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ABSTRACT  
  

This study involved proximate analyses of four borehole water samples within an average 

distance of 30.25m from municipal solid waste dumpsites in Obio-Akpor Local Government  

Area of Rivers State, an area commonly known as Greater Port Harcourt or Port Harcourt 

Metropolis. Water quality and analyses of some bio-physico-chemical variables (pH, total 

suspended solids (TSS), total dissolved solids (TDS), colour, total coliform, faecal coliforms and 

some water borne pathogens) were carried out on the water samples collected from the four 

boreholes. Results showed a total heterotrophic bacterial count ranging from 3.7 x 105 to 6.6 x  

105 cfu/ml and 3.1 x 105 to 4.4 x 105 cfu/ml, while the total coliform count ranged from 47 to 

1,100 most probable number (MPN)/100 ml and 43 to 210 MPN/100 ml. The borehole water 

samples had high counts of faecal coliforms (Escherichia coli), and pathogens (Salmonella, 

Shigella and Vibrio spp.) were detected in high numbers in the water samples. Colour, pH, TDS 

and alkalinity concentrations in the water samples were significantly different (higher) when 

compared with water quality regulatory standards. Statistically, T-Test analyses of the samples 

showed variation with that of WHO and National water quality standards. PPMC analyses 

showed that distance was not a factor in the threat to groundwater  

Keywords: water pollution, ground water, water quality, diseases, regulatory standards 
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CHAPTER ONE  

INTRODUCTION  

1.1  Background to the Study  

Clean and safe water is health; and good health is wealth. Sustainable wealth ushers in 

development, hence potable, adequate and accessible water is a public asset and a crucial social 

welfare facility to drive development in space. The hydrological cycle assures ample supply of 

water on earth for man numerous uses yet man is faced with serious water crisis which may soon 

overtake the advances in civilization. Without a sufficient supply of water, the human body 

dehydrates and death occurs in a few days. The vegetables and fruits man consume, the animals 

that serve as providers of milk and meat, and fish all depend on water as do all living things. 

Colourless, odourless, tasteless, and calorie –free, water is vital to all life on earth. From the 

elephant to the microbes water is essential and there is no substitute. Each of the more than seven 

billion people on earth needs to consume in liquid and food an average of 2 ½ litres of water 

every day to keep healthy.  

With settling down of nomadic man about 6000 years ago, his radius of action was reduced and 

therefore became exposed to the struggle against water (flood and inundation) and the struggle 

for water (for domestic and other uses). The major challenge in the struggle for water for 

domestic uses is the availability of potable water for man. The vulnerability of both surface and 

groundwater sources of potable water across the globe as a result of industrialization has 

attracted serious attention. The study area for example, is endowed with fresh water sources but 
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is highly vulnerable to contamination due to environmental pollution and appalling sanitary 

conditions.  

1.2   Statement of the Problem  

Sustainable social and economic developments are largely dependent on water resources. 

However, securing water (quality and quantity) to satisfy the needs of humans and ecosystems is 

one of the primary issues challenging the 21st century (Amangabara and Ejenma, 2012). 

Worsening the problem of water supply is the fact that water quality is one of the most sensitive 

issues worldwide, potentially influenced by many natural and anthropogenic factors. These 

include source of water, the degree of its evaporation, types of rock and mineral it has 

encountered (i.e. geology and mineralogy of the watershed), geological processes within the 

aquifer, velocity and direction of water movement and the time it has been in contact with 

reactive minerals. It is also affected by external pollution agencies such as effluents from 

agricultural return flow, industrial and domestic activities (Subbaraoet al., 1995).  

There have been several international initiatives aimed at improving global access to safe water 

supply and sanitation. One such initiative is the United Nations Millennium Development Goals 

(especially MDG 7) targeted at halving the world population lack of access to safe drinking 

water by 2015. According to WHO-UNICEF ( JMP, 2008) access to safe water supply rose from 

77% to 89% and adequate sanitation from 54%  to 77% mostly in developed countries, whilst in 

the developing countries, access to water supply and sanitation is still a mirage ( Person, 2009).  

Globally, 1.1 billion people rely on unsafe drinking water sources from lakes, rivers and open 

wells. The majority of these are in Asia and sub-Saharan Africa. Water that is safe for drinking, 
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pleasant in taste, and suitable for domestic purposes (designated as potable water) must not 

contain any chemical or biological impurity (Horsfall and Spiff, 2001). Groundwater has been 

described as the main source of potable water supply for domestic, industrial and agricultural 

uses in the southern part of Nigeria especially the Niger Delta, due to long retention time and 

natural filtration capacity of aquifers (Odukoya et al., 2002; Agbalagbaet al., 2011). However, 

pollution of groundwater has gradually been on the increase especially in our cities with lots of 

industrial activities, population growth, poor sanitation, land use for commercial agriculture and 

other factors responsible for environmental degradation (Amangabara & Njoku, 2012). The 

concentration of contaminants in the groundwater depends on the level and type of elements 

introduced to it naturally or by human activities and distributed through the geological  

stratification of the area  

In the study area, like in most other areas and cities, wastes are generated daily and most of the 

wastes are discarded in improperly situated and dumping sites that are not engineered to purpose. 

Most of the dumping sites are located within residential areas, markets, farms, roadsides,and 

others. This exposes the sources of groundwater systems to vulnerability. Unarguably, 

uncontrolled citing of boreholes as the source of potable water in most of our urban and rural 

communities has become a serious challenge, thus maintaining a potable groundwater supply that 

is free from microbial and chemical contaminants is far from reality in most of our urban centers, 

and in particular Port Harcourt municipality, due to poor waste disposal and management 

practices. The challenge is worsened by the fact that there are inadequately trained waste 

disposal personnel and equipment, poor waste collection, sorting and disposal methods, and 

indiscriminate location of disposal sites without regards to the local geology and hydrogeology 

of the area. All these contribute significantly to the contamination of soil and groundwater.  
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The type of waste generated varies widely with many human activities located close to 

dumpsites. Industrial wastes are generated from industrial activities such as chemicals, 

pesticides, paints, grease, inorganic materials, oil sludge, etc. while domestic wastes are those 

generated from commercial establishments and household activities. They occur in different 

forms, water – borne waste from households, including sewage, human and animal remains as 

well as chemical and laboratory waste. The release of these materials into the environment 

sometimes causes serious health problems. The level of wastes produced by dense human and 

domestic animal population often exceeds the local ecosystem’s biodegradability, resulting in 

serious environmental pollution and epidemic outbreaks of diseases (Ronald, 1988). During the 

peak of the rainy season, the dumpsite is covered by flood water and this contributes to the 

formation of leachate. It is this contaminated liquid that enters into the soil and eventually into 

the underlying groundwater at such dumpsites.  

In developing countries, thousands of children under five years die every day due to drinking 

contaminated water (Keraitaet al., 2003). Thus, lack of safe drinking water supply, basic 

sanitation and hygienic practices are associated with high morbidity and mortality from excreta 

related diseases. Water-borne pathogens infect around 250 million people each year resulting in 

10 to 20 million deaths world-wide (Muhibbu-Din et al., 2011; Zektseret al., 2005; Odukoya et 

al 2002). An estimated 80% of all illness in developing countries is related to water and 

sanitation and 15% of all child deaths under the age of five years in developing countries result 

from diarrheal diseases (Musa 2014;Zektseret al., 2005).  The lack of safe drinking water and 

adequate sanitation measures could also lead to a number of diseases such as dysentery, 

salmonellosis, shigellosis and typhoid, and every year millions of lives are claimed in developing 

countries (Odukoya et al., 2002).     
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The assessment of water quality has becomean important part of water resource studies, 

planningandmanagement. It is gaining significant importance due to intense 

urbanization,industrializationand agricultural activities that areincreasingthe riskof contamination 

of soiland water. Water qualitymonitoringis important for the protection of public health 

(drinkingordomesticuse),agriculture,industry, fishing, recreation, tourism andprotection 

ofaquaticecosystems. The knowledgeof the water quality status as well as the processes affecting 

water quality is vital for Integrated Water Resource Management (IWRM) and in addressing the 

problems highlighted above there is the need to ask the following questions:  

i.  What is the nature of water supply in the study area? ii.  What is the quality of 

water supplied in the area? iii.  What are the pollution threats to the potable supply of 

water in the study area? iv.  Is there a temporal and spatial variation of the quality of 

water supplied in the area?  

1.3  Aim and Objectives of the study  

The aim of this research is to do a comparative analysis of the quality of borehole water sources 

in the study area with the following objectives:  

i. To examine the spatial variability of the quality of borehole water in the study area 

and discuss their characteristic features.  

ii. To identify the major potential pollution source to the groundwater aquifer in the 

study area  

iii. To find out the predominant water-related diseases and their relatedness to the quality 

of borehole water abstracted in the area. iv.  To determine if waste dump sites in 

the study area has any influence on the quality of borehole water abstracted in the 

study area  
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v.  To discuss the findings in relation to international and nationally established quality 

standards.  

  

  

1.4  Hypotheses  

The following hypotheses are therefore formulated for this study:  

i. Borehole water in the study area are not under threat of contaminations ii. There are no 

statistical significant relationships between the various waste dumpsites and the 

physicochemical & microbiological state of groundwater sources in the study area  

1.5 Significance/Justification of the study  

The significance of this study is hinged on the facts that access to clean and safe water supply is a 

social welfare responsibility and that as a result of unplanned urbanization and groundwater 

sources are constantly being undermined especially in Rivers State where oil pollution has added 

to pollution from domestic, industrial and hospital wastes. The findings in this work will support 

the management of groundwater quality of Obio-Akpor in particular, Rivers State and indeed the 

entire Niger Delta in general  

  
1.6 Scope of Study (Delimitations)  

The study is limited to Umuogonnama Community in Obio-Akpor Local Government of Rivers 

State. It involved the identification through fieldwork/observation various waste dumpsites and 

the collection of water samples from boreholes near and far away from these identified dumpsites 
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for laboratory analyses to determine the quality status with reference to National and 

International standards  

  

  

  

  

  

  

  

  

  
CHAPTER TWO  

LITERATURE REVIEW/CONCEPTUAL AND INSTITUTIONAL 

FRAMEWORKS  

2.1Literature Review  
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2.1.1 Overview of Waste Generation and Pollution  

The high rates of urbanization and by extension industrialization of Rivers State especially the  

Greater Port Harcourt Region (coveringPort Harcourt City LGA, Obio/Akpor LGA, Ikwerre 

LGA, Oyigbo LGA, Eleme LGA and Okrika LGA) has made the State and the listed LGAs one 

of the most densely populated in Nigeria; with an estimated growth rate of 3.4%. The Rivers  

State population increased from 5,198,716 in 2006 to about 6,214,664 in 2011 with the listed  

LGAs contributing more than 70% (FRN GAZETTE VOL 94 JAN 2007 & VOL 96 FEB. 2009). 

This rising population density has persistently caused large volumes of waste of various 

categories to be generated daily by the inhabitants. Ogbonna et al., (2007), reported that about 

342,880 metric tons of solid waste are generated per year in the Port HarcourtMetropolis. They 

went further to extrapolate that with a base population of 653,183 in 1991 and the nationally 

adopted growth rate of 3.0 per cent for that era, about 1,393,880kg/day of waste is generated in 

the Metropolis with no environmentally safe landfills to cater for them.   

Waste management in developing countries is usually equated with land disposal or sometimes, 

discharges into bodies of water (Cilinskis and Zaloksnis, 1996; Gobo et al., 2014), even though 

these methods of waste management are unscientific, cause nuisance to the public, and constitute 

pollution and health hazards.  When waste is dumped on land, soil microorganisms, including 

fungi and bacteria, readily colonize them and cause degradation and transformation of the 

degradable (organic) materials in them (Steinet al., 1990). They do this by using the waste 

constituents as nutrients, thereby detoxifying the waste materials as their digestive processes 

break down complex organic molecules into simpler and less toxic ones. This metabolic activity 

is always accompanied with high growth rate of the microorganisms, as well as metabolism and 

their collective ability to degrade a vast variety of organic materials (Staineret al., 1989). One of 
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the key pollutants associated with solid waste dumpsites are the toxic or trace metals and soils 

are usually considered as a sink for them, even as they could be transported to surface waters or 

accumulate in plants and consequently contaminate the food chains. Of major concern about the 

presence of these metal ions in the environment are their recalcitrance, non- biodegradability and 

the negative health effects they may cause in humans, animals and plants (Mohammad and 

Nerges, 2009; Odukoya et al., 2011; Odukoya et al., 2002). Metal distribution depends on the 

characteristics of the soils being studied and corresponds to the place of origin, such as the 

amount and type of organic and inorganic matter. Redox properties, pH and oxygen are also 

among the most important chemical factors that affect the mobility of soil-bound metals( Duris, 

2002; Guo and Zhou, 2006; Pandey et al., 2006; Winfield, 2001)  

Very often, solid waste impacts are usually investigated with respect to soil and surface water for 

example (Okoliet al., 2011.,Amadi, 2011; Amadi, et al 1989; Adefemi and Awokumi, 2009; 

Ogbonna et al., 2007., Ogbonna et al., 2006., Akudo,et al., 2010, Alukoet al., 2003) Given the 

resistance to degradability of these persistent pollutant species, and their contributions from 

unprecedented increases in waste volumes accompanying the burgeoning population of  

Obio/Akpor and the 1995 study Report of the Assisted Water Resources Master Plan for  

Nigeria's freshwater inventory which argued that Nigeria has huge water resources potentials 

estimated at 267 billion cubic meters of ground water. Yet, the current water supply service 

coverage in the country is still very low, about 58% (i.e. about 87million people) have access to 

safe water supply while access to sanitation is just 32% (about 54 million people) (FMWR,)the 

current research becomes apt to investigate the influence of waste dumpsites on the groundwater 

quality as well as the spatial variability of this influence.  
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2.1.2 Municipal Solid Waste (MSW)   

Solid wastes could be defined as non-liquid and non-gaseous products of human activities, 

regarded as being useless and could take the forms of refuse, garbage and sludge( Leton and 

Omotosho, 2004). Several cities in Nigeria, which are also among the fastest growing in the 

world (Onibokun and Kumuyi, 1996; 1999) are faced with the problem of solid waste generation. 

