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Abstract

Water quality analysis is an essential component of water supply globally. This study analyzed drinking water
quality at the tap in the Wa Municipality of Ghana. Bacteriological, physicochemical, aesthetic, and some
chemical parameters of raw, treated and tap water was analyzed. The analysis showed that drinking tap water has
a good quality and was satisfactory according to the World Health Organization’s (WHO) guidelines for
drinking water. However, an assessment of consumers’ perception of water consumption profiles revealed that
25 % of the respondents claimed that the water quality was bad and had some taste that may be attributable to the
long period of water storage. Therefore, it is recommended that the post chlorination dose should be increased to
ensure the disinfection requirements and avoid any post-treatment contamination.
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1. Introduction

Water quality is one of the major challenges that societies are facing in the 21st century globally, threatening
human health, limiting food production, reducing ecosystem functions, and hindering economic growth. Water
quality degradation leads directly to environmental, social and economic problems (Fang et al., 2021,
Mohammed, 2021). The availability of the world’s scarce water resources is increasingly limited due to the
worsening pollution of freshwater resources caused by the disposal of large quantities of poorly treated or
untreated wastewater into rivers, lakes, aquifers and coastal waters (du Plessis, 2019). According to WHO and
UNICEF (2015), 91% of the world’s population used drinking water from improved sources (58% from a piped
connection in their dwelling, plot or yard, and 33% from other improved drinking water sources), leaving 663
million people lacking access to an improved source of water.

Therefore, access to potable water is still a major challenge, particularly in many developing countries, as one in
nine people worldwide uses drinking water from unimproved and unsafe sources (Ritchie and Roser, 2021).
Furthermore, Adelodun et al. (2021) observe that about 38% of the population in rural areas and small towns in
most developing countries are still without access to potable water. In Ghana, 80% of the population has access
to improved water sources (USAID - Ghana, 2019). However, even when water is available in developing
countries such as Ghana, there are mostly risks of contamination due to improper maintenance and access to
improved sanitation. Water quality testing is rarely undertaken in water supply systems in many developing
countries, as more attention is usually paid to water availability and quantity than quality of water (Lee et al.,
2017; Ewaid et al., 2020).

The quality of fresh water available on the earth’s surface for human consumption is usually affected by natural
and anthropogenic activities. This means that except for unusual situations, water must be treated before use. The
degree of treatment depends upon the quality of raw water and how it is to be used. Thus, drinking water quality
depends on the source from which it is drawn and the treatment it receives. Tap water supplies are considered to
be among the safest globally, however, tap water that is not properly treated or flows through an improperly
maintained distribution system may be contaminated. So, for public water supply, drinking water at a minimum
should be disinfected. Disinfection is most commonly through the use of chlorination or the use of ultraviolet
light or any other method that water may need to undergo to ensure treatment, especially in the case of surface
water which is infamously known to be polluted (Liew, Linge and Joll, 2016; Wang et al., 2021), mostly due to
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anthropogenic activities. The quality of surface water is usually affected by both point and non-point sources of
pollution (Nie et al., 2018). These include sewage discharge, discharge from industries, and run-off from
agricultural fields and other impervious surfaces.

Nonetheless, drinking water quality is usually determined by the levels of microbiological and physicochemical
properties (Pietrucha-Urbanik and Rak, 2020). Therefore, many parameters of water have to be analysed before
its quality can be deemed satisfactory. Water quality analysis is an essential component of water supply globally.
Water quality is usually analysed in terms of its chemical, physical, and biological constituents. Consequently,
different countries and some international organizations have proposed various water quality standards for
drinking water. Many developing countries have set their water quality standards based on the World Health
Organisation’s (WHO’s) guidelines for drinking water.

