3 0.1 19.3 0.0 0.0 49.3 2.4 0.0 16.4 14 44 8.9 179 2.4 0.4 0.9
Minimum 22.6 3.28 8.0 0.01 3.24 8.0 0.0 0.1 0.1 0.1 0.3 0.1 0.1 0.0 0.8 0.1 0.1 0.0 0.1 —34.6 -59 8.3
Maximum 329 7.53 1080.0 126.1 6.6 1080.0  309.4 0.3 113.0 0.1 0.5 222.9 11.0 0.0 81.7 6.7 18.3 33.4 65.5 —25.1 —4.4 129
Surface water (1 =5)
Mean 30.2 6.4 447.8 217.4 53 447.8 83.3 0.1 37.2 0.1 0.3 155 16.0 0.0 35.2 0.2 9.2 3.8 14.9 —31.4 —54 11.8
CVx100 10.9 10.6 149.9 164.7 38.9 149.9 77.1 39.5 158.7 0.0 0.0 165.3 173.5 0.0 175.6 107.8 86.0 48.5 108.2 -11.7 —7.5 11.2
SD 3.3 0.7 671.2 358.1 2.0 671.2 64.2 0.0 59.1 0.0 0.0 25.7 27.8 0.0 61.8 0.2 7.9 1.9 16.1 3.7 0.4 13
Minimum 28 55 55.2 21 2.6 55.0 28.4 0.1 0.6 0.1 0.3 0.0 0.1 0.0 1.6 0.1 2.6 1.6 52 —37.7 —6.0 10.1
Maximum 36 7.1 1616.0 843.9 6.9 1616.0  162.1 0.1 137.6 0.1 0.3 59.2 64.7 0.0 1441 0.5 18.9 58 43.1 —29.2 —5.1 13.7
WHO - 6.5-8.5 1000 5 5-7 1000 350 0.7~ 250 0.2 0.1 50 200 1 200 4 12 150 200 - - -
Standards 1.7
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3.2.2. Correlation Matrix Analysis

Pearson’s correlation analysis carried out in the Kou basin highlights the relationships
between various water quality parameters. Table 3 presents the correlation matrix for
all hydrochemical variables measured in groundwater samples. The results reveal both
positive and negative correlations. Given the sample size of n = 43, correlation coefficients
(R) are considered statistically significant at the 1% level when they exceed 0.39. Several
important hydrochemical correlations (R > 0.39), indicated in Table 3, stand out.

A moderate positive correlation is observed between calcium (Ca®") and sulfate
(SO427) ions (R = 0.54). Kouanda [8] previously emphasized the predominance of Ca?t
over SO42 in the area, attributing it primarily to the dissolution of evaporite minerals
such as gypsum and anhydrite as a secondary process. Additionally, Kouanda pointed out
that other geochemical reactions contribute significantly to the Ca?* concentrations in the
region’s aquifers. The main source of calcium, according to this author, is the dissolution of
carbonate minerals including dolomite, calcite, and aragonite. These findings are consistent
with our observations and align with the dominance of calcic-magnesium bicarbonate (Ca-
Mg-HCQO3) facies, particularly in the Infra-Cambrian basin portion of Burkina Faso. Similar
conclusions have been drawn from studies such as [33], who investigated coastal aquifers
in India and linked positive Ca?*-S0O,2~ correlations to anhydrite and gypsum dissolution.

A strong correlation between chloride (CI™) and nitrate (NO3 ™) ions (R = 0.86) points
to possible influences from fertilizer leaching and irrigation return flows, which may pose
long-term risks for groundwater quality. Serge et al. [69] and Kouanda [8] have both
noted that such strong C17-NO;3 ™ correlations often indicate an anthropogenic source of
chlorides. This pattern also applies to potassium (K*), which exhibits a positive correlation
with nitrate (R = 0.61). Given the agricultural nature of the study area particularly in rural
zones such as the commune of Bama, where heavy use of fertilizers like urea and NPK is
common [70,71] these correlations help explain the development of chloride facies observed
in the groundwater (see Figure 7).