The implication is serious when a country is growing rapidly and the wastes are not efficiently 

managed. Waste generation scenario in Nigeria has been of great concern both globally and 

locally. Of the different categories of wastes generated, solid wastes have posed a hydra-headed 

problem beyond the capability of various solid waste management systems in Nigeria (Geoffrey, 

2005), as the streets experience continual presence of solid waste from commercial activities.  

The rate at which waste is generated corresponds roughly with levels of income. For example in 

high-income countries of Europe and North America, between 500 and 750 kg of solid waste are 

produced per person per year(OECD, 1997), in contrast, urban populations in most low-income 

countries, such as Nigeria and Côte d'Ivoire, generate between 100 and 200 kg of solid waste per 

person per year (Babayemiet al., 2009). Despite this lower rate, rapid urbanization, particularly 

in low income developing countries has left little space for disposal of the increasing amounts of 

waste material being generated in urban settings (Babayemiet al., 2009). As a result, 

uncontrolled disposal (i.e. "fly tipping") is rife in many countries, and is a diffuse source of 

groundwater contamination.  

2.1.3 Categorization of Municipal Solid Waste (MSW)   
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Sources of solid waste generation in Nigeria among others are commercial, industrial, household, 

agricultural and educational establishments. The solid waste types include paper, nylon, wood, 

dust, cloth, metal scraps, electronic gadgets, bottles, food remnants and vegetables; saw dust, 

ashes, rubber, bones and plastics. Of total solid waste generated in Ibadan for example, 66.1% 

are domestic, 20.3% commercial and 11.4% industrial (Adewumiet al., 2005). Average medical 

solid waste generation in Lagos lies between 0.562Kg/bed/day and 0.670Kg/bed/day( Longe and 

Williams, 2006), in Abuja, the Federal Capital Territory, medical solid waste of 2.78Kg/bed/day 

was generated (Bassey et al., 2006), and in Ibadan, 150g/head/day (Coker et al., 1999).   

Several thousand used computers are imported to Nigeria through Lagos seaport monthly and 

many of them lose the desired value within a short time, ending up to build the e-waste pile in 

Nigeria (Ukem, 2008). Wastes generated by the full extent of human activities range from 

relatively innocuous substances such as food and paper waste to toxic substances such as paint, 

batteries, asbestos, healthcare waste, sewage sludge derived from wastewater treatment and as an 

extreme example, high-level (radioactive) waste in the form of spent nuclear fuel rods. 

Numerous classifications of solid wastes have been proposed (Tchobanoglouset al., 1993), and 

the following represents a simple classification of waste into broad categories according to its 

origin and risk to human and environmental health:  

  
 household waste;  

 municipal waste (MSW);  

 commercial and non-hazardous industrial wastes;  

 hazardous (toxic) industrial wastes;  

 construction and demolition (C&D) waste;  
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 health care wastes – waste generated in health care facilities (e.g. hospitals, medical 

research facilities etc)  human and animal wastes; and  Incinerator wastes.   

Household waste represents waste generated in the home and collected by municipal waste 

collection services. Municipal solid waste (MSW) includes this plus shop and office waste, food 

waste from restaurants, etc., also collected by municipal waste collection systems, plus waste 

derived from street cleaning, and green (organic) waste generated in parks and gardens (Ajani, 

2007).   

2.1.4. Factors influencing solid waste generation   

Several factors influence the solid waste generation in Nigeria. Lack of advanced technology, 

facility for separation at source, strength of solid waste management policy and enforcement, 

environmental education and awareness and income status of individuals among others, are 

factors affecting solid waste scenario in Nigeria. Research shows that education, income and 

social status are important factors influencing per capita solid waste generation in Ogbomoso, 

Oyo State. Age, location, occupation and amount charged for waste collection are determinant 

factors for using public waste collection services in Ibadan (Ajani, 2007). The quantity and 

categories of solid waste generation also varies with socio-economic groups in which the high 

and middle groups take the lion share (Sridhar et al., 1985).   

2.1.5. Solid Waste Collections and Disposal in Nigeria  

The absence of waste collection standards often results in poor quality waste collection services. 

Uncollected waste causes a number of environmental and health problems; it is unsightly; 

accumulations of waste attract vermin such as rats and flies that act as vectors for the 
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transmission of diseases; decomposition of the accumulated waste gives rise to unpleasant 

odours and the formation of leachate that may be harmful to health and impact negatively on 

both surface and ground water (Babayemiet al., 2009).  

Several States in the country are coming up with various means of waste collection initiated by 

both public and private sectors, although the effectiveness of these is largely a function of 

location; and where the collection is done by private sectors, it is a function of income of the 

owner of the waste to be able to pay the amount charged. Agunwambaet al. (1998) reported 

several systems of solid waste collection in Onitsha, though modern solid waste management 

systems were still solicited for.   

The generation of solid wastes has been on the increase for the past 10 years due to rising 

population, urbanization and industrialization. In the early 1970s, prior to the discovery of oil in 

Nigeria, municipal wastes were managed as compost/manure and used for agriculture. However, 

with the onset of oil wealth, lifestyle patterns changed, leading to increased generation of varied 

components of MSW. Previously, in the pre-oil boom era, 55% of MSW was composed of food 

and paper waste, with a smattering of plastics (about 1%), but these components altered 

drastically with higher income associated with oil the boom. Currently, plastic waste constitutes 

about 55% of MSW, with food and paper waste making up the rest. Plastic wastes mostly 

comprise polyethylene shopping bags, sachet water plastic packs popularly called ‘pure water’ 

and thin film plastic packs used as food wrappers and plastic drink bottles. A number of these 

plastic wastes, especially thin-film plastic bags, are not biodegradable material and as such are 

not suitable as compost for agriculture, thereby creating disposal problems (Agunwambaet 

al.1998).  



 

14  
  

Open dumping of solid waste is a common practice in Nigeria. While some employ the service of 

streams to transport their solid wastes out of their sight, some directly dump their solid wastes by 

the road sides. In some parts of Nigeria, refuse is generally buried, though some heedless burning 

is sometimes observed (Igoni, et al., 2007). Several Nigerians have considered it a cheap way of 

disposing off their solid wastes by setting the mixed wastes on fire in a little corner in their 

backyard or in a very open place. Even, mountains of mixed solid wastes in so-called designated 

places are set on fire, causing serious and dangerous environmental pollution. Some thick and 

dark smokes from burning of plastic components of electronics have been seen spiraling up the 

sky in computer villages. Saw millers set the mountain of wood wastes on fire, while awaiting 

heavy rains to transport the ashes away (Babayemiet al., 2009).  

Sanitary sewers from residential and commercial areas carry surplus of oxygen demanding 

wastes and solids into surface water. Industries within municipal areas ordinary discharge their 

waste water to city's sewer systems. The major causes of concern associated with agricultural 

pollution are organic matter (which often leads to nutrient enrichment of water bodies), including 

the disposal of solid organic wastes and slurries from livestock, effluents from silage clamps, and 

in some situations, domestic effluent from farmstead septic tanks, pesticides and fertilizers, and 

from soil erosion (Mukherjee et al.,2006).  

2.1.6.  Water pollution and Water for Health  

Information on current trends in water use and availability indicates that stresses on global 

supply of fresh water are manifold and growing (Eden and Lawford, 2003). Ready access to 

usable water is positively linked to economic development and social well-being. Throughout 

history water has been an important factor in the development and survival of societies. Ready 
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access to water for domestic use, irrigation and transportation facilitated economic and social 

advances.  

Clean water is essential for health. In countries where water is scare and/or treatment capabilities 

are inadequate, water-related diseases are major causes of death. According to World Health 

Organization (WHO 2003) estimates, more than five million people die each year from disease 

caused by unsafe drinking water, lack of water for hygiene, and inadequate sanitation ( Young et 

al., 1994) and up to 6,000 children die each day ( 2.2 million children/year) from water-borne 

diseases ( WHO, 2003).   

  

Water pollution have continued to generate unpleasant implications for health and economic 

development in Nigeria and the third world in general, consequences of which include 4.6 

million deaths from diarrhea disease and a sizeable number of casualties from ascariasis ( Esreyet 

al., 1991). Communities that lack adequate water supplies and sanitation services are especially 

susceptible to disease. For example, ninety percent of cholera out breaks worldwide can be traced 

to inadequate water for drinking. The consumption of arsenic-rich water in India and Bangladesh 

in 1989 and the incidence of groundwater contamination Benin, Edo State, Nigeria were reported 

to have caused casualties (Erahet al., 2002).   

  

In the West African sub-region ( with significant contribution from Nigeria) there are estimated 4 

million cases of guinea worm, while about 500 million cases of trachoma leads to blindness of 

about 8 million people each year ( Hoddinott, 1997). The situation seems degenerating with 

increasing reported cases of groundwater and surface water pollution (Ogbonna et al., 2006,  

2007) and therefore demands increased attention. A number of studies (for exampleBrockehoff, 

1995; Hoddinott, 1997) have at one time or the other examined the impact of water pollution on 
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variables that determines health status of the household members. Most of the studies 

hypothesized that an improvement in water quality has direct effect on people’s health via 

reduced exposure to water-associated diseases.  

  

Patronage of hospital and other healthcare facilities in Nigeria is on the increase. The rapidly 

increasing populations coupled with the deteriorating environment are some of the factors 

responsible for this trend (Sangodoyin, 1995). Hospital records have confirmed high incidences 

of typhoid, cholera, dysentery, infectious hepatitis and guinea worm in urban settlements of 

Nigeria. The concern for increase in the level of pollutants in surface and groundwater is justified 

since a large proportion of rural and recently urban dwellers in Nigeria obtain domestic water, 

and sometimes drinking water from ponds, streams and swallow wells (Sangodoyin, 1995).  

  

The use of dump as a mode of waste disposal is seen as a means of reclaiming natural gullies and 

excavation in Nigeria. However, leachates from such waste dumps may contain organic and 

inorganic toxic pollutants which may flow laterally or percolate through permeable soil strata 

and pollute surface or groundwater (Benka-Coker and Bafor, 1999; Ogbonna et al., 2006, 2007). 

According to Pickford (1978), leachates from domestic refuse, night soil, sludge and most 

industrial waste may have high concentration of sulphates.Human wastes from residential areas, 

schools, offices, etc. and waste water arising from personal washing, cleaning, etc have been 

reported to add intestinal bacteria (coliform), along with other pathogens to the water bodies. 

(Ademoroti, 1996). The coliforms are the most widely used indicators of feacal contamination of 

waters. This is because they are present in large numbers in faeces and sewage and can be 

isolated in small volumes of water. Coliform in general are not necessarily all of feacal origins. 
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Nevertheless, since they are not indigenous to water, their presence in water should cast 

suspicion on the water and should indicate pollution in the widest sense.  

  

Benka-Coker and Bafor (1999) in their study of the pollution of the Teboga Waste tip in Benin 

City, on the physical and chemical characteristic of the adjacent Ikpoba river suggest that the 

leachates have the potentials to pollute both the surface and groundwater as could be inferred 

from the generally acidic nature of the waters of the Ikpoba river when compared to previous 

years. Earlier, Sangodoyin (1989) examined the quality of river water and adjacent dug wells 

along the Ogunpa River in Ibadan, and inferred that the quality of the water as determined by 

several quality parameters fall far below the established standards.  

  

 Little interest has been shown in the contamination of groundwater by pollutants. This may not 

be unconnected with the slow movement of groundwater, as well as the slow degradation of 

many pollutants, the latter sometimes persisting for years (Cohen et al., 1984). In Nigeria, the 

awareness of waste pollution is very low, thus tapping groundwater through shallow wells, 

sometimes very close to excreta dump as well as extensive use of water downstream of effluent 

discharge points is not uncommon (Ogbonna et al., 2007).  

