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ABSTRACT

Well water has become a main source of water supply for both drinking and domestic use in
many rural and urban areas in Nigeria due to inadequate provision of potable pipe-borne water.
This study identified the occurrence of faecal bacteria and their antibiotic resistance pattern in
different public and private wells of Paiko, Niger State. Sixty (60) water samples were collected
and used for this study and it comprises of 32 private wells and 28 public wells. The water
samples were inoculated on Eosin Methylene Blue (EMB) agar using pour plate methods for
faecal bacteria isolation. The result of the molecular identification of the bacteria isolates and
their percentage identity revealed the presence of E. coli, Enterobacter aerogenes, Klebsiella
pneumoniae and Citrobacter cronae. The frequency of occurrence of the bacteria are Klebsiella
pneumoniae 22 (33.8%), Enterobacter aerogenes 18 (27.7%), E. coli 14 (21.5%), and
Citrobacter cronae 11 (16.9%). Antibiotic susceptibility test showed a high susceptibility of
the bacteria to meropenem 65 (100%), ciprofloxacin 65 (100%), trimethoprim-
sulfamethoxazole 64 (98.5%) and streptomycin 62(95.4%). While a significant level of
resistance was observed with cephalexin 35 (53.8%) a class of cephalosporin antibiotics. The
physicochemical parameters of this study were significantly different at the 5% level (p>0.05)
from the required permissible limit of World Health Organization (WHO) and Standard
Organization of Nigeria (SON) for potable water. Sensitization of the public on how to situate
wells and its proper maintenance would reduce the risk of major water borne pathogens to
public health.



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

All living things from the simplest plants and microorganisms to complex living systems
depend on water for survival (Onifade and Ilori, 2008). Water possesses unique chemical and
physical characteristics, it occupies approximately 70% of the earth; making it earths most
abundant compound (Obi and Okocha, 2007). One of the eight fundamental elements essential
in primary healthcare globally is a safe and potable drinking water supply. Accessibility to
potable drinking water improves health and productivity and these cumulates into the ability to
earn a good living. The availability and accessibility of clean, fresh, potable water can
contribute to sustainable development and the alleviation of poverty (Al-Bratty et al., 2017).
However, access to and supply of this necessary resource remains a major problem in many

nations and communities around the world (World Health Organization (WHO), 2004).

In Niger state the sedimentary and basement complex rocks underlain have varying capacities
for holding water year-round (Obaje, 2009; Olasehinde, 2010). In raining seasons, the state
experiences heavy down pour which often lead to flooding in some communities, while once
the dry season sets-in even rivers run dry, giving rise to difficulties in accessing water of
suitable quality. Most medium-sized towns including Paiko have consistently encountered
similar problem of poor water quality supply since in the 1980s. Less than 20% of the people
living in Niger state currently have access to potable water. Morenikeji et al. (2000) claimed
that access to potable water has been steadily declining in Niger State since the 1980s. Rural
residents are now obliged to use well water for drinking and household use due to constrain
and inadequate supply of pipe-borne water. In certain instances, hand-dung wells are situated

near unsensitized locations like garbage dumps, drainages, pit latrines, or soak-away systems.



Some of these wells are frequently open, making them vulnerable to pollution of different kinds

and degrees (Ikem et al., 2002).

Waterborne pathogens are categorized into three main groups: bacteria, viruses, and protozoans
(Desouky et al., 2003). Bacteria are majorly responsible for most waterborne diseases such as
typhoid, paratyphoid fever, dysentery, diarrhoea, cholera. Many bacteria pathogens most of
which are of enteric origin have been reported in water. These bacteria include E. coli, Shigella
sp., V. cholerae, C. jejuni, S. typhi, Aeromonas spp., enterotoxigenic Bacteroides fragilis and

enteropathogenic E. coli (Fricker, 2003).

Assessment of drinking water quality has majorly been carried out using culture techniques
(Gantzer et al., 1998). However, the method does not allow the detection of some specific water
borne pathogens and it is also time consuming. Recent advances in molecular technology
techniques for the detection of pathogens in drinking water showed significant promise in
improving the safety of water supplies by precisely detecting and identifying these pathogens
(Martin et al., 2008). Molecular techniques have several advantages over standard culture
techniques for specific detection and quantification of waterborne pathogens, as they are highly
sensitive, rapid, specific and can be readily automated and standardized (Tekpor et al., 2017).
Due to its high sensitivity, specificity, simplicity and rapidness compared to culture techniques,

the Polymerase chain reaction is the most commonly adopted molecular tool (WHO, 2006).

Realizing that well water in Paiko is widely used for domestic activities as well as drinking by
the people of the community. This study was designed to ascertain the potability and qualities
of water from such wells and the antibiotics resistance pattern of faecal bacteria detected from

the well water.



1.2 Statement of the Research Problem

In many countries, including Nigeria, access to clean drinking water has been a major problem
(Vincent et al., 2010). Most rural regions in Nigeria, including the study area Paiko, lack access
to potable drinking water (Aweda et al., 2020). Only a small percentage of people are able to
afford and rely on treated and purified water, especially for drinking. Therefore, the primary
source of both drinking water and domestic water used by the local population in Nigeria is

ground water (well water) (Abaje et al., 2009).

Nigeria faces major disease epidemics as 63 million people lack inadequate access to safe and
potable drinking water (Ogundipe et al., 2017). The resurgence of cholera is a devastating
epidermic facing the country where more than 30,000 cases of cholera and 800 deaths were
been reported in the year 2021, according to the Nigeria Centre for Disease Control (NCDC)
(Food Safety News, 2021). The NCDC also reported the outbreak was aggravated by poor

access to clean water, poor sanitation, open defecation and hygiene issues.

Annually, water-borne diarrheal diseases result to 502,000 diarrheal deaths due to ingestion of
unsafe drinking water (WHO, 2018) and an estimated 150,000 children in Nigeria lost their
lives each year due to diarrheal-associated illness (Bademosi, 2018). Treatment of these
patients is additionally compromised by antimicrobial resistance bacterial (National (Nigeria)
Action Plan for AMR, 2017). Therefore, there is a pressing need to contain these problems by
constantly evaluating source of domestic and drinking water sources such as wells for the
presence of faecal bacteria and to also examine the occurrence of antibiotic resistance pattern

of the faecal bacteria.

1.3 Aim and Objectives of the Study
The aim of this study was to determine the occurrence, molecular identity and antibiotics

resistance pattern of faecal bacteria in public and private wells in Paiko, Niger State.



The objectives of the study were to:

I. isolate and identify faecal bacteria from well water

ii. determine the occurrences of faecal bacteria in public and private wells

iii. evaluate the antibiotic resistance pattern of the bacterial isolates

iv. determine the physicochemical properties of the well water.

1.4 Justification for the Study

Previous studies on well water also known as ground water carried out in Paiko by Aweda et
al. (2020) isolated and identify microorganism based only on cultural and morphological
characteristics. Hence this study explores the use of molecular technique as a confirmatory
method for the identification of faecal bacteria. A variety of molecular techniques have been
employed to study the microbial composition of the human gastrointestinal tract. Results from
these studies have shown that many microorganisms detected by molecular techniques cannot
be cultured using conventional methods (Joao, 2010). Molecular techniques such as PCR and
sequence analysis provide further information by giving specific identity and phylogenetic

characteristic of strains identified (Girones et al., 2010).

This study further evaluates the antibiotic resistance pattern of the bacterial isolates which was
ignored by previous studies carried out in Paiko from the well water source. The development
of antibiotic resistance among pathogenic bacteria is a global public health issue and that
includes Nigeria, a developing country. The major risk factor for an increase in bacteria
resistance is the high and indiscriminate use of antibiotics. The emergence of bacteria
resistance to antibiotics is a proof of the potential post antibiotics era which could constitute a
menace to present and future medical advances (Osuntokun and Komolafe, 2019).

Identification of faecal bacterial contamination in well water and the evaluation of the antibiotic



resistance pattern associated with the bacteria isolates in a community like Paiko can help

detect waterborne pathogen and the risks associated it.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Importance of Water
Water is a vital natural resource required for life to exist (Bates, 2000). Water of drinking
quality is of utmost importance to human physiology as well as essential to man’s existence
(Idowu et al., 2011; Ezeh et al., 2020). Though the surface of the earth majorly made up of

water, only a little fragment of it is usable, making this resource very limited (Roy, 2019).

Water is needed for almost all of man’s activities and it is connected to all forms of life. It is
required in the maintenance of metabolic activities and homeostasis in living cells as all cellular
functions occur in fluid medium (Adzitey et al., 2015). The human body is made up of
approximately sixty percent water by weight in adult males, fifty percent in females, and

roughly about seventy percent in new born infants (Svagzdiene et al., 2010).

European Food Safety Authority (EFSA, 2010) estimated the human dietary requirement for
water to be about 2 litres daily for an average adult, as regular intake of sufficient amounts is
crucial in the maintaining good health. However, water safety and quality are important
attribute of drinking water to ensure it meets standard for human consumption. Various
contaminants can affect water quality causing negative effect on human and animal health.
Suitability and quality of water for drinking and domestic use are usually determined by various
elements such as the concentration of organic and inorganic substances, taste, odour and colour
(Rahmanian et al., 2015). Water for human consumption is expected be free of pathogens and

meet certain standards.

Humans and animals consume water from a range of sources (rain, stream, wells, and borehole)
some of which can be contaminated by various pathogens and chemical toxins (Adzitey et al.,

2015). Groundwater is an essential resource that exists almost everywhere under most



landscapes. It is an important source of fresh water for many parts of the world. In Africa, many
cities, towns and villages depend almost entirely on it for their domestic, agricultural and
industrial needs (Jidauna et al., 2013). As accessibility and availability of clean fresh water
plays an essential role in economic growth and social welfare, it is also a fundamental element
in health, food production, and poverty reduction (Pachepsky et al., 2011; Mpenyana-Monyatsi
etal., 2012; Malhotra et al., 2015; Edessa et al., 2017). As such drinking water must not contain
contaminants, such as microbial pathogens, toxic physical and chemical residues and unwanted

organoleptic properties (Vidyasagar, 2007).

Globally, water scarcity, poor water quality, and inadequate sanitation have a severe impact on
the livelihood options, food security, and educational prospects for underprivileged households
(Sivaranjani et al., 2015; Pal et al., 2018; Ezeh et al., 2020). According to various studies
millions of people globally use highly contaminated water sources (Liang et al., 2006). Scarcity
of safe drinking water is a major problem affecting significant proportion of people in third
world nations (Ayantobo et al., 2012). The increasing number of individuals with no access to
quality drinking water is mostly as a result of the ever-increasing population predominantly in
developing nations and the incapability or involuntariness of the government to offer adequate
water supply facilities (United Nations Educational Scientific Cultural Organization

(UNSDG), 2015).