Ghana Water Company Limited (GWCL) is the institution responsible for water supply in urban areas in Ghana.
GWCL in the Wa Municipality initially depended on mechanised boreholes to supply water to consumers in the
Wa Municipality but since 2017, the company has been supplying water to the Municipality from its newly
constructed water treatment plant located at Jambosi in the Wa West District in the Upper West Region. The
Jambosi treatment plant has a direct intake from the Black Volta River. Drinking water quality monitoring is a
wide-ranging assessment of the quality of water in the distribution system and, importantly, as supplied to the
consumer (Bradley et al., 2021). This includes regular sampling and testing to assess whether water quality is
meeting the national standards and any regulatory requirements or agreed levels of service. Thus, monitoring and
surveillance of a water distribution system are of vital importance to ensure the efficiency of the system. Water
quality monitoring provides the evidence for decision-making in managing water quality and water quality
surveillance offers the framework to support monitoring and management of the water distribution system
quality (Elhag et al., 2019; Bui et al., 2020). This study, therefore, assesses tap water quality and contribute to
the objective evidence required for sound decision-making on managing water quality in the water distribution
system in the Wa municipality. Although GWCL in the Wa Municipality conducts regular surveillance on its
distribution system as a quality monitoring measure but does not publish the results, there no evidence that an
independent researcher or institution has assessed the water distribution system in the Wa Municipality. Thus,
this study aims to bridge this gap.

2. Materials and Methods

The Black Volta River is the main surface water source for GWCL in the Upper West of Ghana, particularly the
Wa Municipality, where GWCL only operates in the Region. The Black Volta River has its source in Burkina
Faso and flows through Ghana and then between Ghana and Coéte d’Ivoire (Figure 1) (Bowan and Tingan, 2020).
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Figure 1. The Black Volta River (Water Resources Commission, 2020)
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The Wa Municipality has its capital as Wa (as indicated in Figure 2), which also serves as the regional capital of
the Upper West Region (UWR). It has a land area of approximately 579.86 km? which is about 6.4% of the
region. According to the Ghana Statistical Service (2014), the main sources of water for drinking in the Wa
Municipality are bore-hole/pump/tube well (36.1%), pipe-borne outside dwelling (27.8%), pipe-borne inside
dwelling (12.0%), public tap/standpipe (8.4%), protected well (7.8%), sachet water (3.5%) and tanker
supply/vendor provided (1.5%). The other sources of water for drinking such as unprotected well, protected
springs, bottled water and dugouts/ponds/lakes/dams/canals account for small proportions ranging from 0.1 to
0.8 percent in the Municipality.
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Figure 2. Map of Wa Municipality

The study methods included data collection about water quality in general, questionnaires to obtain information
on the consumers’ perception of the tap water quality in the Wa Municipality; in addition, the distribution
systems together with the treatment process machinery and distribution pipes used for the water supply from the
GWCL'’s treatment plant in Jambusi through to the service reservoirs in Wa were observed. A reconnaissance
also enabled the researcher to observe the physical appearance of the tap water supplied to the Municipality as it
was freshly fetched and how most tap water pipe connections were directly connected to the storage containers
within households due to intermittent supply.

Water samples were collected from intake structure (raw water), water treatment plant (treated water), and tap
water in three residential areas namely SSNIT residential area (SRA), Kpaguri residential area (KRA), and
Tamalepaani residential area (TRA) (See Figure 2). These residential areas were chosen because not all the
residential areas in the Wa Municipality had tap water connections to households. The water samples were
collected in sterilized standard 1.5 litters bottles per sample and transported in ice chests with ice packs to ensure
that a low temperature (2 to 8 <€) was maintained at all times and transported to the GWCL laboratory in Wa
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within 4 hours. Since the tip of the tap will not be sterilized before the sampling, sample bottles were moved a
distance away from the tap outlet to prevent any further contamination.

The laboratory analysis of the sampled water involved purely testing the water samples and comparing the
results to strike a balance with WHO’s guidelines for drinking water quality; because in drinking water treatment
processes, the optimisation of the treatment is always of vital importance. In general, the water treatment process
consists of many units including settling, coagulation, flocculation, sedimentation, filtration and disinfection,
which successfully produce water of high quality and portability. The tap water quality analysis was focused on
the bacteriological (Escherichia coli and total coliforms), physicochemical (temperature, chlorine, pH, turbidity,
total dissolved solids (TDS), dissolved oxygen (DO), total hardness, and total alkalinity), aesthetic (color, taste,
and odor), and chemical parameters (fluoride, nitrate, nitrites, ammonia, lead, aluminium, mercury, iron, copper,
and zinc). Table 1 illustrates the water parameters and their analytical methods.