  

Discharge of wastewater into water bodies and the resultant deleterious changes in water ecology 

have been reported by several researchers e.g. (Law, 1980; Okonkwo and Odeyemi, 1985; 

Odokuma and Okpokwasili, 1993) who have expressed concerns over human health and possible 

accumulation of human enteric pathogenic microorganism by aquatic organisms.  
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As has been stated above, incidences of water-borne diseases in rural areas of developing 

countries leading to millions of deaths have been reported, some of these deaths have been traced 

to the use of waters grossly polluted by untreated waste (De Silva et al., 1988; UNEP, 1991).  

Elevated levels of faecal coliforms load and of E.Coliin drinking waters in Lagos State, Delta  

State, Edo State, Rivers State and even in Bayelsa State have been reported (Akpata and  

Ekundayo, 1978; Oluwande, et al., 1983; Okoronkwo and Odeyemi, 1985; Egborge and 

BenkaCoker, 1986; and Ogbonna et al., 2006).  

  

2.1.7  Groundwater Problems in the Niger Delta  

The works of Abam (2001) reported on saline water intrusion into groundwater in Rivers and 

Bayelsa State. Other studies have shown that there have been elevated levels of mg, Ca, HCO3 

increased turbidity and hydrocarbon contents in Delta State [Warri, Ekpan, Edjeba, Ughelli, 

kwali, Ibusa, Asaba] and Rivers State [Onne, Port Harcourt, Nndoni, Degema, Oyigbo, Etche,  

Bonny] (Olobaniyi and Owoyemi, 2006; Ayotamuno and Kogbara, 2006). Other scholars who 
have done research and have found similar results in the Niger Delta states of Delta, Bayelsa  

(Amassoma, Brass, Otuokpoti, Tunu), Rivers and Akwa Ibom States include (Oteri, 1984; Edet,  

2004; Okolieet al., 2005; Ekundayo, 2006; Okagbue, 2007; Olobaniyi, 2007; Ophori, 2007; 

Ophoriet al., 2007; Nwiduet al., 2008). For example, Olobaniyi and Owoyemi had investigated 

the hydrogeochemistry of groundwater in Warri and environs and reported elevated levels in k, 

Na, Cl, Electrical conductivity reflecting signature of saline water incursion. They concluded that 

the increased in SO4 is related to the dissolution of sulphides from interstratified peat with the 

geologic formation.  
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Ekundayo (2006) work on Brass Island of Bayelsa State, reported that the groundwater protective 

soil layer consisted of inorganic clays, sandy-clay and sandy-silt mixtures thus making aquifers 

in the area vulnerable to leakage and susceptible to pollution and saline water intrusion. 

Ayotamuno and Kogbara (2007) work at Onne showed that groundwater experienced an increase 

in total dissolved solids. 15mg/l – 2900mg/l within a space of two years. Hydrocarbon content 

(oil and grease) level was high as 71mg/l as against 1.8mg/l recorded 17 years ago.   

  

The above findings give indication that there are groundwater problems in the Niger Delta e.g. 

saline water intrusion, elevated levels of feacal coliforms, increased turbidity, TDS, EC, and 

elevated levels of ions and trace metallic materials e.g. iron in water.   

  

Two of the United Nations millennium development targets relate to safe drinking water and the 

quality of life for the urban poor. Specifically, the Millennium targets are “by 2015, reduce by 

half the proportion of people without access to safe drinking water” and “by 2020, achieve 

significant improvement in the lives of at least 100 million slum dwellers.  

  

2.2       Conceptual Framework  

2.2.1 Water Resources: Groundwater  

Nigeria has abundant water resources although they are unevenly distributed over the country. 

The highest annual precipitation of about 4,000 mm occurs in the Niger Delta and mangrove 

swamp areas of the south-east, where rain falls for more than eight months a year. There is a 

progressive reduction in precipitation northwards with the most arid north-eastern Sahelian 
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region receiving as little as 500 mm/annum precipitation from about 3-4 months of rainfall. 

Widespread flooding occurs in the southern parts of the country, while the northern parts 

experience chronic water shortages during the dry season when rain-fed springs, streams and 

boreholes dry up.   

Groundwater resources are limited by the geological structure of the country, more than half of 

which is underlain by the Pre-Cambrian Basement Complex, composed mainly of metamorphic 

and igneous rocks. However, there are fairly extensive areas of fractured schist, quartzite and 

metamorphosed derivatives of ancient sediments from which water is often available at great 

depth. The sedimentary formations such as the Tertiary deposits of the Chad-Sokoto basins, the  

Cretaceous deposits of the Niger and Benue troughs, and the sedimentary formation of the Niger  

Delta, yield groundwater in varying quantities  
Groundwater is present at varying depth in nearly all geologic formations. Those formations 

which have high permeability are called aquifers. Aquifers can occur in a variety of geologic 

media and over a wide range of spatial scales. Aquifers can be classified as confined or 

unconfined. Confined aquifers are bounded by low permeability geologic formation and can exist 

under artesian conditions. Unconfined aquifers have no confining geologic formation at their 

upper surface.  

Groundwater is often easily available and of high quality. The quantity of groundwater available 

and its suitability for human uses are dependent on local geologic and hydrologic conditions. The 

long term availability of groundwater is affected by overuse or other disruptions in the 

hydrologic cycle. Groundwater is intensively exploited for private, domestic and industrial uses 

in many cities, and as a result the subsurface in these cities become receptors of industrial and 

domestic wastewater.  
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Urban groundwater has recently gained the status of a legitimate field of study. Lerner (1996) 

points to a number of distinguishing features that justify treating it as a specific sub domain.  

i. Recharges, affected by extensive sealing of surfaces, leaking water mains, sewers, and 

storm water recharge, are often larger than under rural areas ii. Geotechnical interactions 

such as flow interference due to deep basements, tunnels and pilings; subsidence 

stemming from excessive abstraction and rising groundwater levels because of excessive 

recharge iii. Groundwater quality, affected by point, multipoint and linear inputs of 

chemicals from the complex.  

iv. Complex condition for groundwater protection management, due to demand for 

ground water and multiple sources of nearby pollution and rapidly urbanizing 

areas  

v. Distinctive investigation problems due to heterogeneity of conditions, difficulties 

of access to private and other land and interference with field methods such as 

surface geophysics.  

2.2.2 Dynamics of Groundwater FlowSystems  

A groundwater system comprises the subsurface water, the geologic media containing the water, 

flow boundaries, and sources (such as recharge) and sinks (such as springs, interaquifer flow, or 

wells). Water flows through and is stored within the system. Under natural conditions, the travel 

time of water from areas of recharge to areas of discharge can range from less than a day to more 

than a million years (Bentley, 1991). Water stored within the system can range in age from recent 

precipitation to water trapped in the sediments as they were deposited in geologic time (Alley et 

al., 2002).   
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The variability of aquifer response times is illustrated by the time required for the hydraulic head 

(water levels) in a groundwater system to approach equilibrium after some hydraulic 

perturbation, such as well pumping or a change in recharge rate. This can be estimated for 

confined groundwater systems (Domineco and Schwartz, 1998) as   

  

  
T* = SsLc

2/K …………………………………………………………………. (1)   

Where T* is the hydraulic response time (T) for the basin,   

Ss is specific storage (L-1),   

Lc is some characteristic length (L) of the basin, and  

Kis hydraulic conductivity (L/T).   

The hydraulic conductivity, a measure of permeability, can range over 12 orders of magnitude 

(Domineco and Schwartz, 1998), and the distance between boundaries of groundwater systems 

can range from meters to hundreds of kilometers.   

The time of travel through the system depends on the spatial and temporal gradients of hydraulic 

head, hydraulic conductivity, and porosity of the system. The time of travel through a system is 

different from the hydraulic response time to approach equilibrium.   

Fractured-rock systems in bedrock usually have smaller effective porosities than unconsolidated 

porous media systems such as sands and gravels, and flow velocities through fractured-rock 

systems can be relatively fast (National Academy of Science, 1996). For example, travel times of 

water over distances of several kilometers have been estimated at less than a year for municipal 

wells completed in fractured dolomite in Wisconsin (Rayne, et al., 2001). Seasonal variations in 

recharge and pumping affect the variability in travel times in such cases.   
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In more sluggish groundwater systems, such as the Bangkok Basin in Thailand (Sanford, 1996), 

long-term climate and geologic change need to be considered in understanding the movement of 

groundwater over tens of thousands of years. The long term movement of groundwater also 

influences virtually all geologic processes (Garven, 1995; McPherson and Bredehoeft, 2001), 

including diagenesis, ore mineralization, and petroleum accumulation.   

The time of travel of water is important in determining the movement of contaminants within a 

groundwater system. The large extent of groundwater contamination worldwide from surface 

sources reflects the fact that shallow groundwater ages are typically a few decades or less. 

Hydraulic gradients caused by large-capacity wells can further reduce the travel times of 

contaminants to wells (Bruce and Olsner, 2001).   

Water withdrawn from a groundwater system initially comes from storage. Over time, the effects 

of the withdrawal are propagated through the system as heads decrease at greater distances from 

the point of withdrawal. Ultimately, the effect of the withdrawal reaches a boundary (such as a 

stream) where either increased recharge to the groundwater system or decreased discharge from 

the system occurs. The common assumption that the rate of groundwater withdrawal is “safe” or 

“sustainable” if it does not exceed the natural rate of recharge is not correct, because it ignores 

these changes in discharge from and recharge to the groundwater system (Bredehoeft, et al., 

1982; Alley, et al., 1999; Alley, et al., 2002).   

2.2.3 Water Quality  

Groundwater quality comprises the physical, chemical and biological; qualities of groundwater. 

Temperature, turbidity, colour, taste and odour make up the list of physical water quality. Since 

most groundwater is colourless, odourless and without specific taste, we are typically most 
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concerned with its chemical and biological qualities. Although spring/groundwater products are 

often sold as “pure” their water quality is different from that of pure water.  

Naturally, groundwater contains mineral ions. These ions slowly dissolve from soil particles, 

sediments and rocks as the water travels along mineral surfaces in the pores or fractures of the 

unsaturated zone and the aquifer. They are referred to as dissolved solids. Some dissolved solids 

may have originated in the precipitation water or river that recharges the aquifer (UCNR, 2003). 

The quality of groundwater is function of its chemical composition, its temperature, and other 

physical properties that determine its suitability for an intended use. Water can be considered 

contaminated if it is unsuitable for a certain use (for example, human consumption), or if the 

quality of water has been significantly changed from a previous condition to which the local 

ecosystem has become accustomed.   

For human and other organisms, certain contaminants have been found to be carcinogenic, 

disruptive to endrocine activity, toxic at high doses and the source of a myriad of other negative 

health effects. For plants, high levels of contamination, such as salinity, can have deleterious 

impacts (Ahlfeld and Dripps, 2005).  

After falling as precipitation, water enters the subsurface where it is in direct contact with natural 

geologic and biologic materials which react with the water and consequently affects it quality. 

The infiltrating water may also encounter petroleum products, synthetic chemicals, or other 

substances emplaced in the subsurface by human activity.  

Natural Contamination- Water in the subsurface is in direct contact with the host geologic 

materials, providing the opportunity for geochemical reactions to occur between the rock and 

water. Calcium, for instance, which is a common constituent of groundwater, enters groundwater 
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from dissolution of certain types of marine sedimentary rocks. When the host materials contain 

toxic or hazardous materials, the groundwater can become contaminated and thus unsuitable for 

human consumption. For example, in Bangladesh, approximately 20 million people were at risk 

of arsenic poisoning as a result of concentration of naturally occurring arsenic exceeding 50 

micrograms per litre in up to one million shallow wells used for human consumption (McArthur 

et al., 2001).  

In many regions, especially near seacoasts, ground water may be brackish or saline making it 

unsuitable for human consumption and for most other human uses. This problem can be 

exacerbated by pumping activities (Ahlfeld and Dripps, 2005). In most coastal areas, under 

natural conditions, groundwater discharges to the ocean through seeps and springs located below 

the sea level. If groundwater is pumped, the direction maybe reversed, and saline water may be 

drawn into aquifer (Sampat, 2000).  

Groundwater contamination caused by human activity can take many forms. Factors to consider 

include mechanisms by which the contaminant entered the subsurface, the concentration of the 

contaminants, the areal extent of the contaminant, the potential for migration of the contaminant, 

the health or ecologic impacts associated with contaminant. Contaminants such as petroleum 

products, chlorinated hydrocarbons, and heavy metals are usually associated with urbanized and 

industrialized settings (Goolsbyet al., 1997; Ryan et al., 1999; Kolpinet al., 1999, 2002).  

Chemistry in cloud droplets through the process of hydrolysis and oxidation leading to the 

formation of acid rain is another phenomenon or medium whereby groundwater could be 

polluted (Oghenejoboh, 2005). When clouds are present, the loss rate of SO2 is faster than can be 
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explained by gas phase chemistry alone. Sulfur (IV) oxide dissolves in water and then, like 

carbon (IV) oxide, hydrolyses in a series of equilibrium reactions as follows,  

  

  
S02 (g) +   H20              SO2 + H2O   

SO2. + H2O              H++ HSO3
-  

HSO3   H++ SO32-  

There a large number of aqueous reactions that oxidize sulfur from S (IV) to S (VI), leading to 

the formation of tetraoxosulphate (VI) acid. The most important oxidation reactions are with 

ozone, hydrogen peroxide and oxygen (reactions with oxygen are catalyzed by iron and 

manganese in the cloud droplets). Also nitrogen (IV) oxide reacts with OH to form trioxonitrate 

(V) acid during thundering (Oghenejoboh, 2005).  

