4

PNC Y . . Journal of Water Resource and Protection, 2023, 15, 677-691

"“ Scientific https://www.scirp.org/journal/jwarp
08 Research )

94% Publishing ISSN Online: 1945-3108

@,

ISSN Print: 1945-3094

Impact of the Condition of Drinking Water
Supply Networks on the Quality of Water
Intended for Consumption: The Case of the
Network in the Commune of Daloa (Central
West of Cote d’'Ivoire)

Amoin Anne Marie Kouassil, Kouakou Lazare Kouassi!, Theophile Gnagne2

'UFR Environnement, University Jean Lorougnon Guédé, Daloa, Cote d’Ivoire
UFR des Sciences et Gestion de 'Environnement, University Nangui Abrogoua, Abidjan, Céte d’Ivoire

Email: amoinannemariek@gmail.com

How to cite this paper: Kouassil, A.AM., Abstract
Kouassil, K.L. and Gnagne, T. (2023) Im-
pact of the Condition of Drinking Water ~ The potability of drinking water depends not only on the source and the

Supply Networks on the Quality of Water  treatment system, but also on the quality of the waterworks. In fact, the qual-

Intended for Consumption: The Case of the ity of drinking water is considerably degraded by the dilapidated state and

Network in the Commune of Daloa (Cen- . o . , . .
tral West of Cote d’Ivoire). journal of Wa-  12ck of maintenance of drinking water networks. In Céte d’Ivoire, the major-

ter Resource and Protection, 15, 677-691. ity of drinking water networks in the various towns are ageing. In Daloa, de-
https://doi.org/10.4236/jwarp.2023.1512036

spite the efforts made by the company in charge of water treatment and dis-

Received: July 27, 2023 tribution to make the water drinkable, the water at consumers’ taps is often

Accepted: December 22, 2023 colored, has an unpleasant aftertaste and settles after collection. As a result,
Published: December 25, 2023 people are concerned about the potability of tap water, and some are turning

. to alternative sources of drinking water of unknown quality. In order to de-
Copyright © 2023 by author(s) and

Scientific Research Publishing Inc. termine the factors responsible for the deterioration in water color and taste,
This work is licensed under the Creative as well as the sectors of the network most affected, a diagnosis of the net-
Commons Attribution-NonCommercial

International License (CC BY-NC 4.0). 1. . .
i . . were analyzed for color and turbidity. The diagnosis revealed that most of the
http://creativecommons.org/licenses/by-nc/4.0/
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regularly maintained. Analyses show that the water is more colored in cast-iron

work’s equipment was carried out. Water samples taken from the network

and PVC pipes than in asbestos cement pipes. Coloration values in the net-
work range from 0 to 27 UVC for asbestos cement pipes, from 15 to 56 UCV
for ductile iron pipes, and from 11 to 102 UCV for PVC pipes. On the over
hand, turbidity values vary from 8.02 to 3.32 NTU for ductile cast iron pipes,
8.51 to 16.98 NTU for asbestos cement pipes and 0.9 to 6.98 NTU for PVC

pipes. Old cast-iron pipes release ferric ions on contact with water, degrading
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their color. Old cast-iron pipes release ferric ions into the water, degrading its
color. The high color values observed in the vicinity of drains are thought to
be due to irregular maintenance of the network. In fact, after network main-
tenance, a reduction rate ranging from 2% to 73% is observed for turbidity,
while for color, the rate varies from 5% to 72%. In short, the network’s obso-
lescence and irregular maintenance contribute significantly to the deteriora-
tion of water quality.
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1. Introduction