Table 1. Water quality parameters and analytical methods

Parameter Unit Analytical Method
Escherichia coli CFU/100ml Most probable number method
Total coliforms 0.00MPN/100ml Most probable number method
Temperature « Using a thermometer
Chlorine mg/l lodometric method
pH Electrochemical method using the pH Meter
Turbidity NTU Nephelometric meter
Total dissolved solids mg/L Total dissolved solids Meter Method
Dissolved oxygen mg/L Colorimetry Method
Total hardness mg/L Colorimetric titration with an EDTA solution
Total alkalinity mg/L Using sulfuric acid with a digital titrator
Color TCU/Hazen Spectrophotometric method
Taste Measurement of specific conductivity
Odor The threshold odor test
Fluoride mg/L Potentiometric method
Nitrate mg/L Calorimetric (spectroscopy method)
Nitrites mg/L Visible spectrophotometer
Ammonia mg/L Spectrophotometric IPB method
Lead mg/L Flame atomic absorption spectrometry (FAAS)
Aluminium mg/L Deferoxamine infusion test
Mercury mg/L Atomic fluorescence spectrophotometer
Iron mg/L Color-changing test
Copper mg/L Most probable number (MPN) method
Zinc mg/L Atomic absorption spectrophotometry

The principal risk associated with water supply in Ghana and other developing countries is infectious diseases
related to faecal contamination. Thus, the microbiological examination of the tap water was undertaken to assess
the hygienic quality of the supply. Physicochemical parameters were also examined because of their vital
importance in water treatment. In addition, aesthetic parameters, which are those detectable by the senses, such
as color, taste, and odor were also examined. These are important in monitoring water supplies because they may
cause the water supply to be rejected by consumers and alternative (mostly poorer-quality) sources to be adopted
(zhang et al., 2020). Besides, a significant number of serious problems may occur because of chemical
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contamination from a variety of natural and man-made sources. Therefore, the study examined the following
chemical parameters of tap water: fluoride, nitrate, nitrites, ammonia, lead, aluminium, mercury, iron, copper,
and zinc.

Furthermore, simple random sampling, a probability sampling method, was employed to administer 300
questionnaires to households within the three purposively selected residential areas, where the tap water had
been sampled in the Wa Municipality to assess the consumers’ perception of the tap water quality. Though this
household’s sample size was small, as the tap water consumers in the selected residential areas were far more
than 300, because of a limited budget, it was “big enough” to be of scientific and statistical significance (Altman,
2020). The questionnaire was used to access the perception of consumers on some water consumption profiles,
including overall water quality, taste, odor and color.

The use of a questionnaire in this study made the quantification of responses of the respondents possible. Thus,
100 questionnaires were administered to households in each of the three residential areas. The researcher applied
systematic sampling in selecting the 100 uniform households in the various residential dwellings, as a systematic
sample is obtained by selecting items at uniform intervals (Xiao, Yuan and Zhou, 2020). The data obtained was
analyzed using SPSS and the results were presented in percentages and charts. In addition, the distribution
system together with the treatment process machinery and distribution pipes used for the water supply from the
GWCL’s treatment plant in Jambusi through to the service reservoirs in Wa were observed to enable the
researcher to gain a deeper and richer understanding of these activities.

3. Results and Discussion

The importance of treating drinking water before use cannot be overemphasized, as there are public health
associated requirements with drinking water quality that must be met. Thus, drinking water quality monitoring is
a wide-ranging assessment of the quality of water in the distribution system and, importantly, as supplied to the
consumer (Bradley et al., 2021). This includes regular sampling and testing to assess whether water quality is
meeting the national standards and any regulatory requirements or agreed levels of service.

