
Journal of Water Resource and Protection, 2023, 15, 33-50 
https://www.scirp.org/journal/jwarp 

ISSN Online: 1945-3108 
ISSN Print: 1945-3094 

 

DOI: 10.4236/jwarp.2023.152003  Feb. 13, 2023 33 Journal of Water Resource and Protection 
 

 
 
 

Development and Application of Water Quality 
Index (WQI) for the Evaluation of the 
Physico-Chemical Quality of Groundwater in 
Gold Mining Areas of Southeastern Senegal 

Mor Diop1, Ibrahima Mall2, El Hadji Mamadou Sonko1, Tidiane Diop3, Liengsy Badji4,  
Cheikh Mbow1 

1Environmental Sciences Institute (ISE), Cheikh Anta Diop University, Dakar, Senegal 
2Amadou Mahtar Mbow University of Diamniadio (UAM), Dakar, Senegal 
3Department of Chemical, Cheikh Anta Diop University, Dakar, Senegal 
4Faculty of Medicine, Pharmacy and Dentistry, Cheikh Anta Diop University, Dakar, Senegal 

 
 
 

Abstract 
Water is the most essential requirement for life. It provides a variety of pur-
poses such as a source of water supply for drinking, domestic and industrial 
use, irrigated agriculture, livestock, and mining activities. Evaluating the sta-
tus of water quality from traditional approaches does not guarantee the whole 
overview of the water quality situation. Therefore, developing a tool that can 
convert multiple parameters data into information that is understandable by 
both technical and non-technical personnel is vital. In this context, the pur-
pose of this paper was to develop, calculate, and apply a water quality index 
for assessing the suitability (for drinking purposes) of groundwater in the 
gold mining areas in south-eastern Senegal. The development of this index 
based on WHO water quality guidelines followed the five standards steps i.e., 
parameters selection, sub-index formation, parameters weighting and 
sub-index aggregation and evaluation. Finally, the WQI summarized twelve 
key water quality parameters into 05 simple terms (excellent, good, medium, 
poor, and very poor) which is more relevant for reporting to managers and 
the public in a consistent manner. Thus, it was observed in the study area, 
that the water quality indexes in artisanal and industrial mining areas are ei-
ther poor or very poor while in the reference stations (where there are no 
mining activities) WQI are either good or excellent. This situation was attri-
buted to the effects of mining activities in such zones which contribute to the 
pollution of groundwater with heavy metals, nitrates, and suspended solids. 
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1. Introduction 

The study area belongs to the Gambia River watershed and is located in the 
south-eastern part of Senegal. This area has significant gold potential, which is 
currently under intense exploitation, with industrial exploitation (in Sabodala) 
and artisanal and small gold mining (ASGM) in Bantako and Tinkoto. Both 
types of exploitation are vital to the local economy as they represent important 
sources of income for the local communities. Despite this obvious importance, 
gold mining activities lead to severe impacts on the natural environment. In fact, 
according to [1], continuous exploitation of mineral resources and the deposi-
tion of mining waste will lead to various secondary environmental problems 
such as vegetation degradation, land occupation, ground subsidence, and biodi-
versity loss [2] [3] [4] which will pose challenges to the local ecological envi-
ronment and the sustainable development of the social economy [5] [6] [7] [8]. 
In addition, pollution through the use of mercury and cyanide to amalgamate 
gold [9] [10] [11], water siltation [12] [13], and the discharge of metallic trace 
elements [14] lead to the degradation of water resources around the areas of ac-
tivity. To keep the health of any aquatic system at an optimal level, some water 
quality indicators or parameters must be monitored and controlled [15]. Water 
quality monitoring and assessment include the physical, chemical, biological, 
and environmental parameters of its contents, based on their concentrations or 
attributes which are below defined limits [16] [17] [18] [19]. Evaluating the sta-
tus of water quality from these approaches does not guarantee the whole over-
view of the water quality situation [20]. Therefore, developing a tool that can 
convert multiple parameters data into information that is understandable by 
both technical and non-technical personnel is vital. To achieve this, the Water 
Quality Index (WQI) is increasingly being developed by researchers and water 
resource management organizations. 

