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Abstract: This study aims to assess the quality of physico-chemical and microbiological water from the faucet to
Agboville to identify the main factors of contamination. Samples were collected at the inlet and outlet of the
treatment plant as well as in different points of the distribution network, and then analyzed according to the standard
methods of the AFNOR. On the chemical level, the results indicate a quality that is generally in line with the WHO
guideline values (2017) for the parameters studied, with the exception of nitrite and the index of permanganate,
whose concentrations exceed the recommended threshold values. Higher grades in ammonium, nitrites and nitrates
have been identified in some neighborhoods, including the station and the police. From a microbiological point of
view, the water at the exit of the station has a good quality (12.49 % of the samples), while 33.32 % of the samples
of the network are considered to be of poor-quality and 54.19 % of very poor quality. The statistical analysis reveals
strong negative correlations between the bacterial loads and concentrations of residual chlorine, suggesting that the
low chlorine content and order of distance from the treatment plant, are determining factors in the microbial
degradation.
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1. Introduction

Access to quality drinking water is a major public
health issue, particularly in developing countries where
the infrastructure for processing and distribution maybe
weak [1,2]. Indeed, in many African cities, the dilapidated
state of infrastructure, the frequent interruptions of the
distribution, the connections and illicit lack of
maintenance of facilities promote the risk of deterioration
of the water quality between the treatment plant and the
point of use. In C6te d'lvoire, the department of Agboville
was facing a deficit of drinking water production [3,4,5,6].
To compensate for this shortage of supply of drinking
water to populations of Agboville and surrounding
communities, the Ministry of Infrastructure, Economic
(MIE) through the National Office of Drinking Water
(ONEP) and a grant from the World Bank (IDA), has
initiated the Project of Building of the Drinking Water
supply in Urban areas (PREMU). This project is based on

the strengthening of the capacity of production of drinking
water to the city of Agboville and its surrounding
communities from the catchment of the river Agnéby [7].
The work of the PREMU were launched in January 2018.
Among the achievements, there is the construction of a
wastewater pumping of 500 m3par time. The station
pumps the raw water, which follows a line up to a
drinking water production plant capable of providing 500
m3 of water per hour. Despite efforts to improve the water
supply for urban populations, the risk of contamination
may persist throughout the distribution chain. This is
because of the increasing pressure on water resources and
distribution systems by the strong demographic growth,
marked by a population from 95 093 inhabitants in 2014
to 135 082 inhabitants by 2021 [8], and the rapid
urbanization. These contaminations can be chemical,
linked in particular to the presence of nitrates, heavy
metals or pesticide residues, but also microbiological,
resulting from infiltration of fecal or poor conditions of
hygiene facilities [6,9,10]. This study aims to analyze
jointly the chemical contamination and microbiological
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analysis of water distribution network of Agboville, in
order to identify the potential risks to the health of
consumers.

2. Materials and Methods

2.1. Presentation of the Study Area

The city of Agboville is located in the South-eastern
Cote d'lvoire between latitudes 552 664 m and 663 305 m
North and longitudes 500 000 m and 389 325 m to the
West (Figure 1). It covers an area of 12 000 km? and its
total population in 2021 is estimated to be 135 082
inhabitants. [8]. It has 18572 households. The climate is
typically equatorial, with two rainy seasons (April-July
and September - October) and two dry seasons (August -
September and December - March) year. The annual
rainfall exceeds 1,500 mm per year. The temperature is
relatively constant, with an annual average of 27°C. The
hydrographic network of Agboville is composed primarily
of the river Agnéby or Aghd (Figure 1). Its basin has an
area of 8,900 km? and has a length of 200 km [5]. These
important tributaries are Seguié and Asseubié. The sub
basin of the Agneby to Agboville covers an area of 4 693
km with an area of 328 km and extends over a length of
about 120 km and a width of 80 meters. It is picked up by
the Water supply Company of Céte d'lvoire (SODECI) for
the supply of drinking water to the population of the city
of Agboville [4].

