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ABSTRACT 
 

Introduction: The increase in waterborne diseases in certain remote areas of Benin led the study 
to conduct surveys on the different waters used by these inhabitants. 
Aims: This study is conducted to assess the probable risks related to the physicochemical and 
bacteriological quality of well water consumed by the population of the Tranza and Albarika 
neighborhoods.  
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Place and Duration of Study: Water samples were collected from 20 wells (open and closed in 
Albarika and Tranza districts) in the Parakou commune and analyzed at the LaKReCA laboratory 
between April and July 2024. 
Methodology: A two-stage methodology was used to approach this study. Thus, a survey was 
conducted with the aim of determining the actual fraction of the population using well water as 
drinking water. The physicochemical and bacteriological parameters were determined according to 
standard normalization in order to assess water quality using Python software for the statistical 
study.  
Results: The results show that 26.66% of the inhabitants of the Tranza and Albarika districts are 
subscribers to SONEB against 20.01% who use well water as drinking water. In addition, the waters 
are colored (16.16±5.86 Pt/Co), cloudy (69±3.22 NTU), loaded (678.58±6.07 µS/cm), rich in 
magnesium (132.42±7.87mg/L), calcium (52.73±1.68mg/L), chlorine (88.23±1.96mg/L) and have 
high alkalinity contents (194.49±16.57mg/L). They are hard (185.09±5.09 mg/L) and can cause 
waterborne diseases depending on their total coliform (23 CFU) and E. coli (5 CFU) contents. The 
correlation between the parameters shows that a magnesium content equal to 67 mg/L leads to a 
high value of total coliform and calcium in well water. 
Conclusion: Ultimately, the origin of the pollution can be attributed to sanitation, household waste, 
the transfer of pollutants from surface layers, the conditions of drawing water and the structure of 
the wells. In the long term, the use of well water could constitute a significant health risk for the 
majority of the inhabitants of Tranza and Albarika in the city of Parakou. 
 

 
Keywords: Well water; python; polluants; waterborne diseases; Tranza; Albarika. 
 

1. INTRODUCTION 
 
Water is a very important element of our 
ecosystem, of surface or underground origin, 
which participates in the maintenance and 
survival of all living beings. Water is both a 
strategic resource and the fundamental and 
necessary basic element for a healthy economy 
(Odoulami, B. 1999). When its quality is 
unsatisfactory, it can cause health risks 
(Agassounon et al., 2016, Kangombe, 2023). 
Water quality depends on determining natural 
factors (soil, subsoil, etc.) and agricultural, 
industrial and domestic human activities 
producing discharges that end up directly or 
indirectly in aquatic environments (Joffin, C., and 
Joffin, J.N (2003, Ngaram, M. N. 2011). These 
pollutants can infiltrate and disperse locally in 
aquifers when the installations are poorly 
insulated (case of livestock buildings, industries, 
during domestic sanitation, etc.) or migrate into 
deep aquifers. Boudjehm, and Benoumehni 
(Boudjehm and 2023). Socio-economic 
conditions, marked by low and precarious 
household incomes and consumption habits, 
lead the population of the Tranza and Albarika 
districts of the commune of Parakou to use 
different sources of water other than the drinking 
water supply network. (Ahouansè et al., 2020). 
Among these sources of water, we can cite well 
water, rain water or watercourses without prior 
treatment (Tchoumou et al., 2024). It is 
sometimes based on organoleptic parameters 

(colour, odour and taste) to assess the quality of 
water; which does not guarantee the potability of 
drinking water (Degbey et al., 2010, Masawula et 
al., 2024). Thus, clear water (from wells, 
cisterns, streams, etc.) used by the population 
generally contains germs responsible for several 
waterborne diseases such as cholera, typhoid 
fever, dysentery, gastroenteritis, intestinal 
parasites, etc. (Leclerc, H., 1993), Diallo, M. 
2010). It is urgent to assess the physicochemical 
and bacteriological quality of well water 
consumed by the population of the Tranza and 
Albarika districts in order to draw the attention of 
municipal officials to the risks to which their 
citizens are exposed.  
 

2. STUDY AREA, MATERIAL AND 
ANALYSIS METHODS 

 

2.1 Municipality of Parakou 
 
The Parakou region is located in the "Souda-
Guinean" climate zone characterized by a rainy 
season and a dry season, each with a roughly 
equivalent duration. The average annual rainfall 
is 1175.9 mm in 72.1 rainy days in Parakou. The 
drought is almost absolute in January-February 
and the rainfall then increases gradually from 
March to September, which is the wettest month. 
The months of the peak rainy season (May to 
October) receive nearly 90% of the total rainfall 
in about ten rainy days each (100 mm/month). 
The average annual temperature is 26°C with a 
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hydromorphic soil that is mostly rocky, clayey 
and tropical ferruginous or the pedological 
processes are roughly identical. The analyses 
were carried out in the Kaba Laboratory for 
Research in Chemistry and Applications 
(LaKReCA) located in the university center of 
Natitingou and partner laboratories. 

 

2.2 Materials and Methods of Analysis 
 
2.2.1 Data collection material 

 
The aim of this survey is to identify households 
that actually use well water as drinking water. At 
the same time, we collected information on 
water-related health problems and possible 
treatments of wells and water. The source 
population for this survey is all the houses in the 
Albarika and Tranza neighborhoods. Thus, we 
targeted households, mainly those with the most 
inhabitants, chosen at random with open and 
closed wells (Albarika (2); Tranza (2)) using 
survey forms developed and sent to the owners. 
The interview method used is developed by 
Allard-Poesi, F. (2015). 
 
2.2.2 Methods of analysis 
 
Sampling methods:The water samples are 
collected in twenty (20) wells. The total number 

of samples collected was based on the survey 
sheet. The sampled neighborhoods are those 
where the well water consumption indices are 
high during the survey phase. The sampling was 
done aseptically following the NB ISO5667-11 
Version 2007 standard according to Henni, N., & 
Benzine, B. Y., (2021). 

 
Physicochemical parameters: The 
characterization of water through 
physicochemical parameters such as: pH 
temperature (T), conductivity (χ), was done using 
the multi-parameter type (WTW multi 3420) 
according to the NF EN 27888 and NFT 90-008 
standards. The color and turbidity were 
determined using the DR 1900 
spectrophotometer using the 120 to 455 nm 
programs for color then 950 for turbidity 
according to the NF EN 27888 standard. 