NO2   +   OH               HNO3  

As human population increases with attendant socio-economic development activities in mostly 

the developing countries, there is a growing pressure on the environmental resources. According 

to Adesiyan (2005), surface water is subjected to pollution mainly by the activities of human 

beings. It has been argued by Nath (1999) and Obunwoet al (2004) that it is difficult to maintain 

unpolluted water of stream, rivers and lakes in a highly polluted and industrialized society. 

However, Ademorori (1996) stated that receiving water can assimilate wastes to some extent, 

depending on their natural self-purification capacity. Problem arises when pollutant load exceeds 
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this capacity. He therefore argued that pollution of surface waters only results when the natural 

ability of surface water to dilute and disperse waste materials is undermined.  

Water pollution therefore is the addition of undesirable foreign substances into surface water that 

deteriorate its quality. In order words, water pollution is the presence of impurities in the water 

in such a quantity and of such nature as to impair the use of water for a stated purpose (FME, 

2001; Johnson et al., 2008). By this definition, pollution exerts a direct negative impact on the on 

intended use of water (Bhatia, 2003; Jonnalagadda and Mhere, 2001), leading non-point source 

of pollutants such as nutrients, fertilizer and pesticide (Obunwoet al., 2004). The areas of 

concern in water pollutants are numerous, but the major sources include industries, municipal, 

agriculture and natural origins  

2.2.4Physical Characteristics of Water that affect its usability  

The principal characteristics of water are   

Total Suspended and dissolved solids, Turbidity, Colour, Conductivity/taste and odour and 

Temperature  

2.2.4.1 Total suspended and Dissolved Solids  

Total suspended solids which are usually determined by evaporating a sample and 

weighing the dry residue are used in conjunction with chemical analysis of the water. It is 

used to assess the suitability of various water sources for alternative uses as industry and 

agriculture.  

2.2.4.2 Turbidity  



 

28  
  

Turbidity decreases the clarity of water and results from the finely divided impurities, 

regardless of sources, that may be present in water. Turbidity is usually caused by clay, 

silt and soil particles and other colloidal impurities. The degree of turbidity depends on 

the fines of the particle and their concentration  

2.2.4.3 Colour  

Colour usually results from types of dissolved and colloidal organic matter, leached soil 

or decaying vegetation. Colour intensity is measured by visual comparison of the samples 

with Nester tubes, glass tubes containing various standard colour intensity  

2.2.4.4  Conductivity  

This is used to estimate the total amount of dissolved salts or soils in water measured in 

ohms/cm at 25oC  

2.2.4.5   Taste/Odour/Temperature  

Taste and odour are caused by the presence of decomposed organic materials and volatile 

chemicals. Temperature depends on the source of water. Temperature varies with 

groundwater depth and type of aquifer  

2.2.5 Chemical Characteristics of Water  
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2.2.5.1  Inorganic Constituents  

The inorganic constituents found in surface and ground water are from (i) Natural sources (ii) 

from contaminated waters and waste waters, and (iii) The dissolution of materials used for 

storage and transport of water. The inorganic chemical constituents include:  

  
2.2.5.2   The pH of Water  

The   pH of water is taken as a measure of the acidity or basic natural water and is defined as the 

logarithm of the reciprocal of the hydrogen-ion concentration in moles per liter. Pure water at 

240C is balance with respect to H+and OH ions and contains 10 -7 mol/L of each type. Thus, the 

pH of natural water is 7. Water with a pH lower than 7 are acidic and those with a higher pH are 

basic. The pH of a water is usually found either with a potentiometer that measures the electrical 

potential exerted by the H+ ions or with colour-indicator dyes, H+ such as methyl orange or 

phenolphthalein. The pH of water depends on its source.  

2.2.5.3   The Alkalinity of Water  

The alkalinity of water is a measure of its capacity to neutralize acids. In natural water the 

alkalinity is related to the bicarbonate, and hydroxide concentrations. Total alkalinity usually is 

expressed in terms of equivalent calcium carbonate in milligrams per liter. Acidity is expressed 

in terms of the amount of calcium carbonate required to neutralize the water.  



 

30  
  

2.2.5.4 Carbon Dioxide  

This is one of the minor gases present in the atmosphere and is an end product of both aerobic 

and anaerobic biological decomposition. Surface water supplies contains small amounts of 

carbon dioxide, but groundwater may contain significant amounts. The presence of carbon 

dioxide is significant because it affects the pH of water, it is corrosive to most piping systems 

and it affects the dosage required where chemical treatment is used.  

  
2.2.5.5   Calcium and Magnesium  

These are the principle ions that make up the hardness of water. Other divalent and trivalent 

dissolved metal ions, such as aluminum, manganese and zinc, also contribute to total hardness. 

Hardness is expressed in milligrams per liter of equivalent calcium carbonate. Groundwater 

frequently has hardness above 3000mg/L as CaCO3. Natural surface waters are   usually   soft   

because   they   do   not   have   as   much opportunity for contact with minerals.  

2.2.6 Organic Constituents  

The organic constituents found in water are derived from:        

i. The breakdown of naturally occurring organic 
materials.      

ii. Domestic, commercial, industrial activities and   iii. 

  Constituents that occur in water treatment  

Naturally occurring organic materials include: -humic materials, microorganisms and their 

metabolites, and aromatic hydrocarbons.  
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2.2.6.1 Materials from Man’s Activities  

Organic materials from man's activities, often identified as synthetic organic compounds (SOC), 

include constituentssuch   as   pesticides,   herbicides and solvents  Over   a thousandorganic 

SOC, including; constituent compounds (VOC) are ofconcern  in  public  water  supplies  

because  many  of these compounds are possible causes of known human carcinogens.   

Typically, VOC have a boiling point equal to or less than 10000c and/or a vapour. Pressure  

greater than 1mm Hg at 250.  

2.2.7 Biological Characteristics of Water  

Microorganisms are commonly present in surface water, but they are usually absent from most 

groundwater because of the filtering action of the aquifer. The types of microorganisms that may 

be found in water are classified as eucaryotes, eubacterie, or archabacteria, depending on whether 

the cell contains a true nucleus. The most common microorganisms in water are bacteria, algae, 

fungi, and protozoa. Viruses are usually classified sparely according to the host they infect.  

2.2.7.1       Bacteria  

Bacteria vary in shape and size from about 1 to 4m. Bacteria cannot be seen with the naked eyes. 

Disease-causing bacteria are called pathogenic bacteria. Non pathogenic bacteria usually are 

harmless. Aerobic bacteria require oxygen for survival, anaerobic bacteria thrive in the absence 

of free oxygen. Facultative bacteria are those that live either with or without free oxygen. 

Escherichia coli (colon bacilli or coli form) are bacteria that inhabit the intestine of warm 
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blooded animals. These usually are excreted with feaces, andtheir   presence   in water   is   taken   

as   an   indication   that pathogenic bacteria may be present.  

2.2.7.2 Algae  

Algae (single-celled plants) can be great nuisance in surface waters because, when conditions are 

right, they will produce rapidly and cover streams, Lakes and reservoirs in large floating colonies 

called blooms. Algae blooms are usually characteristics of what is called Anentropic Lake, or a 

place with a high content of the compounds needed for biological growth. The presence of algae 

affect the value of water for water supply because they often cause taste and odour problems. 

Algae can also alter the value of surface waters for the growth of certain kinds of fish and other 

aquatic life, for recreation, and for other beneficial uses.  

2.2.7.3             Fungi  

Fungi are aerobic, multicecullar, non-photosynthetic,chemoheterotrophic,   eukaryotic   protests   

microorganisms.  Most fungi are saprophytes, obtaining their food from dead organic matter. 

Along with bacteria, fungi are the principal organisms responsible for the decomposition of 

carbon in the biosphere. Ecological fungi have two advantages over bacteria: they can grow in 

low moisture areas, and they grow in Low pH environments. Without the presence of fungi to 

break down organic material, the carbon cycle would soon cease to exist and organic matter 

would start to accumulate.  
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2.2.7.4             Protozoa  

Protozoa are single-celled eukaryotic microorganisms without cell walls. The majority of 

protozoa are aerobic or facultative anaerobic chemoheterotrophic although some anaerobic types 

are known. Protozoa feed on bacteria and other microscopic microorganisms and are essential in 

the purification of streams and in the operation of biological treatment process because they 

maintain a natural balance among the different groups of micro-organisms. A number of 

protozoa are also pathogenic. Giardia labia, the cause of  initiates giardiasis (often called hiker's 

disease), and crypto sporidium, because of its importance as accusative agent in life-threatening 

infections in patients with acquired immune deficiency syndrome (AIDS), are great concern in 

drinking water supplies.  

2.2.7.5             Viruses  

Viruses are obligate parasitic particles consisting of a strand genetic material deoxyribonucleic 

acid (DNA) or ribonucleic acid (RNA) with a protein coat. Viruses do not have the ability to 

synthesize new compounds. Instead they invade the living (host) cell where the viral genetic 

materials redirect cell activities to the production of new viral particles at the expenses' of the 

host cell when an infected cell dies, large numbers of virus are released to infect other cells. 

Viruses that are excreted by human beings may become a major hazard to public health. For 

example, from experimental studies, it has been found that from 10,000 to 100,000 infectious 

dose of hepatitis viruses are emitted from each gram of faeces of patient ill with this disease. It is 

known that some viruses will live as long as 41 days in water at 2000C for 6 days in a normal 

river. A number of outbreaks of infectious hepatitis have been attributed to transmission of the 

virus through water supplies.  
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2.2.7.6             Pathogenic Organisms  

The source of the pathogenic organisms found in water is often from human beings who are 

infected with disease or who are carriers of particular diseases  that principal categories of 

pathogenic organisms, found primarily in surface waters, arebacteria, virus. Protozoa and 

hekninthes. The usual bacterialpathogenic organisms that may be excreted by man causedisease 

of the gastrointestinal tract, such as typhoid and orgasms that are highly infectious] they are 

responsible for many thousands of deaths each year in areas with poor sanitation.  

2.2.8 Bacteriological Assessment of Water  

The main causes of most water borne diseases are pathogenic (disease causing) micro-organisms 

in drinking water, (typhoid cholera; etc), contamination of drinking water by human or animal 

excreta constitute the most common mechanism for transmission of these organisms to humans 

not only directly but indirectly through food preparation. The primary objective of 

bacteriological examination of portable water is thus the detection of fecal pollution. It may be 

complicated to want test for all possible pathogens as many of them are present. Therefore 

simple rapid test have been developed for detection of normal intestinal bacterial that may be 

used as indicator to trace material of fecal pollution of water indicating it contains fecal 

pollution. Hence if water isfound to contain no fecal   matter, it is an indication that it issafe for 

human consumption.  

An   indication    of   bacteria    will   fulfill    the    following conditions  
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i.  Always present in faeces of normal healthy people.   ii.    Only present in 

faeces of humans  iii.  Unable to multiply in the outside environment (only in 

the human intestine).  

 iv.   Cheap and easy to detect.  

  

The use of normal intestinal organisms as indicators of fecal pollution is universally accepted for 

monitoring and assessing the micro- biological safety of water supplies (Dissanayakeet al., 

2004). Coliform bacteria are a group of intestinal bacteria used as indicators to determine if 

treated water is acceptable for human consumption. Coliforms will not likely cause illnesses.  

However, the presence of coliforms in drinking indicates the presence of disease-causing 

organisms (Nwachukwu and Otokunefor, 2006).  Groundwater has been naturally very clean 

because of its filtering effect; however it can become polluted with nutrients and toxic chemicals 

when surface water carrying these substances drains into the groundwater environment (USEPA, 

2001)  

2.2.9 Iron Problems in Groundwater  

Iron is one of the most troublesome contaminants of home water supplies. Dissolved iron can 

discolor water or give it a metallic taste. When combined with tea, coffee, or alcoholic 

beverages, a black appearance and a harsh, offensive taste may result (Liukkonen, 2004). 

Vegetables cooked in iron-rich water turn dark and look unappetizing. Iron also causes reddish or 

rust-colored stains on plumbing fixtures, tableware and laundry. Certain types of bacteria may 

thrive in water with high iron content and give it a rotten egg smell.   
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It is estimated that most groundwater contain 100 ppm dissolved iron and is mainly present as 

Fe(OH)2
+ (aq) under acidic and neutral, oxygen-rich conditions. Under oxygen-poor conditions it 

mainly occurs as binary iron. Iron is part of many organic and inorganic chelation complexes that 

are generally water soluble ( Lentech, 2008).   