2.2. Sampling and Analysis of Waters

The raw water samples (R1) from the station to lifting
and have not under gone any treatment, treated water (R2)
output of the station, drinking water production has
undergone the necessary treatments and fit for
consumption, and water distribution network from the
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treatment plant through the pipes to the faucet of
consumers have been collected. The waters of the network
have been chosen taking into account the availability of
water in the network of the household and a good spatial
distribution. Five (05) water faucet named R3, R4, R5,56
and A7 have been retained in the households of the
respective neighborhoods STATION, GENDARMERIE,
CASTLE, COTIVO and HOSPITAL. The positions of
these points have been referenced with a GPS (Figure 1).
Four (04) samples were carried out at the level of each
point. The treated water and the distribution were taken
directly to the faucet, and the raw water was collected in
the course of water directly to the mine. All these samples
were collected in polyethylene bottles of 500 mL
previously washed and labeled for the chemical analyses
and in bottles borosilicate glass 500 mL sterile
microbiological testing. They were then stored away from
light in coolers containing packs refrigerants (4°C) and
then, transported to the laboratory for the different
analyses. On the ground, the pH, temperature,
conductivity, dissolved oxygen and total dissolved solids
(TDS) were measured using a multi-parameter HANNA
Hi 9829). The turbidity was measured with a meter
HANNA Hi 98703). The residual chlorine was determined
by the colorimetric method with a colorimeter
LOVIBOND Check it, Direct MD 200 (SODIMEL,
France). In the laboratory, the analysis of iron, sulphate,
ammonium, nitrites, nitrates, and the absorbance 254 nm
and 410 nm has been performed with absorption
spectrophotometer  molecular DR 6000 HACH
(SODIMEL, France). Alkalinity and hardness were
measured, respectively, by the methods of volumetric or
titrimetric. Index of permanganate (IP) or the oxydability
in the KMnQ, in an acidic environment meets the French
Standard 1SO 8467 1993. The total coliforms and fecal
Escherichia coli and fecal streptococci were enumerated
by the method of membrane filtration (ISO 9308-1: 2014).

P - P

Figure 1. Location of the study area and the waters of the network sampled
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2.3. Processing and Statistical analysis of the
Data

The tests non-parametric Kruskal-Wallis and Mann-
Whitney were used to compare the raw water and the
treated water. These tests were used at a level of
significance of p of 95 % (p <0.05). The test of correlation
of Person has been used to show the link between chlorine
germs and bacterial. On the basis of the criteria defined by
the WHO, the classes of microbiological quality of water
wells have been defined [11].

3. Results

3.1. Physico-chemical characteristics of
Water at the Inlet and Outlet of the
Treatment Plant And the Distribution
Network of the City of Agboville

@ Temperature (°C)

400 Turbidity (UNT)

il

143

Table 1 presents the results of the physico-chemical
analysis of the raw water at the entrance of the sewage
treatment plant, treated water at the outlet of the treatment
plant and water distribution network of the city of
Agboville. Overall, the mean values of the tested
parameters comply with the values recommended by the
WHO for the raw water and treated water. However, as
regards the water at the entrance of the station, only the
average values of the temperature of 29.28 +0.9 °C,
turbidity of 19.67 £ 2 UNT and the index of permanganate
of 14.66 + 07 mg/L and do not follow the guideline values
of WHO to 25°C for the temperature, 5 UNT for turbidity.
For the treated water output of the station, the mean value
of nitrite (to 0.6 = 0.1 mg/L) and the index of
permanganate (10.07+ 3.6) do not comply with the WHO
guideline values of 0.2 mg/L for nitrite and 5 mg/L for the
index of permanganate. As for the water in the distribution
network, the high values of nitrites (1.01+0.5 mg/L) and
the index of permanganate (9.02 £3.6 mg/L) are observed
as in the water at the exit of the station. Also, ammonium
(0.66 = 0.5 mg/L) recorded values slightly higher than that
of the WHO of 0.5 mg/L.
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Figure 2. Spatial Distribution of physico-chemical parameters of water at the inlet and outlet of the treatment plant and the network of the city of

