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of the analyzed water samples. The ratio of faecal coliforms to faecal entero-

ing water standards of the World Health Organization and those in force in
Benin except for the percentages of the following parameters: pH (41.80%);

cocci indicated that the origin of faecal contamination was human in 59.7% of
the samples and animal in 40.3% of the samples. The adoption of hygiene
measures at the water point, during the transport and storage of water, in-
cluding the treatment by chlorination of drinking water at the family level was
recommended for the population concerned and household awareness on the
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adoption of basic hygiene and sanitation measures have been recommended
for hygiene and sanitation services.
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1. Introduction

Water is an indispensable element for the lives of humans, animals and plants.
Having sufficient water in quantity and quality contributes to the maintenance
of health [1]. Access to safe drinking water is a prerequisite for health, a basic
human right and a key component of effective health protection policies [2]. As
such, the joint WHO/UNICEF monitoring program for water supply and sanita-
tion (JMP) indicates that significant progress has been made over the last two
decades with 2.6 billion people accessing improved source of drinking water and
2.1 billion to an improved hygiene service. However, efforts remain to be made
as 663 million people remain without an improved source of drinking water with
319 million in sub-Saharan Africa, and 2.4 billion without an improved sanita-
tion facility and among those who still do not have access to the water points, 8
out of 10 live in rural areas [3].

The water supply systems are considered a water service heritage for which
good management is necessary to ensure their survival and smooth operation
[4]. However, the quality of the water may change during its transfer from the
outlet of the treatment plant to the consumer’s tap. The substances it carries are
likely to be ingested, inhaled, or come in contact with the skin. The problem of
drinking water supply is a key issue for African countries in general and those in
West Africa in particular [5].

In Benin, the problem of access to good water quality is still present in rural
and peri-urban areas. Indeed, in the lakeside community of S6-Ava, which is our
study area, rainwater, lake, boreholes and water of the National Water Company
of Benin (SONEB) represent the various sources of water used by the popula-
tion. The rate of drinking water coverage in the whole commune is close to
49.43% [6]. The populations are thus confronted to: the consumption of some-
times unimproved water sources, recurrent water shortages, long distances to go
to the water point, .... However, contaminated and unhealthy water is a potent
factor in the transmission of waterborne diseases [7]. Thus the consumption of
water of doubtful quality can lead to the appearance of waterborne diseases such
as cholera, diarrhea, typhoid fever, gastrointestinal infections, etc. [8]. The risks
associated with the contamination of drinking water are many and may depend
not only on the lack or inadequacy of hygiene measures at the source of supply
but also during transport, from the storage of water to drinking water home.
Therefore, to determine the relevance of the problems related to access to

drinking water, this study aims to assess the hygienic quality of water used for
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drinking by the population of the municipality of S6-Ava by physicochemical

and bacteriological analyses.

2. Material and Methods
2.1. Presentation of the Study Area

The study was conducted in the lake district of S6-Ava, located in the Atlantic
Department. The commune of S6-Ava occupies the lower valley of the Ouémé
River and the S6 River to which it owes its name (Figure 1). With an area of 218
sq. Km [9] it has 118,547 inhabitants with a density of about 567 inhabitants per
sq. Km [10].

The municipality of S6-Ava enjoys a humid tropical climate, characterized by
the alternation of two rainy seasons and two dry seasons. The big rainy season
runs from March to July and the small one from September to November. The
average annual rainfall is 1200 mm. Temperatures range from a low of 22°C to a
high of 33°C.

Hydrologically, the municipality of S6-Ava is characterized by the wealth of its
water bodies (65% of the town), hence its name of common lacustrine. Its main
river is the S6 River which flows into Lake Nokoué (a lagoon in fact) [11].

Administratively, the commune of S6-Ava is subdivided into seven (07) ar-
rondissements namely: S6-Ava, Vekky, Houédo-Aguékon, Dékanme, Ganvié 1,

Ganvié 2 and Ahomey-lokpo [6].