WQI, in common with many other index systems, relates to a group of water 
quality parameters to a common scale and combines them into a single number 
in accordance with a chosen method or model of computation [21]. A water 
quality index (WQI) summarizes large amounts of water quality data into simple 
terms (e.g., excellent, good, bad, etc.) for reporting to managers and the public in 
a consistent manner [22]. The concept of its development is based on the com-
parison of the water quality parameters with respective regulatory standards 
[23].  

In this context, we aim in this study to develop, calculate, and apply a water 
quality index for assessing the suitability of groundwater in the gold mining 
areas in south-eastern Senegal for drinking purposes. This is to verify whether 
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exploitation activities have affected the quality of this vital resource for human 
communities and ecosystems. 

2. Study Area 

The study area, straddling the communes of Sabodala and Tomboronkoto, is lo-
cated in the region of Kedougou about 700 km southeast of Dakar, the Senega-
lese capital. 

The study area belongs to the Sudanese climate domain and is characterized 
by the alternation of two different seasons: a dry season from November to May 
and a rainy season from June to October with a rainfall of around 1200 mm/year 
in Kédougou and a maximum rainfall intensity recorded in August [24]. Tem-
peratures are high and range on average between 25˚C and 33˚C. However, on a 
daily scale, peaks of heat exceeding 40˚C are sometimes recorded. On the hy-
drological level, the area is located in the Gambia river basin which has a dense 
river tributaries system with many streams that contribute significantly to the 
Gambia River flows. The most important one of which is the Niokolo Koba that 
drains much of the study area.  

Hydrogeological context of the area is characterized by fractured, disconti-
nuous and semi-continuous aquifers which are represented by the weathered 
fringe of hard rocks with yields varying from 0.6 to 30 m3/h and high rate of un-
successful drilling. There are essentially three types of reservoirs: weathered re-
servoirs (shallows that are captured by traditional wells), cracks and fractured 
reservoirs (captured by boreholes). 

Geologically, the area belongs to the birrimian Kedougou-Kéniaba inlier 
(KKI), which is one of the Precambrian segments of West African craton. This 
inlier located between Senegal and Mali and made up of ancient crystalline for-
mations has been the subject of many studies. Recent mapping study conducted 
by [25] subdivided the KKI into two Groups and three Suites which are all 
present in Eastern Senegal: 
 The volcano-sedimentary groups of Mako and Dialé-Daléma; 
 The magmatic suites of Sandikounda-Soukouta, Saraya and Boboti. 

At the local level, in our study area which belongs to the Mako group, the 
main lithologies encountered are the following: predominantly granitic forma-
tions, sandstone or quartzitic formations, Mafic and ultramafic formations and 
finally Pelites, siltstones, grauwackes and volcano-sedimentary formations of 
Birrimian. 

These Birimian terrains have been investigated for several years for gold, iron 
and other minerals exploration. This is because the Birimian rocks are known to 
bear proven ore deposed as well as gold indices in the region and in neighboring 
countries. 

These terrains have experienced since the 70s a great development of gold re-
search which is crowned by gold mining, discovery, and exploitation of Sabodala 
gold deposit and its satellites which reserves are estimated at several tons of gold 
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[26]. The Sabodala mine, once operated by Canadian firm Teranga Gold (by 
Endeavour mining actually), is currently the largest employer in the region with 
over 1800 employees most of whom are area nationals. In addition, artisanal and 
small-scale gold mining (ASGM) is intensively practiced in the area by thou-
sands of people for whom it represents the main income-generating activities. 
Figure 1 below illustrates the practice of gold mining in the study area.  

3. Materials and Methods 
3.1. Water Sampling and Analyses 

Water sampling was conducted during a field campaign in March 2018. The 
equipment used included: sampling bootles, multiparametric probe (for in situ 
measurement of fugacious elements such as pH, EC, temperature etc.), coolers 
for sample storage etc. 