Agboville
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Table 1. Descriptive statistics of physico-chemical parameters of water at the inlet and outlet of the treatment plant and the network of the city

of Agboville
A . Kruskal-
Indicative values Values guide Raw Water_ Treated water Wallis Test
PARAMETERS (OMS,2017) (OMS,2017) (Entrance station) Station exits Water network p-value
Spatial
Raw water Treated water Moy c Moy c Moy c Va?iation

Temperature (°C) <25 - 2928 09 2003 012 2886 21 0.023
pH 6.5-8.5 6.5-8.5 7.03 0.43 6.93 0.4 6.99 0.11 0.085
Turbidity (UNT) <5 <1 19.67 2 0.5 0.1 3.39 0.6 0.011
Conductivity (uS/cm) <1000 - 300.50 143 30425 197  310.95 191 0.085
TDS (mg/L) <1000 <1000 149.75 22 151.75 40 159.95 96 0.085
NH4* (mg/L) <15 0.5 0.53 0.1 1.06 0.9 0.66 0.4 0.001
NO:™ (mg/L) <3 0.2 0.19 0.01 0.60 0.1 1.01 0.5 0.001
NOs” (mg/L) <50 50 0.20 0.09 0.25 0.12 3.34 0.9 0.123
PO <01 - 0.50 0.43 0.35 0.1 0.42 1.91 0.351

SO (cm™) <250 500 25.25 7.7 22.00 15 9.95 6.4 0.085
UVass (cm™) <0.05 - 1.35 0.3 0.12 0.6 0.22 0.11 0.001
UVap0 (cm™) - - 0.19 0.12 0.10 0.02 0.06 0.001 0.001

Fe (cm™) <03 0.3 0.64 0.2 0.04 1.6 0.11 0.01 0.001
Ca®*(mg/L) 10-100 - 14.17 0.7 26.16 3.6 28.46 2.9 0.085
Mg* (mg/L) 5-50 - 9.30 2.2 11.81 400 8.13 15 0.023
Alcalinity (mg/L) 20-200 - 10.02 2 10.73 1.6 8.62 11 0.023
Total Durety ( mg/L) 60— 120 - 1.38 17.7 103.26 151.9 102.38 64 0.023
Permanganate Indice (mg/L) <5 - 14.66 0.7 10.07 3.6 9.02 0.5 0.003

-Absence of values

Table 2. descriptive Statistics of the microbiological parameters of the water at the inlet and outlet of the treatment plant and the network of

the city of Agboville

Kruskal-
\gililé?es Values Raw water Treated water Wallis Test
PARAMETERS (11 9uide[11] (Station entrance) Station exit Water network p-value
Raw Treated Spatial
water water Moy ° Moy ° Moy ° Variation
Total coliforms (ufc/100 mL)
<10 0 176 9 92 0.007
2 21
19
Fecal coliforms (ufc/100 mL) 148 2 8 0.026
0 0 1 12
43
Escherichia coli
(ufc/100 mL) 0 0 42 2 0 . 4 2 0.007
Fecal Streptococci (ufc/100 mL) 106 0 3 0.026
0 0 43 0 !

According to the Kruskal-Wallis test statistic (Table 1),
significant difference (p<0.05) exists between the values
of turbidity, ammonium, nitrates, nitrites, UV254, UV410,
the iron and the index permanganate in the water at the
entrance of the station, at the exit of the station and those
of the distribution network. The Mann-Whitney test shows
that the values of turbidity, UV254, UV410, and the index
of permanganate are significantly higher in the waters at
the exit of the station (19.67 UNT (Figure 2A) ; 1.35 cm™ ;
0.19 cm™ (Figure 2C); 14.66 mg/L (Figure 2D) that the
treated water. In contrast, concentrations of ammonium,
nitrites and nitrates are higher levels of the waters of the
network of the station, the train station (0.25 mg/L and
0.63 mg/L ; 7.63 mg/L) (Figure 2 (B) and the gendarmerie
(0.63 mg/L ; 0.25 mg/L ; 5.35 mg/L).