2.2. Sampling and Evaluation of Physico-Chemical Parameters

2.2.1. Sampling Methods and Analyses
A total of 67 water samples distributed over all 7 arrondissements were collected
and analyzed during the rainy season (July 2017) and then in the dry season
(January 2018) according to the methods described by [12]. The sampling points
are marked in red in Figure 1. The plastic bottles are washed beforehand and
rinsed three (03) times with water before being used for taking any sample. The
water samples were collected into appropriate plastic bottles of mineral water
with a capacity of 1.5 liters for physico-chemistry and 210 ml Whirl-Pak sachets
for microbiology. The latter have been labeled and placed in a cooler with cold
accumulators at a temperature between 0°C and 4°C. They were then sent to the
Laboratory of Quality Control of Water and Food (LCQEA) of the Ministry of
Health accompanied by a specimen sheet containing all the necessary informa-
tion including the origin and date of sampling and sanitary conditions from the
sampling point.
» Physicochemical analyses

The physicochemical parameters were monitored according to the techniques
of [12]. Temperature, hydrogen potential (pH), electrical conductivity (EC)
and total dissolved solids (TDS) were measured in situ by the portable mul-
ti-parametric analyzer. Nitrates (NO*"), nitrites (NO®), ammoniacal nitrogen
(NH;} ), sulphates (SO; ), ortho-phosphate (PO; ), iron (Fe), fluorides (F")
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Figure 1. Samples collection points at S6-Ava. Source: Field Investigations, 2016.

and residual chlorine were determined by colorimetric assay using a spectro-
photometer (DR/2800). The reagents used were HACH Kkits. The chemical reac-
tions involved were: the cadmium reduction method with Nitra Ver 5 for ni-
trates, the diazotisation method with Nitri Ver 3 for nitrites, the NESSLER me-
thod Rochelle salt polyvinyl alcohol for ammonium, the SulfaVer 4 method
(reagents in capsules) thanks to the barium for the sulphates, PhosVer 3 method
for the ortho-phosphate which reacts with the molybdate in acid medium to
produce blue coloration, the phenantroline method —1.10 for the iron whose
reaction forms an orange-red complex, the SPANDS method for fluoride, the
reaction of which forms a coloring solution with zirconium red and then the
DPD method for the determination of chlorine.
» Bacteriological analyses

The bacteriological quality of the water was determined by the search and
enumeration of the following bacteria: total mesophilic aerobic organisms, faecal
coliforms, Escherichia coli and faecal enterococci. The methods and techniques

used to identify different germs in water samples are summarized in Table 1.

2.2.2. Statistical Analyses

The results were entered into the Excel spreadsheet and then processed with the

XLSTAT 17 statistical software. Descriptive statistics (maximum, minimum,
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Table 1. Summary of research methods and identification of different germs in water

samples.
Temperature
Parameters searched Types of seeding Culture media P u, Enumeration
and culture time
Direct
Aerobic flora revivable . 1rec‘ PCA (Plate Count ) .
inoculation 37°C/48H All colonies
(FAR) Agar)
of 1 ml
Yell
Fecal coliforms TTC tergitol7 ¢ o.w
44°C/24H colonies
E. coli 100 ml filtration g .; Rapid Agar Violet colonies
on 0.22 um
membrane Slanetz and
Fecal streptococci Bartley 36°C/24H Red colonies
Enterococci

mean and standard deviation) of the quantitative variables presented for each
parameter correspond to the mean value calculated at from the data recorded

during the two sampling campaigns.

3. Results

3.1. Physicochemical Parameters

The physicochemical parameters determined are: temperature, hydrogen poten-
tial, electrical conductivity, total dissolved solids (TDS) and turbidity for the
physical parameters then nitrite (NO,), nitrate (NO;), ammonium (NHj} ),
sulphates (SOﬁ_ ), ortho-phosphates (POi" ), fluorides (F7), iron (Fe) and chlo-
rine. The results are shown in Table 2.

The temperatures of the water samples taken varied between 28.80°C and
30.8°C in rainy season and between 29.1 and 29.8 in dry season. The pH was
between 6.05 and 8.38 in rainy season and between 4.70 and 7.30 in dry season.
However, in dry season, 27 of the 36 samples analyzed had pH values below
6.5. This shows that nearly 75% of the water consumed by the population dur-
ing this period is acidic. The conductivity of all the water samples during the
two campaigns is between 7.9 and 649 us/cm. The total dissolved solids present
in almost all the samples vary between 4 and 324.50 mg/L. As for the turbidity,
the contents obtained during the two campaigns are between 0.03 and 114
NTU.