Water is a natural resource essential to life and sustainable socio-economic de-
velopment. The quality of water to satisfy different needs varies from one use to
another [1] [2]. Water quality can be deteriorated by anthropogenic activities
such as the use of fertilizers, phytosanitary products, chemicals and assimilated
products and industrial effluents. This deterioration in the quality of drinking
water can therefore affect human health [3] [4] [5]. In addition, the ageing and
lack of maintenance of drinking water networks are not without consequences
for the quality of tap water [1] [6] [7] [8], whereas optimal management of drink-
ing water supply networks requires supplying consumers with water that meets
potability and quality standards, at lower cost and without service interruption
[9] [10]. The phenomenon of obsolescence has affected the majority of drinking
water supply networks in Cote d’Ivoire. In fact, these networks generally date
back to the year they were commissioned, and undergo almost no regular re-
newal program, except in the event of pipe breaks. This could lead to a prolifera-
tion of malfunctions within the network and have a negative impact on con-
sumer health [11]. Malfunctions in the network generally manifest themselves
in leaks, breakages, discoloration of the water, and drops in pressure and hy-
draulic capacity within the network. In Daloa, despite the efforts made by the
company in charge of water treatment and distribution to make the water drinka-
ble, the water at consumers’ taps is often colored, has an unpleasant aftertaste
and settles after being collected in a container. Consumers of the commune’s
drinking water fear the color and taste of tap water, so much so that part of the
population is turning to alternative sources of water, the quality of which is
still unknown for direct consumption. To alleviate these problems, this study
was initiated to determine the impact of the water supply network on drinking
water quality. The study will be carried out in two stages. Firstly, a physical di-
agnosis of the network equipment will be carried out. Secondly and finally, an
analysis of the color and turbidity of water samples taken from the network was

carried out.
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2. The Study Area

Daloa’s drinking water supply network is fed by a weir built on the Lobo River,
a tributary of the Sassandra River [12]. Daloa is the third largest city in Cote
d’Ivoire. The reservoir is located 25 km from the town of Daloa [13], on the
Daloa-Zaibo road (Figure 1). The reservoir was commissioned in 1976 and is
the main source of drinking water for the population of Daloa. The average
quantity of water drawn from the reservoir is 16,200 m*/day. The average
depth of the reservoir is 3.5 m, with an average width of 74 m, a length of 4.3
km and a surface area of 30.3 ha. Volume at normal elevation (231.033 m) is
380,000 m’ [14]. The river rises in the locality of Séguéla at an altitude of 340
m. The drinking water production plant is located 1 km from the mine. Here,
the raw water is potabilized before being conveyed to the storage reservoir (25
km away) via two cast-iron feeder pipes with diameters of 500 and 300 mm.
The climate in the study area is a mild transitional equatorial type, with a rainy
season from March to October and average annual rainfall of around 1150 mm
[14].

The town of Daloa is the economic center of the region. Anthropogenic activ-
ities in the watershed are very diverse. However, agriculture remains the main
activity of the populations.

With a total length of 264,440.61 meters, Daloa’s distribution network is made
up of three types of material. Polyvinyl chloride (PVC) pipes account for 69% of
the total length, ductile cast iron pipes for 28% and asbestos cement pipes for 3%
(Figure 2).
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Figure 1. Presentation of the drinking water supply network of the municipality of Daloa.
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Figure 2. Material distribution on Daloa’s drinking water supply network.

3. Materials and Methods
3.1. Equipment

3.1.1. Field Equipment

The equipment used in the field consisted of: a Garmin etrex 10 handheld GPS
for taking geographical coordinates; a camera for taking photographs; survey
sheets for carrying out the surveys; 1-liter (L) capacity bottles for water sampling
in the network; a cooler for storing water samples; a beaker for water sampling

and glass tubes for in situ analyses.

3.1.2. Laboratory Equipment
The equipment used in the laboratory was follows HACH 2100Q turbidity meter
for measuring turbidity in water samples taken from the network; a HACH DR
1900 spectrophotometer for measuring the color of water samples taken from
the network.

PAleontological STatistics (PAST) 3.20, Autocad 2017 and ArcGIS 10.4.1 were

used for data processing.

3.2. Methods

3.2.1. Physical Diagnosis of the Network
The physical diagnosis of the drinking water supply network’s various facilities
involved a detailed visual assessment of the condition, operation and perfor-
mance of the equipment used to transport and distribute drinking water. This
includes reservoirs, pumping stations, pipes, valves, meters, water treatment
devices.

In addition, during the physical diagnosis, the geographical coordinates of the

various network equipment were collected to create a database.

3.2.2. Sampling

Samples were then collected in 1-liter plastic bottles and stored in a cooler con-
taining ice. Samples were taken from the various types of material making up the
entire network (Figure 3), and from fire hydrants and outlets before and after

maintenance work.
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Figure 3. Sampling points on Daloa’s drinking water supply network.