Once the samples are collected, they are stored in containers in order to sta-
bilize the temperature at less than 4˚C until they are sent to the SGS lab in Ba-
mako (Mali) where analysis are been undertaken. A total of 12 samples were 
taken for groundwater in 3 villages where artisanal and small gold mining 
(ASGM) are developed and 2 as a reference site where no activity is undertaken. 
The ASGM villages are the following: Bantako, Tinkoto, Sabodala. Ka-
nouméring and Sofia villages are the reference sites. 

These samples are collected from traditional wells and from manual pumped 
boreholes which are one the most used water supply systems for communities 
(see Figure 2). 

The exact positions of each of these stations are presented in the map below 
(Figure 3). 

 

 
Figure 1. Illustrative images of gold mining in the study area: open industrial pit (A), ore load-
ing (B), ore processing plant (C), artisanal shafts (D), Uptake of ore by artisanal miners (E), ar-
tisanal ore washing (F). 

Industrial exploitation

Artisanal exploitation

A B C

D E F

https://doi.org/10.4236/jwarp.2023.152003


M. Diop et al. 
 

 

DOI: 10.4236/jwarp.2023.152003 37 Journal of Water Resource and Protection 
 

 
 

 
Figure 2. Traditional wells and manual pomped bo-
rehole sampled in the study areas. 

3.2. Development and Use of Water Quality Index 
3.2.1. Basic Procedure for Developing a Water Quality Index 
According to [27], a considerably number of indices have been developed since 
the primary index by [28], but regardless of such efforts, there is still no globally 
acceptable manner in which water quality indices are developed [29]. However, 
there is a certain possible trend, which is distinguished by the following common 
steps [16] [30] [31] [32]:  
 Selection of parameters: identifying and choosing the most critical variables 

suitable to provide a functional sense to the water quality index. Proficiency 
is required to provide just enough parameters—not too few or too many. 
This process can be done by either expert opinion (whether individually or as 
a group) or through statistical techniques.  

 The formation of sub-index values: considering that various water quality 
parameters have different scientific units, it becomes necessary to transform 
them into a single common scale, and this task is achieved by generating 
sub-indices.  

 Establishing weights: weight is assigned to each variable based on the level 
of importance of each parameter, established through evaluating the poten-
tial impact of them when their concentration levels are outside the permissi-
ble limits.  
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Figure 3. Location of study areas and sampling stations. 

 
 Aggregation of sub-indices: if the final step toward obtaining a final cumu-

lative index value. In understanding the assigned weights, mathematical 
models are used to combine all the sub-indices into one index number. Var-
ious aggregation methods available: Weight Arithmetic Water Quality Index 
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(WAWQI), Canadian Council of Ministers of the Environment Water Qual-
ity Index (CCMEWQI), Oregon Water Quality Index (OWQI) etc. have been 
formulated by several national and international organizations. 

According to [33], the development process of a water quality index can be 
generalized in four steps:  
 Selecting the set of water quality variables of concern—parameter selection. 
 Transformation of the different units and dimensions of water quality va-

riables to a common scale—developing sub-indices.  
 Weighting of the water quality variables based on their relative importance to 

overall water quality—assignment of weights.  
 Formulation of overall water quality index—aggregation of sub-indices to 

produce an overall index. 
In this study a new water index called the LEE Water Quality Index (LWQI) 

has been developed to provide a simpler method for describing the quality of the 
ground water used for drinking water purposes. 

3.2.2. LWQI for Groundwater Used for Drinking Supply 
This index is developed by Mor DIOP in 2022 to assess water quality based on 
WHO water quality guidelines. It contains the five standards WQI components, 
i.e., parameters selection, sub-index formation, parameters weighting and 
sub-index aggregation and evaluation:  
 Selected parameters 

The Lee model employed twelve physicochemical parameters including: pH, 
electrical conductivity, turbidity, Ca, Mg, Na, K, NO3, SO4, Mn, As, Hg. These 
parameters were selected based on their important environmental considera-
tions such as reliability of data and the parameter significance based on the ob-
servation of a series of data where these parameters were the most preponderant.  
 Parameter weighting  

Each of these 12 parameters was weighted according to its influence on the 
overall quality based on three criteria (1 to 3 weight): 
 Importance of the parameter;  
 Occurrence of parameter in natural environment (groundwater) ; 
 Health significance of the parameter. 