 
Alkalinity: The alkalinity determination was 
done by adding at least five (5) drops of mixed 
indicator to 100 ml of the sample to be             
analyzed and then letting the 0.2N sulfuric acid 
solution flow drop by drop until the color 
changes. Let V be the volume of the sulfuric acid 
solution used, the alkalinity (Alc°) is given by the 
formula: 

 
Alc°=V*50 

 

 
 

Fig. 1. Map of the Tranza and Albarika neighborhoods 
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Total hardness, calcium and magnesium: 
Total hardness or hydrotimetric titer (TH) was 
determined by taking 50 ml of water to be 
analyzed and then adding 2 ml of a buffer 
solution (pH = 10) and 5 drops of NET 
(Eriochrome Black T). Then titration is carried 
out with a volume V of the EDTA solution 
(diamine tetraacetic acid: 0.02N) until the 
indicator changes from burgundy red (or dark 
pink) to blue. Total hardness is measured by the 
EDTA titrimetric method (expressed in French 
degrees (°f)), according to standard NF T90-003. 
Let V be the volume of the EDTA solution used 
in mL, the total hardness is given by the formula: 
 

TH= 4.10-4*V mg/L ou TH= 4*V °f 
 

The waters were classified into different 
categories so that below 8°f: the water is 
described as very soft; soft for TH between 8 
and 15°f; hard for TH between 15 and 30°f and 
very hard above 30°f. 
 

Calcium (calcium hardness) was measured by 
adding 2ml of potassium hydroxide solution, pH 
between 12 and 13 (8N) to 50ml of water to be 
analyzed. Then titrate with an EDTA solution 
(0.02N) until the indicator changes from 
burgundy red (or dark pink) to blue. The calcium 
content in mg/L is given by the formula below 
with V1 (ml) the volume of the EDTA solution 
used.  
 

[Ca2+] = 4.10-4 *V1 
 

The magnesium content (mg/l) is determined by 
the difference between the total hardness (TH) 
and the calcium hardness ([Ca2+]) according to 
the formula:  
 

[Mg2+]=TH-[Ca2+]  
 

Magnesium and calcium contents were 
determined according to ISO 6059:1984(fr). 
 
Chloride: Chloride ions were measured using 
the Mohr method according to standard NF ISO 
9297 February 2000 / T90-014 by adding 2 to 3 
drops of 10% potassium dichromate solution 
(K2Cr2O4) to 100 ml of the sample to be 
analyzed, to obtain a yellow color. The mixture is 
titrated with a volume V of silver nitrate solution 
(0.1 N) with stirring until a brick red color 
appears, marking the end of the chloride 
measurement. The chloride ion content in mg/L 
is given by the formula: 
 

[Cl-]=10-3*V  
 

 
Ammonium: Ammonium was determined using 
a LANGE DR 1900 spectrophometer according 
to ISO 7150 using program 93 by introducing 1 
ml of Rochelle Salt reagent and 1 ml of Nessler 
reagent into 25 ml of sample to be analyzed. 

 
 

Fig. 2. Python program to study the correlation between physicochemical parameters 
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Enumeration of microbiological germs: The 
indicator parameters of bacteriological pollution, 
namely: total coliforms and Escherichia-coli, 
were determined using the Chrom-agar culture 
medium. Using a micropipette, 0.1 ml of each 
sample was taken and then poured into petri 
dishes containing the culture medium in the 
presence of the burner until solidification. The 
Petri dishes were inoculated in an incubator at 
37°C for 48 hours, for the enumeration of total 
coliforms according to the NFV-08-05 standards, 
then at 44°C for 48 hours according to the ISO 
9308 standard, for Escherichia coli. The 
enumeration of bacteria (Coliforms: orange-
yellow colonies; Escherichia coli: blue colonies) 
is done by counting the colonies marked on the 
bottom of the Petri dish with an indelible marker. 
The result is expressed in colonyformingunits 
(CFU) and in number of bacteria per 100 mL. 
(Khababa, D. M., & Tabet, M., 2023). 

 
2.3 Statistical Study 
 
The Fig. 2 and statistical analyses were made 
with Excel and the Python application of Jupiter 
Notebook through the program below. The 
Python software has been used to create the 
parameters dictionaries and dataframe. Then, 
the codes were used to convert the dataframe 
into csv, to calculate and plot figure following the 
program below which is based on matplotlib, 
numpy and seaborne libraries. 

 
The models obtained made it possible to 
establish the degree of correlation between the 
different parameters and to assess their 
influences on the open and closed wells water 
quality in Tranza and Albarika districts. 

 
3. RESULTS 
 
3.1 Statistical Study of the Surveys 

Carried out in the Albarika and Tranza 
Districts 

 
Types of water consumed by the population: 
The results of the survey conducted on the types 
of water consumed by the population of Albarika 
and Tranza are recorded in Table 1. 

From the analysis of this Table 1, it emerges that 
the subscription rate to SONEB of the population 
of the Albarika and Tranza neighborhoods is 
approximately 24.6%. The part of the population 
that uses well water for various purposes, 
including drinking, represents 52.45% against 
22.95% for consumption. 

 
Aspect of the well environment: The                      
results of the survey conducted on the 
environmental aspect of the wells of the 
population of Albarika and Tranza are recorded 
in Table 2. 

 
According to the analysis of the Table 2, none of 
the wells in the houses visited has a depth 
greater than 20m. The depth of the wells varies 
between 5 and 15 m. Of the wells surveyed, 
68% are not covered and the water from these 
wells does not receive any treatment. Clearing is 
very rarely done when the wells dry up. From a 
visual point of view, the color of the water is 
generally acceptable except in cases where the 
internal wall of the well is clogged with plants 
and in particular moss or ferns. Traditional toilets 
are poorly designed (no coping) and maintained 
in some places. Pollution of well water is linked 
to ablutions and the discharge of human waste 
into the environment. Among those who have a 
sanitation facility, 66.66% of the houses 
respected the minimum distance between the 
toilet and the well, compared to 33.33%. 
Furthermore, a low rate of 20% of subscription to 
household waste collection is recorded due to 
the absence of waste collection agents in the 
Albarika and Tranza neighborhoods. Poor 
management of the well environment is said to 
be responsible for malaria and waterborne 
diseases (diarrhea, skin diseases and dysentery) 
which generally affect preschool and school-age 
children in the Tranza and Albarika 
neighborhoods. 

 
Physicochemical parameters of water 
samples: 

 
Conductivity, Temperature, pH, Color and 
Turbidity: The values obtained for the 
physicochemical parameters are recorded in the 
Table 3. 