The maximum values recorded for nitrite compounds (NO;) and nitrates
(NOj;) are 1.89 mg/L and 17.1 mg/L, respectively. The ammonium ( NH} ) con-
centrations obtained for all the first-season samples do not exceed the standard
of 0.5 mg/L, as opposed to 22% of the samples taken during the second cam-
paign. The highest levels observed for sulphate (SO; ), ortho-phosphate
(POi’) and fluoride (F~) are respectively 24.52 - 3 and 0.80 mg/L. Concerning
the iron (Fe), the values obtained during the two campaigns vary between 0.01
and 4.52 mg/L. Approximately 32.25% and 47.22% of the samples taken during

the first and second campaigns were greater concentration of iron than the
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Table 2. Comparison of the physicochemical results of the water taken during the two seasons.

Statistic T
Minimum 28.8
. Maximum 30.8
Rainy
season Moyenne 29.71
Standard 0.39
deviation (n — 1) '
Minimum 29.1
Maximum 29.8
Dry
season Moyenne 2941
Standard
0.19

deviation (n — 1)

pH
6.05
8.38
7.27

0.55

4.7
7.3

6.16

0.59

CE TDS NTU NO, NO; NH; SO PO Fe F Cl
7.9 4 0.03 0 0.89  0.01 0.07  0.06 0.01 0.01 0
649 3245 294  1.89 171 289 1918 198 319 0.8 107!

174.83  87.4 4.31 0.11 5.06 0.34 3.25 0.48 04 031 3.75-107
1529 76.44 6.83 0.36 5.53 0.54 5.01 0.45 0.65 0.2 1.79-1072

30.3 15.2 0.87 0 0.18 0 0.04 0.05 0.01 0 0
565 283 114 0.06 8.32 14.02  24.52 3 452 0.74 2.5:107"

13556  68.09 7.86 0.01 2.46 1.3 4.91 1.03 0.59 0.34 3.42.107

132.31  66.13  20.35 0.01 1.87 3.53 6.64 1.03 0.86 0.23 7.39-107*

allowed value of 0.3 mg/L. Residual chlorine dosage values obtained for the
study range from 0 to 0.25 mg/L with no total chlorine in all samples taken from
the sample within households (storage phase). From a total of 22 sources, the
results indicate that with the exception of 45% of samples with concentrations
between 0.02 and 0.25 mg/L, no remaining chlorine was detected in the remain-

ing samples.

3.2. Bacteriological Parameters

The results of the bacteriological analyses of the sampled stations are shown in
Table 3.

The results from the bacteriological analyses carried out during the two cam-
paigns reveal a total germ content between 0 and 2.58108 CFU/1 ml. Indeed, it
was noted a presence of banal bacteria in 97% and 83% of the water taken re-
spectively in rainy season and dry season.

The presence of fecal pollution indicator germs such as faecal coliforms,
Escherichia coli and faecal streptococci has been shown to be positive in the
majority of samples taken when none of these organisms must be contained in
water in accordance with the standard WHO and that in force in Benin.

The counts of thermotolerant coliforms in water samples ranged from 0 to 6.8
104 CFU/100 mL. From the 67 water samples collected in the municipality of
S6-Ava, 82% contain total coliforms between 2 and 6.8 104 CFU/100 mL while
18% have a good bacteriological quality with absence of coliforms totals.

The detection of Escherichia Coli, a fecal bacterium which is pollution indi-
cator, confirms the contamination of 51% of the water samples during both
campaigns. Among these 51% polluted samples, it was found that 45% comes
from the water taken from households while 6% comes from sources of supply.

The analyses of faecal enterococci showed that 70% of the samples are conta-
minated. The concentration of faecal enterococci varies between 00 and 3.3 104
CFU/100 mL.
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Table 3. Comparison of the bacteriological results of the water taken during the two sea-

sons.
Statisti Total Thermotolerant  Escherichia Faecal enterococci/
atistic
Sprouts/1 mL  coliforms/100 mL  co//100 mL 100 mL
Minimum 00 00 00 00
. Maximum 2.56-10° 8.42.10° 1.22:10° 3.50.10°
Rainy
season Mean 8.80-10° 1.55.10° 1.38.10° 3.46-10%
Standard ; 5 5 )
. 4.51-10 2.30-10 2.69-10 7.15-10
deviation (n — 1)
Minimum 00 00 00 00
Maximum 9.10° 6.8-10* 8.10° 3.3.10*
Dry
Season  Moyenne 1.82-10° 1.12-10° 3.79-10 2.31-10°
Standard p . 5 5
2.70-10 1.99-10 1.42-10 6.83-10

deviation (n — 1)