Iron does not clearly alter in pure water or in dry air, but when both water and oxygen are present 

(moist air), iron corrodes. Its silvery colour changes to a reddish-brown, because hydrated oxides 

are formed. Dissolved electrolytes accelerate the reaction mechanism, which is as follows:  

4 Fe + 3 O2 + 6 H2O -> 4 Fe3+ + 12 OH- -> 4 Fe(OH)3 or 4 FeO(OH) + 4 H2O  
Usually the oxide layer does not protect iron from further corrosion, but is removed so more 

metal oxides can be formed. Electrolytes are mostly iron (II) sulphate, which forms during 

corrosion by atmospheric SO2. In sea regions atmospheric salt particles may play an important 

role in this process. Iron (II) hydroxide often precipitates in natural waters, the water solubility of 

some iron compounds increases at lower pH values.The main naturally occurring iron minerals 

are magnetite, hematite, goethite and siderite. Weathering processes release the element into 

waters. Both mineral water and drinking water contain iron carbonate. Iron is a dietary 

requirement for most organisms, and plays an important role in natural processes in binary and 

tertiary form. Oxidized tertiary iron cannot be applied by organisms freely, except at very low 

pH  

  

The total amount of iron in the human body is approximately 4 g, of which 70% is present in red 

blood colouring agents. Iron is a dietary requirement for humans, just as it is for many other 

organisms. Men require approximately 7 mg iron on a daily basis, whereas women require 11 
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mg. The difference is determined by menstrual cycles. When people feed normally these 

amounts can be obtained rapidly. The body absorbs approximately 25% of all iron present in 

food. When someone is iron deficit feed iron intake may be increased by means of vitamin C 

tablets, because this vitamin reduces tertiary iron to binary iron. Phosphates and phytates 

decrease the amount of binary iron.  

In food, iron is present as binary iron bound to haemoglobin and myoglobin, or as tertiary iron. 

The body may particularly absorb the binary form of iron. Iron is a central component of 

haemoglobin. It binds oxygen and transports it from lungs to other body parts. It then transports 

CO2 back to the lungs, where it can be breathed out. Oxygen storage also requires iron. Iron is a 

part of several essential enzymes, and is involved in DNA synthesis (Lenntech, 2009). Normal 

brain functions are iron dependent, in the body iron is strongly bound to transferrin, which 

enables exchange of the metal between cells. The compound is a strong antibiotic, and it prevents 

bacteria from growing on the vital element. When one is infected by bacteria, the body produces 

high amounts of transferrin. When iron exceeds the required amount, it is stored in the liver. The 

bone marrow contains high amounts of iron, because it produces haemoglobin.  

Iron deficits lead to anaemia, causing tiredness, headaches and loss of concentration. The 

immune system is also affected. In young children this negatively affects mental development, 

leads to irritability, and causes concentration disorder. Young children, pregnant women and 

women in their menstrual period are often treated with iron (II) salts upon iron deficits. When 

high concentrations of iron are absorbed, for example by haemochromatose patients, iron is 

stored in the pancreas, the liver, the spleen and the heart. This may damage these vital organs 

(Liukkonen, 2004; Oruamabo, 2005; Nwiduet al., 2008).   
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Healthy people are generally not affected by iron overdose, which is also generally rare  

(Lenntech, 2009). It may occur when one drinks water with iron concentrations over 200 ppm. 

Iron compounds may have a more serious effect upon health than the relatively harmless element 

itself. Water soluble binary iron compounds such as FeCl2 and FeSO4 may cause toxic effects 

upon concentrations exceeding 200 mg, and are lethal for adults upon doses of 10-50 g. A 

number of iron chelates may be toxic, and the nerve toxin iron penta carbonyl is known for its 

strong toxic mechanism. Iron dust may cause lung disease (Liukkonen, 2004; Oruamabo, 2005;  

Nwiduet al., 2008; Lenntech, 2009).   
2. 3  Institutional Framework.  

  

2.3.1 National Environmental Policy and Water Resource Management  

From the onset of British rule in the 1900s, Nigeria’s environmental protection effort had been 

through the colonial bye-laws. The colonial economic development policies and plans contain 

little or no stringent rules to conserve the natural resources or limit pollution (Adelegan, 2004). 

The major laws on water pollution include Criminal Code of 1958. The fines and penalties were 

liberal and the laws were quite often poorly enforced.  

  

The turning point for water resources development and management in Nigeria occurred after the 

severe drought of the 1960s. The Government’s response to the catastrophe was the initiation of 

strategies for coordinated and effective water resources development, culminating in the mid – 

1970s in the creation of the Federal Ministry of Water Resources and the River Basin 

Development Authorities (Anukam, 1997). The activities of these institutions were further 

strengthened in 1981 by the establishment of the National Committee on Water Resources, and 

by the Water Boards at the State level. These bodies were charged with taking an inventory, and 
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ensuring rational and systematic planned management and conservation, of the country’s water 

resources.  

  

In spite of the above developments, water resources development in Nigeria still faced serious 

problems which include:  

a) The deficiency of the resource itself.  
b) Unnecessary overlap and duplication in organizations, structure and functions of the 

relevant bodies.  

c) The ill-defined and uncoordinated roles of the Federal, State and Local Government 

agencies responsible for water resources development.  

d) Failure to recognize the inter-relationship between surface water and groundwater, and 

between water resources and land use  

e) Lack of effective water and environmental protection laws, and the means to enforce the 

already existing laws (Anukam, 1997).  

  

With reference to the above enumerated problems (especially on water and environmental 

protection laws); a committee was formed from various arms of the Federal Ministries to study 

the problems of water pollution and to formulate a programme leading to the enactment of a  

Water Pollution Act of the Federation. The Expert Committee on environmental health of the 

National Council of Health in 1970s reviewed many proposals received on this subject with a 

view to recommending the establishment of a sanitary inspectorate in the Federal Ministry of 

Health. However, the efforts yielded very little results.  
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Thus the formative years of Institutional environmental regulation in Nigeria could be said to 

have been characterized by the absence of clear scientific criteria and standards on pollution 

levels with enforcement of basic environmental and household hygiene depended largely on 

qualitative legal rules (Chokor, 1993). Water pollution remains a major problem in the Nigerian 

environment. Both urbanization and industrialization have contributed to the scale of pollution.  

There were no incentives for adoption of pollution abatement measures and very few 

disincentives, if any, for polluting the environment. The Federal Constitution of 1979 centered 

on environmental hygiene, with emphasis on refuse clearance, and management of liquid and 

solid waste in abattoirs, residential homes and streets, all of which came under the supervision of 

local government councils (Ola, 1984).  

  

It is instructive to note that it required the dumping of toxic and hazardous waste (made up of 

principally polychlorobiphenyls – PCBS) in Nigeria by an Italian ship in 1988 and the hostile 

media reaction that accompanied the discovery that hastened the creation of the then Federal 

Environmental Protection Agency (FEPA) now Federal Ministry of Environment, since Nigeria 

lacked both the institutional and legal framework to tackle the issue. Decree 58 of 1988 that set 

up FEPA required it to establish environmental guidelines and standards for the abatement and 

control of all forms of pollution, especially in the area of water quality, effluent discharge, air 

and atmospheric quality and including the protection of the ozone layer which in the past was 

absent (Federal Government of Nigeria, 1988).  

  

Following the scenario that brought about the setting up of FEPA, industrial pollution was thus 

regarded as a priority environmental problem and hence the first ever and only “National 

Guidelines and Standard for Environmental Pollution Control” was more of an industrial 
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pollution control guidelines and standards with few notes as guidelines for surface 

impoundments, land treatments, waste piles, landfills, incineration and hazardous/toxic waste. 

Moreover, even the available industrial pollution control guidelines and standards are not sound 

enough and are far from been enforced in the country as it were presently. The main legislation 

for the protection of water resources is scanty. There were no specific regulations and penalties 

on the chemical and industrial pollution on water in Nigeria.   

  

From the 1990s, Nigeria began to place some level of priority on water-related environmental 

issues. This is reflected in recent environmental policy, legislation, action plans and programme. 

In 1991, FEPA issued a specific groundwater protection regulation that must be adhered to by 

Pollution prone industries (FEPA, 1991). Industrial sites were to meet concentration limits for 

their effluents. These are specified in facility permits issued to the industries and enforcement 

takes place by compliance monitoring.   

  

  

2.3.2 Strategies under the National Environmental Policy on Environment  

Implementation of the Nigerian National Policy on Environment depends on specific actions 

directed towards major sectors and towards problem areas of the environment (FEPA, 1989). The 

management approach adopted in the policy is based on an integrated, holistic and systematic 

view of environmental issues. The programme activities of this policy are expected to establish 

and strengthen legal, institutional, regulatory, research, monitoring, evaluation, public 

information, and other relevant mechanisms for ensuring the attainment of the specific goals and 

targets of the policy. They will also encourage environmental assessment of proposed activities 

which may affect the environment or the use of natural resources prior to their commencement.  
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The strategies put forward for effective water resources management in Nigeria include:  

  

  
a) Promulgation of a national water resources law to co-ordinate water resources 

development.  

b) Formulation of a water resources master plan.  

c) Improvement of water use efficiency for sustainable development.  

d) Implementation of water conservation measures including inter-basin water transfer.  

e) Establishment and enforcement of national water quality and emission standards to 

protect human health and aquatic ecosystems and species.  

f) Establishment of environmental monitoring stations or networks to locate and monitor 

sources of environmental pollutants and to determine their actual or potential danger to 

human health and the environment.  

g) Continuous data collection for resource monitoring and management.  

h) Introduction of economic incentives.  

i) The on-going programmes to assess the available water resources of the country are being 

strengthened to provide, among other things, data on: Hydrological features affecting 

surface water resources. The location of groundwater resources and their characteristics 

in terms of depths, yields, permeability, storage and recharge.  

j) Per capita water use and requirements.  

k) Changes in hydrological regimes resulting from human activities, such as water use or 

extraction, pollution and the effects of mining and lumbering.  

l) The management of small and large dams.  

m) Irrigation problems with regard to crop water requirements, salinity, drainage and 

pollution from fertilizers, pesticides and cultivation activities.  

n) Existing freshwater living resources.  

As part of the strategies for the implementation of the National Policy on Environment in the 

water sector, a comprehensive national water resources master plan has now been drawn up with 

support from the Government of Japan, through the Japan International Cooperation Agency 
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(JICA). For the first time, a decree on water resources protection and management has been 

promulgated (FGN, 1993), with the purpose of:  

  

  

i. Promoting the optimum planning, development and use of the Nigeria's water 

resources.  

ii. Ensuring the co-ordination of such activities as are likely to influence the quality, 

quantity, distribution, use and management of water.  

iii. Ensuring the application of appropriate standards and techniques for the 

investigation, use, control, protection, management and administration of water 

resources.  

iv. Facilitating technical assistance and rehabilitation for water supplies.  
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CHAPTER THREE  

MATERIALS AND METHODS  

3.1 The Study Area  

The study was carried out inUmuogonnama Community, Obio/Akpor Local Government of 

Rivers State.  Obio/Akpor Local Government Area is bounded on the North by Ikwerre and  

Etche Local Government Areas, on the South by Port Harcourt and Okrika Local Government  

Areas, on the East by Oyigbo Local Government Area and on the West by Emohua Local 

Government Area all in Rivers State within the Niger Delta region of Nigeria. It is delineated 

between Latitude 4o 30ʹ and 4° 55'N and longitudes 6o 55ʹ and 7o 00ʹE (Fig 3. 1). Generally, 

Obio/Akpor LGA, Port Harcourt City LGA, and parts of Eleme, Ikwerre, Oyigbo, Etche and 

Okrika Local Government Areas are known as Port Harcourt Metropolis.  

Port Harcourt Metropolis being the hub of oil and gas industry in the country has attracted 

various people to the city leading to a burgeoning population of about 465,932 in Obio/Akpor 

Local Government Area.   
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                           Fig 3.1 The Study Area  
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3.1.1 Physiographic/Geomorphologic Setting  

Geomorphologically, the study area is generally low-lying with elevation between 8 -24m above 

mean sea level and slopes gently towards the Atlantic Ocean. The drainage pattern is largely 

controlled by the Bonny River and its tributaries and creeks which together drain various 

outcrops of relatively higher land which are largely surrounded by mangrove swamps, (BellGam, 

2002). The physiography conforms to the geomorphic features of the Niger Delta governed by 

several factors which influence transport and ultimate deposition of the sediment load, shape and 

growth of the delta. The Niger Delta comprises five geomorphic sub-environments; the 

undulating lowlands of the coastal plain sands, the flood plain of the lower Niger with extensive 

sand deposits, the meander belts consisting of wooded freshwater swamps, the mangrove 

swamps and estuary complexes and the beach ridges. These sub-environments are zones where a 

vast amount of sediments are deposited by rivers in their search for lines of flow, (Osakumi and 

Abam, 2004).    