 
Table 1. Types of water consumed by the population 

 
Consumeur Well water SONEB water/Drilling Rainwater/Backwater/Other Total 

Effective 3 4 8 15 
Percentage 22.95 24.6 52.45 100 
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Table 2. Well environment 
 

Well Frame Sky Well Distance WC/Well Water Closer (WC) Garbage Removal 

Closed  Opened Observed Not 
observed 

Modern Traditional Subscribed Not Subscribed 
 

Pourcentage % 32 68 66.66 33.33 20 80 20 80 

 
Table 3. Physicochemical quality of sampled waters 

 

Parameters  PFT POT PFA POA Beninese 
Standard 

Average 

Conductivity(µS/Cm) 572±262 536.66±7.44 704±3 901.6±3.6 2000 678.6±69.1 
pH 6.80±0.09 6.5±0.8 6.70±0.05 6.90±0.02 6.5<pH<8.5 6.71±0.25 
Temperature (°C) 30.1±0.1 30.0±0.4 29.66±0.67 29.16±2.07 - 29.7±0.8 
Turbidity (FAU) 67±8 85±3 66.0±0.0 59.0±2.1 5 69.0±3.2 
Color (Pt/Co) 20±7 12±10 17±2 16±3 15 16.2±5.9 
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The hydrogen potential of the well water 
samples analyzed in the Tranza and Albarika 
districts vary between 6.5±0.84 and 6.9±0.02. In 
addition, the water from the wells analyzed is 
slightly acidic with an average pH of 6.71±0.25. 
The conductivity of the well water samples 
analyzed in the Tranza and Albarika districts in 
the commune of Parakou varies between 
536.66±7.44 µS/Cm and 901.66±3.59. The well 
water is weakly mineralized and slightly hard 
with an average conductivity of 678.58±6.07 
µS/cm. The highest conductivity content is found 
at the Albarika open well (POA: 901.66±3.59 
µS/Cm) and the low value is found at the Tranza 
open well (POT: 536.66±7.44 µS/Cm). That 
values found comply with Beninese standards. 
The temperature of the well water samples 
analyzed in the Tranza and Albarika districts 
vary between (29.16 ±2.07°C) and 
(30.1±0.01°C). The temperature values recorded 
are higher than the maximum acceptable 
temperature in Benin which is set at 25°C. The 
turbidity of the analyzed water samples vary 
between 66±01 NTU and 84.66±2.70 NTU and 
these values are higher than 5 NTU 
recommended by Beninese standards. The color 
of the analyzed samples varies between 
(12.00±10.23 and 20.00±7.07 PtCo). In addition, 
75% of the wells (PFA; POA; PFT) have high 
organoleptic characteristics compared to the 
Beninese standard (15 PtCo) against 25% of the 
wells (POT) which have lower values. The 
majority of the water from the wells is very 
colored and does not meet the standards 
compared to the visual observation which does 
not present any defective aspect. 
 

The values of Conductivity, Temperature, pH, 
Color, Turbidity were used to construct the 
histograms in Fig. 3. 
 

From this Fig. 3, the histograms of pH, 
temperature and color of the samples have the 
same size for the different types of well waters 
analyzed while the conductivities of the closed 
and open wells of Tranza (PFT and POT) 
represent half of those of the open wells of 
Albarika (POA). It is deduced that the wells of 
Albarika are doubly rich in electrical charges 
compared to those of Tranza. 
 

Determination of total hardness, calcium, 
magnesium and alkalinity: The results for 
calcium, magnesium, alkalinity and hardness are 
recorded in the Table 4. 
 

The total hardness of the well water samples 
analyzed in the Tranza and Albarika districts 
varies between 96.03±5.77mg/L and 271.3±1.9 

mg/L. The high hardness is found at the open 
well Albarika (PFA: 271.3±1.9mg/L) and the low 
value is at the closed well Tranza (PFT: 
96.03±5.77 mg/L). It is noted that the hardness 
of 50% of the wells is lower than the Beninese 
standard set at 200mg/L compared to the other 
wells which have high values. From the 
classification we note that half of the waters are 
hard against the remaining 50% which are very 
hard. The magnesium content of the well water 
samples analyzed in the Tranza and Albarika 
neighborhoods varies between 42.80±3.95/L and 
219.2±1.3 mg/L. The high magnesium content is 
found in the open well of Albarika (PFA: 
219.2±1.3 mg/L) and the low value is in the 
closed well of Tranza (PFT: 42.8±3.95/L mg/L). 
The calcium content of the well water samples 
analyzed in the Tranza and Albarika 
neighborhoods varies between 31.09±1.36mg/L 
and 74.2±3.6. The high calcium content is found 
in the closed well of Albarika (PFA: 74.20±3.65 
mg/L) and the low value is in the open well of 
Tranza (POT: 31.09±1.36mg/L). The values 
obtained on the alkalinity of the waters vary from 
47.66±2.20 mg/L to 583.33±60.55 mg/L. The 
lowest value is observed at the open well Tranza 
(POT: 47.66±2.20mg/L) and the high value at 
the closed well Albarika (PFA: 583.33±60.55 
mg/L). The wells (POA; PFT; POT) have values 
that are lower than the Beninese standard set at 
200mg/L. The water from these wells is less 
alkaline, while the water from the closed well 
Albarika PFA is very alkaline and has a value 
much higher than the Beninese standard. The 
values of the total hardness, calcium, 
magnesium and alkalinity contents made it 
possible to obtain the histogram in Fig. 4. 
 

From Fig. 4, the histogram of Hardness, 
Magnesium, Alkalinity and Calcium content of 
the waters have almost the same size at the 
level of the open well Albarika and Tranza (POT 
and POA). The closed well of Albarika (PFA) has 
an alkalinity rate ten times higher than that of the 
other wells compared to the calcium content 
which is almost similar in all the sampled wells. 
 

The histograms of fluorine and ammonium are 
almost zero compared to those of the chloride 
ion contents which increase from the PFT to the 
POA. It is noted that the chloride ion contents of 
the PFT, POT and POA wells represent 
respectively half, third and two fifths of the 
chloride ion content of the PFA well. The 
chlorine histograms of the closed and open wells 
of Albarika (PFA and POA) have larger sizes 
than those of the closed and open wells of 
Tranza (PFT and POT). 
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Fig. 3. Histogram of Conductivity, Temperature, pH, Color and Turbidity 
 

 
 

Fig. 4. Histogram of Hardness, Magnesium, Alkalinity and Calcium 
 

 
 

Fig. 5. Histogram of chloride, fluoride and ammonium in well water 
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Table 4. Water content in Total hardness, calcium, magnesium and alkalinity 
 

