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ABSTRACT: Drinking water is the source of domestic wastewater, which mainly degrades the environment and therefore affects
the health of those involved in the process because the human body contains about 80%. The lack of information on the quality
of well water leads the population of northern Benin, where the problem of drinking water is a real one, to use well water like
drinking water without any treatment. This study was undertaken in order to better control the quality of wells waters
consumed by the inhabitants of the Camp-Adagbe and Tibona districts in a north of Benin. Qualitative studies based on survey
sheets and analyses of physicochemical parameters according to standardized methods were used.

The results show that the majority of the population uses well water compared to drilling and SONEB water due to poor
coverage of areas with difficult access to drinkable water. The well waters are acidic (pH: 6.47 0.3), turbid (Turb: 67.36 3.70
NTU), coloured (coul: 62.49 12.10 PtCo) and mineral-laden (Conductivity: 962.17+23.51 uS/cm; Ca%": 75.45+3.46 mg/L; Mg?*:
118.5+1.81 mg/L). The water from the wells in the Camp-Adagbe and Tibona districts contain pathogenic germs such as E.coli
(2 CFU) and total coliforms (3 CFU). Therefore, these waters are not suitable for human consumption according to WHO
standards and those defined by Benin. It is therefore necessary that certain water from wells in the Camp-Adagbe and Tibona
districts be treated before consumption.
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1 INTRODUCTION

Water is a natural resource that is essential to life on earth for humans, animals and plants. It represents between 60 and
70% of human body weight and can correspond to 95% sometimes more in certain plants and marine animals [1], [2]. It is a
socio-economic and political issue throughout the world. Having it available in sufficient quantity and quality contributes to
maintaining health [3]. Despite its importance, approximately 1.1 billion people don’t have access to drinkable water and more
than 2 million, especially children under five, die each year from diarrheal diseases [4], [5]. In developing countries where
hygiene and sanitation measures are insufficient, access to water is vital for all living beings but also represents a real vector
for the transmission of waterborne diseases. Thus, the consumption of poor-quality water contributes to the spread and
perpetuation of waterborne diseases [6]. Therefore, it is necessary to have a better knowledge of existing water resources,
especially information on the vulnerability of these resources to the environment [4], [7]. In developing countries in general
and specifically in Africa, fresh water represents 9% of the world’s total water resources and is unevenly distributed across the
continent [8]. This low rate of poorly distributed fresh water is the basis of many conflicts [9]. Consequently, their availability
on the continent constitutes a major problem both in quantity and quality. Current threats related to water are due to rapid
population growth, the expansion of urbanization and increasing economic development. In addition, floods, pollution of
drinking water, the emergence of waterborne diseases constitute many dangers for urban communities [4]. To meet their
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water needs, urban and rural communities draw on very diverse sources. Data on the Beninese population show that nearly a
third of households use water from various sources as drinking water [10]. Similarly, in sub-Saharan Africa, 35% of the
population doesn’t have access to drinking water compared to North Africa and the Middle East, where this rate is only 8%
[11]. Despite the fact that the use of fresh water resources has increased by 1% per year over the last forty years, Benin is not
yet immune to problems related to access to drinking water [12]. These problems are particularly noticeable in the northern
part and more particularly given the management and inadequacy of hydraulic and sanitation facilities [13], [14]. In the city of
Parakou, the quality of well water used by the community as drinking water, depending on household size, more or less
complies with the recommendations in this area. To inform the population about the state of the well water used, this study
was conducted and aims to assess the quality of this water in order to help municipal officials in implementing population
awareness strategies.