Umuogonnama Community where the study was conducted is located on an elevation of about 

24m above mean sea level with a slope of about 11% (Figs 3.2 and 3.3) generally ensuring that 

all flows (both surface and sub-surface) are in the South-West direction. The proximity of the 

aquifers to the surface, flat topography, high annual rainfall, and permeable soil media 

contributes to insignificant runoffs in the site, and implies that the total precipitation goes into 

storage. This enhances decomposition activities by bacteria and fungi and leaching of 

contaminants into the aquifer   
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Fig 3.2 Digital elevation Model of Obio/Akpor LGA  
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The model shows the various elevation of the LGA with respect to mean sea level. The brown 

areas are elevated sections while the blue areas are slopes and low land areas.  
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    Fig 3.3 Direction of Slope of Obio/Akpor LGA  
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3.1.2 Geology/Hydrogeology  

Obio/Akpor LGA like the rest of the LGAs in the Port Harcourt Metropolis is located within the 

quaternary coastal plain of the lower Niger with extensive alluvium deposits. The area is 

geologically composed of various Quaternary deposits that overlie the three main stratigraphic 

units of Benin, Agbada and Akata. The Benin Formation (Oligocene to Recent) is the aquiferous 

formation in the study area and is exploited for groundwater supplies (Akpokodje, 2001).  

Although a depth of 100m is most exploited, about 300m depth has been exploited for water 

(Ngah, 1990). The Benin Formation consists essentially of massive and highly porous sands and 

gravels with a few thin clay intercalations. The uppermost section of the Benin Formation is the 

Quaternary deposits of about 40- 150m thick and comprises of rapidly alternating sequences of 

sand and silt / clay with the later becoming increasingly more prominent seawards (Etu-Efeotor 

and Akpokodje, 1990). The formation consists of predominantly freshwater continental friable 

sands and gravel that have excellent aquifer properties with occasional intercalations of 

claystone/shales (Olobaniyi&Oweyemi, 2006). The Benin Formation is highly permeable, 

prolific and productive and is the most extensively tapped aquifer in the Niger Delta. All the 

boreholes in the study area are drilled into the Benin Formation (Etu-Efeotor, 1981;  

EtuEfeotor&Akpokodje, 1990; Offodile, 2002); Udomet al., 2002) .  

  

The lithology consists of massive, highly porous and permeable freshwater bearing sands and 

sandstones with minor clay beds that form the main source of water supply to the city. Alluvium 

forms the surface blanket for the coastal plain sands, (Hospers 1971). They are sufficiently 

recharged by precipitation and surface water bodies. Static water levels are generally shallow, 

varying between 2 and 8m and getting closer to the surface near the coast.  Groundwater flow is 
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generally in the NE-SW trend in line with the regional trend in the basin, (Ehirim and Ebeniro 

2006) Water quality increases with depth with the thick sequence of sands forming the major 

aquifers in the area while the clays form the aquitards. The water table in the area shows 

appreciable seasonal fluctuations, rising with the rains and declining during dry season.  

  

  

  

  

  

  

  

  

  

  

  



 

 

  
Fig 3.4 Flow Accumulation & Direction of Obio/Akpor LGA  
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3.1.3 Climate and Vegetation  

Weather over the area is governed by the moist tropical maritime masses from the Atlantic Ocean 

and the dry dust landed tropical continental air mass from the northern part of the country 

commonly called the North East trade winds.  The prevalent wind direction in the study area is 

south-westerly with speed ranging from 0.3 to 4.5m/s and north –easterly with speed between 0.3 

– 1.5m/s. As a result of these air masses rainfall is high with annual mean of 2400mm from the 

inland to about 4000mm at the Coast. The rainfall exhibits double maxima regime with peaks in  

July and September. The area falls within the humid tropics with humidity of 63- 79%, (Korean 

Report, 1980). There are two major climatic seasons – the Wet Season (April – October) and Dry 

Season (November – March).  The climate of the area is marked by high relative humidity (R.H) 

spread over the year from 8 -10 months however, specifically, R.H oscillates between 85% and 

95% in the Wet Season and decreases to 45% in the Dry Season months. Ambient air 

temperature ranges from 24°C to 32°C in the Wet Season and 25°C to 36°C in the Dry Season. 

The vegetation of the area is predominately the tropical rainforest and riparian regime type which 

is comparatively uniform throughout the proximity of the region. There also exist other 

vegetation types such as farmland/fallowing mosaic  

3.1.4 Population and Economic Activities  

The population of Obio/Akpor Local Government Area is 465,932 with a growth rate of 

2.84%.(FGN, 2009) The major traditional occupation of the inhabitants is subsistence agriculture 

however; sedentary occupation has gradually taken over farming. Being the hub of oil and gas 

industry, there are several oil and gas companies employing quite a number of people leading to 

haphazard and unplanned housing, gridlock transportation and waste generation.  
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3.2 Nature and Sources of Data   

The data used for this project were obtained in varied ways but they fall under either of primary 

or secondary data sources.   

3.2.1 Primary Data Sources   

The primary data are sets of data collected from the study area through the collection of and 

analysis of samples and include those derived from observations made during the sampling and 

laboratory results.  

3.2.2 Secondary Data Sources   

Secondary methods involved using data already acquired by another party (usually through the 

primary methods). This work made use of the following secondary data: textbooks, monographs, 

lecture notes, journal articles, periodicals internet sources and other people’s unpublished 

academic thesis    

3.3 Sample Population, Sample Size and Sampling Techniques  

On the basis of closeness to waste dumpsites, a total of ten boreholes were identified which 

formed the population of the study and using the simple random sampling techniques, four 

Borehole locations ( namely Kings Palace Hotel, Umuogonnama Community Primary School, 

Nkwo Market Area, and Umuogonnama Borehole) were chosen as the sample size. At these 

sites, replicate sampling was made on three different days between the hours of 07:00 -11:00am.  

Table 3.1 describes the characteristics of each of the sampled Borehole.  
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    Table 3.1 Characteristics of Sampled Boreholes  

 

S/No.     Location     Age    Depth        Activity            Distance    
               Around Borehole      from Dumpsites        

1. Nkwo Market Area      3yrs                 95ft         Commercial      13m  

2. Umuogonnama             2yrs                90ft                   Farming       11m  

3. Kings Palace Hotel       3months         100ft  Residential       50m  

4. Community Primary               
 School                            3yrs             110ft                  School                                    47m                     

________________________________________________________________________ 
Source: Author’s Field work  

3.4 Instrumentation/method of collection of Water Sample    

Water samples were collected in 2 litres Poly Vinyl Chloride (PVC) plastic bottles that had been 

severally rinsed with the borehole water. The tap was allowed to flow for about 2 minutes before 

sample was collected, corked, stored in an iced cooler to maintain their integrity and transported 

to the laboratory for analysis.  

3.4.1 In situ measurements  

For water temperature, turbidity, electrical conductivity, salinity and dissolved oxygen 

measurement was done on the spot with HORIBA U-10 water Quality Checker that had been 

standardized with phthalate auto-calibration solution. Total Dissolved Solids (TDS) was also 

determined in situ electronically with HACH Conductivity meter (Model CO 150) with an inbuilt 

automatic TDS measuring device. The probe was immersed in water and the TDS value read off 

directly in mg/l from the LCD display screen.  
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3.5 Laboratory Analyses  

3.5.1 Determination of Total Suspended Solids (TSS)  

Apparatus: Porcelain dish (100ml capacity), glass fibre filter disk, suction pump and flask, 

measuring jar, membrane filter funnel, oven and filtration apparatus  

Procedure: The known volume of vigorously shaken sample (50ml) filtered into a pre-weighed 

glass fibre filter disk fitted to suction pump, and washed successively with distilled water. The 

filter is carefully removed from the filtration apparatus and dried for an hour at 103 - 105°C in an 

oven, cooled in dessicator and weighed for constant weight.  

Calculation:  

Total Suspended Solids = (W1 – W2) (1000) ml  
                                          Sample Volume (ml)  
  
Where:W1 = Weight of dried glass fibre filter + residue W2 

=  Weight of glass fibre filter disk before filtering  

  

  

  
3.5.2 Determination of Chemical Oxygen Demand (COD)  

Apparatus: Reflux apparatus, Nessler’s flask, hot plate and glassware.  
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Reagents: Potassium dichromate solution (0.250M), Ferrous ammonium sulphate (FAS)  

0.25mg, ferroin indicator, sulphuric acid, silver sulphate crystals, mercuric sulphate crystals.  

Procedure: 15ml of concentrated sulphuric acid with 0.3g of mercuric sulphate and a pinch of 

silver sulphate along with 5ml of 0.025M potassium dichromate was added to the Nessler’s tube. 

10ml of sample (thoroughly shaken) pipette out into this mixture and kept for about 90minutes 

on the hot plate for digestion. 40ml of distilled water was added to the cooled mixture ( to make 

up to 50ml) and titrated against 0.025M FAS using ferroin indicator, until the colour was turned 

wine red from blue-green indicating the end point.  

3.5.3 Determination of Nitrate  

Apparatus: Nessler’s tube, pipette, beakers, spectrophotometer, cuvettes, measuring jar and hot 

water bath.  

Reagents: Phenol disulphonic acid, Sodium hydroxide, concentrated ammonium hydroxide, 

Nitrate solution  

Procedure:50ml of sample was pipette into a porcelain dish and evaporated to dryness on a hot 

water bath. 2ml of phenol disulphoric acid was added to dissolve the residue by constant stirring 

with a glass rod. Concentrated solution of Sodium or ammonium hydroxide and distilled water 

was added while stirring to make it alkaline. This was filtered into a Nesseler’s tube and made up 

to 50ml with distilled water. The absorbance was read at 410nm using a pectrophotometer after 

the development of colour. The standard graph was plotted by taking concentration along x-axis 
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and the spectrophotometeric reading (absorbance) along the y-axis. The value of Nitrate was 

found by comparing absorbance of sample with the standard curve and expressed in mg/l.  

3.5.4 Determination of Chloride  

Apparatus: Glassware  

Reagents: Potassium chromate indicator solution, silver nitrate solution  

Procedure: Known volume of filtered sample (50ml) was taken in a conical flask, to which 

about 0.5ml of potassium chromate indicator was added and titrated against standard silver 

nitrate till silver dichromate (AgCrO4) started precipitating  

Calculation:Chloride = (A-B) (N) (35.45)  
      Sample taken in ml  
  
Where:  

A = volume of silver nitrate consumed by the sample  
B= volume of nitrate consumed by the blank 
N = Silver nitrate  

  
  

3.5.5 Determination of Sodium  

Apparatus: Filter, filter paper, flame photometer.  

Reagents: De-ionized water, stock Sodium solution, Potassium solution.  

Procedure: The filter of the flame photometer was to set to 589nm. Distilled water was passed 

over the scale to set it to zero. The standard curve between the concentration and emission was 

prepared by feeding the standard solution and the sample was filtered through the filter paper and 
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fed into the flame photometer and the concentration was found from the graph or by direct 

reading  

  

3.5.6 Determination of Potassium  

Apparatus: Flame photometer, glassware and whattman filter paper Reagents: 

De-ionized distilled water, Potassium solution.  

Procedure: The filter of the flame photometer was set at 766.5nm, the flame adjusted for blue 

colour. The scale was also set to zero and maximum using the highest standard curve. A standard 

curve of different concentration was prepared by feeding the standard solutions. The sample was 

filtered through the filter paper and fed into the flame photometer. The concentration was found 

from the standard curve or as direct reading.  

3.5.7 Determination of Phosphate  

Apparatus: Spectrophotometer, glassware, hot plate and Nessler’ tube  

Reagents: Ammonium molybdate, stannous chloride, phosphate solution.  

Procedure: To 50ml of filtered sample, 4ml of ammonium molybdate reagent and about 45drops 

of stannous chloride reagent was added. After about 10mins the colour developed was measured 

photometrically at 690nm and calibration curve was prepared. A reagent blank was always run 

with same treatment with distilled water as sample. The value of phosphate was obtained by 

comparing absorbance of sample with the standard curve and expressed as ml  
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3.5.8 Determination of Fluoride  

Apparatus: Spectrophotometer, glassware.  

Reagents: Fluoride solution, SPADNS solution, Zirconyl-acid reagent, Zirconyl acid-SPADNS 

reagent.  

Procedure: A standard graph was prepared by using fluoride concentration ranging from 

0.005mg to 0.150mg at 570nm. A reference solution was prepared by adding 4ml of acid 

zirconyl-SPADNS reagent to 21ml of distil water. A known volume of filtered sample ( 21ml) 

was taken in a test tube, 4ml of zirconyl-SPADNS reagent is added to the sample along with a 

reference solution. The mixture was left for about 30mins fr complete colour development and 

the optical density was read at 570nm  

  

3.5.9  Determination of heavy metals  

One gramme of the sample was introduced into digesting tube following the addition of 10ml 

concentrated HN03. The samples were placed in the digester for 8hrs at 960C with intermittent 

stirring. Upon complete digestion, the samples were filtered into 100mL volumetric flask using 

Whatman No. 42 filter paper. Samples were made up to 100ml mark in the volumetric flask 

using distilled deionised water. The concentrations of Pb, Cd, Zn, Cr, Ni, Mn and Fe in the 

supernatant solution were determined using Varian Spectra AA 600 atomic absorption 

spectrophotometer (AAS), with air acetylene flame connected to it.   
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3.6 Bacteriological Examination  

Apparatus: Hot air oven, Petri dish, glass test tube pipette Durham tubes, autolance, water bath 

and incubator.  

Procedure: The glass wares were sterilized by dry heat in hot air oven at 160°C for 10 hours.  