Parameters  PFT POT PFA POA Beninese 
Standard 

Average 

Calcium (mg/L) 53.53±1.14 31.09±1.36 74.2±3.6 52.1±0.6 100 52.73±1.68 
Hardness(mg/L) 96.03±5.77 231.66±13.35 141.3±1.5 271.3±1.9 200 185.1±5.6 
Magnesium(mg/L) 42.80±3.95 200.57±23.61 67.13±2.65 219.2±1.3 50 132.4±7.8 
Alcalinity(mg/L) 98.66±2.20 47.66±2.20 583.3±60.5 48.3±1.3 - 194.4±16.5 

 
Table 5. Evolution of CT and E. coli in the analyzed well waters 

 

Samples PFA POA PFT POT Beninese standards 

CT (100/ ml UFC) 6 5 75 45 0 
E. coli (100/ ml UFC) 0 0 0 2 <1 

CT : Total coliformes ;      E. coli : Escherichia coli 

 
Table 6. Assessment of the water quality of the Tranza and Albarika wells 

 

Parameters PFT POT PFA POA Beninese 
Standards 

Conformity (%) 

Conductivity (µS/Cm) 572±262 536.66±7.44 704±2.94 901.6±3.5 2000 100% 
pH 6.76±0.09 6.5±0.84 6.74±0.05 6.9±0.02 6.5<pH<8.5 100% 
Temperature (°C) 30.1±0.08 30.0±0.4 29.66±0.67 29.16±2.07 - - 
Turbidity (FAU) 66.66±8.11 84.66±2.70 66.00±0.01 58.66±2.08 5 0% 
Color (Pt/Co) 20.00±7.07 12.00±10.23 16.66±2.90 16.00±3.26 15 25% 
Calcium (mg/L) 53.53±1.14 31.09±1.36 74.20±3.65 52.13±0.60 100 100% 
Hardness (mg/L) 96.03±5.77 231.6±13.4 141.33±1.57 271.3±1.9 200 50% 
Magnesium (mg/L) 42.80±3.95 200.5±23.6 67.13±2.65 219.2±1.3 50 25% 
Alcalinity (mg/L) 98.66±2.20 47.66±2.20 583.33±60.55 48.33±1.36 - - 
Fluoride (mg/L) 0.21±0.04 0.56±0.18 0.40±0.07 0.55±0.08 1.5 100% 
Ammonium (mg/L) 0.21±0.01 0.20±0.02 0.27±0.04 0.27±0.08 0.5 100% 
Chloride (mg/L) 53.09±2.52 81.66±1.74 120.0±1.2 98.16±2.35 250 100% 
CT (100/ ml UFC)  6 5 75 45 0 0% 
E. coli (100/ ml UFC) 0 0 0 2 <1 75% 
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Biological parameters: The values obtained for 
total coliforms and Escherichia coli are reported 
in the Table 5.  
 
The results obtained show that the waters of the 
analyzed wells are subject to biological pollution 
mainly linked to total coliforms (TC), of which the 
waters most loaded with coliforms are those of 
the closed wells of Tranza (PFT: 75 CFU) 
compared to the others which contain less (PFA: 
45 CFU, PFA: 5 CFU and PFT: 6 CFU). It is 
noted that only the waters of the open wells of 
Tranza (POT: 2 CFU) are contaminated by 
Escherichia coli. The pie chart in the Fig. 6 
shows the distribution of these germs (Total 
Coliform and E. coli) at the level of the different 
wells. 
 
From the pie chart it is noted that the waters of 
the closed wells of Tranza (PFT) have a large 
coverage in total coliforms and are followed by 
the waters of the open wells of the same district. 
On the other hand, the total coliforms occupy 
more or less reduced and almost identical areas 
at the level of the open and closed wells of 
Albarika. This shows that the majority of the 
wells of this district are maintained.  
 

3.2 Evaluation of the Quality of the 
Waters Analyzed in Relation to 
National and International Standards 

 
The assessment of the quality of well water 
allowed us to produce the Table 6. 
 
The assessment of the quality of well water led 
to the study of the compliance of the values of 
the different parameters with Beninese 
standards. The percentage of wells that 
complied with the standards was useful to better 
understand the quality of these waters. A rate of 
25% is granted to a well that complies with the 
standards. As a result, some parameters (pH, 
Calcium, fluoride, ammonium, conductivity and 
chloride) of the wells present compliances that 
are equivalent to 100% compared to others (E. 
coli: 75%; hardness: 50%; Magnesium and 
Color: 25%; Total Coliforms and Turbidity: 0%). 
On the other hand, no well complies with 
Beninese standards when considering the total 
coliform and turbidity contents of the well water. 
The wells comply differently with Beninese 
standards when considering the other 
parameters. The compliance results show that 
the majority of wells do not comply with 
Beninese standards. Therefore, it is up to local 
authorities to raise awareness among the 

populations of these areas about the dangers 
associated with the consumption of polluted well 
water, the rules of hygiene, the methods of 
treating well water and cleaning up the various 
water sources before any consumption. 
 

3.3 Study of water quality through the 
degree of correlation between 
parameters 

 
Correlation between physicochemical and 
bacteriological parameters: The various 
graphs in Fig. 7 were produced in order to 
assess the degree of correlation between the 
physicochemical and bacteriological parameters. 
 
From the analysis of these graphs, the calcium 
content of the water increases with the total 
coliform rate in a linear manner. This content is 
high for a low magnesium value but for a calcium 
content equal to 54 mg/L, we have a magnesium 
content greater than 200 mg/L. The same 
observation is observed in relation to the pH 
which went from 6.7 to 6.9 for a calcium content 
equal to 54 mg/L. This shows that this calcium 
value makes the water of the wells from slightly 
acidic to neutral depending on the area where 
the wells are installed. The high content of total 
coliforms and calcium are obtained for a pH 
equal to 6.7. It shows that the pH is ideal for the 
development of germs and the acceleration of 
the mineralization of calcic rocks into calcium. 
Furthermore, a higher pH leads to an increase in 
the magnesium content in the wells. The high 
content of total coliforms and calcium is obtained 
for magnesium contents below 100 mg/L. The 
other figures reveal at the level of all parameters 
two histograms having the same sizes. This 
indicates that some water sources have almost 
identical contents of total coliforms (40 UCF), 
magnesium (200 mg/L), calcium (50 mg/L) and 
hydrogen potential (6.7). 
 
All the figures display a high histogram at the 
level of total coliforms (70 UCF), calcium content 
(75 mg/L) and hydrogen potential (6.9). This 
proves that some waters are loaded with germs 
and minerals.  
 
Evolution of calcium, pH and Total Coliform 
contents as a function of magnesium: The 
assessment of water quality led to the study of 
the variation of other parameters when based on 
the magnesium content of water. 
 