2  STuDY FRAMEWORK, MATERIALS AND ANALYSIS METHODS
2.1 STUDY FRAMEWORK
2.1.1 TiBONA AND CAMP ADAGBE NEIGHBORHOODS OF THE COMMUNE OF PARAKOU

The research was carried out in the Camp-Adagbe and Tibona neighborhoods of the commune of Parakou located between
9°21 North latitude and 2°36 East longitude and then extends over an area of 441 km? of which 53.3% is occupied by housing
with a population of 255,478 inhabitants including 127,328 men and 128,150 women. The climate of the commune is that of
the Sudanese and Sudano-Sahelian regions with two rainy seasons (April-July, October-November) and two dry seasons
(August-September, December-March) marked by an average rainfall of 12200mm/year then a temperature varying between
24°Cand 32°C. The city of Parakou is located in the center of the Republic of Benin, 407 km from the economic capital Cotonou
[15].
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Fig. 1.  Map of the Tibona and Camp-Adagbe districts

The drought is almost absolute between January and February, then the rainfall gradually increases from March to
September, which is the wettest month. The months of peak rainy season (May to October) receive nearly 90% of the rainfall,
or 89.8 mm of water per month in about ten days of rain [16]. The soil of this commune is hydromorphic and mostly rocky,
clayey and ferruginous tropical soils where the pedological processes are substantially identical. The analyses methods were
carried out in the Kaba Laboratory for Research in Chemistry and Applications (LaKReCA) located in the university center of
Natitingou and partner laboratories [17].
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2.1.2 DATA COLLECTION MATERIAL

Data collection was carried out based on field observations to better understand the different types of wells that serve as
a drinking water supply for the population of the Tibona and Camp-Adagbe neighborhoods. For this purpose, an observation
grid and survey sheets were developed. They made it possible to gradually note data such as: the characteristics of each well,
the types of wells, the probable sources of pollution, the different diseases that the population is confronted with, the condition
of the wells and their management methods. The observation interview method was used to fill out the sheet [18].

2.13 SAMPLING METHODS

The covered wells were chosen, on the one hand, so as to have a more or less global coverage of the neighborhoods as well
as the wells without covers. On the other hand, the choice was made to have significant data in relation to the physicochemical
and bacteriological parameters. The total filling of the bottles was carried out without trapping air bubbles for the
physicochemical analyses. Figure 2 (a and b) then those (c and d) indicate respectively the open and closed wells of the Camp-
Adagbe and Tibona districts.

Fig. 2.  Open and closed wells in the Camp-Adagbe (a, b) and Tibona (c, d) districts

Water samples were collected in 250 mL bottles for bacteriological analysis and then in 1.5 L bottles for physicochemical
analyses. These bottles containing the samples were previously sterilized, hermetically sealed and numbered. The sample was
collected aseptically according to the NB ISO5667-11 Version 2007 standard [19].

2.2 ANALYSIS METHODS
2.2.1 PHYSICOCHEMICAL PARAMETERS

The characterization of water through physicochemical parameters, such as: pH, temperature (T) and conductivity (x), was
done using the WTW multi 3420 type multi-parameter 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 programs to 455 nm for color and then 950
programs for turbidity according to standard NF EN 27888.

2.2.2 ALKALINITY DETERMINATION

The alkalinity determination was carried out by adding at least five (5) drops of mixed indicator to 100 ml of the sample 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
223 DETERMINATION OF TOTAL HARDNESS, CALCIUM AND MAGNESIUM

The total hardness or hydrotimetric titer (TH) was determined by taking 50 ml of water and then adding 2 ml of a buffer
solution (pH=10) and 5 drops of NET (Eriochrome BlackT). Then titrate with a volume V of the diamine tetraacetic acid solution
(EDTA: 0.02N) until the indicator changes from burgundy red (or dark pink) to blue. The 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:
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TH=4.10**V (mg/L) or 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.

The calcium (calcium hardness) was measured, according to the I1SO 6059 standard, by adding 2ml of the potassium
hydroxide solution, with a pH between 12 and 13 to 50ml of water to be analyzed. Then we 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.