4. Results
4.1. Physical Diagnosis

4.1.1. Diagnosis of Suction Cups
All drinking water networks are made up of pipes that transport water from the
source to the consumer’s tap. During this process, air pockets can form and re-
main within the pipes. The main function of a suction cup within a drinking
water network is to continuously evacuate air pockets trapped within the pipes.
The physical diagnosis of the suction cups not only identified all the suction
cups in the drinking water network, but also verified their physical state of oper-
ation. Figure 4 shows the distribution of suction cups on the Daloa commune’s
water supply network.

The diagnosis shows that 67% of air valves in the network are in good condition

(BE); 28% are in poor working order and 5% are in poor condition (Figure 5).

4.1.2. Fire Hydrant Diagnosis
The operating status of all the network’s fire hydrants is illustrated in Figure 6
and Figure 7.

The results of the diagnosis show that 37% of fire hydrants are out of service,
32% are located in high-pressure areas, 21% in low-pressure areas and 10% are
not handled because they are located in areas difficult to reach by the network

(Figure 7).

4.1.3. Drain Diagnostics

The operating status of the network’s drains is illustrated in Figure 8.
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Figure 4. Répartition des ventouses du réseau d’AEP de la commune de Daloa.

Physical diagnosis of Daloa's water supply
network's air valves
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VTD: Distribution network air valve; VT ADD: Supply network air valve; SE: Sin-
gle-effect; TE: Triple effect; BE: Good Condition; EM: Unknown condition; ME: flawless.

Figure 5. Review of Daloa’s drinking water network’s air valves functioning.

The diagnosis revealed that: 56% of drains have been handled and are in good
condition, 13% of drains are inaccessible, 5% of drains are located in areas of low
pressure, and 2% are faulty (Figure 9).

4.2. Qualitative Diagnosis

The qualitative diagnosis of water samples taken from Daloa’s drinking water
network mainly concerns the two parameters feared by the population, such as
color and turbidity.

4.2.1. Turbidity
On the water supply network, which is mainly made up of cast-iron pipes, the
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Figure 6. Location of fire hydrants on the Daloa drinking water network.
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Figure 7. Review Daloa’s drinking water network’s fire hydrants functioning.

turbidity values recorded are in line with World Health Organization’s (WHO)

guide values, except at locations such as the conventional treatment unit, the

compact station, B. Koukoguhé village and at the tank (Figure 10).

On the distribution network:

e Turbidity values recorded at cast-iron pipes do not exceed WHO guideline
values;

e The high turbidity values observed at the reservoir are due to water mixing,
and at Radio Tchrato are due to the fact that this point is located close to a
drain (Figure 11).

e For asbestos cement pipes, the values recorded do not comply with the WHO

guide value (Figure 12).
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Figure 8. Emptying of the drinking water network in Daloa.
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Figure 9. Assessment of drinking water network drainage operations.

In the case of PVC pipes, turbidity values that do not comply with WHO
standards are recorded at the CHR crossroads, Petit Zakoua and Abattoir 2.
These sampling points are generally located in low-lying areas of the network,
close to drainage points (Figure 13).

4.2.2. Color

Figure 14 and Figure 15 show that water color values are above the WHO guide
value throughout the supply network in cast-iron and PVC pipes. On the other
hand, asbestos cement pipes show values both above and below the WHO standard.

4.3. Water Supply System Maintenance

Maintaining a drinking water supply network involves regular cleaning of the
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Figure 10. Turbidity variation on water transmission system.
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Figure 11. Turbidity variation in water distribution ductile iron pipes.

Turbidity variation in asbedos cement pipes
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Figure 12. Turbidity variation in water distribution’s asbedos cement pipes.
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Turbidity variation in PVC pipes
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Figure 13. Turbidity variation in water distribution’s PVC pipes.
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Figure 14. Color variation in ductile iron pipes.

pipes and other network equipment. Maintaining a drinking water supply net-
work helps guarantee water availability and provide consumers with bet-
ter-quality water. It minimizes service interruptions and contamination risks,
and ensures that hydrants and fire hydrants function properly. After a complete

overhaul of the Daloa commune’s water supply network, we noted an improve-
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ment in turbidity and color at drains and hydrants. At fire hydrants, turbidity
was reduced by 2% to 62% (Figure 16) and color by 5% to 72% (Figure 17).