Other elements, such as Ca?* and Mg?* (R = 0.71), Mg?* and HCO3;~ (R = 0.89), and
Mg?* and HCO3~ (R = 0.75), exhibit a good and acceptable positive correlation. According
to Kouanda [8], these ions share a common origin with minerals Ca?t, Mg2+, and HCO;3~,
resulting from the dissolution of carbonate minerals, primarily dolomite (CaMg (CO3z)5).

The correlation indicates an acceptable relationship between SO42~ and C1~ (R = 0.58)
and between SO4%~ and Na* (R = 0.58). The presence of chloride and sulfate in groundwater
samples in Sahelian Region indicated the existence of an advanced stage of water-rock
interaction through the dissolution of sulfate minerals (gypsum and anhydrite) [72].
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Table 3. Correlation matrix between physico-chemical parameters in groundwater.
Temp pH EC Turb DO TDS HCOs;~ F- Cl- NO,~ Br~ NO3~ S04~ Lit Na* NHgt KY  Mg? Ca*t
Temp 1
pH —0.16 1.00
EC 0.06 0.35 1.00
Turb 0.09 0.06 —0.08 1.00
DO 0.10 —-039 —-0.54 0.17 1.00
TDS 0.06 0.35 1.00 —-0.08 —0.54 1.00
HCO;™ 0.04 0.70 0.57 -0.06  —-0.37 0.57 1.00
F~ 0.24 0.05 0.28 —-0.04 —0.09 0.28 0.26 1.00
Cl~ -0.01 -0.01 0.75 —-0.05 —0.38 0.75 -0.05  —0.02 1.00
NO,™ 0.29 -012 -012  -0.03 0.14 -012 -011 —-0.07 —0.06 1
Br~ -0.11  —-0.07 0.10 —-0.03 —-0.15 0.10 -0.10 —-0.07 0.24 —-0.03 1.00
NO3™ 0.09 —0.20 0.71 —-0.04 033 0.71 —0.15 0.25 0.86 —0.06 0.16 1.00
SO,2~ —0.16 0.25 0.59 —-0.12  —-0.46 0.59 0.29 —0.06 0.58 —0.08 0.64 0.38 1.00
Li* 0.20 0.10 0.20 0.01 0.12 0.20 0.29 0.71 -0.05 —-0.04 —0.04 0.08 —0.09 1.00
Na* 0.11 0.19 0.70 -0.08 —-0.36 0.70 0.27 0.12 0.69 —0.08 0.11 0.59 0.58 —0.05 1.00
NHy* -0.12  -0.01 0.51 -0.05 —-0.31 0.51 -0.09  —0.07 0.78 —0.05 0.68 0.56 0.70 —0.02 0.38 1.00
K* —0.15 0.14 0.53 —-0.10 —-0.34 0.53 0.03 0.23 0.53 —0.13 0.26 0.61 0.31 0.12 0.25 0.57 1.00
Mg?* 0.06 0.57 0.62 —-0.04 —-0.36 0.62 0.89 0.39 0.01 -0.10 —-0.05 0.04 0.21 0.43 0.07 0.00 0.21 1.00
Ca?* 0.08 0.47 0.92 —-0.08 —0.54 0.92 0.75 0.23 0.54 -012  —0.04 0.47 0.54 0.18 0.57 0.30 0.31 0.74 1

Note: underline in the table footer: correlations (R > 0.39).
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Figure 7. Piper diagram illustrates the groundwater types in relation to main lithology of aquifers.

3.2.3. Groundwater Types Classification Based on the Lithology

Figure 7’s Piper diagram displays the diversity of groundwater types corresponding
to different litho-stratigraphic units within the study area. Two dominant water types
emerge from the plot: Ca-HCO3 and Na-HCO3. A previous regional investigation by [14]
also identified these water types, noting a transition from Ca-Mg-HCO3; to Na-K-HCO3
compositions. According to Huneau and Travi [73], such water signatures likely reflect
intensified interactions between groundwater and clay minerals, driven by processes such
as isomorphic substitution, cation exchange, and silicate weathering. Moreover, Huneau
et al. [14] suggested that these transformations relate to groundwater residence time within
the aquifer, serving as an indirect measure of the extent of water-rock interactions.