[Ca?*] = 4.10" *V1 (mg/L)

The magnesium content (mg/l) is determined according to ISO 6059 by the difference between the total hardness (TH) and
the calcium hardness ([Ca%*]) according to the formula:

[Mg?*] =TH- [Ca*] (mg/L)
2.2.4  CHLORIDE ION CONTENT
Chloride ions were measured by the Mohr method according to NF I1ISO 9297 / T90-014 by adding 2 to 3 drops of 10%
potassium dichromate solution (K2Cr20a4) to 100 ml of the sample to obtain a yellow color. The mixture is titrated with a volume
V of the silver nitrate solution (0.1N) with stirring until a brick red color appears, marking the end of the chloride dosage. The
chloride ion content in mg/L is given by the formula:
[CI] =103*V

2.2.5 AMMONIUM CONTENT

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

2.2.6 COUNTING OF MICROBIOLOGICAL GERMS

The indicator parameters of bacteriological pollution, namely: total coliforms and Escherichia-coli, were determined using
Chrom-agar culture medium. Using a micropipette, 0.1 ml of each sample is taken and 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 (orange-yellow colonies) according to the NFV-08-05 standards, then at 44°C
for 48 hours according to the I1SO 9308 standard for Escherichia coli (blue colonies). The bacteria were counted by counting the
colonies marked on the bottom of the Petri dish with an indelible marker. The result is expressed in (CFU) colonyformingunits
[20].

3 RESULTS
3.1 STATISTICAL STUDY OF THE MODE OF SUPPLY OF DRINKING WATER IN THE CAMP ADAGBE AND TIBONA DISTRICTS

The results from our surveys regarding the modes of supply of drinking water by the inhabitants of the Camp-Adagbe and
Tibona districts are recorded in the table below.

Table 1. Statistical study of the mode of supply of drinking water

Consumer Well water SONEB water / Mineral Rainwater / Total
Borehole Backwater
Effective 6 14 0 20
Frequency (%) 30 70 0 100
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From the analysis of the table, it emerges that on the ground, the inhabitants adopt several modes of supply of drinking
water. The rate of people who consume SONEB water, borehole water or mineral water is 70% against 30% for those who
consume well water. The results did not reveal users of rainwater and backwaters as a source of drinking water supply. The
surveys revealed that 55% of wells are without covers against 45% covered either by slabs, sheets and/or boards. Indeed,
among the covered wells 22.22% are hermetically sealed against 77.77% which are partially closed. Among all the wells
surveyed, 60% have dirty surroundings against 40% whose surroundings are clean. The information from the survey did not
take into account users of rainwater and watercourses as a source of drinking water supply.

3.2 PHYSICOCHEMICAL PARAMETERS OF WATER FROM SOME WELLS IN THE TIBONA AND CAMP-ADAGBE DISTRICTS

The water samples were characterized based on their physicochemical parameters and indicators of the degree of
contamination. The results were commented on and made it possible to establish the degree of nuisance of the waters of some
closed wells in the Tibona (PFT) and Camp-Adagbe (PFC) districts, then some open wells in the Tibona (POC) and Camp-Adagbe
(POC) districts.
3.2.1  WATER CONTENT IN CONDUCTIVITY, TURBIDITY, COLOUR AND PH

The values obtained for the physicochemical parameters are recorded in the table below.

Table 2. Teneur des eaux en Conductivité, Turbidité, Couleur et pH

Parameters PFC POC PFT POT Beninese Average
Standards
Temperature (°C) 31.40+0.06 31.6£0.4 29.610.6 29.2+0.7 25 30.45+0.51
Turbidity (NTU) 66.618.1 84.7+2.5 66.0+3.7 52.1+0.6 5.0 67.3613.70
Conductivity(us/Cm) 1072463 1171424 70413 901.743.6 2000 962.2+23.5
pH 5.840.3 6,5+0,8 6.7410.05 6.8310.02 6.5-8.5 6.5+0.3
Color (PtCo) 14.0+1.1 20341 16.7+£2.9 16.0+3.3 15 62.5£12.1