Color variation in water distribution network PVC pipes
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Figure 15. Color variation in water distribution’s PVC and asbedos cement pipes.

Turbidity variation after fire hydrant (Fh) maintenance
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After draining the Daloa commune’s water supply network, an improvement
in water quality was observed, with a reduction in turbidity from 5% to 73%

(Figure 18) and a reduction in color from 16% to 72% (Figure 19).

5. Discussion

The physical diagnosis reveals that the water supply network of Daloa includes
some out-of-service equipment that prevents maintenance work from being car-
ried out at certain points in the network. Lack of maintenance is a source of
sludge accumulation in the network, constituting a potential source of color de-
gradation and increased turbidity on water supply network.

The common feature observed between water from the treatment units and
that passing through the inlet pipes is the high color and turbidity values. In fact,
the non-operation of some of the pneumatic valves discharging settled flocs
from the settling tank could lead to their resuspension and clogging of the filters.

Consequently, the deterioration in water quality at the network inlet due to the

Color variation after fire hydrant (Fh) maintenance
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Figure 17. Color abatement after handling fire hydrants.
Turbidity variation after draining the drinking water network
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Figure 18. Turbidity reduction after drinking water network draining.
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Color variation after draining the drinking water network
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Figure 19. Color reduction after drinking water network draining.

reduced performance of the filtration system would be the result of the malfunc-
tions observed. Secondly, the failure to carry out pump-outs would encourage
the accumulation of sludge in the supply network. In addition, the incessant re-
lease of sludge into the water supply network over its entire length (25 km) and
the physico-chemical reactions that can occur between the connecting pieces of
the pipes (cast iron or steel) contribute to increasing the color and turbidity of
the water.

The main cause of water quality deterioration in metal pipes such as cast iron
is pipe corrosion. In fact, corrosion reactions lead to the release of metal ions
into the water, resulting in the precipitation of ferric ions, which can cause the
walls of ferrous metal pipes to pierce, resulting in the formation of incrustations
(reduction in diameter). In addition, red water problems, the appearance of me-
tallic taste and increased concentrations of dissolved metals result from pipe
corrosion [15].

Asbestos cement pipes are not subject to corrosion problems; this is a consi-
derable advantage compared to cast iron metal pipes. However, on contact with
water, the material (asbestos cement) releases calcium hydroxide Ca(OH),,
which is said to have carcinogenic effects on consumer health. This is reflected
in the high turbidity values and low color values. This can lead to an increase in
alkalinity, calcium content and a release of magnesium, silica and hydroxide from
asbestos (Mg;S1,05(OH),) [1]. However, in the vicinity of pump-outs, the accu-
mulation of sludge in the pipes increases the color and turbidity of the water.

PVC pipes are not as prone to corrosion as asbestos cement pipes. The in-
crease in turbidity and color in PVC pipes can be explained by the lack of purg-
ing in the network and the transit of water from one type of material to another.
In PVC pipes, the corrosion of cast-iron or steel fittings and the transit of water
from cast-iron to PVC pipes increase the color and turbidity of the water, as well

as the concentration of ferric ions. The increase in organoleptic parameters
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could then be a source of taste development within the network [16] [17].

On the water supply network, the high turbidity values in village B Kouko-
guhé are thought to be due to the accumulation of mud after a long stay in the
section. The discrepancy between the turbidity values of the cast-iron pipes and
those observed in the supply network would be due to the fact that the supply
network is fairly recent (installed in 2012), while the distribution network, which

is fairly old (installed since 1967), would be affected by pipe corrosion.

6. Conclusion

In this study, we analyzed the factors that degrade the physical and organoleptic
characteristics of the drinking water supply network in the commune of Daloa.
Samples were analyzed for two physico-chemical parameters: turbidity and color.
The results showed that color and turbidity did not meet the WHO 2017 guide
values for either the supply or distribution network. After network maintenance,
an abatement rate ranging from 2% to 73% was observed for turbidity, while for
color, the rate varied from 5% to 72%. Lack of network maintenance leads to the
accumulation of sludge in the network, and is one of the main causes of water dis-
coloration, taste and deposits at the consumer’s tap. It appears that color and tur-
bidity are determining factors in the deterioration of water quality in the drinking

water supply network.
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