The analysis of Fig. 8 shows low total coliform 
and calcium contents and less than 30 mg/L for 
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a high magnesium content (200 mg/L). The pH 
variation is observed based on the calcium 
content and total coliforms. The high magnesium 
content prevents calcic rocks from mineralizing, 
prevents pathogenic germs from multiplying, and 
creates a slightly acidic environment. The 

environment is relatively neutral with average 
levels of calcium and total coliforms, even 
though it has a magnesium content of 219 mg/L. 
The maximum calcium ion content is reached 
with a relatively low magnesium content of 67 
mg/L. 

 

 
 

Fig. 6. Distribution of Total Coliforms and E. coli at the level of the different wells 
 

 
 

Fig. 7. Correlation between physicochemical and bacteriological parameters 
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Fig. 8. Evolution of calcium, pH and Total Coliform contents as a function of magnesium 
 

4. DISCUSSION 
 
The surveyed population has a higher 
percentage (52.45%) who use well water for 
various purposes than those who use it as 
drinking water (22.95%). The majority of local 
communities use water for washing and cooking, 
which is the explanation for this increase in the 
percentage (Ahmed et al., (2024). This 
observation is due to the low resources of the 
majority of the population who have difficulty 
subscribing to the SONEB water distribution 
network as pointed out by Kassi and al., (2023). 
This low rate of access to drinking water could 
explain Benin's vision for 2025, which predicts 
less than 40% of surface water resources as 
drinking water according to PSEAU, (1999). The 
surveyed show 68% of wells which are not 
covered and their water does not receive any 
treatment. Similar situations were reported by 
Mayi, A., (2024) who worked on the wells of 
Douala in Cameroon Ba, A., (2020). In terms of 
sanitation facilities, 80% of houses have a 
traditional Water Closer (WC) compared to 20% 
modern WCs (Merine, F., 2024). Thus, water 
can be polluted directly by fecal matter, or 
indirectly by fecal germs carried by insects, dead 
plants, dust, scoops, ropes, runoff water or by 
agricultural chemicals (PNE-Bénin., 2010). 
Among those who have a sanitation facility, 

66.66% of houses respected the minimum 
distance between toilets and wells. Compliance 
with the construction distances of these toilets is 
based on compliance with the IWRM laws which 
offer everyone the right to a healthy, satisfactory 
and sustainable environment (Seka, G. S., 
2024). The non-compliance with well 
construction standards by 33.33% of residents 
would contribute to the anthropogenic pollution 
of these wells (Agassounon et al.). In addition, a 
low rate (20%) of subscription to household 
waste collection was recorded due to the 
absence of waste collection agents in the 
Albarika and Tranza neighborhoods. Developing 
countries are regularly confronted with these 
situations, such as the case highlighted by 
Ndiaye who conducted his studies in 2021 on 
household waste management in the commune 
of Grand-Yoff in Senegal (Ndiaye, L., 2021). 
Poor management of the immediate environment 
of wells is said to be responsible for malaria and 
waterborne diseases (diarrhea, skin diseases 
and dysentery) which generally affect preschool 
and school-age children in the Tranza and 
Albarika neighborhoods. These results 
corroborate those of Mangenda who made the 
same observation in the municipality of Kalamu 
in Kinshasa (Mangenda, et al., 2023). The 
characterization of the well waters shows pH 
values of the samples (6.5 < pH < 8.5) which 
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respect the Beninese standards. Decret N°2011-
573 (Décret N°2011-573., 2011). In addition, the 
water of the wells analyzed is slightly acidic with 
an average pH of 6.71 ± 0.25. The low acidity of 
these waters, perhaps due to the presence of 
mineral acids such as sulfuric acid and nitric acid 
from industrial pollution and acid rain (Ghefaflia, 
S., & Ghozal, I., 2024). Overall, the open wells of 
Tranza recorded a lower acidity of the well 
waters with a total average pH of 6.5 ± 0.84 
compared to the waters of the closed wells of the 
same area with a pH of 6.76 ± 0.09. The pH of 
the waters of the open wells are close to 5.6 and 
prove that their acidity could be related to acid 
rain. Regarding public health and safety, these 
waters could lead to skin diseases (Lodier, T., 
2024). According to the criteria of electrical 
conductivity, the values obtained after analysis 
of the water samples show that the wells are 
poorly mineralized (Ondon, O. H., 2021, Payusa, 
C. M., 2020). However, these results obtained 
on the mineralization of the waters are in 
conformity with those of Lagnika on the waters of 
the wells in the commune of Pobè (Desmeules, 
P. L., 2024, Dovonou, E. F., 2018). The recorded 
temperature values are higher than the 
maximum acceptable temperature in Benin 
which is set at 25°C. These high temperature 
values would be due to the generally very high 
ambient temperatures in the city of Parakou 
(Lagnika, M., 2014). The minimum value of 
turbidity (58.66 NTU) is greater than 40 NTU and 
reflects the turbid nature of these waters due to 
the presence of suspended particles. This 
observation was made by Yao who worked on 
the distribution of particles according to the 
turbidity during the water flocculation process 
(Seki, O. T., et al., 2024, Mama Yacoubou, A., et 
al., 2024). This reinforces the arguments of 
Meng who claim that the quality of well water 
cannot be assessed by the senses (Meng and 
Ting, 2014). It is noted that the wells of Albarika 
are doubly rich in electrical charges compared to 
those of Tranza. This remark was made by 
Mzahma who worked on the irrigation of plants 
by effluents (Mzahma, S., 2024). From the 
classification based on hardness, it’s noted that 
half of the waters are hard against the remaining 
50% which are very hard. The quality of the soil 
in the Albarika district would be responsible for 
this hardness. These results corroborate those 
of Boukhechba who found that land rich in 
minerals (magnesium and calcium) contributes 
to water hardness (Boukhechba, R., & Ghoul, K, 
2023). It can be said that the magnesium content 
is higher than those obtain by kandana in the 
contributes to the hardness of the water in the 

Albarika district (Kandana, M. Y., 2023). The 
water analyzed is rich in magnesium and does 
not meet the Beninese standard which sets the 
magnesium content at 50 mg/L (Merine, F. 
(2024). These values are double that obtained 
by Kaboré (100 mg/L) (Kaboré, A., et al., 2020). 
Consumers of this water will be exposed to a 
high dose of magnesium which would be linked 
to several factors, such as local geology, the 
depth of the well and human activities in the 
region (Ondon, O. H., 2021). The calcium 
content of the well water meets the Beninese 
(100 mg/L) and WHO (200 mg/L) standards 
(Dimé, D. K. A., 2020). The low calcium value 
could be linked to the presence of other ions 
such as magnesium which would reduce the 
solubility of calcium in water (Lagnika, M., 2014). 
The water from these wells is less alkaline, while 
the water from the Albarika PFA closed well is 
very alkaline and has a value much higher than 
the Beninese standard. This high rate may come 
from the dissolution of surrounding rocks and 
minerals in the soil (Thiao, T., 2024). All urban, 
rural or industrial land uses can influence the 
quality of surface or ground water available in a 
watershed. Kharroubi (Kharroubi, M, 2024)  
 
The identical size of the histograms of hardness, 
magnesium content, alkalinity and calcium of the 
waters of the open wells Albarika and Tranza 
(POT and POA) can be justified by their high 
mineralization under the effect of the dissolved 
oxygen content of the ambient air of these wells 
which are not covered (Benhakoum, A., & Naili, 
S., 2023). The magnesium and calcium contents 
can be justified by the contamination of well 
water by discharge from local cement factories 
and the surrounding calcareous environment 
(Chelli, B., & Rekis, F., 2023). 
 