In the present study, the appearance of a secondary water type characterized by HCO3-
Cl-NO3-504 composition points to anthropogenic impacts on groundwater quality, as also
noted by [14]. They further explained that elevated levels of nitrate, sulfate, and chloride
contribute to the progression from the original Ca-Mg-HCOj facies toward a Ca-Mg-SO4—
CI-NOs; water type. Additionally, our results are consistent with those obtained by [8]
regarding the sedimentary aquifer of the Taoudeni Basin in Burkina Faso.

3.3. Isotopic Characterization of Surface Water and Groundwater
3.3.1. Isotope Signature

Table 4 presents the isotopic composition data for groundwater (GW) and surface
water (SW) in the Kou basin. Analysis of stable isotope values in groundwater shows
5180 ranging from —5.93%0 to —4.39%., with an average value of —5.00%., while 52H
varies between —34.62%0 and —25.05%., averaging —29.65%.. The average d-excess in
groundwater is 10.35%o.. For surface water, 8180 values range from —5.96%o to —5.09 %o,
with a mean of —5.93%o, and §?H spans from —37.65%o to —29.15%o, averaging —31.4 %o.
The mean d-excess in surface water is 11.5%.. Additional statistical summaries for §2H and
§'80 across different water sample types are provided in Table 1. Variations in isotopic
composition indicate different hydrological processes influencing the water sources [74].
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Table 4. Stable isotope compositions of GW-SW in the study area.

Sample Name 82H (%) 8180 (%o) d-Excess (%o)
SW20 —37.65 —5.96 10.06
GW13 —34.62 —5.93 12.88
GW25 —34.04 —5.77 12.15
SW28 —31.75 —5.68 13.74
GW21 —32.78 —5.60 12.07
GW38 —34.37 —5.57 10.24
GW22 —32.24 —5.48 11.61
GW45 —33.34 —5.43 10.14
GW19 —32.63 —5.42 10.74
GW04 —32.62 —5.36 10.26
GW42 —32.19 —5.36 10.69
GW35 —31.09 —5.23 10.82
GW36 —32.39 —5.23 9.51
GW16 —30.46 —5.20 11.16
SW54 —29.20 —5.14 11.96
SW24 —29.27 —-5.10 11.55
GW37 —30.94 -5.09 9.82
SW55 —29.15 —5.09 11.57
GW32 —30.50 —5.07 10.11
GW23 —29.03 —5.06 11.52
GW26 —29.90 —5.05 10.57
GWb51 —29.54 —5.05 10.90
GW33 —29.59 —5.05 10.84
GW44 —30.48 —5.04 9.84
GW50 —28.58 —4.98 11.30
GWO01 —29.79 —4.97 9.96
GW49 —29.39 —4.96 10.32
GW43 —29.05 —491 10.27
GW34 —29.18 —491 10.10
GW10 —28.15 —4.90 11.08
GW31 —28.25 —4.89 10.86
GW41 —29.40 —4.87 9.61
GWO06 —28.26 —4.86 10.66
GW52 —28.07 —4.85 10.76
GW17 —29.60 —4.83 9.06
GW29 —28.34 —4.83 10.31
GWO05 —27.15 —4.72 10.60
GWO08 —28.95 —4.71 8.77
GWO02 —27.70 —4.70 9.91
GW30 —27.44 —4.69 10.08
GW07 —28.05 —4.66 9.23
GW09 —27.23 —4.64 9.88
GW27 —27.58 —4.63 9.50
GW39 —28.28 —4.56 8.25
GW40 —27.54 —4.53 8.70
GWO03 —25.05 —4.50 10.97
GW18 —25.92 —4.41 9.37
GW53 —25.36 —4.39 9.78

As noted by Serge et al. [69], shallow groundwater chemistry is often largely influ-
enced by anthropogenic factors [75,76]. The aquifers’ characteristics allow surface contam-
inants to infiltrate through permeable zones, with one key process involving residence
time that facilitates chemical interactions between groundwater and surrounding rock
formations [75,77,78]. Another process appears linked to biological activity, where plant
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metabolism and organic matter decomposition release carbon dioxide. When dissolved in
water, this CO, generates bicarbonate ions [69]. Dakoure [11] similarly emphasized this
mechanism within the sedimentary aquifers of Western Burkina Faso.