Sample bottle, test tube plus media were sterilized by autoclave at 121°C for 15 minutes  

  

  

3.6.1 Plate Counts:  

Procedure:  About 23 grammes of nutrient agar power were suspended in 1000ml of distilled 

water by heating and stirring. It was then autoclaved at 121°C for 15 minutes, cooled and 

distributed into Petri dishes and allowed to cool down at room temperature. Serial dilutions of 

water sample were carried out. 0.1ml of the diluted samples was piped out into the plate in 

duplicate forms. Spread plate method was used. The plates were incubated at room temperature 

from 24 hours to 48 hours and discrete colonies were counted. Detection of coli forms and E.coli 

by multiple tube method was conducted in three stages:  

Presumption Test: The medium (lactose broth) was prepared in accordance for the examination 

of water and waste water. Suitable volume of the water sample was inoculated into a number of 

tubes containing liquid medium with Durham tubes completely immersed in it. These were 
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incubated at 37°C for 48 hours. The tubes within 48 hours regardless of the amount showed a 

positive presumption test. The absence of gas formation within the period showed a negative test.  

Confirmatory Test: The confirmatory test was used for the presence of coli form and E. coliin 

the presumptive positive tubes. Aliquot of the solution were poured into fresh tubes of 

Macconkey broth, prepared according to APHA (1998) methods for the examination of water 

and waste water. One set of the tubes were inoculated at 37°C for 45 hours for the confirmation 

of the presence of coli form. The other set was incubated at 44°C for 48 hours to confirm the 

presence of E.coli production of acid gas at the end of incubation period showed positive 

confirmatory test.  

Completed Test:This test was carried out when confirmatory test was positive, the appearance 

of red colonies confirmed positive result.  

3.6.2 Test for Faecal Streptococci  

Aliquot of the water sample was incubated into tubes of glucose acid broth and incubated at 37°C 

for 72 hours, the test tubes developed acidity. Heavy inoculums were sub cultured from the tubes 

into fresh tubes of glucose acid broth and incubated at 45°C for 48 hours. The tubes developed 

acidity at this temperature which confirmed the presence of faecal streptococci.  

  
3.6.3 Test for Clostidis Species using litmus milk  

Procedure: 100 grammes of the litmus milk was dissolved in 100m3of distilled water by gradual 

addition of water during mixing until the 100m3 mark was reached. It was thereafter stained 
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through Muslim and was then distributed into lens and autoclaved at 121°C for 5 minutes. The 

fresh heated tube of litmus milk was inoculated with various quantities of water at 80°C for 10 – 

15minutes to destroy non-spore forming organisms. These were incubated at 37°C for up to 5 

days. The tubes were examined every 24hours for positive strong clot reaction which confirmed 

the presence of clostridium  

3.6.4 Isolation of total culturable heterotrophic bacteria    

The spread plate method was used. Ten-fold serial dilution of each water sample was prepared 

aseptically in sterile physiological saline up to 10-3 and 0.1 ml aliquot of each dilution was 

plated on dried nutrient agar plates in triplicate. All incubations were conducted at 35°C for 24 h 

under aerobic conditions and plates containing 30 to 300 colonies were selected and counted. 

The number of colony-forming units per ml (cfu/ml) was calculated by multiplying the number 

of colonies by the dilution factor.      

3.6.5  Enumeration of total coliforms/faecal coliforms     

The multiple tube fermentation method also known as the most probable number (MPN) was 

used to obtain the total coliforms and test was performed using three test tube sets to enumerate 

faecal coliform. All positive tubes from the MPN procedures were subcultured on Levine’s EMB 

agar plates in triplicate and incubated at 35°C for 24 ± 2 h.      
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3.6.6 Isolation of Salmonella/Shigella species    

The Salmonella/Shigella agar (SSA) was prepared according to the manufacturer’s direction and 

0.1 ml aliquot of each water sample was transferred onto the surface of the dried sterilized SSA 

plates. The plates were inoculated in triplicate and incubated at 37°C for 24 to 48 h. Thereafter, 

pure cultures were obtained by sub-culturing onto freshly prepared SSA plates and pure colonies 

were identified using biochemical reactions.     

3.6.7 Isolation of Vibrio species     

The thiosulphate citrate bile salt (TCBS) agar was prepared and poured into sterilized Petri 

dishes. It was allowed to solidify, after which, 0.1 ml of each water sample was transferred onto 

the dried agar plates in triplicate using a 1 ml pipette and spread evenly with a sterile hockey 

stick. It was incubated at 35°C for 24 to 48 h. After incubation, yellow colonies were counted 

and thereafter identified using biochemical reactions.      

3.6.7.1   Identification of isolates     

The cultural, morphological and biochemical characteristics of the respective isolates were 

compared with the criteria in Bergey’s manual of Determinative Bacteriology (1994). The 

biochemical tests used in the identification and characterization of the isolates include: gram 

staining, motility, indole production, methyl red-vogesProskauer, citrate utilization, oxidase, 

catalase, coagulase and sugar fermentation tests.  
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3.7   Statistical Analysis  

Descriptive statistics was explored to obtain means, standard error, range and graphical 

representations of ensuing data. The interrelationships existing between the physicochemical 

variables of groundwater and pollution at the various dump sites were explored using the Pearson 

Product Moment Correlation coefficient(r). The t- test was used to compare means of both WHO 

and sampled boreholes to determine pollution or contamination threats.  

  

  

  

  

  

  

  

  

  

  

  

  
CHAPTER FOUR  

PRESENTATION AND DISCUSSION OF RESULTS  
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4.1  Physical Characteristics of Boreholes Sampled  

The result of the physical characteristics of the boreholes sampled in terms of their age, depth 

and proximity to waste dump site is presented as table 4.1 while Table 4.2 show the soil analysis 

and some hydraulic parameters of the soil where the boreholes are located as derived from 

Appendices   

  

Table 4.1 Physical Characteristics of Boreholes  

BoreholesAge     Depth   Elevation   Lithography    Thickness Flow Direction  
      BH1           3yrs          95ft                  24      thin clay cover        NE-SW    

      BH2          2yrs           90ft                  24          porous sand       NE- SW  

      BH3         3months     100ft                27             -ditto-         NE -SW  
     BH4         3yrs             110ft                29           -ditto-          NE -SW  
________________________________________________________________________ 
Source: Author’s Field work  
* BH >Borehole 1 = Nkwo Market Area. 2 = Umuogonnama, 3 = Kings Palace Hotel,  4 

= Community Primary School  
  

  

  

  

  



 

 

Table 4.2 Soil Analysis of Borehole Area  
Location  
(Obio/Akpor  
LGA)  

Borehole  Soil Type  Grain Size Distribution 
(% passing sieve)  

 Permeability 
(m/sec  

Soil  
Consistency/   
Atterberg Limits  

Transmissivity 
(m3/day)  

      No.4   
(4.75mm)  

No.10  
(2.00mm)  

No.40  
(0.42mm)  

No.200  
(0.075mm)  

  LL  PL  PI    

Nkwo Market  1  Top> 0-5m 
Soft greyish 
organic clay 
(Generally a 
sandy/clay.  
Silty/Clay Soil)  

97.7  89.6  60.09  15.12    
8.68 x 10-1  
  

  
63.2  

  
47.7  

  
15.5  

  
7.05 x 10 -2  

Umuogonnama  2    
Soft  film 
grayish  clay. 
Generally  
Clayey Sand  

100  88.0  61.14  12.01    
8.60 x 10-1  

  
64.1  

  
48.9  

  
15.2  

  
4.58 x 10-2  

Kings  Palace 
Hotel  

3    
Brownish Clay. 
Generally Silty  
Sand/Clay  
  

99.47  86.1  59.89  20.84    
  
7.68 x 10 -1  

  

  
60.8  

  
44.5  

  
16.3  

  
9.06 x 10 -2  

Community  
Primary School  

4  Greyish, 
generally silty 
sand/clay soil  

92.2  74.5  31.47  27.6    
8.67 x 10-1  

  
74.6  

  
54.2  

  
20.4  

  
8.11 x 10 -2  

 Note:        LL  =  Liquid  Limits,  PL=  Plastic  Limit,  P.I  =  Plasticity  Index 
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Tables 4.1 and 4.2 showed that each of these boreholes could be rationalized as underlain by at 

least three primary soil zones. The primary soil zones include an organic clayey layer of about 

05m thickness, which is soft and grayish brown in color. The dark gray coloration is mostly 

ascribed to its rich organic content. Beneath the clay is a layer of soft grayish silty clay with 

variable thickness of about 7-11m, which may extend to the depth of 20m. Underlying the silty 

clay is a relatively clean, medium to coarse-grained, uniformly-graded sand deposit (aquiferous 

zone) of about 10-26m thick, which is the water bearing formation.  In the clay sandy soil zone, 

the infiltration rate is likely to increase because of the sandy nature of the soil. Generally, active 

clays have high water holding capacity and are also characterized by low permeability and low 

resistance to shear.  

The tables furthered showed that thesoil is fine-grained and highly plastic. Below this is dark 

grey soft film of clay and silty sands which are medium grained, loosely dense silty sand and in 

some section sandy clay soils. In general the area is more of sandy clay and sandy silt soil. Grain 

size analysis results shows that Borehole 1 and 2 are poorly sorted with fines (silt/clay fractions). 

The coarse grained sands possess greater infiltration capacity since the number of particles per 

unit area is large and void spaces are greater.  

The permeability test result reveal a low value of 2.17 x 10-3cm/sec for the silty clay soil, while 

the sandy soils display a high range of 7.33 x 10-1 to 8.67 x 10-1cm/sec. Infiltration capacity of 

the soil depends on the permeability, degree of saturation, vegetation and amount of duration of 

rainfall. The implication from this is that Boreholes with sandy soil have confining layers that are 

unequally effective and more surface based pollutants could find their way into the aquifer 

through the area surrounding these boreholes.  
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The average transmissivity of the confining layers ranges between 4.58 x 10-2 and 9.06 x 10-2 this 

result is suggestive of highly transmissible aquifer indicating the possibility of leakage.  

  

Table 4.1 further showed that the groundwater flow direction is NE-SW while the average depth 

of the boreholes sampled is about 98 feet. If this table is compared with table 3.1, the average 

distance of each borehole from a refuse dumpsite is about 30.25m.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 4.2  Physicochemical Quality of Sampled Borehole Water  
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Table 4.3 Results of Physicochemical Quality of Borehole Water Sampled  
Parameters   BH1     BH2   BH3    BH4  NSDWQ WHO (max) 
pH    5.93    6.84    7.1    7.39  6.5-8.5   6.5 -9.2  

Temp (0°)  21.6    21.4    22.3    23.5      28  

Colour   No    No    No    No  N/S    50  

Odour   No    No    No    No  N/S    

TDS (mg/L)  5.60    4.84    2.83    2.73500    1000  

TSS    3.01    2.11    1.1    1.04 25    

Turbidity (NTU) 0.5   0.25    0.25    1.0      5    25  

Conductivity 35.1    7.4    12.9    68.4   100    

COD   1326    2453    0056    0074    

DO    5.60    4.53    1.83    2.73    

Alkalinity (mg/L) 396   490    150    183  100    200  

Nitrate   1.760   1.048   0.083   0.042 0.2    50  

Calcium  3.2    0.64    0.80    4.3  N/S    1.0  

Chloride  69.0    60.0    18.0    15.5  600    

Sulphate  03.9    6.4    10.2    17.1  400    400  

Phosphate  0.6    0.8    9.92    0.03    N/S    0.4  

Iron (mg/L)  1.82    1.74    0.2    0.1    0.3    

Sodium (ppm) 78.0    30.0    10.5    8.5      200  

Potassium (ppm) 37.5 11      4.9    3.9      200  
 

NSDWQ = Nigerian Standard for Drinking water quality  

  

 4.3  Heavy Metal Concentrations in Sampled Borehole Water  
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Table 4.4 Levels of Heavy MentalConcentration in Borehole Water Sampled  
Heavy metals   Borehole 1  Borehole2  Borehole3  Borehole 4NSDWQ  

Mercury (Hg)   0.0021   0.0107   <0.0001  <0.0001   0.001mg/l  

Lead (Pb)    5.7157   6.2663   5.5932   5.1947     0.01mg/l  

Zinc (Zn)    0.2134   0.3497   0.3168   0.2791     3.0mg/l  

Manganese (Mn)  1.6623   0.8769   <0.0001  <0.0001    0.2mg/l  

Copper (Cu)   0.6298   0.4277   <0.5049  0.2271     2.0mg/l     

Iron (Fe)    0.065   0.43     0.62    0.3    0.3mg/l  

Cadmium (Cd)  0.1593   0.1665   0.1199   0.0001     0.003mg/l  

NSDWQ = Nigerian Standard for Drinking water quality  

  

  

  

  
  

The physicochemical properties of groundwater in the study area showed that pH values for the 

borehole watersranged between 5.93 in Borehole 1 to 7.39 in Borehole 4. (Table 4.3) These 
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values except Borehole 1 are within the standard permissible limits of 6.5 – 8.5 (NSDWQ).Water 

with a pH less than 6.5 is considered acidic. This water typically is corrosive and soft. It may 

contain metal ions, such as copper, iron, lead, manganese and zinc. The metal ions may be toxic, 

may produce a metallic taste, and can stain fixtures and fabrics. The low pH can damage metal 

pipes and fixtures. The temperature of the water as well as the iron content showed 

corroboration. Usually, when groundwater temperature is 25oC pH tend to be less than 7 tending 

towards acidity and influence the slightly elevated levels of iron in Borehole 1 and 2   

It can furthered be reasoned that there are slight traces of dissolved acidic salts in the 

groundwater of the area. This may be linked with the characteristics of the Niger Delta region 

since movement of such salts from the surface of the soil to ground water might have occurred 

during seepage as ground water pollution can occur through seepage of pollutants and by 

migration of contaminants from the surface of the soil. This could be aided by the high 

infiltration and permeability of the soils (sandy loam soils) which implies that any contaminant 

on the surface has the potential to leach or move fast into the subsurface, which could lead to 

ground water contamination (Scawbet al 1990), more so that the water table in this area is 

shallow.However, as ground water recharge occurs during the wet season due to continuous 

rainfall and deep percolation, increased dilution is expected to yield acceptable pH values (6.02) 

during the wet season  

  
Total Dissolved Solid (TDS), Total Suspended Solids (TSS) Dissolved Oxygen (DO) are all 

within permissible limits. This is as a result of infiltration. For DO, it could only be very 

important if it were a surface water where it would have determined the health of the surface 

water or otherwise.   
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Alkalinity (as CaCO3) is not a pollutant. It is a total measure of the substances in water that have 

acid neutralizing ability. It protects or buffers against pH changes i.e. keep the pH fairly constant 

and makes water less vulnerable to acidity.  Themaximum value recorded for Alkalinity is 

490mg/l.The inorganic chemical constituents obtained in this study are in normal range 

permissible by WHO. The constituents have been grouped into three categories. Major 

constituents with permissible concentration range of 1.0 – 100mg/l and which are cations include  

- sodium, calcium and magnesium while anions include bicarbonate, sulfate, chloride and silica. 