The conductivity content of well water samples collected in the Camp Adagbe and Tibona neighborhoods varies from 70413
us/Cm to 1171424 us/Cm. The highest conductivity content is found in the open well of Camp-Adagbe (POC: 1171424 pus/Cm)
and the low value is determined in the closed well water samples of Tibona (PFC: 70443 ps/Cm). The average values of
conductivity contents are found in the waters of the closed wells (PFC: 1072463 ps/Cm) and open wells (POC: 1171+24.14
us/Cm) of Camp-Adagbe. The hydrogen potential of the well water samples from Camp-Adagbe and Tibona ranges from
5.80+0.28 to 6.8310.02. The highest value is found in the open well of Tibona (POT: 6.8310.02) and the low value is determined
in the closed well water samples from Camp-Adagbe (PFC: 5.80+0.28). The average value of the hydrogen potentials (pH: 6.4)
is less than 7. It can be said that the well waters are slightly acidic. The temperature of the well water samples taken in the
Tibona and Camp-Adagbe districts ranges from 29.16+0.67°C to 31.56+0.40°C. The highest temperature is found at the open
well of Camp-Adagbe (POC: 31.56+0.40 °C) and the low value is determined in the water samples of the closed well of Camp-
Adagbe (PFC: 31.40+0.06 °C). These recorded values are high compared to the standard set by Benin (25°C). The color of the
well water samples varies from 14.0£1.2 PtCo to 203.3+41.1 PtCo. The strongest color is found at the open well of Camp-
Adagbe (POC: 203.3+41.1 PtCo) and the low value is determined in the water samples of the closed well of Camp-Adagbe (PFC:
14.0£1.2 PtCo). The waters of the POC, PFT and POT wells have values higher than the Beninese standard (15 PtCo). We can
say that these waters are colored and their organoleptic characteristics are high. The highest turbidity of the water samples is
found at the open well of Camp-Adagbe (POC: 84.66+2.45 NTU) and the low value is determined at the level of the open well
waters of Tibona (POT: 52.13+0.6 NTU). These values exceed the minimum value (5 NTU) set by the Beninese standards. The
turbidity contents made it possible to detect the cloudy appearance of the well waters which would be due to the presence of
particles suspended in the water. Figure 3 presents the histogram of the physicochemical parameters (Conductivity,
Temperature, Turbidity, hydrogen potential, pH) of the waters of the different wells.
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Fig. 3.  Histograms of the physicochemical parameters of the wells

It emerges from these histograms that apart from the hydrogen potentials, the turbidities, the colors and the temperatures
whose heights are low, only the conductivities of the water samples are high and slightly decreasing from the POT wells to the
PFT.

3.2.2 CALCIUM, MAGNESIUM, ALKALINITY AND TOTAL HARDNESS CONTENT OF WATER

The values obtained for the Calcium, Magnesium, Alkalinity and Total Hardness content of the waters of Tibona and Camp-
Adagbe are found in Table 3.

Table 3. Calcium, Magnesium, Alkalinity and Total Hardness Content of Tibona and Camp-Adagbe Waters

Beninese
Parameters PFC POC PFT POT Standards Average
Magnesium mg/L 202.8+1.1 153.59+3.46 68.7512.65 48.4+1.3 50 118.5+1.8
Calcium mg/L 63.42+4.01 112.0745.60 74.20%3.65 52.13+0.60 100 75.4+3.4
Total Hardness 266.3+4.6 265.66+4.88 141.3+1.5 219.2+1.3 200 223.1+3.1
Alkalinity mg/L 71.66+1.43 130.00+£16.32 583.3160.5 48.33+1.36 - 208+19