The final weight obtained from the aggregation of the scores of these three 
criteria is divided by the sum of the weights obtained for all parameters to have 
the relative weight (wi). The parameter weight values can strongly influence the 
final index value. 
 Relative quality estimation  

The relative quality (qi) is estimated based on the relative importance of the 
water quality parameter and/or the appropriate guidelines of water quality. For 
the drinking purpose, world health organization (WHO) standards are used for 
the calculation.  

The formula to calculate is qi = 100 * (R/S). 
R: is the recorded value of the parameter and S: is the WHO standard per-
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missible value of the parameter. 
 Index aggregation and WQI calculation 

The calculation of the Lee WQI was done using weighted arithmetic water 
quality index which was originally proposed by [28] and developed by [34]. The 
weighted arithmetic water quality index (WQI) is simplified in the following 
form:  

WQI = ∑wiqi/∑wi 

 WQI evaluation 
The WQI value are classified in five categories inspired on the classification 

of [34] [35]. The intervals of these different classes are summarized in Table 1 
below. 

4. Results and Discussion 
4.1. Groundwater Quality Index  

The results of calculated WQI can allow to the authorities to differentiate pollu-
tion levels to know water quality and to implement corrective or preventive ac-
tions [36]. In the study area, results recorded with the LWQI groundwater qual-
ity are presented in the Table 2. It appears that all the five categories of water 
quality are recorded in the study area. The lowest scores are observed in bore-
holes. Those waters meet the quality standards almost all the time and are suita-
ble for drinking. However, the highest values are mainly observed in traditional 
wells which indicate contamination of waters that make them unsuitable for 
drinking. Finally, it is observed that at the reference stations, water quality in-
dexes are either good or excellent. However, in artisanal and industrial mining 
areas water quality indexes are either poor or very poor. This can be attributed 
to the effects of mining activities in such zones. 

Thus, it is easily noticed that the groundwater where the quality of the water is 
bad, corresponds essentially to traditional wells without much protection. In 
these wells (Bant2, Tink1, Sab2), the main parameters that make water the water 
quality index bad and very bad are turbidity, nitrates, iron, aluminum and man-
ganese. These parameters are used to distinguish satisfactory water quality index 
and poor-quality water index. Figure 4 below show the mapping of the WQI 
calculation results. 

 
Table 1. Class intervals of water quality index. 

Class Status Qualification 

0 - 25 Excellent Clean water, excellently suitable for drinking 

26 - 50 Good Suitable for drinking 

51 - 75 Medium “marginal” Modestly suitable for drinking 

76 - 100 Poor Unsuitable for drinking, minor treatment (purification) required before usage 

>100 Very poor 
Unsuitable for drinking, Appropriate treatment required before usage or seek alternative sources 

of supply 
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Table 2. Class of WQI observed in the study areas. 

Class Description Stations WQI Type 

Excellent 

Waters in this category meet the quality criteria almost all the time. 
According to [37], that water quality is protected with a virtual absence of threat 
or impairment, conditions very close to natural or pristine levels. According to 
Abrahao et al, class Excellent can only be obtained if all measurements are 
within objectives virtually all the time. This is the case for the stations below. 

Tink3 12.01 Borehole 

Knmg2 13.52 Borehole 

Sof1 15.14 Borehole 

Tink2 17.66 Borehole 

Good 

For waters in this class, concentrations rarely deviate from natural or desirable 
levels. Water quality is protected with only a minor degree of threat or  
impairment conditions rarely depart from natural or desirable levels. This is the 
case for the stations below. 

Sof2 26.04 Borehole 

Knmg1 47.11 Borehole 

Medium 
Concentrations may deviate from natural or acceptable (desirable) levels. Water 
quality is usually protected but occasionally threatened or impaired, conditions 
sometimes depart from natural or desirable levels. 