3.2. Microbiological characteristics of the
Water at the Inlet and Outlet of the
Treatment Plant and the Distribution
Network of the City of Agboville

Table 2 shows the bacterial load of the water at the inlet
and outlet of the treatment plant and the distribution
network of the city of Agboville. The water gross at the
entrance of the station contains medium-sized loads of
total coliform bacteria (17619 cfu/100mL) and fecal
(148+43 cfu/100 ml), Escherichia coli (42+2 cfu/100mL)
and fecal streptococci (106 + 43 cfu/100mL) higher than
the values recommended by the WHO to 10 cfu/100mL
for total coliforms and 0 cfu/100mL for other germs. For
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the treated water, at the exit of the station, with only 9+2
cfu/100mL total coliforms and 2+1 cfu/100mL fecal are
present. On the network, the expenses of 92+21
cfu/100mL of total coliforms, 28+12 cfu/100mL for fecal
coliforms,4 + 2 cfu/100mL for Escherichia coli and 3+1
cfu/100mL for fecal streptococci are observed. Tests of
Kruskal-Wallis and Mann-Whitney indicate that the heavy
load of all bacteria is recorded in the waters at the
entrance of the station.

Regarding the treated water (Figure 3), the expenses of
bacteria cancel each other out at the exit of the station.
They grow from the station to the train station up to the
hospital. As and when away from the treatment plant, the
bacterial load increases.

Table 3 shows the classes of the microbiological quality
of waters of the network. The results show that 12.49 % of
the treated water are of good quality and represents only
the water at the exit from the treatment plant. However,
33.32 % of the waters of poor quality and 54.19 % of the

water of very poor quality for the waters of the
distribution network.

3.3. Influence of Residual chlorine on the
Microbiological parameters of the Water
Network of the City of Agboville

Figure 4 presents the distribution space of the chlorine
in the treated water. The levels of chlorine decrease of the
output (0.25 mg/L) of the station until the station hospital
(0.02 mg/L). A significant negative correlation exists
between total coliforms (r = - 0.77), fecal coliforms (r =-
0.63), Escherichia coli (r =-0.74), fecal streptococci (r =-
0.88) and the doses of chlorine residual (Figure 5). This
indicates that the bacterial loads of the waters of the
network decreases with the distance of the waters of the
network to the treatment plant.
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Figure 3. Spatial distribution of water at the inlet and outlet of the treatment plant and the distribution network of the city of Agboville

Table 3. Classes of quality and microbiological water network of the city of Agboville

Indicators
Microbiological

Water Quality

Good Percentage (%) Poor Percentage (%) Bad Percentage (%)
Total coliforms
1 16.66 ) 66.66 16.66
(ufc.100 mL™) <10 R2) 11-150 (R3,R4.R5,56) > 150 57)
Fecal coliforms 50
-1
(ufc.100 mL™) 0 0 1-10 50(R2,R3,R6) >10 (R4,R5,R7)
Escherichia coli
(ufc.100 mL™) 83.33
0 16.66 (R2) 1 0 >1 (R3, R4, R5,R6,R7)
Fecal streptococci 66.66
-1 .
(ufc.100 mL™) 0 16.66 (R2) 1 16.66 (R6) >1 (R3,R4, R5.R7)
Rate (%) 12.49 33.32 54.19
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Figure 4. Spatial distribution of the residual chlorine in the water raw,
treated and faucet from the city of Agboville
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Figure 5. Relationship between residual chlorine and total coliforms (E),
fecal coliforms (F), Escherichia coli (G -) and fecal streptococci (H) in
the water network of the city of Agboville