The closed well of Albarika (PFA) has an 
alkalinity rate ten times higher than that of the 
other wells. The limestone richness of the soil of 
Albarika in the commune of Parakou would be 
responsible for this observation (Fondation 2IE). 
 
The well water which contain total coliforms 
could be sources of certain waterborne diseases 
in the study area. Pachepsky and Shelton 
(Pachepsky, Y. A., & Shelton, D. R., 2011). On 
the other hand, the waters of the wells (PFA, 
POA and PFT) which having no content of E.coli 
allow us to say that they are not loaded with 
these pathogenic germs. The waters of the open 
wells of Tranza (POT) which contain them have 
then undergone fecal pollution because these 
microorganisms are indicators (Joffin, C., and 
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Joffin, J.N. 2003). The E.coli value obtain in this 
water (2 UFC) is low than those obtain by 
kandana in drilling water (60 UFC) and show that 
the well water quality parameters generally 
deviate from the water quality guidelines for 

domestic use (Kandana, M. Y., et al. 2023, Lara, 

E. R., 2010). The tools used to draw water in this 
district and the lack of maintenance of these 
wells would contribute to the presence of E.Coli 
in these waters (Kassi, K. J. C. et al. 2023). The 
sediments and adjacent soils can be responsible 
for bacteriological pollution of well water (Zaoui, 
A., & Kara, C, 2023). It can be noted that the 
values of pH, calcium content, fluoride, 
ammonium, conductivity and chloride make the 
waters of the wells studied conform to Beninese 
standards (Ghefaflia, S., & Ghozal, I. 2024, 
Hammad, T., & Hamayem, M 2022). There was 
a significant difference in this water quality 
parameters between the different wells that was 
mainly attributed to anthropogenic activities and 
point and diffuse sources of pollution (Lemdani, 
S and Ouaked, L., 2020). Furthermore, the total 
coliform and turbidity contents of the well waters 
make the waters of these wells not conform to 
Beninese standards. It can be deduced that the 
waters of these wells are unfit for any use and 
especially for consumption (Amrai, R., & 
Boudissa, F, 2023). Some closed and open wells 
in the Tranza district respect the well-WC 
distance and this observation was made by 
Halas at the level of the different wells in his 
work (Halas, E. S, 2021). The correlation 
between calcium and magnesium can be 
justified by the fact that there is a competition 
during their transformations into minerals. These 
results corroborate those of Mousmoudi who 
states that the increase in calcium content 
improves the mineralization of the culture 
medium (Masmoudi, M. C. E, 2024). The 
analysis of the variation of magnesium content 
according to other parameters shows this value 
of magnesium (67 mg/L) in water considerably 
increases the presence of calcium ions 
compared to a high value which is favorable to 
the multiplication of germs and the neutrality of 
water. Similar results have been obtained by 
studies based on the prediction of water quality 
from physicochemical parameters (Baliyan, N. 
and Sharma, 2024). Furthermore, for total 
coliforms in water sources, higher magnesium 
values (1.070 mg/L) were associated with higher 
probabilities of total coliform contamination, 
while higher phosphate values (0.968 mg/L) 
were associated with lower probabilities of total 
coliform contamination (El Ouali Lalami, A., 
2024). 

5. CONCLUSION 
 
The quality of the wells water of Albarika and 
Tranza districts is little known and the survey 
revealed that it’s consumed by 20.10% of the 
population. The study found that the values of 
the physicochemical and bacteriological 
parameters of these waters are high and are due 
to anthropogenic pollution resulting in significant 
values for color, turbidity, magnesium content 
and total hardness. Through the values 
obtained, it can be said that these wells do not 
comply with Beninese standards and their 
waters are the basis for the increase in 
waterborne diseases in the study area. 
Furthermore, the study of the correlation 
revealed a strong relationship between the 
different parameters resulting in a strong 
multiplication of pathogenic germs and a 
neutrality of the waters for a high magnesium 
content unlike a low magnesium content of the 
waters which considerably increases the 
presence of calcium ions. 
 
The municipal authorities must raise awareness 
among the population on the dangers linked to 
the consumption of untreated well water, the 
rules of hygiene through an Information, 
Education and Communication (IEC) program, 
the methods of treating well waters and on the 
techniques of sanitation of the different sources 
of water before any consumption. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
Agassounon, M., Adjagodo, A., Tchibozo, D., 

Kelome, C., Ahouangnivo, N., & Lawani, 
R. (2016). Flows of pollutants related to 
anthropogenic activities and risks on 
surface water resources around the world. 
Larhyss Journal, 28, 7–23. 

Ahmed, O. A., Yao, K. S., Kone, H., & 
Trokourey, A. (2024). Assessment of trace 
metal contamination and associated risks 



 
 
 
 

Yovo et al.; Int. J. Environ. Clim. Change, vol. 14, no. 11, pp. 127-143, 2024; Article no.IJECC.124809 
 
 

 
141 

 

in the Kossan River ecosystem, southern 
Côte d’Ivoire. International Journal of 
Environment and Climate Change, 14(10), 
1–15. 

Ahouansè, S. D. M., Agossou, N., & Houssou, S. 
C. (2020). Drinking water and waterborne 
diseases in the commune of Lokossa in 
the South-West of the Republic of Benin 
(West Africa). European Scientific Journal, 
16(15), 394–417. 

Allard-Poesi, F. (2015). Qualitative methods in 
management research: Main routes, 
turning points and side roads. In Moriceau, 
J.-L., & Soparnot, R. (Eds.), Practices of 
qualitative methods (p. 24). EMS. 