Sab2 50.98 Hand dug well 

Msab 66.07 Borehole 

Poor 
Concentrations often deviate from natural or desirable levels. Water quality is 
frequently threatened or impaired, conditions often depart from natural or  
desirable levels. 

Bant1 78.42 Hand dug well 

Sab1 98.56 Hand dug well 

Very poor 
Concentrations generally deviate from desirable levels. Water is always  
threatened or impaired, conditions usually depart from natural or desirable 
levels. Those waters are unsuitable. 

Bant2 185.81 Borehole 

Tink1 428.56 Hand dug well 

4.2. Groundwater Quality Details 

For better understanding, a detailed presentation of the groundwater quality needs 
to be done. The physicochemical elements used in this study as quality criteria are 
physical parameters (pH, EC, Turbidity), major ions (Ca2+, Mg2+, K+, Na+, Cl−, 

3HCO− , 3NO− , 2
4SO − ) and heavy metals (As, Hg, Pb, Fe, Al, etc,). For groundwa-

ter, which is mainly used for drinking water purposes, concentrations of chemical 
elements are compared to WHO guidelines. It appears in our analysis results that: 
mean pH values ranged from 5.7 to 7 which indicates that the waters are neutral to 
slightly acidic, this may be related to the silicate nature of the aquifers present in 
the area. Only 02 stations (Tink 2 and Sab2) not meet the WHO recommendations 
for drinking water. The water salinity is generally low, with mean EC ranging from 
101 to 1050 µS/cm, turbidity exceeded WHO water guidelines mainly in the gold 
mining areas of Tinkoto (with 138 NTU), Bantako (40.3 NTU) and Sabodala (39.3 
NTU). At the reference stations Sofia and Kanouméring, low values (below 5 
NTU) are recorded (Figure 2). These suspended solids that cause water distur-
bance may have a variety of sources, including abandoned mine discharges into 
the operating areas, Runoff can leach fine particles to water sources, and from the 
dust. Through these charged surface water, infiltrations waters can reach the 
groundwater and lead to an increase of their turbidity. Ca, Mg and Na concentra-
tions were moderately elevated in down-gradient bores but were fairly consistent 
with up-gradient concentrations. Nutrient parameters like nitrates are present in 
present in wells and boreholes at levels ranging from 0.4 to 138 mg/L. The highest 
concentrations are recorded in the Bantako and Sabodala gold sectors as shown in 
Figure below. Sulfate concentrations ( 2

4SO − ) are low in groundwater, they are 
ranged from 1 to 29 mg/L well below the WHO standard of 200 mg/L. 
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Figure 4. Mapping of the water quality index results. 

 
Total concentrations of iron (Fe) exceeding the WHO guidelines are recorded 

in most of the stations sampled, especially in mining areas, Iron reaches its 
maximum level (3.1 mg/L) at the Tink3 station, located at the Tinkoto gold vil-
lage. The minimum value (0.085 mg/L) is recorded in the waters of the Knmg2 
reference station in the village of Kanouméring. 
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As with iron, concentrations of aluminum (Al) are relatively high in the wa-
ter sampled, The maximum values for Tinkoto (2.1 mg/L), Bantako (0.54 mg/L) 
and Sabodala (0.24 mg/L) exceed the WHO standards of 0.2 mg/L, Reference 
station levels are very low, as shown in Figure 5. These results corroborate those 
of Mall (2017) which found high concentrations in the villages of Sabodala and 
Tinkoto with 0.813 mg/L and 0.7 mg/L, respectively. In the study area, high 
concentrations or Manganese were recorded at the Bantako (380 µg/L), Saboda-
la (360 and 180 µg/L) and Tinkoto (110 µg/L) mining areas. At reference site, 
low concentrations (all below 100 µg/L) are being observed. Concerning dan-
gerous elements such as arsenic, the concentration levels vary from 0.5 to 9.3 
µg/L therefore fall below the WHO standard. The highest concentrations are 
found at of Bantako village with a content of 9.3 µg/L. For mercury contents, the 
results of the measurements made show that the element is present in the waters 
at very low levels, usually below the detection limit. However, at the Bantako and 
Tinkoto stations, traces of mercury were detected in well waters and boreholes 
sampled with respectively a content of 0.32 and 0.31 µg/L. The results obtained 
for some of these parameters are presented in Figure 5 below.  