In Africa, about 320 million people remain excluded from safe drinking water supplies (Bazié,
2014) and in Western Africa quality drinking water supply coverage is below 60 percent
(Conseil des Ministres Africains de I’Eau (CMAE), 2008). To date, about 30% of the global
population is affected by water scarcity and it is projected to rise beyond this if proper measures
are not put in place to curtail it (United Nations Sustainable Development Goals, 2018). In
Nigeria, the public water supply is poor, with water scarcity affecting millions of homes (Ezeh

et al., 2020).



Globally, an estimated 1.1 billion people lack adequate and potable water supply and over 460
million people suffer from acute water shortages, and about 2.4 billion lacking adequate
sanitary facilities (WHO, 2012). Scarcity of safe drinking water poses a great danger to the
wellbeing of individuals exposing them to various water borne diseases (Pal et al., 2018).
Millions of individuals especially children die every year from diseases associated with poor
water quality, sanitation and hygiene (Okpasuo et al. 2019). Nearly 1,000 infants die daily as
a result of water and sanitation-related diarrheal infections (United Nations Children’s Fund

(UNICEF), 2018).

Approximately 3.1 percent of global annual motility and 3.7 percent of annual morbidity are a
result of unsafe water, lack of basic sanitation and hygiene. In Nigeria, the growing demand,
coupled with constrained supply of potable pipe-borne water has pushed rural and some urban
inhabitants to fall back to using various water sources such as well water for domestic uses,
such wells in most situations are located in unsanitary locations. Some of these wells are
usually open making them vulnerable to various kinds and degrees of contamination (Jidauna

etal., 2013).

Geological conditions, industrial operations, and agricultural practices are potential sources of
water contamination. These contaminants can also be divided into five categories:
radionuclides, disinfectants, inorganics, and microbes. Compared to organic chemicals,
inorganic chemicals make up a larger part of the pollutants in drinking water (Azrina et al.,
2011). Groundwater quality is generally stable overtime as it is chiefly determined by the
chemical composition of the rocks serving as aquifer. However, in most developing nations
access to safe drinking water is fast becoming a mirage due to poor infrastructural facilities,
inapt farm practices as well as indiscriminate dumping of wastes. The disposal and leakage of
human and animal wastes matter into both surface and underground water sources has been
reported as the major source of pathogens in water bodies (Marathe et al., 2017).
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Water is considered a vehicle for the spread of infectious agents (Mpenyana-Monyatsi et al.,
2012). It is well established that diseases are spread mainly through human and animal excreta
contaminated water supplies. Salmonella sp., Shigella sp., pathogenic E. coli, V. cholerae, Y.
entercolitica, Campylobacter sp., viruses including hepatitis A and hepatitis E, rotavirus, and
different parasites are among the microbial pathogens that poses a substantial risk of disease in

drinking water (Mpenyana-Monyatsi et al., 2012; Malhotra et al., 2015).

Water pollution is a global menace that poses great threat to human health. The WHO estimated
that there are four billion cases of diarrhoea annually in addition to millions of illnesses
associated with poor water quality. Globally more than 3 million people die of water-related

diseases each year, including 1.2 million infants (Malhotra et al., 2015).

According to Davis (2010), water-related diseases mainly diarrhoea kill more than 25,000
people and about 5000 infants daily, most of which are preventable. In developing countries,
diarrhoea and other water related diseases kill an estimated 1.8 million children per year
(Johnson et al., 2011). Developing countries such as Nigeria are plagued with water-related
diseases, accounting for about 10 percent of the disease burden in such countries (Mari et al.,

2018).

As pollution, population, and environmental degradation increase, water sources are
increasingly threatened by both chemical and microbiological contaminants. A wide range of
pathogens can contaminate water, and routine monitoring of their presence is impractical. The
examination of chemical parameters like pH, turbidity, conductivity, total suspended particles,
total dissolved solids, total organic carbon, and heavy metals are few of the scientific methods
that have been established to evaluate pollutants in water (Rahmanian et al., 2015). If the values
of these parameters exceed the safe limits recommended by the WHO and other regulatory

authorities then the water quality is poor (WHO, 2011). Monitoring indicator organisms like
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coliforms, especially E. coli, which is a more precise sign of faecal contamination, is a key
component of determining the microbiological quality of drinking water (Odonkor and

Ampofo, 2013; Malhotra et al., 2015).

2.1.1 Use of well water in Nigeria

Treated pipe-borne water is limited to metropolitan areas in Nigeria, the supplied quantity is
inadequate and the frequency epileptic. Supply is entirely lacking in certain areas within the
metropolis. More than 52% of Nigerians lack access to clean water (Raphael et al., 2018). Poor
socioeconomic development, a growing industrial base, shoddy planning, insufficient funding
and sloppy implementation are seen to be the main causes of Nigerians poor access to clean

and safe water (Oluwasanya, 2009).

Due to the poor water supply in the country, an increasing number of people in semi urban and
urban areas depend on any easily accessible and cheaper alternative water sources such as wells
and other surface water sources for drinking and domestic purposes (Idowu et al., 2011; Singh
et al., 2015; Raphael et al. 2018). Such water sources are usually susceptible to external

contamination (Moyo et al., 2004)

Wells are a low-tech, inexpensive way to address the problems of water supply in rural and
urban areas (Seamus, 2000). Shimizu et al. (1980) showed that well water is contaminated by
microbial pathogens depending on its location. Thus, wells situated in unhygienic areas could
be contaminated according to their proximity to pollution sources. Water supplies are polluted
by contaminants including microorganisms, heavy metals, nitrates and salts due to poor waste
management, industrial discharges, and excessive utilization limited water resources (Adeyemi
et al., 2007). National Demographic Health Survey (NDHS) survey result showed that in
Nigeria, over 35 percent of the population use wells as their primary water source (NDHS,

2014).
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Concerns over the quality of well water have received wide attention among researchers. Water
from wells has been reported to be polluted through physical processes, geochemistry of the
environment and anthropogenic activities, exposing users of such waters to various health

hazards (Omofonmwan and Eseigbe, 2009).

2.2 Water Quality

Quality of drinking water signifies its suitability for consumption. The composition of water,
which is impacted by both natural and human processes, determines its quality. In order to
define water quality, various organizations, including the WHO, have established standards or
safe limits of chemical and microbiological contaminants in drinking water. As such the quality
of water determined on the basis of these standards and if values surpass these acceptable limits,

then human health is put at risk (Akter et al. 2016).

Water Quality is the chemical, physical and biological features of water, usually in respect to
its suitability for designated use. Water required for drinking, agricultural and industrial use
each has varying defined chemical, physical and biological standards needed to fulfil the

respective purpose (Roy, 2019).

Drinking water according to the WHO ought to be clear, colourless, odourless, tasteless, free
of pathogens and any toxic chemicals (Panteli¢ et al., 2017), as such knowing the properties of

water is important for determining water quality (Liu et al., 2018).

Ground water served as the primary source of potable water in many countries (Kumpel and
Nelson, 2014). The quality of drinking water has decreased emphatically as a result of pollution
from industrial and agricultural sector, and resource over-extraction (McGlynn, 2011). This is
also worsened by the raising demand due to the ever-increasing population (Besi¢ et al., 2011),
as such, maintaining adequate water quality is one of today's most pressing challenges in terms

of the environment and public health (Kassenga, 2007).
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Analysing water quality is crucial for public health. The ideal drinking water should be free of
any faecal or harmful microorganisms. A sensitive way of determining the water quality is by
detecting faecal indicator bacteria in water. The frequency of bacteria in a water sample is
referred to as the bacteriological quality of such water, and it is an indicator of how safe the

water is to consume (WHO, 2012).

2.2.1 Parameters of water quality

Various scientific procedures have been developed to evaluate drinking water quality. These
procedures include analysis of the physicochemical parameters which form part of the drinking
water quality indicators. These parameters include: pH, chloride, phosphorus, and colour,
turbidity, alkalinity, electrical, conductivity, nitrate, manganese total hardness and heavy
metals. These parameters affect water quality, when their values are above the safe standard

limits recommended by the WHO and other regulatory bodies (WHO, 2011).

According to Spellman (2017), there are three water quality parameters and they include:

e Physical
e Chemical and

e Biological parameters.

These parameters are monitored to ensure that quality of water meets regulatory standards and

is safe for human use (Rahmanian et al., 2015).

2.2.1.1 Physical parameters
Monitoring the physical aspect of water quality is essential to determine if the water is polluted

or not. Physical quality of water can be determined by:
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a. Turbidity

Turbidity is the cloudiness of water (Adesiji et al., 2014). It is the measure of the ability of
light to pass through water. High turbidity is usually due to suspended matter including silt,
clay and other organic materials in water (Alley, 2007; Omer, 2019). Turbidity in drinking
water is esthetically unacceptable as it makes the water look unappetizing. It causes an increase
in the cost of water treatment (Davis, 2010), the particulates provide hiding places for
pathogens shielding them from disinfection process and suspended particles also provides

adsorption media for heavy metals and hazardous organic (Edzwald, 2011).

b. Temperature

Temperature influences some aspects of water quality including viscosity, solubility, odour,
and chemical reactions (APHA, 2005). As such sedimentation, chlorination processes and
biological oxygen demand (BOD) are dependent on temperature (Davis, 2010). Also,

temperature impacts the biosorption process of dissolved heavy metals (Abbas et al., 2014).

c. Colour

Decayed organic matter such as vegetation and inorganic matters affects the colour of water,
which is detested for aesthetic reasons, rather than health reasons. The colour of water sample
is measured by comparing it with standard colour solutions or coloured glass disks. Colour is
graded from a scale of O (clear) to 70 colour units. Pure water is colourless, which is equivalent

to O colour units (APHA, 2005).

d. Taste and odour
Presence of foreign matter such as organic materials, inorganic compounds, or dissolved gasses
in water can cause a change in taste and odour (Omer, 2019). These materials can be from

natural, domestic, or agricultural sources.
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e. Solids

Solids occur in water either in solution or in suspension. Glass fibre filters are used to identify
the types of solids in water (Tchobanoglous et al., 2003). The suspended solids are usually
retained on top of the filter while dissolved solids passes through the filter with the water
sample. The filtered water sample is then evaporated and the solids residue is known as the

total dissolved solids (TDS) (Omer, 2019).

f. Electrical conductivity (EC)
This is a measure of a solution’s capacity to conduct electrical current (Tchobanoglous et al.,
2003). Because ions in solution carry electrical current, conductivity rises as ion concentrations

rise (Omer, 2019).