Amrai, R., & Boudissa, F. (2023). Contribution to 
the physicochemical and bacteriological 
study of Oued El Ksob wilaya of Bordj Bou 
Arreridj. Dissertation of the Faculty of 
Natural and Life Sciences and Earth and 
Universe Sciences, Mohamed El Bachir 
Ibrahimi University BBA. 

Ba, A. (2020). Autonomous sanitation in 
Senegal, between principles and 
practices: The example of the Goumel, 
Kenia and Belfort neighborhoods, 
Municipality of Ziguinchor. Dissertation of 
the UFR Sciences and Technologies of 
the Assane Seck University of Ziguinchor. 

Baliyan, N., Jain, S., & Sharma, N. (2024). 
Comparative study of state-of-the-art 
machine learning algorithms for predicting 
the potability of drinking water. Springer, 
353–366. 

Benhakoum, A., & Naili, S. (2023). Study of the 
physicochemical quality of borehole water 
in the Metlili region (wilaya of Ghardaïa). 
Dissertation of the Faculty of Science and 
Technology, University of Ghardaïa. 

Boudjehm, I., & Benoumehni, A. (2023). Study of 
the implementation of drilling protection 
perimeters. Dissertation of the Faculty of 
Science and Technology, University of 
May 8, 1945 of Guelma. 

Boukhechba, R., & Ghoul, K. (2023). Impact 
study of agricultural activities on the 
physicochemical quality of groundwater in 
the Ouaina region, Adrar. Dissertation of 
the Faculty of Science and Technology, 
Ahmed Draia University - Adrar. 

Chelli, B., & Rekis, F. (2023). Comparative study 
of the effect of magnetic treatment on 
spring water and mineral water. Doctoral 
dissertation, Mouloud Mammeri University. 

Decree No. 2011-573. (2011). Establishment of 
the Master Plan for Water Development 
and Management, Republic of Benin. 

Degbey, C., Makoutodé, M., Ouendo, E. M., & 
De Brouwer, C. (2010). Physicochemical 
and microbiological pollution of well water 
in the commune of Abomey-Calavi in 
Benin. International Journal of                
Biological and Chemical Sciences, 4(6), 
2257–2271. 

Desmeules, P. L. (2024). Study of the analytical 
chemistry of groundwater during high-rate 
purging of a well with monitoring of 
parameters measured in situ. Applied 
science dissertation (M.Sc.A.) in geology 
and geological engineering, Université du 
Québec à Chicoutimi. 

Diallo, M. (2010). Evolution of physicochemical 
parameters and bacteriological memory of 
well water depending on sodium 
hypochlorite treatment. Dissertation of the 
Faculty of Medicine, Pharmacy and 
Odontology, University of Mali. 

Dimé, D. K. A., Diouf, G., Sarr, M. M., & Fall, M. 
(2020). Physicochemical characterization 
of the water table located in an area with 
high industrial pollution: The case of the 
commune of Rufisque. Rev. Ivoir. Sci. 
Technol, 35(2020), 163–174. 

Dovonou, E. F., Balogoun, C., Hounsou, M., 
Nicoue, M., & Mama, D. (2018). Impact of 
behaviors on the quality of drinking water 
in the commune of Abomey Calavi. Rev. 
Ivoir. Sci. Technol. 

El Ouali Lalami, A., EL-Akhal, F., Berrada, S., 
Bennani, L., & Raiss, N. M. (2024). 
Assessment of the hygienic quality of well 
and spring water using principal 
component analysis (PCA): A case study 
from the Fez region (Morocco). J. Mater. 
Environ. Sci, 5(1), 2333–2344. 

Fondation 2IE. Technical manual for integrated 
water resource management. 

Ghefaflia, S., & Ghozal, I. (2024). Study of some 
physicochemical and bacteriological 
characteristics of water from a hot spring 
"ZERRARA" in the El Guerrara region of 
the wilaya of Ghardaïa in Algeria. Thesis 
of the Faculty of Natural and Life Sciences 
and Earth Sciences, University of 
Ghardaia. 

Halas, E. S. (2021). Bioinformatics analysis of 
the intestinal microbiome and 
microorganisms contained in well water 
identified by molecular sequencing. 
Doctoral thesis of Hassan 1st University, 
Specialty: Health and Environment. 

Hammad, T., & Hamayem, M. (2022). 
Geochemical characterization of Tazliza 
mineral waters. Dissertation of the Faculty 



 
 
 
 

Yovo et al.; Int. J. Environ. Clim. Change, vol. 14, no. 11, pp. 127-143, 2024; Article no.IJECC.124809 
 
 

 
142 

 

of Science and Technology, RAIA AHMED 
DRAIA-ADRAR University. 

Henni, N., & Benzine, B. Y. (2021). Treatment 
and quality control of two types of water 
for pharmaceutical use: purified water and 
water for injections. Dissertation of the 
Faculty of Natural and Life Sciences of the 
University Frères Mentouri Constantine 1. 

Joffin, C., & Joffin, J. N. (2003). Food 
microbiology. Biology and technology (5th 
ed.). CRDP Aquitaine. 

Kaboré, A., Zongo, I., Savadogo, B., Sawadogo, 
J., Kaboré, D., Nikiema, L. Z. P., & 
Savadogo, P. W. (2020). Assessment of 
the physicochemical quality of borehole 
water in the north-central region of Burkina 
Faso: Case of primary schools. 
International Journal of Innovation and 
Applied Studies, 29(4). 

Kandana, M. Y., Aya, N. B. K., & Droh, L. G. 
(2023). Assessment of the quality of 
borehole and well water intended for 
human consumption: Multivariate analysis 
approaches. International Journal of 
Innovation and Applied Studies, 40(4). 

Kangombe, K. T. (2023). The physicochemical 
quality of drinking water in the Illeret area 
of Kenya. International Journal of Water 
and Environment Sciences and 
Technology, 8(1), 54–60. 

Kassi, K. J. C., Kamagate, S. A., Soro, L. N., & 
Aloko N’guessan, J. (2023). Production 
and access to drinking water in the city of 
Korhogo. International Researcher's 
Review, 4(4), 1016–1041. 

Khababa, D. M., & Tabet, M. (2023). 
Physicochemical and bacteriological 
analyses of well water in the wilaya of 
Bordj Bou Arreridj (the commune of 
Zemmoura). Dissertation of the Faculty of 
Natural and Life Sciences and Earth and 
Universe Sciences, Mohammed El Bachir 
El Ibrahimi University B.B.A. 

Kharroubi, M. Hydrogeochemical study and 
management of the aquifer of the Terminal 
Complex of the Ouargla basin (SE 
Algeria). Dissertation of the Faculty of 
Hydrocarbons, Renewable Energy and 
Earth and Universe Science, Kasdi 
Merbah University – Ouargla. 