4. Discussion

4.1. Physicochemical Parameters

The results of the physico-chemical analysis of the water samples show that the
average temperature values are 29.71 * 0.39 in the rainy season and 29.41 + 0.19
in the dry season. The small variation in water temperature is due to daily cli-
matic variations and exposure to the sun’s rays. The results of our study corro-
borate those of [13] who obtained temperatures ranging between 28 and 32°C
for drinking water in two localities of Benin: Cotonou and Dassa-Zoume. WHO
recommends no value since the temperature of the water has virtually no direct
impact on human health. However, a water temperature between 25 and 28°C is
a culture medium conducive to microorganisms. Rising water temperatures create
favorable conditions for tropical water pollution [14].

pH is one of the important parameters that can tell if a water is acidic or alka-
line. It conditions the physico-chemical equilibria, especially the calco-carbonic
equilibrium (the action of water vis-a-vis carbonates). Its variation is related to
that of salinity, temperature and CO, concentration [15]. The average pH values
recorded during our work are respectively 7.27 = 0.55 in the rainy season and
6.16 £ 0.59 in the dry season. Most of the pH values obtained during the dry
season show an acidity that tends towards a slight neutrality during the rainy
season. Most of the waters in this study indicate pH near neutrality with a
slightly dominant acidic character. The results are very close to those measured
by [1] [16] for well water in the Berrahal region of Algeria and in the municipal-
ity of Pobe in Benin. All waters comply with standards accepted in Benin and
those of the WHO, which can not pose health risks. However, it should be em-
phasized that WHO recommends a pH of less than 8 for good disinfection by
chlorine [12].

Electrical conductivity is the ability of an aqueous solution to conduct elec-
trical current [17]. It makes it possible to determine the total content of the

minerals present in a water. The analyzed waters have an average electrical con-
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ductivity of 174.83 + 152.9 ps/cm in the rainy season then 135.56 + 132.31 in the
dry season. Indeed, the conductivity values reflect a low mineralization of water
that is similar to that measured by [16] in the municipality of Pobé in Benin. It
should be mentioned that our results comply with the standards in force for
drinking water in the Republic of Benin and those of the WHO. [18] reports that
the change in conductivity is induced by the presence in the medium ions that
are mobile in an electric field. This mobility depends on the nature of the dis-
solved ions and their concentration, such as calcium ( Ca} ), sodium (Na*), chlo-
ride (CI"), bicarbonates (HCO; ), etc.

The mean values of Total Dissolved Solids (TDS) are 87.40 mg/L + 76.44 dur-
ing the rainy season and 68.09 + 66.13 during the dry season. These results are
also close to the findings of [5] in the municipality of Z¢, Benin where TDS va-
ries between 9 and 82.9 mg/L. The maximum concentration allowed by the
WHO is 1000 mg/L and 2000 mg/L by the Beninese regulations.

The turbidity of a water is due to the presence of finely divided suspended
matter: clays, silts, silica grains, organic matter, etc. [19]. The concentrations
obtained for turbidity are 4.31 £ 6.83 in the rainy season and 7.86 + 20.35 NTU
in dry season. Turbidity greatly affects the potability of drinking water and is a
gene for the effectiveness of microbial decontamination treatments [20]. Con-
sumers very often have requirements in relation to this parameter. The WHO
recommends a limit value of 5 NTU but specifies that in the case of disinfection,
the turbidity should be less than 1 NTU [18]. However, turbidity greater than 5
NTU would limit the destruction of coliforms because suspended particles can
lead to unpleasant tastes and odors [12].

Ammonium (NH})

Ammonium in water usually reflects a process of incomplete degradation of
organic matter [21]. The presence of ammonia in significant quantity is the in-
dex of a contamination by discharges of human or industrial origin. In fact, hu-
man or animal urines contain large amounts of urea which is transformed into
ammonia [22]. In general, ammonium is converted rather quickly into nitrites
and nitrates by oxidation. WHO recommends a limit value of 0.5 mg/L for am-
monium ( NH} ). For the analyzed samples, the ammonium contents during the
two campaigns vary between 0 and 14.02 mg/L with 19.4% of samples not res-
pecting the norms of potability of WHO. The presence of ammonium in water
results from surface contamination mainly related to domestic effluent dis-
charges and then to decomposing organic matter. The results of our study are
contrary to those obtained by [20] [23] whose highest concentrations are respec-
tively 0.07 mg/L and 0.028 mg/L for the waters of the river Gombe in Congo and
the city of Batna in Algeria.