2.2.1.2 Chemical parameters

a. pH

pH is the negative logarithm of the hydrogen ion concentration (Spellman, 2017), a
dimensionless number indicating the strength of acidity or basicity of a solution (Hammer,
2011). It is an important parameter of water quality. pH ranges from 0-14, with 7 being neutral.
Values below 7 shows acidity, whereas values above 7 indicates basic solutions. Pure water at
25°C is usually neutral, with a pH around 7.0 (Omer, 2019). Safe pH ranges for drinking water

and domestic use are from 6.5 to 8.5 for (WHO, 2011).

b. Dissolved oxygen (DO)

Dissolved oxygen is an important test of water pollution; as such it is an important water quality
parameter for streams, rivers and lakes (Omer, 2019). Higher concentration of dissolved
oxygen signifies better water quality (Tchobanoglous et al., 2003). Dissolved oxygen has no

direct effect on public health; however, water with little or no oxygen tastes unpalatable.
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c. Biochemical oxygen demand (BOD)

Microorganisms metabolize organic material, consuming oxygen. They breakdown these
organic matters into simpler compounds and utilize the released energy for growth and
reproduction. During this process, the oxygen consumed is the dissolved oxygen in the water.
This need for oxygen is called the biochemical oxygen demand; as such the higher the organic
material available in the water, the higher the BOD required by microorganisms

(Tchobanoglous et al., 2003).

d. Chemical oxygen demand (COD)
The COD is a measure of all organics that is the biodegradable and the non-biodegradable

matter (Omer, 2019). COD value of a sample tends to be always higher than its BOD value.

e. Toxic inorganic substances

Various inorganic toxic substances in trace amounts can be detected in water; posing a threat
to human health. Some toxic substances are from natural sources however they mostly result
from industrial activities and improper management of hazardous waste (Omer, 2019). Toxic

inorganic substances are split into two categories:

e Metallic compounds: Includes toxic heavy metals such as selenium, barium, lead,
silver, mercury, arsenic, chromium and cadmium (Jarup, 2003). Each of which causes
wide range of effects that differ from one metal to the other (Campanella et al., 2016).

e Non-metallic compounds: This includes nitrates (NOs-) and cyanides (CN-), Cyanide
causes oxygen deprivation by binding the haemoglobin sites, preventing RBCs from
conveying oxygen (Davis, 2010). Resulting in a blue skin colour syndrome called

cyanosis. It also causes chronic effects on the central nervous system and thyroid.
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f. Toxic organic substances

Over 100 compounds found in water have been reported as toxic organic compounds (Davis,
2010). They are naturally found in water and are usually man-made pollutants. They include
insecticides, pesticides, solvents, detergents, and disinfectants. They can be measured using
gas chromatography (GC), high-performance liquid chromatography (HPLC) and mass

spectrophotometry.

2.2.1.3 Biological parameters

Microorganisms are ubiquitous in nature, widely disseminated in all environments (Wiesmann
et al., 2007). In raw water and also in drinking water there are always specific amounts of
microorganisms, most of which are not harmful; however, some of them are pathogenic causing

serious health issues under specific conditions.

a. Bacteria

Bacteria are single-celled organisms, they occur in three basic cell forms: bacillus, coccus, and
spiral. They reproduce rapidly under favourable conditions; this rapid growth allows visible
colonies of bacteria on suitable nutrient medium making it possible to detect and enumerate
bacteria in water. Numerous waterborne diseases including typhoid and paratyphoid fever,
leptospirosis, tularaemia, shigellosis, and cholera are caused by various species of pathogenic
bacteria, such as Salmonella sp., Shigella sp., pathogenic Escherichia coli, Vibrio cholerae,

Yersinia enterocolitica and Leptospira sp.

b. Algae

Algae are autotrophic microscopic plants, containing photosynthetic pigments, such as
chlorophyll (Wiesmann et al., 2007). They are primarily nuisance organisms in the water
supply as they affect the taste and odour of water (Alley, 2007). Although certain species have

serious environmental and public health impact (Wiesmann et al., 2007).
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c. Viruses

Viruses are the smallest biological structures known to contain all genetic information
necessary for their own reproduction. Infectious hepatitis and poliomyelitis are caused by
waterborne viral pathogens (Chakraborty et al., 2020). Water treatment and disinfection

process typically renders the majority of waterborne viruses inactive (Shannon et al., 2010).

d. Protozoa
Protozoa are microscopic single-celled organisms that consume organic substances, bacteria,
and algae as food (Pando, 2018). Aquatic protozoa, also known as zooplankton, float freely in

the water. They develop cysts that are challenging to destroy during disinfection process.

2.3 Concept of Indicator Organisms

Several species of pathogens are capable of contaminating water as such it is technically
difficult, time consuming, impractical and expensive to analyse each species at regular
intervals. Therefore, the use of indicator organisms was pioneered to allow a more cost

effective, rapid, more frequent and less sophisticated routine analysis of water samples.

Indicator organisms suggest the occurrence of pathogens, when the indicator organism is
present in a particular sample (Odonkor and Ampofo, 2013). These organisms are usually used
in assessing faecal contamination level in water, instead of identifying all pathogens of concern
because the presence of an indicator organism in water indicates probable contamination with

other pathogens (Pandey and Soupir 2013; Pandey et al., 2014).

The attributes of indicator organisms are:
e their concomitant presence with the pathogens;
e they should be easy to detect and quantify;
e their test methods should be widely available and cost-effective (Odonkor and Ampofo,

2013; Alhamlan et al., 2015).
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E. coli (most common), coliforms, thermotolerant or faecal coliforms, heterotrophic bacteria,
faecal streptococci, and sulphite-reducing anaerobes are among the species regularly utilized

as indicators in bacteriological assessments of water quality (Odonkor and Ampofo, 2013).

2.4 Escherichia coli

Largest numbers of Escherichia coli are found in the intestinal flora of human and animals. E.
coli is usually analysed separately from coliform bacteria because they tend to appear
exclusively with faecal contamination. As such it used as a direct indicator organism for faecal
contaminations (OECD/WHO, 2003). The WHO recommended that no detectable amounts of
E. coli should be found in 100 mL of drinking water (WHO, 2011). Most strains of E. coli are
harmless, but some strains are pathogenic, due to E. coli detection been quite simple, cheap,
and can survive longer than other bacteria in water, it is stated as the best indicator for faecal
contamination (Jessoe, 2013). As such testing for the presences of E. coli is considered
extremely in revealing recent faecal contamination, unsanitary processing, and presence of

other enteric bacterial pathogens (Odonkor and Ampofo, 2013).

2.5 Water Quality Analysis

2.5.1 Bacteriological assessment of water quality

Monitoring the presence of indicator organisms and pathogens allows for the evaluation of the
bacterial quality of water as well as the efficacy of treatment methods. E. coli isolation or count,
total coliforms count, faecal coliform count, Pseudomonas sp. count, and enterococci sp. count
are the most frequently used bacteriological analyses (Svagzdiene et al., 2010). Rompre et al.
(2002) described a number of methods for enumerating coliforms in water. These include the
traditional multiple tube fermentation, membrane filtering methods, and heterotrophic plate
count [HPC] tests (Varga, 2011). The ATP test, which analyzes the active microorganisms in
water quickly through the detection of adenosine triphosphate (ATP), is another bacteriological
test used to evaluate the quality of drinking water
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2.6 Water Treatment

Water treatment is required due to the existence of harmful undesirable physical, chemical, and
microbiological constituents in water (Edberg, 2005). Microbiological assessment of drinking
water mainly covers detection of coliforms and total bacterial count. Presence of coliforms in
water is a prominent indicator of possible faecal contamination (Akbar et al., 2013; Panteli¢ et

al., 2017).

Major microbiological contaminants of water are pathogenic bacteria, such as pathogenic E.
coli strains, Salmonella, Shigella and Vibrio cholerae; parasites, such as Cryptosporidium
parvum, Giardia lamblia and pathogenic viruses (Odonkor and Ampofo, 2013). When present
at considerable viable levels in drinking water these organisms potentially cause diseases. As
such, necessary treatments are required to ensure removal or inactivation of such organisms

and other undesirable contaminants (Senior and Dege, 2005).

A number of water treatment methods for the removal or inactivation of pathogens are
available. The most common include: Filtration, Reverse osmosis, Distillation, Ozonation,
Chlorination and UV radiation (Senior and Dege, 2005). With each treatment method
possessing its unique strength and limitation for target group of microorganisms (Edberg,

2005).

Filtration is the most commonly used microbiological treatment method for drinking water.
The method uses filters, screens, and granular material or membranes to hold particulate
material, including microorganisms. The sizes of particles that accumulate in the filter are
usually between 0.001 and 100um diameter (Senior and Dege, 2005). This method is

particularly effective against protozoan parasites (Edberg, 2005).

In addition to changing the mineral composition of water, reverse osmosis also eliminates

germs. It is a membrane process that is conceptually similar to filtration, but it uses pumps to
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supply the necessary pressure and flow velocity over the membranes instead of filtration
(Senior and Dege, 2005). However, this strategy makes it difficult to maintain the membranes
properly, which might result in bacterial build-up that creates entry points for contamination

(Edberg, 2005).

In distillation, water is boiled and resulting hot vapours are cooled, condensed and collected
(APHA, 2012). The treatment normally results in the production of sterile, pathogen-free water
if carried out properly. However, inadequate equipment maintenance can result in re-

contamination of the water passing through the pipes after leaving the still (Edberg, 2005).

Water can also be treated using ozonation, which utilizes ozone, a potent disinfectant with high
energy and short half-life. Due to its powerful oxidizing capacity, which kills bacteria by
damaging their cell membranes, this treatment is frequently employed in the bottle water
industry. It also oxidizes unwanted minerals, particularly dissolved manganese and iron. The
usual effectiveness of 0zone treatment against bacteria and viruses does not extend to parasites

(Edberg, 2005).

Chlorination is another widely used water treatment method carried out using chemical oxidant
chlorine, an economical water treatment chemical. As in other oxidation treatments, the process
destroys microbial cells (Senior and Dege, 2005). Trihalomethanes (THMSs) are undesirable
chemical by-products that result from chlorination treatment after reacting with organic
pollutants in water (Rosenfeldt et al., 2009). Since excessive chlorine residuals are also harmful
to human health, these pollutants are neutralized by applying subsequent activated carbon
adsorption (Senior and Dege, 2005). Municipal tap water systems are mostly treated with
chlorine either in aqueous hypochlorite or chlorine dioxide gas forms or in combination (Carter

et al., 2000).
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Ultraviolet (UV) radiations are also widely used for water treatment. UV radiation achieves
microbicidal activity via the effect of radiation energy at around a 260nm wavelength, causing
the destruction of nucleic acid bases resulting in cell death (Edberg, 2005). The absence of

chemical by-products after the process is one of the main advantages of using UV treatments.

Whilst each treatment method possesses unique advantages, their anti-microbial activity
limitations should be acknowledged. Hence, combined use of these treatments can compensate
for each method’s limitation and improve the quality of the final water product (Wang et al.,

2013).

2.7 Water Pollution

Contaminants in drinking water affect water quality and consequently human health.
Geological conditions, sewage slots, industrial, agricultural activities, and treatment plants are
potential sources of contamination. These contaminants are categorized as microorganisms,
inorganics, organics, radionuclides, and disinfectants with the inorganic chemicals holding

greater portion as contaminants in drinking water (Azrina et al., 2011)

Water pollution is a global problem and poses a serious threat to human life. According to the
WHO, more than 3 billion people lack access to clean water for their daily requirements (WHO,
2018). Water sources are easily polluted especially in third world countries where proper
environmental sanitation is a challenge (Gyau-Boakye and Dapaah-Siakwan, 2000). Increased
usage of metal-based fertilizer in these countries has resulted in continued rise in concentration
of metal pollutants in fresh water reservoir due to water run-off (Adefemi and Awokunmi,

2010).