3.1 Tap Water Quality Evaluation
3.1.1 Bacteriological Analysis

In most developing countries, water-associated diseases still have an impact on public health. Bacteria, viruses,
protozoa, and parasites in poorly treated or untreated water can cause water-borne diseases, which can result in
morbidity and mortality (Wolde et al., 2020). Thus, the microbiological examination of drinking water
emphasizes the assessment of the hygienic quality of the supply. Therefore, Escherichia coli (E. coli) and total
coliforms were the bacteriological indicators of the tap water that were analyzed. The analysis of raw water
showed 0.96 CFU/100 ml and 16.00 MPN/100 ml, E. coli and total coliform, respectively. However, the analysis
of the tap water samples from the three residential areas produced 0.00 CFU/100ml, which indicates that the
sampled water from the three residential areas was free of E. coli. E. coli is abundant in human and animal faecal;
in fresh faecal, it may attain concentrations of 10° per gram (Holcomb et al., 2020). Furthermore, Kim and Cha
(2021) observe that E. coli is found in sewage, treated effluents, and all-natural waters and soils subject to recent
faecal contamination, whether from humans, wild animals, or agricultural activity. However, the distribution
system for the Wa municipality is fairly new (less than 5 years) and may not have leakages, hence the absence of
E. coli in the tap water sampled.

Equally, the analysis for total coliforms of the water sampled from the three residential areas also produced
0.00MPN/100ml. Coliform organisms have long been recognized as a suitable microbial indicator of
drinking-water quality, largely because they are easy to detect and enumerate in water (Osmani et al., 2019).
Additionally, Niyoyitungiye et al (2020), observe that coliform organisms are also oxidase-negative and
non-spore-forming and display [-galactosidase activity. Coliform bacteria should not be detectable in treated
water supplies and, if found, suggest inadequate treatment, post-treatment contamination, or excessive nutrients
(Daud et al., 2017; Isingoma and Stephen, 2021). Thus, the 0.00 MPN/100ml result obtained from the water
sample for the three residential areas indicates that the GWCL’s water treatment was efficient and that the
distribution system was of high integrity.

3.1.2 Physicochemical Analysis

The analysis of physicochemical parameters is very important in drinking water quality analysis, as they
determine the acceptability of water by consumers. Various disinfectants abound for the disinfection of drinking
water; however, chlorine in one form or another is the most commonly used disinfectant in many developing
countries because of its relative cheapness, efficacy, and ease of measurement, both in laboratories and in the
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field (Kamal et al., 2019; Gallandat et al., 2021). Additionally, Hurst (2019) posits that an important advantage
over some other disinfectants is that chlorine leaves a disinfectant residual that assists in preventing
recontamination during distribution, transport, and household storage of water. The analysis for chlorine in the
sampled treated and tap water from the three residential areas is indicated in Table 2. The free chlorine content in
the treated water was 1.5 mg/l, and its content in tap water in the three residential areas was lower than the
acceptable limits of the WHO’s guidelines (0.50 to 1.00 mg/l). The absence of sufficient chlorine residue in the
distribution system may indicate the possibility of post-treatment contamination (Matsa, Mavugara and
Dzawanda, 2021). So, there is a need to increase the post chlorine dose for the treated water to achieve the
disinfection requirements during the distribution and storage of the water.

The pH values for raw and treated water were 6.9 and 6.8, respectively. Meanwhile, the pH analyzed for the tap
water sampled from the three residential areas was satisfactory according to the WHO guidelines for drinking
water of 6.5 to 8.5, as shown in Table 2. Wang et al. (2021) observe that it is important to measure pH at the
same time as chlorine residue since the efficacy of disinfection with chlorine is highly pH-dependent: where the
pH exceeds 8.0, disinfection is less effective.

Furthermore, turbidity is important because it affects both the acceptability of water to consumers, and the
selection and efficiency of treatment processes, particularly the efficiency of disinfection with chlorine since it
exerts a chlorine demand and protects microorganisms and may also stimulate the growth of bacteria (Linden,
Hull and Speight, 2019; Nyakundi et al., 2020). The analysis of turbidity of the water sampled from the three
residential areas produced a turbidity of 0.00 for all three samples. This supports the low pH and low chlorine
residue in the sampled water, as in all processes in which disinfection is used, the turbidity must always be low
(Maciel et al., 2021). In addition, analysis of TDSs and TSSs for the water samples from the three residential
areas produced results which were within the WHO’s guidelines for drinking water, as indicated in Table 2. Also,
the temperature of all water samples was moderate and ranged between 22.7 and 26.30 -C, as compared to the
WHO'’s standard of 25 °C.