Nitrates (NO; )

Nitrates are the final stage of nitrogen oxidation and serve as an overall indi-
cator of degradation of the natural quality of water. They come from the nitrifi-
cation of soil, the decomposition of organic matter (oxidation) or in large quan-

tities from nitrogenous agricultural fertilizers or in a small proportion from ni-
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trogenous minerals. It is a relatively stable ion, very soluble in water, which in a
reducing medium can pass into nitrites or ammonium [15] [22]. With regard to
the samples taken during the two seasons, the values vary between 0.89 and 17.1
mg/L. The values obtained are significantly lower than the guidelines in force in
Benin and those established by the WHO which set a maximum threshold of 50
mg/L. the values obtained confirm the poor practice of agricultural activities in
the municipality of S6-Ava. It could therefore be predicted that these waters do
not present health risks for the consumer with regard to nitrate concentration
(NOJ).

Nitrite (NO, )

Nitrites come either from an incomplete oxidation of ammonia or a reduction
of nitrates under the influence of a denitrifying action of bacteria (denitrification
phenomenon) [18] [20]. In our study, nitrite values range from 0 to 1.90 mg/L.
Only 4.48% of the water samples contain nitrite levels above the guideline of 0.1
mg/L admitted by the WHO and almost all the samples comply with the regula-
tions in force in Benin, which is 3.2 mg/L. Water containing nitrites is consi-
dered suspect because it is often associated with a deterioration of microbiologi-
cal quality [18].

Studies conducted by [24] have shown that nitrites are non-existent in bore-
hole and tank water with the exception of streams where a concentration of 0.5
mg/L has been observed. The presence of nitrite in significant quantities de-
grades the quality of water and could affect human health [25]. Nitrites react
with hemoglobin in erythrocytes to form methemoglobin, which affects the
blood’ ability to carry enough oxygen to the cells in the body [26].

Orthophosphates ( PO; )

The presence of phosphates in the water is often due to urine and faeces re-
leased by animals and humans, discharges of domestic wastes water and the use
of phosphate fertilizers [27]. The orthophosphate concentrations recorded dur-
ing our work range from 0.05 mg/L to 3 mg/L and are lower than the guideline
allowed in Benin which is 5 mg/L. The doses of orthophosphate obtained in our
work do not appear to pose a direct risk to human health.

Iron (Fe)

Iron is a metal found naturally in rocks and groundwater. Its presence in wa-
ter can change the taste, smell and color of water [28]. This is an element that is
present in all our samples at concentrations ranging from 0.01 to 4.52 mg/L.
About 40% of the samples do not comply with WHO standards and those in
force in Benin that are 0.3 mg/L in drinking water. However, there is little varia-
bility in average levels obtained during the rainy season (0.40 mg/L + 0.65) and
then in the dry season (0.59 mg/L + 0.86). Our results differ from those of [20]
which recorded a maximum concentration of 0.116 mg/L in the waters analyzed
in Batna in Algeria according to the WHO standard.

It should be noted that people are often reluctant to the consumption of fer-
ruginous water because it blushes very quickly and does not cook easily food.

This situation was particularly evoked during our surveys by households in the
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Ahomey-Lokpo district, for this reason, they prefer to resort to another surface
water source which is far better. Recent studies have found that iron in the con-
centrations usually found in water does not present a health risk [28].

Sulphates (SO;")

Sulphate is a major component of dissolved compounds found naturally in
natural waters. The sulphate can be attacked by a bacterium that reduces it to
hydrogen sulphide (H,S). The sulphate levels in the waters analyzed for the two
campaigns are between 0.04 and 24.52 mg/L and are in conformity with the
standard of 250 mg/L fixed by the WHO and that of 400 mg/L require by Benin
standards.

Normal levels of sulphates and hydrogen sulphide have no effect on those who
ingest these substances. However, high concentrations of sulphate in drinking
water can have a significant laxative effect combined with calcium and magne-
sium which could lead to gastrointestinal disorders in the consumer. As a safety
measure, water with a sulfate level exceeding 400 mg/L should not be used for
the preparation of baby food [29].