Carbon-14 dating conducted by [14] in the Taoudeni sedimentary basin points to
ongoing recharge of the system over long-time scales, despite climatic fluctuations in the
Sahel region that have impacted infiltration and recharge dynamics. Additionally, Trabelsi
etal. [72] suggest that the depleted stable isotope signatures found in geochemically evolved
groundwater of the Sahel are indicative of fossil waters recharged during cooler and more
humid periods predating the Last Glacial Maximum (LGM).

In a study from South Africa, Mahlangu et al. [79] identified processes influencing
isotopic variations including rainfall recharge, evaporation from shallow groundwater
and surface waters, and mixing between these water bodies. The IAEA [68] report further
indicates that current recharge is minimal or absent across most of the aquifer, with recent
replenishment detected only at limited, localized sites.

The isotopic values obtained here are consistent with other regional research. For
instance, Trabelsi et al. [72] recorded 5'80 values from —5.2%o to —2.2%. and 6°H values
from —37.7%0 to —18.8%0 throughout the aquifers [79]. Similarly, Huneau et al. [14]
documented §'80 between —7.2%, and —3.1%0 and §°H ranging from —48.8%o to —20.3%o
in the same area.

For interpreting stable isotope data, we derived the local meteoric water line (LMWL)
for the Bobo-Dioulasso station using precipitation records from 1987 to 2016 provided by
the DEIE (Direction d’Etudes et d’Information sur I’Eau) in Burkina Faso, as expressed in
Equation (1):

5°H =1.84 + 6.285'80 (1)

Figure 8 depicts the correlation between the 580 and §%H stable isotope values of the
water samples, alongside the Global Meteoric Water Line (GMWL) established by [64], and
the linear equations derived from three earlier studies carried out in this region:

(i) Bobo-Dioulasso station: 52H = 8580 + 10.2 [14];
(ii) Bamako station: 82H = 8.16'80 + 11.9 [37];
(iii) Barogo station: 5°H = 7.76'80 + 7.8 [80].

Legend
Bamako station
¢
7 Barogo station

7 Bobo-Dioulasso station

g y * GmaL
X LMWL
L]
Sample type
O GW
Aosw

-5.5 -5.0 45

5'°0 (%)

Figure 8. 5H versus 5'80 for water samples from the Kou Basin. The Global Meteoric Water Line
(GMWL [64]), Local Meteoric Water Line (LMWL, this study), and reference lines from Barogo [80],
Bobo-Dioulasso [14], and Bamako [37] are shown for comparison.
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The bivariate plot in Figure 8 shows that the majority of water samples align closely
with the regression line (black line in Figure 8) established by [14] for this region. The
computed coefficient of determination is R? = 0.89, indicating a strong linear relationship.
The slope of the regression line, 6.28, is lower than that of both the Global Meteoric Water
Line (GMWL) proposed by [64] and the Local Meteoric Water Line (LMWL) defined for
Bobo-Dioulasso by [14]. The lower slope observed in Equation (iii) may reflect the effect
of evaporation on raindrops prior to their infiltration into the aquifer system in the study
area. In their investigation of the Taoudeni aquifer system in the Sahel, Trabelsi et al. [72]
reported a local meteoric water line (LMWL) with a slope of 6.68, noting that values
below 8 are indicative of isotopic fractionation and enrichment in heavier isotopes due to
evaporation processes. Similarly, Taupin et al. [81] highlighted that in the Sahelian climate
of West Africa, factors such as limited rainfall, elevated temperatures, and low humidity
particularly at the beginning and end of the rainy season foster isotopic enrichment through
evaporative effects.