With increasing levels of contamination, the risk of contracting waterborne illnesses rises.
Water contaminated with infectious organisms, the majority of which are due to faecal

contamination, is the main means of transmission of waterborne infections. As these disease-
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causing organisms move through water sources and spread through individuals handling food
and water, they are more common in places with inadequate sanitation (Alhamlan et al., 2015).
These contagious infections primarily come from non-point sources like agriculture, wildlife,
and urban runoff as well as point sources like sewage discharge. Point discharges are easily
managed by treating the source; however, non-point sources are of serious threat due to their

wide dissemination (Alhamlan et al., 2015).

The quality of groundwater can deteriorate due to inadequate source protection and poor
resource management. Microbial and chemical contaminants have been detected in
groundwater (Pritchard et al., 2008) and numerous sources of contamination have been pointed
out. This includes land disposal of sewage effluents, sludge and solid waste, septic tank

effluents, urban runoff and agricultural, mining and industrial practices (Allamin, 2015).

The chemical characteristics of natural waters are a reflection of the soils and rocks with which
the water has been in contact (Panteli¢ et al., 2017). Such organic and inorganic compounds
may contaminate water (Hartman et al., 2015). Organic compounds are derived from living
organism as well as industrial sources while chemical contaminants that pollute groundwater,
resulting in a long-term influence on public health, microbiological pollution has an immediate
effect on a large number of people. Chemical pollutants such as hydrocarbons, metals, cyanide,
arsenic, various synthetic chemicals, and soluble forms of nitrogen and phosphorus can all

cause distinct types of poisoning (Pritchard et al., 2008).

2.8 Waterborne Diseases

Waterborne diseases are directly transmitted by drinking water contaminated with microbial
pathogens. Such diseases include cholera, dysentery, typhoid fever, hepatitis A and E,
giardiasis, cryptosporidiosis and amoebiasis (Okpasuo et al., 2019; Ahmed and Kafayos,

2020). Contaminated water plays an important role in diseases transmission (Katsi et al., 2007).
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Individuals from third world countries are faced with higher risk of water-borne diseases than
those in developed countries (Nazemi et al., 2016). Poor environmental sanitation and hygiene
plays an important role in the dissemination of waterborne diseases. Ahmed and Kafayos
(2020) pointed out that one of the fastest ways of contracting waterborne diseases is through
drinking contaminated water. Clasen and Bastable (2003) also reported that contaminated,
unclean or tainted water are major causes of morbidity and mortality throughout the world
while Ismail and Elnaeem (2017) opined that one of the main causes of death and illness in

developing worlds is waterborne disease associated with poor sanitary condition.

In sub-Saharan Africa the most common waterborne diseases are cholera, typhoid, infectious
hepatitis, giardiasis, amoebiasis and dracunculiasis, with cholera been the most devastating
(Ahmed and Kafayos, 2020). Waterborne diseases are not an exclusive problem affecting
human health; they also tend to be a huge social and socioeconomic problem (Ubosi, 2018).
Waterborne diseases affect millions of people in Africa (Fenwick, 2006). The WHO estimated
that about 3.4 million people, mostly children, die from water-related diseases annually (WHO,
2014). According to the UNICEF (2014) assessment, 4000 children die daily as a result of

contaminated water.

Polluted surface waters can contain various pathogenic organisms mostly of faecal origin, from
point sources such as municipal wastewater treatment plants (Chigor et al., 2010; Odjadjare
and Okoh 2010; Nwabor et al., 2016) and drainage from areas where livestock are handled
(Forstner and Wittmann, 2012), or from non-point sources such as domestic and wild animal
defecation, malfunctioning sewage and septic systems, storm water drainage and urban runoff

(Chigor et al., 2012).

The most vulnerable population group to waterborne diseases include children below the age

of five, elderly individuals, individuals suffering from malnutrition, pregnant woman, immune-
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compromised individuals, individuals suffering from chemical dependencies and individuals
predisposed to other illnesses. The most common, and ironically the most dangerous,
waterborne disease in developing countries is diarrhoea (WHO, 2011; UNICEF, 2018). In
developing countries diarrhoea is responsible for approximately 2.5 million deaths annually,

mostly affecting children below the age of five (Obi et al., 2004).

Most waterborne diseases are caused by enteric pathogens or parasites that are transmitted via
the faecal oral route. There spread depends on several factors including: survival of these
pathogens in the water, infectious dose of the pathogen, the microbiological and
physicochemical quality of the water, presence or absence of water treatment and lastly the

season of the year (Theron and Cloete, 2002).

Some natural factors can affect pathogen concentrations in water. They include geographical
location, climate, and land use. High temperature and amount of precipitation have been shown
to have a correlation with the number of faecal coliform and enterococci contamination (Staley
et al., 2012). Precipitation is a good facilitator for the transfer of contaminants. However, land

use impact has a greater influence than climate variations (St Laurent and Mazumder, 2014).

The survival of microorganisms in water is dependent on the availability of nutrient and water
temperature. Infectious dose of most waterborne bacterial pathogens is between 107 - 108 cells,
though some enteric pathogens are capable of causing infection at lower doses (Leclerc et al.,
2002). Viruses are able to survive extended periods in the water and their infectious dose can
be as low as 1 to 10 infectious particles. For parasites the infectious dose usually depends on
host susceptibility and strain virulence (Masago et al., 2002). The infectious dose of Giardia
might be as low as 10 oocysts and the presence of 30 oocysts of Cryptosporidium might be

enough to cause infection (Hrudey et al., 2003).

Salmonella
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Salmonella is a rod-shaped, Gram-negative, facultative anaerobic, non-spore forming and
predominantly motile bacteria belonging to the Enterobacteriaceae family (Eng et al., 2015).
They are often distinguished by the O, H, and Vi antigens. There are over 2600 serotypes of
Salmonella in the genus that have been identified; the majority of them may adapt to a range
of animal hosts, including humans (Ruby et al., 2012; Andino and Hanning, 2015; Eng et al.,
2015; Whiley et al., 2017; Liu et al., 2018). Most Salmonella infections in humans are caused
by the Salmonella enterica subsp. enterica, which accounts for more than half of the known

serotypes (Eng et al., 2015).

Worldwide Salmonella infection remains a major public health problem, contributing to health
and economic burden of both developed and developing countries (Eng et al., 2015).
Salmonella species are a major contributor to intestinal illness around the world and are also
the cause of serious systemic illnesses like typhoid and paratyphoid fevers (Levantesi et al.,
2012). The most frequent manifestation of Salmonella infection are gastroenteritis,
bacteraemia, and enteric fever. Salmonella has been identified as the most frequently isolated
food and waterborne pathogen worldwide, causing an estimated 93.8 million food and water
borne illnesses and 155,000 fatalities per year. There are no substantial animal reservoirs for
the Salmonella species that cause typhoid fever and other enteric fevers, thus they are primarily
transferred via faecal oral route. Human carriers who are asymptomatic aid in the disease's

propagation (Eng et al., 2015).

Escherichia coli

Escherichia coli are Gram negative, rod-shaped, facultative anaerobes, they are considered a
normal bowel flora of different species of mammals and birds (Gill et al., 2006). Escherichia coli
is the most common specie of the genus Escherichia and an important member of the family
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Enterobacteriaceae. They are one of the most predominant bacteria in human and animal intestinal
tract and are among the foremost bacterial species to colonize the gastrointestinal tract, where
they establish themselves as commensals and remain resident throughout the life (Wassenaar,
2016). Commensal strains of E. coli seldom cause diseases unless in immuno-compromised hosts.
However, various highly adapted strains of E. coli have developed specific virulence factor, which
confers enhanced capabilities to adapt to new niches, enabling them cause wide range of
infections in the gastrointestinal system (Ndlovu et al., 2015).

Pathogenic E. coli are majorly categorized into five groups: Enterotoxigenic, Enterohemorrhagic,
Enteroinvasive,  Enteropathogenic and the newly recognized group called
Enteroadherentaggregative E. coli (Omolajaiye et al., 2020).

As a member of the faecal coliform group Escherichia coli have been utilized as the primary
indicator of faecal contamination in fresh and marine water as its presence indicates the
potential presence of other pathogenic bacteria and it also suggests the extent as well as the

nature of the contaminants (Khan and Gupta, 2020).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study Area

This research was carried out in Paiko town at the Paikoro local government area of Niger
State, situated in the South-Eastern region of Niger State (Figure 1). The administrative
headquarter of Paikoro is situated in Paiko town. It is bounded by latitude 9° 17' 10” N and
longitudes 6° 35' 1” E Due to its proximity to important towns like Minna, Suleja, and the
capital of the country, Abuja, it is a highly inhabited community that is undergoing very rapid
development. The distance between Paiko and Minna is 23km and the distance between Paiko
and Abuja is 142km by road. The mean annual rainfall is between 1200mm-1300mm spanning

from April to October with maximum rain recorded in August (Aweda et al., 2020).
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Figure 1: Map of Study Area in Niger State
Source: Geography Department, FUT Minna.
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3.2. Sampling and Sample Size

Sixty (60) water samples comprising of 32 private wells and 28 public wells were strategically
and randomly selected from 5 different regions in Paiko town. The places are Gbadan,
Anguwan Liman, Millionaire’s Quarters, Lugodna and P&P. The number of samples size of
private and public wells differ because there were more wells situated in household which are

meant for private use than those constructed outside for the general use of the public.

3.3. Sample Collection and Processing

The water samples from the wells were collected using 200 mL bottles that were clean and sanitized. The sampling

bottle was secured with a suitable-sized stone, opened, and lowered into the well until fully submerged in water

without touching the well's sidewalls, hitting the bottom, or upsetting any sediment. The bottle was filled and

then removed by rewinding the rope (Chiranjay et al., 2012). All the collected water samples were
properly labeled and immediately transported to the Microbiology Laboratory of FUT Minna in an ice pack

(Nwankwo et al., 2020). They were then stored in the refrigerator at 4°C for 18 hours prior to analysis to avoid
microbial action affecting their concentration (Bala, 2006; Kihupi et al., 2016). All the samples were

collected at the peak of the dry season between February and April.

3.4 Microbiological Analysis of the Water Sample

Ten-fold serial dilution was aseptically carried out by transferring 1 mL of the homogenized
suspension into a sterile test tube containing 9 mL of sterile, distilled water and subsequent
dilutions were made from the above-mentioned dilution (Bala et al., 2016). Using a sterile
pipette, 0.1 mL aliquot of the dilution factor of 10 was aseptically transferred into petri dishes.
Using pour plate technique, prepared molten MacConkey agar (about 45°C) was dispensed into
replicate plates containing the inoculum, gently swirled and allowed to solidify. The cultured
plates were incubated for 24 hours at 37°C. After the incubation period, the faecal coliform
growth count was estimated. Distinct colonies on the MacConkey agar plate were aseptically

sub-cultured onto freshly prepared solidified selective and differential media, Eosin Methylene
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blue (EMB) and incubated at 37°C for 24 hours to obtain a pure bacteria isolate. These pure
bacterial isolates were subjected to biochemical tests for further characterization of the
presumptive isolates and subsequently, molecular testing for the identification (Rodger et al.,

2017).