4.3. Discussion 
4.3.1. Pertinence of the Use of WQI 
Traditional approaches to assess water quality based on a comparison of experi-
mentally determined parameter values with existing guidelines is important and 
allow in certain cases the proper identification of contamination sources and 
may be essential for checking legal compliance [33]. However, it does not readily 
give an overall view of the status of the water. To remedy this, the approach we 
have initiated is making it possible to bridge this gap. 

In our case, our index mainly uses physicochemical parameters, some of which 
pose serious health problems. The selection of parameters monitored was based 
on their indicative characters.  
 Operational monitoring parameters such as: pH, EC, turbidity were selected. 

They are convenient, rapid method for estimating the amount of dissolved 
and suspended solids present in the water. 

 Major elements (Ca, Mg, Na, K) and minor elements (NO3, SO4) are selected 
because they are elements naturally present in the water and which ensure 
biological roles in the human organism.  

 Heavy metals (Fe, Al, Mn) and toxic chemical elements (As, Hg) are also in-
cluded in the calculation because their existence in drinking water causes 
more serious health effects compared to the others. 

Certainly, most of these parameters can be found in other indices i.e., Univer-
sal Water Quality Index [33], Canadian Council of Ministers of the Environment 
Water Quality Index [38], Oregon Water Quality Index [39] etc. but the differ-
ence noted is related to the fact that we wanted to contextualize water quality. In 
reality, the parameters we have selected are those that reflect the best quality of 
groundwater, especially the chemical point. 
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Figure 5. Water quality results for six parameters: Turbidity (A), Nitrates (B), Aluminium (C), Manganese (D), Arsenic (E), 
Mercury (F). 
 

The aggregative method used, WA WQI is the approach that is most fre-
quently used to classify water resources according to their appropriateness for 
drinking [40]. This method has the merits to be easy to calculate by incorporat-
ing data from multiple water quality parameters into a mathematical equation 
that rates the health of the water body with number [16]. It perfectly reflects the 
composite influence of different parameters i.e., important for the assessment 
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and management of water quality. Although it does not consider the key water 
quality parameters (in particular the microbiological parameters) the results ob-
tained perfectly reflect the overall water quality in our study area.  

4.3.2. Groundwater Quality Results 
The results show that groundwater quality in the study area is conditioned and 
influenced by two main aspects: the geological nature of the land and by anth-
ropic activities especially by mining. As regards to this last point, it is observed: 
high turbidity of groundwater around the mining areas, which reflects physical 
pollution due to mining activities causing a significant accumulation of detritus 
and suspended solids. 

Nitrate contamination of groundwater ( 3NO− ) with a maximum content of 
138 mg/L at Bantako and 65.8 mg/L at Medina Sabodala. This is correlated with 
the dynamics of gold mining that causes a high of human density in these villag-
es. In fact, according to [41], high nitrate levels is due to the oxydo reduction 
reactions of organic matter related to human activities or animal or plant pro-
duction and domestic waste. Indeed, the long stay of animal droppings near wa-
ter points contributes to the “nitrate pollution” of aquifers. Although less vul-
nerable, boreholes do not often escape this phenomenon, as the cracks and frac-
tures associated with these aquifers would ensure the underground transit of ni-
trate by leaching that contaminate the groundwater. According to [11] the high 
intensity of gold mining activities at some sites also constitutes a great threat to 
water resources with sometimes strong human concentrations that contribute to 
high production of untreated waste often stored in dumps near the hydraulic 
structures (boreholes and hand dug wells). 