3.1.3 Aesthetic Parameters

Aesthetic parameters are those detectable by the senses, namely turbidity, color, taste, and odor. They are
important in monitoring water supplies because they may cause the water supply to be rejected. Drinking water
should be colorless and color in drinking water may be due to the presence of colored organic matter, e.g. humic
substances, metals such as iron and manganese, or highly colored industrial wastes (Ghernaout, 2020). The raw
water sample showed 23 TCU/Hazen. Meanwhile, the results on the color of the tap water sampled from the
three residential areas were within the WHO guideline (15 TCU/Hazen), as indicated in Table 2.

Additionally, the analysis of the treated and tap water sampled from the three residential areas for odor proved to
be odorless for all three samples. Odors in water are caused mainly by the presence of organic substances
(Rawdkuen et al., 2020). However, Singh and Chandra (2019) observe that some odours are indicative of
increased biological activity; others may result from industrial pollution. Taste is one of the problems that
usually account for the largest single category of consumer complaints on drinking water quality (Burlingame,
Doty and Dietrich, 2017; Mix, George and Haas, 2020), The analysis of the taste of the treated and tap water
samples showed that all samples were tasteless, and therefore, the drinking water should be satisfactory for
consumers.

3.1.4 Chemical Parameters Analysis

A significant number of serious problems of drinking water quality may occur as a result of chemical
contamination from a variety of natural and man-made sources (Borah, Kumar and Devi, 2020; Saravanan et al.,
2021). To establish whether such problems existed at the tap in the Wa Municipality, analysis for fluoride,
nitrate, nitrite, ammonia, lead, aluminium, mercury, iron, copper, and zinc was undertaken. Table 2 illustrates the
values obtained for these chemicals from the water sampled from the three residential areas. The examination of
these chemicals of health significance for the water sampled from the three residential areas resulted in values
that were within the WHO guideline values. These acceptable values could be attributed to the newness (five
years old) of the GWCL’s treatment plant and distribution system, which supplies water to the Wa Municipality,
and therefore, indicates that the treatment plant and distribution system were efficient. In addition, analysis of
total hardness and total alkalinity for all the sampled water produced values which were within the WHO’s
recommended values of 500.00 and 400.00 mg/! respectively.

Notwithstanding that all the parameters measured for the water sampled from the three residential areas were
within WHO’s recommendation for drinking water, there were variations in the values of some of the parameters.
This could be attributed to the period of the storage of the treated water in service reservoirs before distribution,
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as the three chosen residential areas depended on different service reservoirs.

Table 2. Values of chemical parameters from the water sampled from raw, treated, and tap water from the three