The total hardness of the well water samples is 141.33+1.57 mg/L to 265.66+47.88 mg/L. The open wells of Camp-Adagbe
have high total hardnesses (POC: 265.66+47.88 mg/L) compared to those of the closed well water samples of Tranza (PFT:
141.33+1.57). It is noted that only the waters of the closed wells of Tranza meet the Beninese standards (200 mg/L). The waters
of the open wells of Tranza and the waters of the closed and open wells of Camp Adagbe do not meet the Beninese standards
and are hard. The magnesium ion contents of well water (48.4+1.3 mg/L to 202.79+1.134 mg/L) are high in the closed wells of
Camp-Adagbe (PFC: 202.79+1.134 mg/L) and low for the samples of open well water from the Tibona district (PFC; 48.4+1.3
mg/L). These concentrations show that the water from the wells in these areas is hard compared to that of the closed wells of
Camp Adagbe. The magnesium contents of the well water are higher than the Beninese standard (50 mg/L) except for the
values of the open wells of Tibona. This will allow us to say that the population consuming the sampled water would be exposed
to a high dose of magnesium. The calcium content of well water samples taken in the Camp-Adagbe and Tibona districts of the
Parakou commune varies from 52.1+0.6mg/L to 112.1+5.6 mg/L. The high calcium content is found in the open well of Camp
Adagbe and the low value is determined in the open well water samples of Tibona. The average values of calcium contents are
found in the waters of the closed wells of Camp Adagbe (POT: 63.42+4.01 mg/L) and Tibona (74.2+3.6 mg/L) and are of the
same order as those of some authors who conducted their research on the waters of the wells of Tchaourou (80.16 mg/L) [4].
Waters with high magnesium and calcium ions content are believed to be contaminated by rocks rich in these minerals such
as dolomite (calcium carbonate) and some types of basalt. The alkalinity of well water samples (Camp-Adagbe and Tibona)
varies between 48.33+1.36 mg/L and 583.33+60.55 mg/L and the highest value is found in the Tibona closed well (PFT:
583.33+60.55 mg/L) and the low value is determined in the Tibona open well water samples (POT: 48.33+1.36 mg/L). That of
the Tibona closed well is higher than the WHO standard and this could be related to the contamination of well water by
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domestic wastewater containing cleaning products and other chemicals. The analyzed waters of the Tibona and Adagbe
districts are alkaline and most of the waters of these wells (75%) meet the Beninese standards and the standard set by the
WHO (200 mg/L).

Figure 4 presents the histogram of the water quality parameters (total hardness, magnesium content, calcium and
alkalinity).
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Fig. 4. Histogram of water quality parameters
It is clear from the analysis of Figure 4 that the evolution of the histograms is the same for the waters of the POC and PFC
wells. The alkalinity and magnesium content have the same sizes for the waters of the POT well. This observation is observed
for the total and calcium hardness of these waters. It is noted that the waters of the PFT wells have a histogram that is the
highest in alkalinity compared to the other wells.
3.2.3  MINERAL CONTENT OF WATER

The mineral content of water (Fluoride, Chloride, Ammonium) was given in Table No. 4.

Table 4. Mineral content of water in the Tibona and Camp-Adagbe districts

Beninese
Parameters PFC POC PFT POT Standards Average
Fluoride (mg/L) 0.21+0.04 0.5+0.2 0.410.1 0.55+0.08 1.5 0.43+0.1
Chlorine (mg/L) 66.519.5 75.613.8 120.0£1.2 98.1612.4 250 90.1+4.2
Ammonia (mg/L) 0.50+0.13 0.310.1 0.210.6 0.27+0.02 0.5 0.35+0.2

The ammonia content of well water samples from the Camp-Adagbe and Tibona districts is around 0.27+0.02 mg/L to
0.5+0.13 mg/L. The waters of the closed wells of Camp-Adagbe have a high ammonia content (PFC: 0.5+0.13mg/L) compared
to those of the closed wells of Tibona (PFC: 0.27+0.017 mg/L. The chlorine contents of the well waters vary from
66.58+9.48mg/L to 120+1.21 mg/L. The high chlorine content is found in the closed well of Tibona (PFT: 120+1.21mg/L). The
low chlorine value is found in the closed wells of Camp-Adagbe (PFC: 66.5849.48 mg/L). It can be said that the values of the
chloride ion concentration are generally lower than the Beninese standard set at 250 mg/L and show that these waters are not
polluted by chloride ions. The ion contents Fluoride content of the well water samples collected ranges from 0.21+0.04 mg/L
to 0.565+0.18 mg/L. The high fluoride content is found in the open well of Camp-Adagbe (POC: 0.565+0.18mg/L) and the low
value is determined in the closed well water samples of Camp-Adagbe (PFC: 0.21+0.04 mg/L).
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Fig. 5.  Histogram of the mineral elements contained in the waters of the wells of the Tibona and Camp Adagbe districts

From the histogram it can be seen that fluorides and ammonium are very small in size compared to chloride ions which are
larger in size and increase from PFC, POC to PFT.