3. 5 Identification of Bacterial Isolates

The faecal coliform bacteria isolated were identified based on colony morphology, Gram
staining and various biochemical tests including citrate utilization test, indole test, oxidase test,
Voges Proskauer (VP) and methyl red test (Hemraj et al., 2013). The procedures are

highlighted in Appendix |

3.6 Molecular Identification of Isolates

3.6.1 DNA extraction

Genomic DNA extraction was carried out using Spin Column Bacteria DNA Preparation Kit.
Following the manufacturer’s instructions, Bacteria cells were harvested from 500 pl aliquot
of 10,000g for 1 minute. The residual pellet was re-suspended in 300/uL of suspension Buffer
and 2ul of Lysozyme Solution. The mixture was homogenized 30°C for 1 hour. Re-suspended
cells were recovered by centrifugation at 10,000g for 1min and lysed by adding 300/uL of
Lysis Buffer after which 2/uLL RNase A and 8/uL proteinase K solution were added; followed
by incubation at 60°C for 10minutes. The tube was cooled on ice for 5minutes. Binding buffer
(300uL) was then added to the mixture and vortexed briefly; the mixture was cooled on ice for
5minutes and thereafter centrifuged at 10,0009 for 5 minutes. The supernatant was transferred
directly into the spin column and centrifuged at 10,0009 for 1minutes to trap the DNA. The
trapped DNA was washed twice with washing buffer after which it was eluted with 50ul elution

buffer into a clean eppendorf tube (Jena Bioscience, 2021).
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3.6.2 Polymerase chain reaction (PCR) 16s rRNA amplification

Each PCR reaction mixture consisted of 12.5ul mastermix (2x JENA Ruby hot start
mastermix), 1ul 27F 5’AGA GTT TGA TCM TGG CTC AG3’ and TAC GGY TACCTT GTT
ACG ACT T 3, 1ul DNA template and 9.5ul reaction volume of 25 ul. PCR amplification
was carried out in an Applied Biosystem 2720 Thermocycler. The mixture was subjected to an
initial denaturation at 94°C for 3min; followed by 35 cycles of 94°C for 45s, 55°C for 60s and
72°C for 60 seconds and a final termination at 72°C for 10mins and chilled at 4°C. The integrity
of the amplified about 1.5 Mb gene fragment was checked on a 1.5% Agarose gel to confirm
amplification. The buffer (1XTAE buffer) was prepared and subsequently used to prepare 1.5%

agarose gel (Rodger et al., 2017).

3.6.3 Gel electrophoresis

Agarose gel (1.5%) already prepared was used to confirm positive amplification. Ten
microliters of each PCR product were loaded into the wells with the 100bp DNA ladder loaded.
The gel was electrophoresed at 120V for 45 minutes visualized by ultraviolet trans-illumination
and photographed. The sizes of the PCR products were estimated by comparison with the
mobility of a 100 bp molecular weight ladder that was ran alongside experimental samples in

the gel (Odeyemi et al., 2018).

3.6.4 Sequencing

The amplified products were purified and sequenced by Sanger sequencing method using
Applied Biosystem (AB1 3500XL) Genetic Analyzer and was done by Ingaba Biotec, Pretoria,
South Africa. The resulting sequences were compared in the Basic Local Alignment Search

Tool (BLAST) Gene Bank (Ingaba Biotechnology Industry, 2021)
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3.7. Antibiotic Susceptibility Profile

Antibiotic susceptibility test was carried out using Kirby Bauer disk diffusion method on
Mueller Hinton Agar. Suspension of the test organism was prepared in normal saline to the
turbidity of 0.5 McFarland standard and streaked onto Nutrient Agar. Antimicrobial disc of
Ampicillin (AMP)10pg; Cephalexin (CEP)10ug; Meropenem (MEM)10ug; Streptomycin (S)
30ug; Sulfamethoxazole-trimethoprim (SXT) 30ug; Ciprofloxacin (CPX) 10ug; Augmentin
(AUG) 25ug; and Erythromycin (E) 10ug were applied aseptically on the surface of replicate
inoculated plates. The plates were allowed to solidify for a while at room temperature and then
incubated at 37°C for about 18-24 hours. The diameter of the zone of inhibition around the
antibiotic discs was measured and interpreted in accordance with the breakpoints and criteria
recommended by the Clinical Laboratory Standards Institute(CLSI) to determine which is

susceptible, intermediate or resistance (CLSI, 2018).

3.8 Physicochemical Properties
All the water samples collected were subjected to physicochemical analysis using Rodger et
al. (2017) standard method for the examination of the water and wastewater (SMEWW). The

procedures are highlighted in Appendix Il

3.9 Data Analysis
The data obtained were presented as means + standard deviation and analysed using statistical
analysis software (SAS) Version 9.4. Comparisons between different groups was carried out

using one way Analysis of Variance (ANOVA) and their means were separated using Duncan’s

Multiple Range Test (DMRT) (Yalta, 2008).
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Results
4.1.1 Distribution of coliform bacteria from well water samples
Out of the 60 water samples analysed, 36 (60.0%) were positive for bacterial growth while 24
(40.0%) samples had no growth. Both the private and public wells had 18 positive coliform
growths and each representing 30.0% respectively. The distribution of the coliform from the

well water samples is shown in Table 4.1.

4.1.2 Faecal coliform count

The mean faecal coliform count of Public and Private well water samples from various
locations in the study area is shown in Table 4.2. The result shows that private wells of Lugodna
area had the highest level of contamination (12.21+4.214cfu/ml) followed by public wells of

P&P area (5.71+1.656¢fu/ml) and the lowest contaminated wells was in Gbadan area.

4.1.3 Biochemical characterization test
Presumptive characterization of the isolates was carried out based on colony morphology and
various biochemical tests. The tests carried out presumed the presence of Klebsiella species,

Enterobacter species, E. coli, Salmonella species and Proteus species as shown in Table 4.3.
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Table 4.1: Distribution of Coliform Bacteria from Well Water Samples

Source NSS NPS PP (%) NNS PN (%)
Private well 32 18 30.0 14 23.3
Public well 28 18 30.0 10 16.7
Total 60 36 60.0 24 40.0

Key: NSS: Number of Sample Screened; NPS: Number of Positive Samples; PP: Percentage Positive;
NNS: Number of Negative Samples; PN: Percentage Negative.
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Table 4.2: Mean Faecal Coliform Count of Private and Public Well Water Samples from

various Locations

Sample Area Type of Well Water Mean Total Colony Count
(x10* cfu/mL)
Gbadan Area Public Wells 0.14+0.1432
Private Wells 0.71+0.3542
Angwan Liman Area Public Wells 2.07+0.934°
Private Wells 0.93+£0.5082
Millionaire’s  Quarters Public Wells 1.64+0.843°
Area
Private Wells 0.43+0.2282
Lugodna Area Public Wells 3.64+1.768°
Private Wells 12.21+4.214°
P&P Area Public Wells 8.71+2.7361
Private Wells 5.71+1.656 *

Values are in £ mean S.E.

(S.E = Standard error of Mean)

Values within groups bearing the same superscript are not significantly different at the 5%

level (p<0.05).
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Table 4:3 Biochemical Characterization of the Bacteria Isolated from the Public and Private Wells

Organisms S;Z:;ion Shape Indole MR Motility VP Citrate Urease
Klebsiella - Rod - - - + + +
Enterobacter - Rod - - + + + -
Escherichia

coli ) Rod * * * - ) -
Salmonella - Rod - + + - - -
Proteus - Rod - + + - + +

+ Positive: - Negative

37



4.1.4 Molecular identification of faecal coliform bacteria

Identification of six isolates was carried out using the 16s rRNA sequence analysis. The gel
electrophoresis of selected isolates is shown in Plate 1. The sequences obtained were queried
in GenBank of the NCBI and the bacterial isolates were identified and confirmed to be
Enterobacter aerogenes, Klebsiella pneumoniae, Escherichia coli, Klebsiella aerogenes and

Citrobacter cronae strain as shown in Table 4.4 and Plate 1.

4.1.5 Frequency of occurrence of bacteria isolated from public and private well water
samples

Klebsiella pneumoniae 22 (33.8%) was the most frequent bacteria isolated followed by
Enterobacter aerogenes 18 (27.7%), Escherichia coli 14 (21.5%) and the least occurring was
Citrobacter cronae 11 (16.9%). The frequency of occurrence of the bacterial isolated is shown

in Table 4.5.

4.1.6 Antibiotic susceptibility profile of isolated Citrobacter cronae

The antibiotic susceptibility profile of Citrobacter cronae is shown in Table 4.6. C. cronae
were highly susceptible 11(100%) to meropenem, ciprofloxacin, trimethoprim-
sulfamethoxazole, erythromycin and streptomycin. While low level of resistance was observed

in cephalexin and ampicillin 2(18.2%).

4.1.7 Antibiotic susceptibility profile of isolated Enterobacter aerogenes

Enterobacter aerogenes were highly susceptible 18(100%) to meropenem, ciprofloxacin,
trimethoprim-sulfamethoxazole and streptomycin. While significant level of resistance was
observed to only cephalexin 8 (44.4%). The antibiotic susceptibility profile of E. aerogenes is

shown in Table 4.7.
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Table 4.4: Basic Local Alignment Search Tool (BLAST) Result of the Selected Isolate

0
Isolate code Scientific Name Max  E /0 Accession
Score Value Ident

PRW28 Enterobacter aerogenes 1610 0.0 99.45% NR 102493.2
PRW31 Escherichia coli 2115 0.0 98.11% NR 114042.1
PRW32 Klebsiella pneumoniae 1700 0.0 98.87% NR_117683.1
PUWI16 Enterobacter aerogenes 1697 0.0 99.26% NR_102493.2
PUW22 Citrobacter cronae 1543 0.0 97.78% NR 170426.1
PUW26 Citrobacter cronae 1669 0.0 99.15% NR 170426.1

PRW= Private Well; PUW=Public Well
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L=mid range ladder

Plate 1: The gel electrophoresis of the bacteria PCR amplicons. The first lane had the DNA
ladder followed by the samples tested: PUW 16, PUW 22, PUW 26, PRW 28, PRW 1, PRW

32
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Table 4.5: Frequency of Occurrence of Bacteria Isolated from Public and Private Well
Water Samples

Isolates Frequency %
Klebsiella pneumoniae 22 33.84
Enterobacter aerogenes 18 27.70
Escherichia coli 14 21.54
Citrobacter cronae 11 16.92
Total 65 100