In this regional context, Huneau et al. [14] observed that groundwater isotope signa-
tures typically fall within the range of both the regional and global meteoric water lines,
suggesting minimal evaporative alteration during recharge. Supporting this idea, Song
et al. [82] propose that limited isotopic variability in groundwater, compared to that of
precipitation, may be explained by the selective infiltration of rainwater a phenomenon also
documented in other semi-arid settings, such as the Lake Chad Basin [83]. The deuterium
excess (d-excess) in our study area varies from 8.3 %o to 12.9 %0, with an average of 10.4 %o.
Figure 9 presents the relationship between d-excess and §'80 values, with regression lines
illustrating the linear trends. As noted by Mamand and Mawlood [84], typical global
atmospheric water vapor exhibits a d-excess value of around 10%. under relative humidity
conditions near 85%. In the context of this study, d-excess values falling below this thresh-
old suggest that evaporative processes may have influenced groundwater recharge. This
interpretation is consistent with findings by [82] and is further supported by several studies
conducted across the Sahel region [83,85,86].

(%0)

O Gw
AN

d_excess

-6.0 -54 -5.0 -45
5°0 (%)

Figure 9. d-excess and §'80 isotope bivariate plot.
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In their 2017 study in Sahelian regions, the IAEA’s RAF/7/011 project estimated
that 70% of water samples from crystalline formations exhibit a d-excess value exceeding
8%o, suggesting a mild evaporation process. Additionally, in the regional Sahelian con-
ditions reported by RAF/7/011, groundwater from the ICP (folded Infracambrian) and
the CTQ (Terminal Quaternary Continental) in Burkina Faso appears to be less affected by
evaporation compared to Mali, possibly due to deeper wells.

In our study, 90% of groundwater samples (40 out of 43) display a d-excess greater
than 8%o., with 28 out of 43 samples showing a d-excess higher than 10%.. This indicates that
other factors or processes may influence the isotopic composition of groundwater samples.

It is important to emphasize, as noted by [14], that the Sahel region has undergone
several climatic fluctuations, which have significantly influenced groundwater infiltration
and recharge dynamics [87].

3.3.2. Spatial Pattern of §°H and §'80 in Groundwater

The isotopic values of §°H, 5'80, and d-excess in groundwater were used as geospatial
inputs to generate distribution maps across the Kou basin. As illustrated in Figure 10A, the
spatial distribution of §'80 shows higher concentrations ranging from —5.01%o to —4.45%,
predominantly in the southeastern and northern parts of the basin. Notably, steep isotopic
gradients are observed over short distances between sampling points such as GW27 and
GW25; GW52/GW53 and GW23; GW42 and GW45; as well as GW21/GW22 and GWO02.
These abrupt variations suggest the possible presence of impermeable geological barriers
or structural discontinuities influencing groundwater flow. Sampling points GW25 and
GW?27 are associated with the GFG aquifer at a depth of 80 m and the SAC1 aquifer at 66 m,
respectively, as presented in Table 1. A notable difference in isotopic composition over a
short distance between these points may reflect a hydrogeological barrier. A comparable
situation was reported by [33] in their study in India, where combined hydrochemical
and isotopic analyses (5'80 and 8?H) revealed sharp gradients between nearby sampling
locations. This was interpreted as evidence of a low-permeability boundary that limits
horizontal groundwater flow. Furthermore, isotopically depleted groundwater samples
were considered indicative of recharge directly from rainfall. While conducting field
measurements, we observed that GW52 is situated in a family courtyard, surrounded by
numerous septic tanks close to the borehole. Additionally, for GW53, we noted the presence
of septic tanks in the courtyard, approximately 15 m from the well. GW42 is another well.
During the campaign, an observation revealed the presence of animal waste and human
droppings in the surrounding environment around the well. In these wells, the !0 values
are elevated, as indicated by the red color in Figure 10A. According to IAEA [68], the wells
in the studied area are estimated to be shallow, ranging between 25 and 40 m. However,
the study reveals significant variability in well depths within the two formations of GFG
and SAC1, measuring 80 and 90 m, respectively.