3.2.4  BACTERIOLOGICAL PARAMETERS OF THE WATERS OF SOME WELLS IN THE TIBONA AND CAMP-ADAGBE NEIGHBOURHOODS
The water samples were characterized based on their bacteriological parameters and indicators of the degree of
contamination. The results were commented on and made it possible to establish the degree of nuisance of the waters of some

closed and open wells in the Tibona (PFT) and Camp-Adagbe (PFC) neighbourhoods.

Table 5. Bacteriological parameters of well water in the Tibona and Camp-Adagbe districts

Parameters PFC POC PFT POT Beninese
Standards

Total coliforms (UFC)/100mL 88 0 45 340 0

Escherichia coli (UFC)/100mL 0 0 8 0 0

The bacteriological analysis carried out in the laboratory shows that some wells have high values of total coliforms (POT:
340 CFU) whose different concentrations vary from 8 CFU to 340 CFU. The waters of the open wells of the Tibona district have
a high content of total coliforms (POT: 340 CFU) and are followed by the waters of the closed wells of the Camp-Adagbe district
(PFC: 88 CFU). The rate of coliforms in the waters of the open wells of Tranza shows that these waters are more loaded with
total coliforms than those of the closed wells of Camp Adagbe. The results of the microbial analysis in relation to Escherichia
coli present concentrations that are zero (0 CFU) for all the waters except those of the closed wells of Tranza (8 CFU). The figure
below gives an overview of the distribution of germs at the level of the wells.
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Fig. 6.  Distribution of germs in well water

From the analysis of the figure, we note that the waters of the open wells of Tranza (POT: 72%) occupy a large area, followed
by the waters of the closed wells of Camp Adagbe (19%) and Tibona (9%). It emerges from this observation that total coliforms
are unevenly distributed in the Camp Adagbe and Tibona neighborhoods.

3.2.5  StuDY OF THE CONFORMITY OF THE WATER OF SOME WELLS IN THE TIBONA AND CAMP-ADAGBE NEIGHBORHOODS

The study of the conformity of the water of some wells in the Tibona and Camp-Adagbe neighborhoods led to the
verification of the physicochemical and bacteriological parameters of the water with the standards and it was useful to evaluate
their quality. To achieve this, the rates of wells whose parameters respect the standards are recorded in the table below so

that a rate of 25% is granted to a parameter for which the water of a well respects the standards.

Table 6. Rate of conformity of wells with Beninese standards

Beninese Conformity
Parameters PFC POC PFT POT Standards (%)
Temperature (°C) 31.440.1 31.56+0.40 29.66+0.67 29.160.67 25 -
Turbidity (NTU) 66.7+8.1 84.7+2.5 66.0+3.7 52.1+0.6 5.0 0
Magnesium(mg/L) 202.7¢1.1 153.6%3.5 68.8+2.7 48.4+1.3 50 25
Fluoride (mg/L) 0.21+0.04 0.57+0.18 0.40+0.07 0.55+0.08 1.5 100
Conductivity (us/Cm) 1072+63 1171424 70413 901.743.6 2000 100
Chloride (mg/L) 66.58+9.48 75.66+3.81 120.0+1.2 98.16+2.35 250 100
Ammonia (mg/L) 0.5+0.1 0.3240.13 0.27+0.64 0.27+0.02 0.5 100
pH 5.8+0.3 6.51£0.8 6.74+0.05 6.83+0.02 6.5-8.5 75
Calcium(mg/L) 63.4214.01 112.1+5.6 74.2+3.7 52.1+0.6 100 75
Total Hardness (mg/L) 266.314.7 265.7+4.9 141.3+1.6 219.2+1.3 200 25
Color (PtCo) 14.0+1.1 203.3+41.1 16.7+2.9 16.043.3 15 25
Alkalinity (mg/L) 71.7+1.4 13.0+16.3 583.3160.5 48.3+1.4 - -
Total Coliforms 88 0 45 340 0 0
E. coli 0 0 8 0 0 0