Lagnika, M., Ibikounle, M., Montcho, J. P. C., 
Wotto, V. D., & Sakiti, N. G. (2014). 
Physicochemical characteristics of well 
water in the commune of Pobè (Benin, 
West Africa). J. App. Biosci. 

Lara, E. R., Guardiola, R. M., Vásquez, Y. G., 
Rentería, I. B., Álvarez, H. B., Echeverría, 

R. S., Álvarez, P. S., Jiménez, A. A., 
Torres, M. C., & Kahl, J. (2010). Chemical 
composition of rainwater in northeastern 
Mexico. Atmosfera, 23(3). 

Leclerc, H. (1993). Drinking water. In Food 
Microbiology (volume 1, pp. 189–200). 
Technique and documentation. 

Lemdani, S., & Ouaked, L. (2020). Study of a 
mountainous wetland in Kabylia, case of: 
“Black Lake of Akfadou”. Dissertation of 
the Faculty of Biological Sciences and 
Agronomic Sciences, Mouloud Mammeri 
University of Tizi-Ouzou. 

Lodier, T. (2024). Geomatic analysis of natural 
environmental forcings. Thesis of the 
University of Western Brittany. 

Mama Yacoubou, A., Kanty, R. A. B., Akpo, Y., 
Aholou, B. R., Alabi, D. C. A., & Alkoiret, 
T. I. (2024). Effect of heat stress on 
spirometric variables of Azawak cattle 
adapting to livestock stations in Benin. 
Afrique Science. 

Mangenda, H. H., Mutayiya Tshibuabua, F., 
Bokako, C. E., Dihoka, F., & Kandala, D. 
(2023). Urban growth and environmental 
degradation in the municipality of Kalamu, 
Kinshasa. 

Masawula, K. P., Luwesi, N. C., Bomangwa, I. 
Y., Shikayi, K. J., Kinakina, K. D., 
Sabimana, G. R., & Djamba, O. D. (2024). 
Analysis of the potability parameters of 
household water supply sources in the 
Mbanza-Ngungu health zone in Kongo 
Central, DR Congo. American Journal of 
Multidisciplinary Research & Development 
(AJMRD), 6(8), 27–38. 

Masmoudi, M. C. E. (2024). Impact of chemical 
correction of irrigation water quality on two 
cereal crops (barley and wheat) in the 
Biskra region. Thesis of Mohamed Khider 
University – Biskra. 

Mayi, A. (2024). Alternative sources of supply 
and access to drinking water: The case of 
the PK 17 neighborhood in Douala-
Cameroon. Abá, 8. 

Meng, Y., Jun, N., & Ting, C. E. (2014). Effect of 
particle size distribution on turbidity               
under different water quality levels               
during flocculation processes. 
Desalination. 

Merine, F. (2024). Study of the physicochemical 
quality of water supplying the city of 
Mascara from the Bouhanifia dam (W. 
Mascara). Memoire of National Higher 
School for Hydraulics. 

Mzahma, S. (2024). Impact on agricultural soils 
and plants of irrigation by treated textile 



 
 
 
 

Yovo et al.; Int. J. Environ. Clim. Change, vol. 14, no. 11, pp. 127-143, 2024; Article no.IJECC.124809 
 
 

 
143 

 

effluents. Earth Sciences, University of 
Strasbourg, Faculty of Sciences of Bizerte. 

Ndiaye, L., Faye, M., Faye, B., Tine, D., Sarr, I., 
Niang, G., & Toure, M. A. (2021). 
Household waste management in the 
commune of Grand-Yoff (Senegal)                  
and contributions of geographic 
information systems (GIS). Rev. Ivoir. Sci. 
Technol. 

Ngaram, M. N. (2011). Contribution to the 
analytical study of pollutants (in particular 
heavy metals) in the waters of the Chari 
River as it crosses the city of N'Djamena. 
Doctoral School of Chemistry of Lyon, 
Claude Bernard Lyon 1 University. 

Odoulami, B. (1999). Drinking water supply in 
large cities of Benin. What policies for the 
future? Cases of Cotonou, Porto-Novo and 
Parakou. DINEPA (Small town). 

Ondon, O. H., Mabonzo, N. M., Mbilou, U. G., & 
Mabiala, B. (2021). Study of the seasonal 
variability of precipitation on the Mbé 
plateau in the North pool (Congo-
Brazzaville): Impacts on surface and 
groundwater. Proceedings of IAHS. 

Pachepsky, Y. A., & Shelton, D. R. (2011). 
Escherichia coli and fecal coliforms in 
freshwater and estuarine sediments. 
Critical Reviews in Environmental Science 
and Technology, 41(12). 

Payusa, C. M., Jikilimb, C., & Sentian, I. (2020). 
Rainwater chemistry of acid precipitation 
occurrences due to long-range 
transboundary haze pollution and 
prolonged drought events during 
southwest monsoon season: Climate 
change driven. Heliyon. 

PNE-Benin. (2010). Law on water management 
in Benin. Global Water Partnership. 

PSEAU. (1999). National Water Vision in the 
Year 2025 in the Republic of Benin. 
Summary Report. 

Seka, G. S., Kouao, R. S. N., Diabia, M. T., & 
Anoh, P. K. (2024). Sanitation problems 
related to difficulties in accessing drinking 
water in the municipalities of Abobo, 
Yopougon and Koumassi (city of Abidjan). 
Espace Géographique et Société 
Marconaire Review. 

Seki, O. T., Yapo, T. W., Kpaibé, P. A. S., 
Meless, R. F. D., & Amin, C. N. (2024). 
Physicochemical and microbiological 
characterization of drinking well water in 
the city of Aboisso (South-East of Côte 
d’Ivoire). Int. J. Biol. Chem. Sci. 

Tchoumou, M., Louzayadio Mvouezolo, R. F., 
Malera Kombo, M. A., Moussoki Nsona, 
P., & Ouamba, J. M. (2024). Evaluation of 
the physicochemical and microbiological 
quality of well water consumed in the 
Kombé district in Brazzaville. European 
Scientific Journal, 20(12), 82–95. 

Thiao, T. (2024). Groundwater treatment by 
filtration on activated carbon and fine 
sand. Dissertation of UFR Sciences and 
Technology, Assane Seck University of 
Ziguinchor. 

Zaoui, A., & Kara, C. (2023). Contribution to the 
study of the bacteriological quality of 
spring water in the city of Guelma. 
Dissertation of the Faculty of Natural and 
Life Sciences, Earth and Universe 
Sciences, University of May 8, 1945 
Guelma.

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/124809  

https://www.sdiarticle5.com/review-history/124809