41



Table 4.6: Antibiotic Susceptibility Profile of Citrobacter cronae

Antibiotics Susceptible (%)  Intermediate (%) Resistant (%)
MEM 11 (100.0) 0(0.0) 0(0.0)
CPX 11 (100.0) 0(0.0) 0(0.0)
SXT 11 (100.0) 0(0.0) 0(0.0)
E 11 (100.0) 0(0.0) 0(0.0)
S 11 (100.0) 0(0.0) 0(0.0)
CEP 7 (63.6) 2 (18.2) 2 (18.2)
AMP 9 (81.8) 0(0.0) 2 (18.2)
AU 9 (81.8) 2 (18.2) 0(0.0)

MEM: Meropenem; CPX: Ciprofloxacin; AMP: Ampicillin; CEP: Cephalexin; SXT: Trimethoprim-
sulfametoxazole; E: Erythromycin; AU: Augmentin; S: Streptomycin.
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Table 4.7: Antibiotic Susceptibility Profile of Enterobacter aerogenes

Antibiotics Susceptible (%) Intermediate (%) Resistant (%)
MEM 18 (100.0) 0(0.0) 0(0.0)
CPX 18 (100.0) 0(0.0) 0(0.0)
SXT 18 (100.0) 0(0.0) 0(0.0)
E 14 (77.8) 1(5.6) 3(16.7)
S 18 (100.0) 0(0.0) 0(0.0)
CEP 5 (27.8) 5 (27.8) 8 (44.4)
AMP 10 (55.6) 5 (27.8) 3(16.7)
AU 9 (50.0) 5(27.8) 4(22.2)

MEM: Meropenem; CPX: Ciprofloxacin; AMP: Ampicillin; CEP: Cephalexin; SXT: Trimethoprim-
sulfametoxazole; E: Erythromycin; AU: Augmentin; S: Streptomycin.
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4.1.8 Antibiotic susceptibility profile of isolated E. coli

The isolated E. coli were highly susceptible to meropenem, ciprofloxacin, trimethoprim-
sulfamethoxazole 14 (100%) and streptomycin 13 (92.9%). Moderate level of resistance was
observed to cephalexin 5 (35.7%). The antibiotic susceptibility profile of E. coli is shown in

Table 4.8.

4.1.9 Antibiotic susceptibility profile of isolated Klebsiella pneumoniae

The antibiotic susceptibility profile of Klebsiella pneumoniae is shown in Table 4.9. Isolated
K. pneumoniae were highly susceptible to meropenem, ciprofloxacin 22 (100%), trimethoprim-
sulfamethoxazole 21 (95.5%) and streptomycin 20 (90.9%). While a significant level of

resistance was observed in cephalexin 10 (45.5%).

4.1.10 Antibiotic susceptibility profile of all the bacterial isolates

The isolates obtained from the well water samples were highly susceptible to meropenem 65
(100%), ciprofloxacin 65 (100%), trimethoprim-sulfamethoxazole 64 (98.5%) and
streptomycin 59 (90.8%). While significant level of resistance was observed in only cephalexin

25 (38.5%). The antibiotic susceptibility profile of the bacterial isolates is shown in Table 4.10.

4.1.11 Physicochemical properties of public and private well water samples
The results of the physicochemical properties Of public and private well water samples from

Paiko local government are presented in Table 4. 11.
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Table 4.8: Antibiotic Susceptibility Profile of E. coli.

Antibiotics Susceptible (%) Intermediate (%)  Resistant (%)
MEM 14 (100.0) 0(0.0) 0(0.0)

CPX 14 (100.0) 0(0.0) 0(0.0)

SXT 14 (100.0) 0(0.0) 0(0.0)

E 8 (57.1) 6(42.9) 0(0.0)

S 13 (92.9) 1(7.1) 0(0.0)

CEP 4 (28.6) 5 (35.7) 5 (35.7)
AMP 9 (64.3) 3(21.4) 2 (14.3)

AU 9 (64.3) 5(35.7) 0(0.0)
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MEM: Meropenem; CPX: Ciprofloxacin; AMP: Ampicillin; CEP: Cephalexin; SXT: Trimetoprim-
sulfametoxazole; E: Erythromycin; AU: Augmentin; S: Streptomycin.



Table 4.9: Antibiotic Susceptibility Profile of Klebsiella pneumoniae

Antibiotics Susceptible (%)  Intermediate (%) Resistant (%)
MEM 22 (100.0) 0(0.0) 0(0.0)
CPX 22 (100.0) 0(0.0) 0(0.0)
SXT 21 (95.5) 0(0.0) 1(4.5)

E 17 (72.3) 2(9.1) 3 (13.6)

S 20 (90.9) 1(4.5) 1(4.5)
CEP 6 (27.2) 6 (26.1) 10 (45.5)
AMP 15 (68.1) 4(18.2) 3 (13.6)
AU 13 (59.1) 4 (18.1) 5(22.7)

MEM: Meropenem; CPX: Ciprofloxacin; AMP: Ampicillin; CEP: Cephalexin; SXT: Trimethoprim-
sulfametoxazole; E: Erythromycin; AU: Augmentin; S: Streptomycin.
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Table 4.10: Antimicrobial Susceptibility Profile of all the Bacterial Isolates

Antibiotics Susceptible (%)  Intermediate (%) Resistant (%)
MEM 65 (100.0) 0 (0.0) 0(0.0)
CPX 65 (100.0) 0 (0.0) 0(0.0)
SXT 64 (98.5) 0 (0.0) 1 (1.5)

E 50 (76.9) 9 (13.8) 6(9.2)

S 59 (90.8) 3 (4.6) 1(1.5)
CEP 22 (33.8) 18 (27.7) 25 (38.5)
AMP 43 (66.2) 12 (18.5) 10 (15.4)
AU 40 (61.5) 16 (24.6) 9 (13.8)

MEM: Meropenem; CPX: Ciprofloxacin; AMP: Ampicillin; CEP: Cephalexin; SXT: Trimethoprim-

sulfamethoxazole; E: Erythromycin; AU: Augmentin; S: Streptomycin.
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Table 4.11: Physicochemical Properties of Private and Public Well Water Samples from Paiko Local Government Area

Study - Electrical
. Type of Turbidit .. TDS BOD
Location V\Xf” Water Ph Y Conductivit / Temp (°C) TSS (mg/L) / COD (mg/L)
Area (NTU) y (us/cm). (mg/L) (mg/L)
i 7.14%0.025%® 9.50+4.502 504.00+111.0 328.072.0 3¢ 27.70+1.0° 4.00£2.02 0.40+0.03¢ 100.50+3.502
Gbad Public Wells
adan
Area
Private Well 7 4640.26 0.00+0.02 605.00+33.0% 393.4+21 68 27.70+1.0° 2.00+2.02 0.20+0.002 0.00+0.00°
Public Wells  7.34+.065° 13.0¢13.0° 275.51+27452 461.5+205.5" 27.60+1.10° 7.5045.50° 0.60+0.00% 102.00+2.0
Angwan
Liman Area _ )
Private Well 71240.68% 23.0+14.02 294.5+293.502 540.0+158.0°¢ 27.60+1.10 44.0+18.07 0.20+0.02 0.0£0.02
o S, i 6.92+0.122 2.63+2.632 326.00+116.02 212.0+75.08b¢ 28.75+0.05° 4.07+0.07° 1.40+1.0% 5.50+0.50°
Millionaire’s  Public Well
quarters
Area Private Well 6.9540.045 11.0+11.02 270.50+18.52 176.00+12.0% 28.75+0.05P 11.5+9.502 1.25+0.05 % 90.00+2.0¢
Public Well 6.4840.192 18.0+15.02 574.00+122.0% 373.0+£79.08¢ 28.75+0.50° 24.0+17.02 0.70+0.30% 40.00+5.00¢
Lugodna -
Area
Private Well 6.3240.26% 50.0+50.0° 475.50+143.52 309.0+93.0 ¢ 28.75+0.50° 2.50+2.502 1.20+0.00% 70.00+3.0¢
i b 132.0+132.0° 477.50+74.52 310.5+48.5 ¢ 28.70+0.10° 145.5+140.52 1.55+0.45° 0.00+0.00°
Public Well 6.80+0.07
P&P Area
Private Well 6.9640.08% 45.0+35.0 315.00+149.02 69.10+38.92 28.70+0.10° 1.50+0.502 1.55+0.45° 38.00+3.0°¢
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WHO STANDARDS FOR 6585 5 00 1000 500.0 25.00 >250.0 <5.00 5.0+0.00
WATER . - . . . . . . PAVLEV N

KEYS: TDS: Total Dissolved solids; TEMP: Temperature; TSS: Total Suspended solids; BOD: Biological oxygen demand; COD:
Chemical Oxygen Demand.
Values are in + mean S.E. (S.E = Standard error of Mean)

Values within Groups bearing the same superscript are not significantly different at the 5% level (p<0.05).
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4.2 Discussion

4.2.1 Distribution of positive coliform bacteria from well water samples

This study investigates the occurrence of faecal bacteria and antibiotics resistance patterns in
public and private wells in Paiko. From the study, it shows that there was an overall high
distribution of Positive coliform bacteria growth 36(60.0%) out of the 60 water samples
collected and analyzed from the study area. This exceeded the values recommended by (WHO,
2011) international standard, which states that no sample should contain faecal coliform or E.
coli in drinking water source This result confirms the report of Aweda et al. (2020) who
observed the same from the research study carried out in Paiko. The reason for these may be
attributed to the sample collection which was done during the peak of dry season March — April
and also because faecal coliform bacteria are thermotolerant bacteria which are able to grow
and thrive in high temperature. Omotoso et al. (2018) reported that in dry season the volume
of water from wells are reduced thereby increasing the concentration of microorganism.
Edokpayi et al. (2018) confirms the same reports and further stated of E. coli was predominant
during dry season. This contradict Nnane et al. (2011) report stating that greater incidence of
pathogen load was more likely to occur during rainy season when there was more incidence of

rainfall.

4.2.2 Faecal coliform count

Total coliform count from the study area shows Gbadan area having a lower coliform count
(0.14+0.143 and 0.71+0.354/cfu) compare to Lugodna area which had the highest coliform
(3.64£1.768 and 12.21+4.214/cfu) count followed by P&P (8.71+2.736 and 5.71+1.656/cfu) in
both the public and private wells. The water sample of Gbadan, Lugodna and P&P are
significantly different at the 5% level (p>0.05). The result may be attributed to the clustering
together of the building in the areas which is a characteristic of a slum with improper waste

disposal and open defecation. Stream filled with debris and defecation was observed in the area
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and there could have been an inflow of these stream water into the ground water thereby
causing contamination. Some of the wells from the study area were observed to be left
uncovered or had covers with cracks and improperly kept fetchers which could have also led
to the contamination of the well water. Moyo et al. (2004) made similar observation of
unprotected well water sources been susceptible to external contamination from surface runoff,
windblown debris, human and animal faecal pollution and unsanitary collection methods in

Zakat district, Zimbabwe.