residential areas

Parameter WHO Guidelines (Cotruvo, 2017) Raw Water Treated SRA KRA TRA
Water

Odor Odorless Inoffensive Odorless Odorless ~ Odorless  Odorless
Taste Tasteless Tasteless Tasteless Tasteless ~ Tasteless  Tasteless
Temperature (C%) <25°C 23.20 22.70 24.10 26.30 25.20
pH 6.50 — 8.50 6.90 6.80 6.20 6.60 6.30
Colorless (TCU/Hazen) 15 23.00 5.00 10.00 8.00 5.00
Turbidity (NTU) 0.00-1.00 562.30 0.00 0.00 0.00 0.00
Total Dissolved Solids (mmg/1) < 600.00 655.00 5.00 140.00 122.00 96.00
Dissolved Oxygen (mg/l) 6.5-8 5.00 3.20 3.60 3.00 3.40
Total Hardness (mg/1) 500.00 85.00 69.00 72.00 76.00 78.00
Total Alkalinity (mg/1) 30 - 400 55.00 24.00 45.00 38.00 40.00
Nitrate (mg/1) 50.00 2.10 0.20 0.30 0.30 0.20
Nitrite (mg/1) 3.00 0.002 0.00 0.00 0.00 0.00
Ammonia (mg/1) Odor concentration of approximately 1.5 BDL BDL BDL BDL BDL
Iron <0.30 1.50 0.02 0.05 0.03 0.01
Copper (mg/1) 2.00 0.20 0.13 0.14 0.02 0.00
Mercury (mg/l) 0.006 0.018 0.00 0.00 0.00 0.00
Aluminium (mg/l) 0.10-0.20 0.01 0.02 0.02 0.01 0.00
Zinc (mg/1l) 5.00— < 3.00 0.05 0.01 0.02 0.02 0.01
Lead (mg/l) 0.01 BDL BDL BDL BDL BDL
Fluoride (mg/l) 1.50 BDL BDL BDL BDL BDL
Free Chlorine (mg/1) 0.50 - 1.00 - 1.50 0.21 0.25 0.10
E.coli (CFU/100ml) 0.00 0.96 0.00 0.00 0.00 0.00
Total Coliforms (MPN/100ml)  0.00 16.00 0.00 0.00 0.00 0.00

BDL = Below Detectable Limit, SRA = Samples collected from SNNIT Residential Area, KRA = Samples
collected from Kpaguri Residential Area, and TRA = Samples collected from Tamalepaani Residential Area

3.2 Consumers’ Perception of Tap Water Quality

The perception of tap water is subject to a wide range of factors and interactions (Javidi and Pierce, 2018; Delpla
et al., 2020). Monitoring of consumer comments and complaints can provide valuable information on potential
problems that may not have been identified by performance monitoring of the water supply system (Monks et al.,
2019). Consumer satisfaction with drinking water quality is largely based on a judgment that the aesthetic quality
of tap water is ‘good’, which usually means that it is colorless, free from suspended solids and has no unpleasant
taste or odor. Thus, a questionnaire survey was conducted among 300 consumers in households in the three
sampled residential areas to assess the factors that influence and determine consumers’ behaviour concerning
drinking water.

The consumers in the sampled residential areas elaborated the following water consumption profiles: overall
water quality, taste, odor and color. Figure 3 below shows the consumers’ perception of the overall tap water
quality in the study area. About 74 % of respondents said that the overall water quality was good and very good.
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Around 25 % of the respondents claimed that the overall water quality was bad and very bad, whereas the
sampled water quality analysis indicated that the overall water quality was within the acceptable limits
prescribed by the WHO. The claim of taste in the water by some consumers could be attributed to the storage of
water in various receptacles due to intermittent water supply, as water stored for a long period can be
contaminated and lead to some sort of taste. Nevertheless, all the respondents indicated that their water was
tasteless, odorless and colorless, which supports the good water quality analysis results.

Consumers Perception of Overall Tap water
Quality
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Figure 3. Perception of overall tap water quality

4, Conclusion

The study examined bacteriological, physicochemical, chemical and aesthetic parameters of raw, treated and tap
water. In addition, consumers’ perception of tap water quality in the Wa Municipality was also assessed. The
results showed that all the examined parameters of the tap water were within the acceptable limits per the
WHO’s guidelines for drinking water. GWCL, the sole supplier of drinking water in the Wa Municipality is
encouraged to put in place proper monitoring and evaluation measures to maintain the continuous efficiency of
the water treatment and distribution systems. However, an assessment of consumers’ perception of the overall
tap water quality through a questionnaire survey indicated that 74 % of respondents said that the overall water
quality was good and very good. Nonetheless, 25 % of the respondents claimed that, the water quality was bad
and very bad, and had some taste, which could be attributable to the long period of water storage. So, further
analysis for water stored for a long period of time is recommended in future studies. Additionally, the chlorine
dose in the post-treatment should be increased to ensure the disinfection requirements are met. The researcher
admits that the limitation of the paper is that one water sample was collected in each of the chosen residential
areas but the results were analysed and generalized to represent the entire residential areas.
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