Similar patterns were identified in the spatial distribution of deuterium (62H) values
across the Kou basin, as illustrated in Figure 10B. Mamand and Mawlood [84] point
out that variations in groundwater temperature, linked to different aquifer systems, can
influence the distribution of stable isotopes. Elevated groundwater temperatures are often
associated with subsurface processes such as water-rock interactions, which may alter the
isotopic composition.

As shown in Figure 10C, for groundwater at the Kou basin, the deuterium excess
ranged between 8.28 %, and 12.87 %o.
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Figure 10. Spatial variation (A) 5180, (B) 62H and (C) d-excess in the groundwater in Kou basin.

3.3.3. Identification of Groundwater Mineralisation

Figure 11 presents the relationship between d-excess and electrical conductivity (EC),
with regression lines illustrating the linear trends. According to Liu et al. [88], evaporation
in groundwater or surface water typically leads to a reduction in d-excess values while EC
increases. In this study, a slight upward trend and a weak positive correlation (R = 0.06)
were observed between these two parameters. Based on the interpretation of [88], the
observed relationship suggests that evaporation plays a key role in influencing the isotopic
and chemical characteristics of both groundwater and surface water. Kouanda [8] further
emphasizes that, while natural processes primarily govern the mineralization within
the Upper Mouhoun-Sourou Complex, anthropogenic pollution is also present. Isotopic
analyses using tritium and stable isotopes point to significant recent recharge, alongside
the coexistence of older groundwater and mixtures of modern and ancient waters.

Figure 12 shows the variation of 5§80 with depth to groundwater, with regression
lines indicating trends and revealing the mixing of groundwater from different aquifer
levels (shallow to deep).Although earlier hydrogeochemical and isotopic studies support
the interpretation of the STBA as a largely unified and homogeneous multilayered aquifer
system, Huneau et al. [14] observed that variations in lithostratigraphic levels correspond
to differing hydrodynamic properties, such as permeability, which suggest significant hy-
draulic connectivity between these layers. Therefore, based on the analysis of groundwater
lithology in relation to depth, we conclude that the aquifer formations within the Kou basin
are hydraulically interconnected.
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Figure 11. Relation between d-excess and EC values for groundwater and surface water.
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Figure 12. Comparison of 6180 variation with depth to groundwater in relation to the main lithologi-

cal formations.

According to the IAEA report published [68], there are several shallow wells ranging
between 25 and 40 m in the area. The well depths exhibit significant variability in the two
formations of GFG and SAC1, measuring 80 m and 90 m, respectively.
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3.4. Implication of SW-GW Interactions and Prospects of Water Management

Groundwater resources in the Kou basin, which serve domestic, industrial, and agri-
cultural purposes, are vulnerable to contamination by nitrates that can accumulate over
time. The impact of human activities on both surface water and groundwater is a crucial
factor in managing water quality. In this study, nitrate concentration was selected as an
indicator of anthropogenic pollution because agricultural practices and urban development
are the primary sources of nitrate contamination in groundwater. Descriptive statistics
reveal that nitrate levels often exceed the WHO’s recommended limit for drinking water.
Under natural conditions, nitrate concentrations are usually below 5 mg/L, as nitrate acts
as a relatively stable tracer in the environment [89]. Elevated nitrate concentrations in some
samples suggest significant influences from farming and industrial activities, particularly
in urban and agricultural zones (Rawat et al., 2022; Lawniczak et al., 2016 [90,91]). High
nitrate intake poses serious health risks, including methemoglobinemia a condition charac-
terized by impaired oxygen transport in the blood and symptoms such as rapid heartbeat,
weakness, dizziness, and fatigue [92]. The spatial distribution map of nitrate concentrations,
overlaid with land use data (Figure 13), shows that 11.6% of groundwater samples surpass
the WHO's permissible limit of 50 mg/L for NO3; ™. The highest nitrate levels were detected
at well sites GW51 (138.89 mg/L), GW52 (222.89 mg/L), and GW53 (69.06 mg/L), while
among boreholes, GW39 exhibited the highest concentration at 38.79 mg/L. These results
are consistent with findings by [93], who highlighted multiple anthropogenic sources of
groundwater contamination near water extraction points such as wells and drillings. Con-
tributing factors include waste from wildlife and humans, leaking latrines, solid waste
disposal, and wastewater discharge. Rosillon et al. [93] further reported extremely elevated
nitrate concentrations in the region, sometimes exceeding 500 mg/L, with a maximum