Due to limitations in space, crowding and poor drainage network, pit latrines were observed to
be extensively used in some of the study area. The seepage from these underground pits into
nearby wells might have led to higher distribution of bacteria in the private wells. This
observation agrees with a report by Aromolaran and Amodu (2021) which attributed the close
proximity of hand dug wells in residential area to pit latrines and soak away, a major repository

for pathogenic microorganism which is a source of contaminations in well water.

4.2.3 Molecular identification of faecal coliform bacteria

The sequencing result of the six bacterial isolates carried out using PCR revealed over 90
percent identity after blasting at the gene bank. The coliform bacteria identified were Klebsiella
pneumoniae, Enterobacter aerogenes, Escherichia coli and Citrobacter cronae as shown in
Table 4.4. The isolation and identification of Klebsiella pneumoniae strain from the wells of
the study area is a likely indication of faecal contamination in the wells. This is similar to a
report by Aromolaran and Amodu (2021) who molecularly identified K. pneumoniae from the
water samples collected from private hand-dug wells in various communities within Ondo
town, Southwest Nigeria and Bello et al. (2017) who also identified K. pneumoniae in sachet
water in Ondo town. A study carried out by Ribeiro et al. (2017) reported the presence of
Citrobacter portucalensis another Citrobacter species from the well water samples in
Cantanhede City, Center of Portugal.
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4.2.4 Frequency of occurrence of bacteria isolated from well water samples

The frequency of the bacteria isolated and identified from the study area are Klebsiella sp.
(33.8%), Enterobacter sp. (27.7%), E. coli (21.5%) and Citrobacter sp. (16.9%). Data obtained
from this study had similar bacteria but different frequencies of occurrence from those carried
out in ground water source in Argentina by Liliana et al. (2008), where E. coli (37.5%) had
the highest frequency followed by Klebsiella (23,5%), Enterobacter (17.3%) and Citrobacter
(12.3%). Laniyan et al. (2016) also reported high occurrence of E. coli (37.7%) followed by
Proteus (14.6%) and the least been Klebsiella sp. from hand dug wells in some areas of Ibadan,
Oyo state. The difference in the rate of occurrences from this study could be attributed to the
difference in environment, locations and life style of the people in the respective regions.
However, this study is in agreement with Emmanuel et al. (2015) findings which reported a
higher prevalence of 100% Klebsiella pneumoniae in all the well water samples collected from
the study areas in Zaria. Chiranjay et al. (2012) also recorded a significant prevalence of

Klebsiella sp. in well water samples of Karnataka, India.

The presence of these coliform bacteria in the wells could be a result of defective wells and
these defects could come in the form of a missing cover or defective well cover which was
observed in most of the wells in the study area. It may also be as a result of contaminant seepage
through cracks or holes inside and outside the well casing, which allows water that has not been
filtered through the soil to enter the well which is common in wells made of concrete, clay tile,

or brick as reported by New York State Department of Health (NYSDH, 2017)

Klebsiella species are thermotolerant coliforms found in the feces of healthy humans and
animals, and are easily detected in sewage-polluted water. Their presence signifies possible
faecal contamination and likely presence of other pathogens (Emmanuel et al., 2015).

Klebsiella are well-established opportunistic pathogens and are not normally considered as
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causative agents of intestinal disease. Nevertheless, these organisms have been occasionally

reported as potential pathogens in acute gastroenteritis (Guglielmettia and Bartoloni, 2003)

The presence of E. coli is considered a definitive indicator of faecal contamination in drinking
water. The natural habitat of these organisms is the intestinal tract of humans and higher
animals. This indicator is used to assess the potential public health risk of drinking water, a key

element of most drinking water quality guidelines (WHO, 2004).

Citrobacter spp. occurs in the intestine of humans and animals and shed in the feces of both
human and animals. It can also be found in varied environments such as water, soil, and sewage
as reported by Oberhettinger et al. (2020) who reported Citrobacter as opportunistic pathogens
causing wound infections, abscesses, severe forms of meningitis, endocarditis or bloodstream

infections.

Enterobacter are ubiquitous in nature; their presence in the intestinal tract of animals result in
their wide distribution in soil, water, and sewage. It has been found to live in various wastes,
hygienic chemicals, and soil. They are also found in plants. In humans, multiple Enterobacter
species are known to act as opportunistic pathogens (Rogers, 2020). Enterobacter aerogenes
can cause gastrointestinal infections, urinary tract infections (UTIs), skin and soft tissue

infections, respiratory infections, and adult meningitis

The presence of these coliform bacteria in the wells of Paiko indicates that the water is not fit
for drinking and the risk of contracting water-borne disease is high. Positive faecal coliform
especially E. coli are considered indication of faecal pollution in wells as reported by New

York State Department of Health (NYSDH, 2017).

4.2.5 Antibiotic susceptibility profile of all bacterial isolates
All the bacterial isolates identified from this study were highly susceptible to meropenem 65

(100%), ciprofloxacin 65(100%), trimethoprim-sulfamethoxazole 64(98.5%) and streptomycin
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62(95.4%). While a high level of resistance to cephalexin 35(53%) a first-generation
cephalosporin was recorded as shown in Table 4.10. Rizzo et al. (2019) reported a similar
resistance of Enterobacter sp, E. coli, Klebsiella sp, and Citrobacter sp to cephalosporin in

healthcare associated infections in California, US.

In this study also, a significant level of Klebsiella pneumoniae resistance to cephalexin
antibiotics 11(47.8%) was recorded. This correlates with a similar study by Ghartimagar et al.
(2020) who reported that klebsiella pneumoniae from ground water source of Kathmandu
Valley, Nepal was highly resistant to Cefazolin which is also a first-generation cephalosporin
of the same class with cephalexin. Aromolaran and Amodu (2021) recorded similar resistance
of klebsiella pneumoniae also to cefuroxime, augmentin, and ampicillin antibiotics from some

well water samples of Ondo town.

The high level of cefalexin resistance in this study area may be associated with misuse and
over use of antibiotics among human and also indiscriminate use of antibiotics in the treatment
of animals. This could result into the antibiotics been shed in the faeces of both man and animal

thus, directly or indirectly contaminating drink water source (WHO 2020).

4.2.6. Physicochemical properties of the well water samples.

Physicochemical properties of the water sample from the study area as shown in Table 4.13
indicates the pH to be within permissible limits of 6.5-6.8 by World Health Organization
(WHO). Turbidity of Gbadan private well and Millionaire’s quarters public well 0.00£0.0 and
2.63+2.63 were within the acceptable range of WHO while the remaining public and private
wells were significantly higher at (p>0.05) than the recommended WHO limit value of 5.0
NTU. High turbidity may indicate presence of disease-causing pathogenic bacteria which
causes symptoms such as, cramps, nausea, diarrhoea and headaches as reported by Maitera et

al. (2010). Similar study by Alexander et al. (2019) stated that turbidity is been caused by the
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presence of suspended insoluble materials such as clay and silt particles, discharges industrial
wastes or sewage, or the presence of large numbers of microorganisms mainly occurring in
surface water which makes them unfit for use. Excessive turbidity protects microorganisms
from effects of disinfectants and stimulates the growth of bacteria in water has reported by

Alexander (2008).

Electrical conductivity parameters were all significantly lower at (p>0.05) 270.50+18.5 -
605.00£33.0us/cm than the set standard of Nigeria Agency for Food and Drug Administrative
Control (NAFDAC) and WHO which is 1000pus/cm. Alexander et al. (2019) reported a similar
study carried out in Michika and Environs, Adamawa State. Electrical conductivity is a
quantitative measure of the ability of water to pass electric current. Total dissolve salt
parameters were all observed to be significantly lower at (p>0.05) 69.10+£38.9 -
461.5+205.5mg/L than the WHO set standard of 500mg/L, except for private well of Angwan
Liman with 540.0+158.0mg/L which was a bit higher at (p>0.05) than the permissible standard

which is an indication that they are unsuitable for drinking.

The temperature of all the water samples were a bit above 25°C, the acceptable standard range
by Standard Organization of Nigeria (SON, 2007). It has been suggested by WHO (2006) that
solar radiation, clear atmosphere and low water level increases the temperature of water body.
Total suspended solid (TSS) parameters of the samples were lower than the permissible
standard of (WHO) meaning the water samples were devoid of suspended solid. Biochemical
oxygen demand (BODs) of all the samples were within the acceptable standard by WHO. The
Chemical oxygen demand (COD) parameters of private well samples of Gbadan, Angwan
Liman as well as public well samples of Millionaire’s quarters and P&P were all within the
permissible range of WHO, while the other wells sample were significantly above the
permissible limits. High level of Chemical oxygen demand may be due to the presence of

chemicals that could be organic or inorganically caused by the inflow of domestic, livestock
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and industrial waste that contains elevated levels of organic pollutants as reported by Jannat

(2019).
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CHAPTER FIVE
5.0 CONCLUSION, RECOMMENDATIONS AND CONTRIBUTION TO
KNOWLEDGE
5.1 Conclusion
The results of this study revealed the presence of Klebsiella pneumoniae, Enterobacter
aerogenes, Escherichia coli and Citrobacter cronae in the well water sample taken from Paiko,

Niger State.

There was a significant occurrence of these faecal bacteria in both the public and private wells
with each having a positive percentage distribution of 30.0% respectively. This therefore,
makes the well water unsafe for human consumption and a potential health risk to the

consumers.

The bacteria isolated showed more resistance to cephalexin but were susceptible to
meropenem, ciprofloxacin, trimethoprim-sulfamethoxazole and streptomycin which indicate

that they are not multiple drug resistance bacteria.

The physicochemical properties of the water samples from some of the wells in this study area
were significantly different at the 5% probability level than the permissible accepted limit of

WHO and SON which indicates that the water from these wells were unfit for drinking.

5.2 Recommendations

The following recommendations were made from the findings of this study:

i.  Disinfection such as boiling, chlorination, using ultraviolet rays or ozonation is
recommended before using the water from these wells for drinking and domestic
purposes.

ii.  The National Environmental Standards and Regulation Enforcement Agency, The

Nigerian Industrial Standards Organization and other regulatory bodies responsible for
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well construction and water quality must take necessary steps to ensure proper citing,
construction, and maintenance of wells to minimize contamination.

iii.  Periodic assessment of well water quality should be done routinely to eliminate or
reduce the health risks on individuals and communities as a whole.

iv.  Public enlightenment should be constantly carried out on the health risk implication of
poor maintenance of well in homes and communities.

v. There is need for the government to provide potable water to the public to avoid
outbreak of cholera like it’s been witnessed in recent times.

vi.  Further comparative studies of public and private wells involving more water samples
and isolates during rainy and dry season is required to better understand the occurrence
of faecal coliform bacteria in wells and to also track the source of the faecal

contamination using microbial source tracking technique (MST).

5.3 Contributions of Research to Knowledge
This research contributed to the body of knowledge by the creation of awareness that the
majority of well water in Paiko are not suitable for drinking and when consumed, could pose

health challenges to the populace.