Fluorides (F)

Fluoride is a trace mineral that contributes to the strength of the skeleton and
the prevention of dental caries by strengthening tooth enamel. The results of
water analyses show that the maximum fluoride concentration observed in our
work is 0.8 mg/L and does not exceed the drinking water standard of 1.5 mg/L
admitted by the WHO. The various levels recorded in our work seem to present
no health risks for consumers. However, it should be emphasized that in small
doses (1 mg/L in drinking water), fluoride promotes dental health. When con-
centrations are higher than 1.5 mg/L, this causes dental fluorosis, which is a
change in dental enamel causing yellow or brown stains [30]. A concentration
higher than 5 mg/L may cause tooth loss and bone fluorosis characterized by
bone hypercalcification. In case of prolonged exposure where the concentration
of fluoride ion is ten times higher than the accepted norm, this can present a
significant danger of intoxication [30].

Residual chlorine (Cl)

Residual chlorine is essential to ensure the safety of drinking water. It is a po-
werful oxidizer, which, when mixed with water, burns the organic matter it con-
tains, especially pathogenic viruses and microbes in half an hour. The free chlo-
rine concentration of the treated water must be 0.2 to 0.5 mg/L according to the
WHO, while the Beninese standard recommends a content of chlorine between
0.1 and 0.3 mg/L. WHO points out that taste and odor problems can occur for
consumers at concentrations of 0.6 to 1 mg/L. When the concentration of chlo-
rine in the water is around 2 to 3 mg/L, people can smell an irritating odor [31].

In the present study, chlorine was only detected in 14.93% of samples with
8.95% of samples that comply with standards in force in Benin (0.1 to 0.3 mg/L).
However, it should be noted that the maximum concentration does not exceed
0.25 mg/L in all the samples. Several studies in developing countries have shown

that chlorination of drinking-water at home reduces the incidence of diarrheal
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diseases 20% - 48% [32]. It is also one of the most effective home-based inter-
ventions for preventing diarrheal diseases in a large number of countries [33].
Samples with a residual chlorine content that does not comply with the stan-
dards in force in Benin and WHO represent 85.07%. The absence or low levels of
residual chlorine observed in our samples could be related to insufficient chlori-
nation of the treated water or frequent breaks in the pipes. However, studies
conducted by [34] on laboratory animals and humans indicated that chlorine
has low toxicity, regardless of the route of exposure (i.e. by ingestion, inhalation)
or cutaneous absorption. No adverse health effects other than taste and odor
were observed in humans who consumed high chlorinated water for a short pe-

riod of time (up to 50 mg/L of chlorine).

4.2. Bacteriological Parameters

Total sprouts

The enumeration of optional aerobic and anaerobic mesophilic bacteria is de-
signed to estimate the density of the general bacterial population in drinking
water. It allows an overall assessment of the general safety of a water, without
specifying the sources of contamination [35]. In general, the presence of total
germs does not have direct effects on health but is used as an indicator of pollu-
tion and treatment efficacy [17].

The results of this study indicate respectively that 96.77% and 83.33% of the
samples taken in the rainy season and dry season are contaminated by the total
seeds whose maximum concentration reaches 2.56-10° CFU. The number of
common bacteria contained in these waters far exceeds the standard in force in
Benin, which is 20 germs/mL maximum for treated water and less than 50
germs/mL for untreated water. The results of our work corroborate those found
by [5] in Benin; [17] [36] in Algeria. The observation of the results obtained
makes it possible to say that the risk of water contamination by sprouts is higher
in the rainy season than in the dry season. The high contamination of the waters
by the total germs could probably be due to: the obsolescence of the pipes, the
lack of hygiene around the water points, the surrounding pollution (presence of
the wild dumps, the straying of the animals, the defecation to the open air, ...).

Faecal coliforms

Faecal or thermotolerant coliforms are generally found in human or animal
faeces, wastewater, polluted surface water. Their density is generally proportion-
al to the degree of pollution produced by the faeces. They are good indicators of
the effectiveness of water treatment, but since they are less numerous than total
coliforms, they are preferable for this function (Robertson, 1995) cited by [35].

The results of our work show that only 9.67% and 25% of water samples taken
successively in the rainy season and then in the dry season are free of faecal
germs. In the rainy season, the number of fecal germs varies between 0 and
8.42-10° CFU for an average of 1.55-10° + 2.30-10° CFU while in the dry season,
the rate is between 0 and 6.8-10* CFU for an average of 1.12-10* + 1.99-10% It

should be noted that pollution is preponderant during transport and storage of
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water at home since, with the exception of a sample made within household, all
other samples free of germs were observed at the source. Statistics reveal that
more than 82.09% of all water samples are contaminated with faeces of human
origin. These values do not comply with WHO standards and those in force in
Benin which provides for 0 faecal coliforms in 100 ml of sample. Our results are
similar to those of [37] in Morocco and [19] in Mali, which also found values
above the limit advocated by the WHO, which allows us to deduce that these
waters are unfit for human consumption.