value reaching 860 mg/L.
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The distribution variation in the boxplot of nitrate over land use and groundwater
sample typology is depicted in Figures 14a and 14b, respectively. NO3 ™~ concentrations are
notably higher in well samples compared to boreholes, as illustrated in Figure 14b.
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Figure 14. (a) Box plots displaying nitrate parameters according to the main Land contexts and
groundwater typology. (b) Box plots displaying nitrate parameters according to the main Land
contexts and groundwater typology.

In a previous investigation of groundwater in the southeastern part of the Taoudeni
sedimentary basin, Huneau et al. [14] observed that human activities significantly impact
groundwater characteristics under Sahelian climatic conditions. Contamination tends to
be localized near wells or boreholes, often due to insufficient protection measures around
these water extraction points. It is common to find livestock watering areas and latrines
situated close to boreholes, which contributes to elevated levels of nitrate and sulfate
sometimes reaching concentrations as high as 160 mg/L and 300 mg/L, respectively. These
elevated values are frequently linked to inadequate well casing and the infiltration of
surface water contaminated by manure and wastewater. Since many boreholes sampled
are village sources primarily used for drinking water, they are particularly vulnerable to
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such contamination. Huneau et al. [14] emphasized that pollution is generally confined
near pumping sites where protective zones are lacking. Furthermore, the IAEA report [67]
highlighted strong correlations among chloride, nitrate, sodium, and potassium concen-
trations, pointing to anthropogenic origins. Nitrate concentrations in the study area show
significant variability, with some locations like SAC1 exhibiting maxima up to 860 mg/L,
where nitrates dominate as the primary anion. This contrasts with Huneau et al. [14], whose
data reported maximum nitrate levels of 160 mg/L in their sampled boreholes.

4. Conclusions

This study set out to address three fundamental questions: (i) how surface water and
groundwater interact within the Kou basin, (ii) which hydrochemical processes govern
water quality, and (iii) how anthropogenic activities influence these dynamics.

The Kou basin is a vital source of both groundwater and surface water for Bobo-
Dioulasso, the second-largest city in Burkina Faso. Its favorable geological characteristics
make the Kou aquifer the primary resource for human development and agriculture, align-
ing with Sustainable Development Goal 6 (SDG6). This study provides a detailed baseline
of groundwater physico-chemical properties and aquifer dynamics, offering concrete data
to support informed water management and planning in the basin.

Hydrochemical analysis identified three main water types, Ca-HCOj3, Na-K-HCO3,
and Ca-Mg-HCO:;, reflecting the geological diversity of the region. Mineralization pro-
cesses are driven primarily by the dissolution of carbonate and evaporite minerals, while
elevated concentrations of nitrates, potassium, and chlorides highlight localized anthro-
pogenic pollution. Stable isotope analysis (5°H, §!80, and d-excess) revealed consistent
spatial structures, isotopic offsets between groundwater samples, and clear evidence of
aquifer interconnectivity. Shallow groundwater was additionally influenced by evapora-
tion, highlighting heterogeneity in aquifer processes.

These results demonstrate pronounced interactions between surface water and ground-
water and confirm the significant impact of human activities on water quality, particularly
through nitrate contamination. While interpretation of isotopic data is limited by available
rainfall measurements, the findings provide a robust framework for understanding aquifer
connectivity, recharge processes, and contamination pathways.

In conclusion, this study confirms hydraulic connectivity between aquifer layers and
contributions from surface water to groundwater recharge, while also identifying areas
affected by water quality degradation. These findings directly address the study’s research
questions and provide practical guidance for integrated water management. Continuous
monitoring of water quality, isotopic signatures, and hydrological variables at key locations
is recommended to further reduce uncertainties and ensure the sustainable use of freshwater
resources in the Kou basin.
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