It also showed the importance of using molecular method for the evaluation of drinking water

sources for the detection of possible pathogenic bacteria.

Awareness of the possibility of waterborne disease-causing pathogens resistance to

cephalosporin antibiotics in Paiko town was also indicated in the research.
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APPENDICES

APPENDIX A
BIOCHEMICAL TEST PROCEDURES

A. Gram staining
A thin smear of the pure 24 hours old culture is prepared on clean grease-free slide; it
is allowed to dry and fixed by passing over gentle flame. The smear is then stained by
adding 2 drops of crystal violet (Primary stain) solution for 60 seconds and then rinsed
with water. The smear is again flooded with Lugol’s iodine (Mordant) for 30 seconds
and rinsed with water before decolourizing with 70 % alcohol. The smear is then
counter stained with Safranin for 60 seconds before rinsing with water, and then
allowed to air dry. The smear is mounted on a microscope and observed under oil
immersion objective lens (x100). Gram negative cells appear pink or red while gram

positive organisms appear purple.

B. Citrate utilization test
Appropriate amount of Simon citrate agar was prepared according to manufacturer’s
standard (24 g — 1000 mL), dispensed into test tubes (5 mL each) and autoclaved
at121°C and 15 psi for 15 minutes. The autoclaved test tubes are allowed to cool and
gel in a slanted position. The tubes are then inoculated with the test organism and
incubated at 37°C for 24-48 hour. Observe for colour change from green to blue

indicating a positive result and a negative result will show no change in colour.

C. Indole test
Appropriate amount of peptone broth is prepared according to manufacturer’s standard,
dispensed into test tubes (About 4 ml each) and sterilized. Fresh culture of the test
organisms (18-24 hrs) is aseptically inoculated into the broth and incubated for 24 hours

at 37°C. After incubation about 0.5 ml of kovac’s reagent is added to the broth culture
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and observed for the presence or absence of coloured ring at the top of the broth. A
positive indole test is indicated by the formation of a pink to red colour (“cherry-red
ring™) in the reagent layer on top of the medium within seconds of adding the reagent.
If a culture is indole negative, the reagent layer will remain yellow or be slightly cloudy.
D. Methyl red test
Appropriate amount Of Nutrient broth is prepared according to manufacturer’s standard,
dispensed into test tubes (About 4 ml each) and sterilized. Fresh culture of the test
organisms (18-24 hours) is aseptically inoculated into the broth and incubated for 24
hours at 37°C change After incubation about 5 drops of the methylred solution is added
to the broth culture and observed for colour. Positive results are indicated by a bright

red colour and no change is observed for negative results.

E. Oxidase test
A piece of filter paper is placed on a clean petri dish and 3 drops of oxidase reagent is
dropped on it. The test organism is smeared on it. An oxidase positive organism will
produce a blue-purple colour in 10 seconds, while an oxidase negative organism will

produce no colouration.

F. Voges - proskauer test
Appropriate amount of Nutrient broth is prepared according to manufacturer’s standard,
dispensed into test tubes (About 4 ml each) and sterilized. Fresh culture of the test
organisms (18-24 hours) is aseptically inoculated into the broth and incubated 37°C for
24 hours at. After incubation about One millilitre of 40 % KOH and 3 ml of 5 % alpha-
naphthol is added and shakened well. Colour formation will be observed. Organism

positive for Voges Proskauer gives a pink colour within 2-5 minutes.

73



APPENDIX B

DETERMINATION OF PHYSICOCHEMICAL PROPERTIES
A. pH

The pH of the water samples was analysed using the Wagtech pH meter. After standardizing
the pH meter with a standard solution, 10mL of each of the water samples was poured into a
sterile beaker and the anode of the pH meter was dipped into it and readings was obtained when

it is stable. The value obtained determines the acidity or alkalinity of the water.

B. Turbidity
Turbidity was measured using DR 2000 (HACH) spectrometer. Freshly prepared distilled
water was filled into 25ml sample cell and another containing sample water to be analysed.
The spectrophotometer was programmed to the number of turbidities which was 750 and
450mm wavelength. The distilled water was inserted first into the cell holder. The knob was
set at zero to standardize the instrument after which the sample was inserted into the cell holder

and the “Read” button was pressed and results was displayed in Formazine Turbidity Unit
(FTU=NTU).

C. Electrical Conductivity
Conductivity of water indicates concentration of electrolytes. 100mL of distilled water and
100mL of water sample was poured into two separate beakers. The conductivity meter was
switched on and its sensor rod was dipped into the beaker containing distilled water to
standardize it. It was then further dipped into a second beaker containing water sample and

readings was taken and reported in microsiemens/cm.

D. Total Suspended Solid (TSS)

This parameter was determined by pouring 100mL of the sample through a pre-weighted filter
(glass fibre) of specific pore size. The filter was again weighed after undergoing drying process

which removed all the remnant water in the filter. The weight gain of the filter, is a dry weight
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measure of the particulates present in the water samples. Results were reported in milligrams

of solids per litre of water (mg/L). TSS was calculated using Equation 3.1

TSS (mg/L) = === (3.1)
Where: A = mass of filter + dried residue (mg)
B = mass of filter (pre-weight) (mg)

V = volume of sample filtered (L)

E. Temperature

Temperature of water samples was determined by a handheld thermometer. A thermometer
was dipped in the water samples and allow to stay for 3 minutes after which the reading on the

calibration was read and recorded.

F. Total Dissolved Solid (TDS)

A clean and dry evaporating dish was weighed. 100ml of sample was filtered through a filter
paper and the filtrate was taken in an evaporating dish. The sample was evaporated on hot water
bath. When the whole water was evaporated, the weight of the evaporating dish and the weight
of the evaporating dish after cooling in a desiccator was noted and differences was calculated

using Equation 3.2.

TDS (g/L) = “>X 100 (3.2)
Where: A= final weight of evaporating dish (g), B = initial weight of evaporating dish (g), and

V= volume of sample taken (ml).

G. Biological Oxygen Demand (BOD:s)

Biochemical Oxygen Demand is the amount of oxygen consumed by microorganisms while
they decompose organic matter under aerobic condition at specified temperature. The BOD5
was determined using azide modification of Winkler's method. BODS5 bottle was prepared and

incubated at 200C for 5 days in the dark. After five days, the incubated bottle was poured with
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mixing 2 mL of orthophosphoric acid. This was shaken gently and titrated with sodium
thiosulphate to the end point where there was colour change. The titre value represents dissolve
oxygen on day five. Biochemical Oxygen Demand was then calculated as the difference

between dissolve oxygen on day one and that on day five.

H. Chemical Oxygen Demand (COD)

Chemical oxygen demand (COD) is the oxygen requirement of a sample for oxidation of
organic and inorganic matter. 50 ml of the water sample was taken in a reflux flask, and 10 mL
of potassium dichromate solution with 1 g mercuric sulphate was thoroughly mixed. 10 mL of
concentrated sulphuric acid containing silver sulphate was added through the open-end of the
condenser carefully and mixed by swirling motion. The reflux apparatus was operated for
around 1 hour and allowed to cool. The flask was removed, and its content was diluted to
150 mL with distilled water. To the resulting solution, three drops of the ferroin indicator were
added. This sample was titrated with standard ferrous ammonium sulphate to an end point
where blue-green colour just changed to reddish-brown. Chemical oxygen demand (COD) of

the blank sample was then calculated.
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APPENDIX C

Clinical and Laboratory Standard Institute (CLSI) Interpretation Chart for Antibiotics

Antibiotics Code Disk Susceptible(S) Intermediate(l) Resistant (R)
content
Imipenem IMP 10ug >23 20-22 <19
Meropenm MEM  10ug >23 20-22 <19
Ciprofloxacin CPX  10ug >21 16-20 <15
Gentamicin CN 10ug >15 13-14 <12
Trimethoprim
sulfamethoxazole SXT 2549 216 1115 <10
Colistin CT 10ug >14 12-13 <11
Fosfomycin FOS  50ug > 16 13-15 <12
Amoxicillin- AMC  30ug > 18 14-17 <13
clavulanic acid
Ampicillin PN 10 pg >17 14-16 <13
Cefpodoxime CPD  10ug >21 18-20 <17
Nalidixic acid NA 30png >19 14-18 <13
Chloramphenicol CH 30pg >18 13-17 <12
Cefixime CFM SHUg >19 16-18 <15

Source: Clinical Laboratoray Standard Institutes (CLSI, 2018)
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APPENDIX D

DIAMETER OF ANTIBIOTIC ZONES OF INHIBITION IN MILLIMETRES

SAMPLE

S/N CODE MEM CPX SXT E S CEP PN AU
1 PRW-3 (1) 35 37 33 17 33 14 - -
2 PRW-3 (2) 27 34 30 - 24 - 11 -
3 PRW-4 (1) 25 30 27 27 26 18 20 12
4 PRW-4 (2) 25 31 16 - 26 15 13 12
5 PRW-7 (1) 27 30 30 19 25 16 15 16
6 PRW-7 (2) 28 31 33 14 25 16 15 15
7  PRW-11(1) 27 40 17 33 - 23 19 27
8 PRW-11(2) 27 35 30 17 22 18 20 20
9 PRW-12 (1) 25 31 29 17 24 22 20 22
10 PRW-12 (2) 25 35 31 30 24 20 21 30
11  PRW-15 (1) 26 30 32 12 20 14 14 17
12 PRW-17 (1) 26 35 30 28 27 25 23 22
13 PRW-18 (1) 30 38 35 27 26 20 13 15
14 PRW-18 (2) 23 33 27 31 17 18 - 14
15 PRW-20 (1) 29 39 35 25 34 27 24 32
16 PRW-20 (2) 28 37 30 22 29 25 29 20
17 PRW-20 (3) 27 35 34 30 32 29 22 24
18 PRW-20 (4) 26 44 22 20 31 27 23 25
19 PRW-22(1) 29 40 27 26 30 26 25 21
20 PRW-22(2) 25 27 26 14 23 12 15 17
21 PRW-22(3) 30 27 10 13 12 - 11 -
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APPENDIX D
ANTIBIOTIC SUSCEPTIBILITY PROFILE

SIN S’ég"g'éE MEM CPX SXT E CEP PN AU
1 PRW-3(1) S S S | R R R
> PRW-3(2) S S S R R R R
3 PRW-4(1) S S S S R S R
4 PRW-4(2) S S S R R R R
5 PRW-7(1) S S S S R | |
6 PRW-7(2) S S S R R | |
7 PRW-I1(1) S S S S | S S
8 PRW-11(2) S S S | R S S
9 PRW-12(1) S S S | R S S
10 PRW-12(2) S S S S R S S
11 PRW-15(1) S S S R R | |
12 PRW-17(1) S S S S | S S
13 PRW-18(1) S S S S R R |
14 PRW-18(2) S S S S R R |
15 PRW-20(1) S S S S S S S
16 PRW-20(2) S S S S | S S
17 PRW-20(3) S S S S S S S
18 PRW-20(4) S S S S S S S
19 PRW-22(1) S S S S S S S
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