From the analysis of the table, it emerges that the physicochemical parameters namely fluoride, conductivity, chloride ions

and ammonia of the waters of the wells analyzed have conformities that are equivalent to 100%. It can be deduced that the
waters of the wells containing these parameters comply with the Beninese standards. These parameters are followed by the
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hydrogen potential and the calcium content for which 75% of the waters of the wells comply with the standards. The
parameters such as the magnesium content, the total hardness and the color of the waters evaluated have a rate of 25%. On
the other hand, the turbidity, the content of total coliforms and E. coli of all the waters of the wells are not in accordance with
the Beninese standards. It can be deduced that the waters have varied conformities and out of the fourteen parameters
determined at the level of the waters of the wells, only four comply with the Beninese standards.

4 DISCUSSION
4.1  INTERPRETATION DES RESULTATS

The low rate of consumption of well water would be linked to its poor quality as highlighted by some authors who actually
obtained a consumption rate equal to 20% [21]. These waters would probably be sources of waterborne diseases in the study
area [22]. It can be said that the wells of the different areas have morphologically varied structures [23]. The inconvenient
architecture of the wells studied (partially covered wells) would lead to the deposit of pollutants in these waters and this can
be justified by the low financial resources available to the inhabitants of these areas [24]. Among all the wells surveyed, we
note that 60% have dirty surroundings compared to 40% and this same observation was made by Faye in 2017 [25]. The average
values of conductivity contents are found in the waters of closed wells (PFC: 1072463 ps/Cm) and open wells (POC: 1171+24.14
us/Cm) of Camp-Adagbe. These values show that the waters of closed and open wells of Camp-Adagbe are more mineralized
than those of Tibona [26]. The ion load of the waters can come from the degradation of geological layers rich in minerals
(limestone, gypsum or salt), which leads to contamination of the water table [4]. The geological composition of the subsoil can
influence the mineralization of the water. However, the low mineralization of the waters of the closed wells of Tibona is close
to the observation made on the waters of the commune of Pobe [3]. The average value of the hydrogen potential lower than
7 shows that the well waters are slightly acidic and this can be linked to the chemical reaction undergone by carbonic acid
which dissociates into hydrogen and bicarbonate ions [27]. This observation made on the acidity rate of the waters is close to
that made on all the waters of Pobe [3]. These recorded values are high compared to the Beninese standard (25 ° C). The high
temperatures could be explained by the influence of ambient heat and also by the geothermal gradient of our study area [28].
The color contents show that these waters are colored and their organoleptic characteristics are high. This observation can be
justified by the proximity of the wells to industrial areas, landfills, undesirable substances, sewers or wastewater which
contribute to water pollution [29]. These values exceed the minimum value (5 NTU) set by Beninese standards. The cloudy
appearance of well water comes from the accumulation of organic matter, algae and other debris in these waters which would
increase their turbidity [30]. The authors established a correlation between the high presence of minerals and the acidity of
well water [31]. The hardness of the water would be linked to the high concentration of dissolved minerals, mainly calcium and
magnesium ions [32]. These concentrations show that the waters of the wells of these areas are hard compared to those of
the closed wells of Camp Adagbe and the composition of the sedimentary rocks (dolomitic limestones, Jurassic or Middle
Triassic dolomites) on which these wells were built would be responsible for this observation [33]. The average values of
calcium contents are found in the waters of the closed wells of Camp Adagbe (POT: 63.42+4.01 mg/L) and Tibona (74.213.6
mg/L) and are of the same order as those of some authors who conducted their research on the waters of the wells of
Tchaourou (80.16 mg/L) [4]. Individuals who consume the waters which have a high content of magnesium and calcium ions
can suffer from cardiovascular and renal problems [34]. The calcium contents of the waters of the closed wells of Tibona are
higher than the WHO standard and this could be linked to the contamination of the well waters by domestic wastewater
containing cleaning products and other chemical substances [35]. The low value of the alkalinity of the waters of certain wells
could be linked to the neutralization of bicarbonate ions in the well waters by acid rain [36]. The ammonium values of the
Tibona wells are lower than those of the ammonium concentrations of the well waters of the commune of Abomey-Calavi but
are in line with the standards (0.5 mg/L) [37], [38]. The presence of ammonium ions in the well waters may be due to the
infiltration of organic waste into the waters [39]. The high chlorine content is found at the level of the closed Tibona well (PFT:
120+1.21mg/L). This high level of chloride ions in the water can give rise to the presence of organic micropollutants, a set of
organohalogenated by-products such as trihalomethane (THM), suspected of being toxic and causing digestive disorders and
accelerating the corrosion of the pipes [40]. It can be said that the values of the chloride ion concentration are generally lower
than the Beninese standard set at 250 mg/L and shows that these waters are not polluted by chloride ions. This result
corroborates those of some authors who have conducted studies and who have observed that some waters from wells in
Morocco meet the standards (300 mg/) [41]. The fluoride ion concentrations of well waters are similar to those obtained by
authors at the level of the wells (0.16 mg/L to 1.16 mg/L) of Tchaourou [4]. The waters contain few fluoride ions, meet Beninese
standards and would not be a source of fluorosis (0.81 mg/L) for consumers [42]. The presence of coliforms is an indicator of
the fecal contamination of these waters with the presence of pathogens responsible for waterborne diseases [43]. These
waters are more loaded with total coliforms than those of the closed wells of Camp Adagbe. This can be explained by the fact
that the covering of the wells contributes to the protection of the water and that the maintenance of their immediate
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environment contributes to the sanitation of these waters [44]. This makes the waters of the wells free of total coliforms like
those of the open wells of Camp Adagbe (POC: 0 CFU). Furthermore, these values are higher than 0 CFU and show that these
waters do not comply with Beninese standards for consumption with the exception of the open well of the Camp-Adagbe
district [45]. The area of implantation close to the places of human dejection and the tools used in drawing these waters could
contribute to this observation [46]. The Escherichia coli content of the water subjects consumers to the risks of waterborne
diseases (cholera, digestive disorders, hepatitis, etc.) and makes the water unfit for consumption [47].