Another fact is, the contribution from mining activities to the contamina-
tion of groundwater by metals (Fe-Al-Mn). In fact, the highest metals levels 
contents ([Fe] 3100 µg/L, [Al] 2100 µg/L and [Mn] 380 µg/L) were found at the 
Bantako, Sabodala and Tinkoto are mining and mineral washing zones, contrary 
to the reference sites of Kanouméring and Sofia where there is no extraction or 
washing of gold ores. These high contents only observed in Mining area are far 
exceed the WHO recommendations, reflect anthropogenic contamination asso-
ciated with the mining and mineral washing process that takes place in the vi-
cinity of affected wells and boreholes (see Figure 6). 

For example, in groundwater results show that levels of iron, aluminum and 
manganese contents are very high compared to the guideline values. These ob-
servations can be explained by the fact that, in the area geological formations are 
weathered to laterite, that covers the geological formations et constitute some-
where the soils. These soils are highly and rich in iron and aluminum hydroxide 
and manganese which could be leached by surface water runoff [42]. The pres-
ence of these elements in high contents in the waters can be explained on the one 
hand by soil erosion and runoff (a natural phenomenon but accentuated by min-
ing due to excavation). On the other hand, the washing of ores, sludge and dust 
produced during artisanal gold mining activities contribute to the contamination 
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of the water with these metals. Traces of mercury (generally used in gold mining) 
were also detected at Bantako and Tinkoto villages. Furthermore, previous studies 
[11] had found high concentrations in the well waters in the two villages.  

The presence of arsenic in low contents in the wells at Bantako and Tinkoto 
villages, shows that gold mining influences the water quality because this toxic 
element is often associated with gold ore. The total absence of Hg in the waters 
at the reference stations and in Sabodala is an important observation because it 
confirms that, this anthropogenic origin linked to ASGM since mercury is not 
used in industrial mining. In our study, high content level of 9.3 µg·L−1 was ob-
served at Bantako one of the biggest ASGM site. [11] confirmed that the pres-
ence of mercury in the waters at all ASGM villages in eastern Senegal, especially  
 

 
Figure 6. Exposure of the well in the Tinkoto village to wash water contamination. 

 

 

 
Figure 7. Mercury amalgamation in artisanal mining site. 
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in Bantako, where the highest Hg concentration was measured (19 µg·L−1). These 
high Hg contents in the waters can be explained by the fact that the village of 
Bantako remains one of the most active (and oldest) ASGM sites in the area with 
a very high human density. Furthermore, the results of [10] showed the state of 
contamination of certain environmental components (water and sediment) by 
Hg. Through on sediments and on human hairs samples, he showed that level of 
Hg contents was above the standard of Hg concentration in sediments at ASGM 
sites due to mercury use in amalgamation, which is common practice by ASGM 
operators as showed in Figure 7. These high concentrations do not spare any of 
the environment component, favoring thus, the concentration of mercury in 
soils by direct discharge into the air by the combustion of amalgam, but also in 
surface water as well as groundwater, either by direct discharge or by contami-
nated soil leaching, and animal and plant species (fish for example) by bio ac-
cumulation. 

5. Conclusions  

The objective of this study was to assess the water quality in the gold mining area 
of southeastern Senegal using a water quality index developed specifically for 
this area. This tool, which we are introducing in this part of Senegal and French- 
speaking Africa, has proved to be very simple and useful because it makes it 
possible to convert multiple parameters into comprehensible information for in-
itiated or secular public. 

Of course, the use of any water quality index leads to a loss of information, 
just as it does not make it possible to evaluate quality for all uses. A quality index 
is therefore developed for a specific area because, from one area to another, the 
parameters to be considered, the natural geochemical background and the types 
of dominant pollutants may vary. 

In the case of the southeastern Senegal, in the Sabodala area, the parameters 
considered in the calculation of our WQI reflect perfectly the quality of the 
groundwater and show bad water quality index in some wells and boreholes. 

Therefore, consumption in long term of the contaminated well waters due to 
the relatively high turbidity, NO3 and trace elements, could cause health effects 
especially in ASGM villages such as Bantako and Tinkoto. 
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