4. Discussion

The measurement of physico-chemical parameters and
microbiological allowed us to appreciate the quality of the
water network of the city of Agboville. In chemistry, the
waters at the exit of the station and distribution network
are of a good quality compared to the WHO guideline
values (2017) for the parameters studied. However, the
average values of nitrites and the index of permanganate
does not conform to the guidelines of the WHO (2017) for
the water at the exit of the station (to 0.6 = 0.1 mg/L;
10.07+ 3.6) and those of the distribution network
(1.01+0.5 mg/L; 9.02 £3.6 mg/L). Also, the values of
ammonium (0.66 £ 0.5 mg/L) remained non-compliant in
the waters of the network. The consumption of these
waters containing high concentrations of nitrites could
present a health risk related to methemoglobinemia, or
blue baby syndrome [4,11]. In fact, the nitrites are directly
ingested via contaminated drinking water [10]. In the
blood, nitrite reacts with hemoglobin (Hb) within red
blood cells. Normal hemoglobin contains iron from
ferrous (Fe”), which binds to the oxygen. Under the effect
of the nitrites, this iron is oxidized to ferric iron (Fe*).

This converts hemoglobin to meta hemoglobin (Mehb)
unable to fix or carry oxygen, in contrast to normal
hemoglobin. In addition, its presence also prevents the
oxygen to release easily from the hemoglobin remaining,
exacerbating tissue hypoxia (lack of oxygen in the tissues).
Moreover, the high values of the index of permanganate-
treated water indicate the strong presence of the organic
matter in these waters. However, the organic compounds
are very reactive towards chlorine regardless of the
mineralization in the middle [12]. This reaction can lead to
the formation of organ halogen compounds with risks of
long-term  toxicity (effects of mutagens and/or
carcinogens), which cannot be eliminated by simple
disinfection [13]. Microbiologically, the quality classes
indicate that the waters at the exit of the station, have a
good (12.49 %). However, 33.32 % of the waters of poor
quality and 54.19 % of the water of very poor quality for
the waters of the distribution network. These results
indicate a deterioration of the microbiological quality of
waters of the network Abgoville in accordance with the
guidelines of the WHO (2017). The presence of these
bacteria is due to the low values of the residual chlorine in
the water distribution network [14]. In effect, a value of
0.25 mg/L at the exit of the station, it reduces to 0.02
mg/L station of the hospital. A when for a good
disinfection with chlorine, the recommended value is in
the range 0.2-5 guideline values of WHO (2017). The
strong negative correlations significant existing between
total coliforms (r = - 0.77), fecal coliforms (r =-0.63),
Escherichia coli (r =-0.74), fecal streptococci (r =-0.88)
and the doses of chlorine residual justify this assertion. It
reflects the increase of bacterial load with the reduction of
residual chlorine [15]. The repartition the spatial
distribution of the dose of chlorine residual and germs
studied reveals that the sprouts will grow from the station
to the train station which is the nearest station to the
treatment plant to the one in the hospital, the station later.
As and when away from the treatment plant, the bacterial
load increases. The dose of chlorine residual and the
distance from the treatment plant, and the faucets in the
household could be the main factors of deterioration of the
quality of microbiological water [16].

5. Conclusion

The combined analysis of chemical contamination and
microbiological water network of Agboville reveals major
health risks. In spite of a chemical quality on the whole
satisfactory, excessive concentrations of nitrates, nitrites,
and an index of potassium permanganate to non-
compliance problem. More alarming is microbiological
contamination, persistent, marked by the presence of fecal
germs. The strong negative correlation between the
bacterial load and the residual chlorine suggests a lack of
disinfection. These failures are likely the result of
inadequate  protection of sources, infiltration of
wastewater treatment is inadequate and dysfunctional
infrastructure. To ensure safe drinking water compliance
and protect the health of the inhabitants, a mobilization
urgent and coordinated health authorities, the network
management and local communities is essential.
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