4.2 SOME STRATEGIES FOR SANITATION OF WELL WATER

The study of compliance shows that the waters of the wells of Camp Adagbe and Tibona are mostly polluted. The immediate
environment of these wells must be sanitized and the waters of these wells must undergo periodic treatment to guarantee
good health to consumers. Furthermore, these results are data on which municipal officials can dwell to raise awareness among
the populations of these areas on the rules of hygiene and sanitation of the different sources of drinking water. As sanitation
rules and measures to be taken to ensure good quality of well water, before any use, we can cite:

e The use of certified water filters to eliminate impurities and pathogens;

e The treatment of water by boiling for at least 5 minutes;

e The use of commercially available water treatment products;

e Protection of water sources, mainly wells, with appropriate or concrete covers to avoid contamination by pollutants;
e Regular monitoring and analysis of well water by quality control laboratories.

5 CONCLUSION

The survey conducted on the water consumed by the inhabitants of the Tibona and Camp Adagbe districts revealed that
well water represents 30% of the population’s water supply sources. The physicochemical and bacteriological characteristics
of this well water reveal that 87.5% of these wells are polluted. The high levels observed in some wells are linked to the
infiltration of wastewater and the use of chemicals upstream or to the proximity of these wells to waste disposal sites. As for
microbial germs (Escherichia coli and total coliforms), only some wells in Camp-Adagbe are exempt.

Ultimately, it emerges from the various results that the sources of well water studied have physicochemical and
bacteriological parameters that do not comply with Beninese standards. The consumption of this water could contribute to
the increase in waterborne diseases among residents. It is up to municipal and community leaders to take the data from this
study into consideration when organizing awareness sessions for residents of these neighborhoods.
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