Fecal coliforms (Escherichia coli)

The species most frequently associated with the fecal coliform group is Esche-
richia coli and to a lesser extent some species of the genera Citrobacter, Entero-
bacter and Klebsiella. However, E. coli accounts for 80% to 90% of the thermo-
tolerant coliforms detected and provides clear evidence of recent faecal pollution
[35] [38]. This microorganism originates exclusively from the intestines of
warm-blooded animals, including humans, should be totally absent from drink-
ing water [17].

Microbiological analysis of the waters of S6-Ava showed that in the rainy sea-
son, the number of E. coli varies from 0 to 1.22:10° CFU with an average of
1.38:10> CFU = 2.69-10° while in the dry season, the proportion is included in the
margin from 0 to 8-10° CFU for an average of 3.79-10> CFU # 1.42.10°. Our ana-
lyses show that 50.75% of these waters contain E. coli and are therefore not
drinkable to the extent that WHO and Beninese standards require the complete
absence of these germs in water intended for consumption. This high concentra-
tion of faecal coliforms (E. coli) in the study environment is close to that found
by [37] in Morocco. According to the surveys in the sites of the controlled wells,
this contamination is due to the practices of defecation in the open air and in the
water by the populations as well as the animals in rambling. Although not all £.
coli are pathogenic, gastroenteritis is the most common disease associated with
the ingestion of faecally contaminated water as it has very serious health conse-
quences [39].

Fecal enterococci

Faecal enterococci are sensitive, specific and fairly resistant fecal contamination.
They do not usually have significant pathogenicity. Streptococcus faecalis is om-
nipresent (ubiquitous) in the large intestine of humans and animals and sewers
[20]. [18] reports that the detection of fecal enterococci is strongly associated
with the presence of faecal coliforms (£. coli) and indicates faecal contamination
of feed water. According to Youmbi et al, 2013 reported by [17] the presence of
faecal streptococci is a sign of faecal contamination of water, making them a
prime indicator for evaluating the efficacy treatment of contaminated water. The
concentration of these germs in these waters oscillates between 0 and 3.5-10°
CFU with an average of 3.46-10° CFU + 7.15-10°. These waters containing faecal
streptococci are therefore unfit for human consumption since they are not in
line with WHO standards and those in force in Benin that require a complete

absence of this flora in water intended for consumption. This pollution could be
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explained by the rejection of faeces of animals that are strayed throughout the
municipality of S6-Ava, the proliferation of wild dumps strewing alleys and
streets. Our results are contrary to those obtained by [40] who recorded a total
absence of faecal streptococci in the treated waters, in the waters of the Si-
di-Moussa reservoir and in the waters distributed to the populations of the
commune of Sidi-Moussa, Tipaza in Algeria. According to the work of [41] there
is an increased risk of developing gastroenteritis with a relatively small number
of faecal streptococci (3 to 10 bacteria/100 mL) present in the water.

5. Conclusion

Analysis of the physicochemical parameters of the waters of the commune of
S6-Ava during the study period may be considered admissible and present no
danger for consumers. From the bacteriological point of view, the results of the
work show that only 89.55% of the water drawn is of dubious quality and there-
fore does not comply with the water quality standards recommended by the
World Health Organization (WHO) and the Republic of Benign. The study was
conducted over two seasons (rainy and dry), it was noticed that the bacteriolog-
ical pollution is particularly accentuated during the rainy season. This situation
could be explained by the fact that during this period of the year the humidity is
favorable for the survival and proliferation of pathogenic microorganisms. As a
result, the use of water unfit for consumption is undoubtedly a risk to the health
of the population. This situation could lead to the spread of many infectious and
parasitic diseases involving into water transport, in particular: cholera, typhoid,
hepatitis, dysentery, gastroenteritis, diarrheal diseases, schistosomiasis and ma-
laria [42] [43]. As such, it is important to carry out periodic analyses to monitor
the evolution of the quality of the drinking water in order to prevent its conta-

mination and preserve the health of the populations.
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