The Secondary category with permissible concentration range of 0.01 – 10mg/l and which are 

cations include – Potassium (K). The third category is trace elements and they have allowable 

limits of concentration in the range of 0.001 – 0.1mg/l). The cations in this group include – 

Chromium (Cr), copper (Cu), lead (Pb), Manganese (mn) and Zinc (zn).  

Sulphate/Sulfate (S042-)however has a slightly elevated concentration of 17.1 and 10.1mg/l in 

two borehole water samples. This very slightly elevated concentration maybe due to the fact that 

the Deltaic plain is a sequence of sands and silt with local intercalation of peat and sulphur-rich 

clays. The dissolution of sulphides such as pyrite from the interstratified material by percolating 

water produces SO4 ions in water. SO4 occurrence could also be related to increasing heavy 

traffic flow and petroleum activities. Gaseous emissions from vehicles contain significant 

amount of sulphur rich gases. The gas flares in the area are also major contributor of sulphur-rich 

gases into the atmosphere. The relative calm atmosphere coupled with constant rainfall and high 

temperature in the area ensures that much of the emitted substances are not carried far from the 

vicinities before they are scavenged out of the atmosphere as acid rain (Oghenejobor, 2005;  

Olobaniyi and Owoyemi, 2006) and recharges the aquifer. Recent studies on a nearby Niger  
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Delta Community have shown that SO4 contribution to free acidity could be high as 76% 

(Ogunkoya and Efi, 2003).  

  

 4.4  Microbiological Analyses of Sampled Borehole Water  

The results of microbiological analyses of the sampled borehole waters are presented in two 

tables below.  

  

Table 4.5. Genera of microorganisms isolated from the borehole water samples.    

Isolate         Occurrence (n = 21)    Frequency of occurrence (%)   

Shigella      5           23. 81   
Escherichia       3           14. 29   
Salmonella       3           14. 29   
Enterobacter      2           9.52   
Vibrio        2          9.52   
Pseudomonas     2           9.52  
Proteus      2           9.52  
Staphylococcus    1           4.76  
 Bacillus       1          4.76  
  

  

  

  

  



 

 

Table 4.6 Microbiological analysis of the borehole water samples     

______________________________________________________________________________________________  
Water    THB     Total coliform  Faecal coliform Vibrio sp. Shigella sp.  Salmonella sp.  
Sample             (cfu/ml)   (MPN/100ml)        (cfu/ml)   (cfu/ml)      (cfu/ml)                        (cfu/ml)  
______________________________________________________________________________________________________  
BH1    5.6 x 105  240   3.8 x 102   2.5 x 102   3.2 x 102  3.5x102    

BH2    3.7 x 105  47   2.5 x 102   - 3.2 x 102                         –    

BH3    6.6 x 105  1100  4.5 x 102  3.5 x 102  6.7 x 102  3.9 x 102    

BH4    3.1 x 105   120     2.8 x 102     - - -     

BH5  4.4 x 105   210     3.5 x 102     - - -     

BH6  3.3 x 105  43     2.1 x 102     - - -  
  

NSDWQ  10                  10           0     0        0      0 
______________________________________________________________________________________________ NSDWQ 

= Nigerian Standard for Drinking water quality  
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Nine genera of microorganisms (or bacteria) were identified (Table 4.5) from a total of 21 

isolates. These genera include: Shigella, Esherichia, Salmonella, Vibrio, Enterobacter, 

Pseudomonas, Proteus, Staphylococus and Bacillus. Out of the nine genera, Shigella sp. had the 

highest percentage frequency of occurrence (23.81%) followed by Esherichia and Salmonella 

(14.29%), then Enterobacter and Vibrio (9.52%). Table 4.6 shows the result of the 

microbiological analysis of the borehole water samples. Total Heterotrophic Bacteria (THB) 

count ranged from 3.1 x 105 to 5.6 x 105cfu/ml, while boreholes in non- dumpsite areas had THB 

counts that ranged from 3.1 x 105 to 4.4 x 105 cfu/ml for. Coliforms which are indicators of 

pollutions in drinking water ranged from 47 to 1,100 MPN/100 ml. Faecal coliform counts ranged 

from 2.5 x 102 to 4.5 x 102 cfu/ml. There were high counts of Salmonella, Shigella and Vibrio 

species in Borehole 1 to 3  

  

 4.5  Testing of Hypotheses  

To validate the hypotheses stated at the beginning of this research work, data generated from the 

field and laboratory analyses were subjected to statistical analyses using the SPSS statistical 

package ver.17 and the results of these analyses are presented in this section.  

The following hypotheses are therefore formulated for this study:  

Borehole water in the study area are not under threat of contaminations  

There are no statistical significant relationships between the various waste dumpsites and the 

physicochemical & microbiological state of groundwater sources in the study area  



 

  

  

81  
  

  
4.5.1  Hypothesis one: Borehole water in the study area are not under threat of 

contaminations  

This hypothesis was conducted to compare WHO water quality standard with results obtained 

from analyzing borehole water samples in our study area to establish if there is any variation and 

establish based on that if borehole waters in the study area are under threat of contamination from 

waste dumpsites. The statistical tool deplored is the T-Test. It is a commonly used  

statistical significance tests applied to small data sets (populations’ samples), it is one of the tests 

used for the comparison of two means, which is commonly applied to many cases the outcome of 

these tests is the acceptance or rejection of the null hypothesis (H0). The null hypothesis generally 

states that: "Any differences, discrepancies, or suspiciously outlying results are purely due to 

randomand not systematic errors". The alternative hypothesis (Ha) states exactly the opposite.The 

stated hypotheses are as follows:  

  

H0: There is no significant difference between the physicochemical properties of Borehole One 

water and World Health Organisation (WHO) standard for drinking water; i.e. 1 = 2  

Ha: There is a significant difference between the physicochemical properties of borehole one 

water and World Health Organisation (WHO) standard for drinking water. The Hypothesis was 

tested for each Borehole  
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Test Statistics for Borehole 1  

Paired Samples Statistics 
  

Mean N 
Std. 
Deviation 

Std. Error 
Mean 

Pair 
1 

Borehole One 
World Health 
Organisation Max 

53.6671 

166.4071 

14 

14 

128.24263 

199.39457 

34.27429 

53.29044 

  

  

Paired Samples Test 
   Pair 1 

Borehole One - World 
Health Organisation Max 

Paired Differences 

t 
df 
Sig. (2-tailed) 

Mean 
Std. Deviation 
Std. Error Mean 

95% Confidence Interval 
of the Difference 

Lower 
Upper 

-112.74000 
221.60549 

59.22656 

-240.69120 
15.21120 

-1.904 
13 

.079 

  

  

From the above table, the p-value is found to be 0.079 and the confidence interval ranges from - 

240.69 to 15.211. Since the p-value (= 0.079) > α (= 0.05), also since the confidence interval does 
contain zero, we therefore do not reject the null hypothesis; and summarise the result as follows:  

  

H0: There is no significant difference between the physicochemical properties of Borehole One 

water and World Health Organisation (WHO) standard for drinking water; i.e. 1 = 2  
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Test Statistics for Borehole 2  

Paired Samples Statistics 
  

Mean N 
Std. 
Deviation 

Std. Error 
Mean 

Pair 
1 

Borehole Two 
World Health 
Organisation Max 

21.2593 

166.4071 

14 

14 

40.55424 

199.39457 

10.83858 

53.29044 

  

  

Paired Samples Test 
   Pair 1 

Borehole Two - World 
Health Organisation Max 

Paired Differences 

t 
df 
Sig. (2-tailed) 

Mean 
Std. Deviation 
Std. Error Mean 

95% Confidence Interval 
of the Difference 

Lower 
Upper 

-145.14786 
191.35711 

51.14234 

-255.63416 
-34.66155 

-2.838 
13 

.014 

  

From the above table, the p-value is found to be 0.014 and the confidence interval ranges from - 

255.63 to -34.66. Since the p-value (= 0.014) < α (= 0.05), also since the confidence interval does 
not contain zero, we therefore do reject the null hypothesis; and summarise the result as follows:  

  

Ha: There is a significant difference between the physicochemical properties of borehole Two 

water and World Health Organisation (WHO) standard for drinking water. i.e. The means 

are different.  
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Test Statistics for Borehole 3  

  

Paired Samples Statistics 
  

Mean N 
Std. 
Deviation 

Std. Error 
Mean 

Pair 
1 

Borehole Three 
World Health 
Organisation Max 

19.8379 

166.4071 

14 

14 

47.48663 

199.39457 

12.69134 

53.29044 

  

  

  

Paired Samples Test 
   Pair 1 

Borehole Three - World 
Health Organisation Max 

Paired Differences 

t 
df 
Sig. (2-tailed) 

Mean 
Std. Deviation 
Std. Error Mean 

95% Confidence Interval 
of the Difference 

Lower 
Upper 

-146.56929 
200.51901 

53.59096 

-262.34551 
-30.79306 

-2.735 
13 

.017 

  

  

From the above table, the p-value is found to be 0.017 and the confidence interval ranges from - 

262.34 to -30.79. Since the p-value (= 0.017) < α (= 0.05), also since the confidence interval does 
not contain zero, we therefore do reject the null hypothesis; and summarise the result as follows:  

  

Ha:  There is a significant difference between the physicochemical properties of borehole Three 

water and World Health Organisation (WHO) standard for drinking water. i.e. The means 

are different.  
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Test Statistics for Borehole 4  

  

  

Paired Samples Statistics 
  

Mean N 
Std. 
Deviation 

Std. Error 
Mean 

Pair 
1 

Borehole Four 
World Health 
Organisation Max 

10.3671 

166.4071 

14 

14 

18.34138 

199.39457 

4.90194 

53.29044 

  

  

  

Paired Samples Test 
   Pair 1 

Borehole Four - World 
Health Organisation Max 

Paired Differences 

t 
df 
Sig. (2-tailed) 

Mean 
Std. Deviation 
Std. Error Mean 

95% Confidence Interval 
of the Difference 

Lower 
Upper 

-156.04000 
198.94023 

53.16901 

-270.90467 
-41.17533 

-2.935 
13 

.012 

  

  

From the above table, the p-value is found to be 0.012 and the confidence interval ranges from - 
270.91 to -41.18. Since the p-value (= 0.012) < α (= 0.05), also since the confidence interval does 
not contain zero, we therefore do reject the null hypothesis; and summarise the result as follows:  
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Ha: There is a significant difference between the physicochemical properties of borehole Four 

water and World Health Organisation (WHO) standard for drinking water. i.e. The means 

are different.  

  

The statistical analyses of the borehole water samples showed that apart from borehole 1 which 

have its physicochemical parameter not different from the WHO standards all other borehole 

water samples are different. The implications from these analyses is that groundwater in the study 

area are under threat of groundwater contamination or pollution from the leachate seeping from 

the waste dumpsites in the area.  

  

4.5.2 Hypothesis Two: There are no statistical significant relationships between the various 

waste dumpsites and the physicochemical & microbiological state of groundwater sources in 

the study area.Pearson product-moment correlation coefficient (sometimes referred to as the 

PPMCC or PCC or Pearson's r) is a measure of the linear correlation between two variables X and 

Y, giving a value between +1 and −1 inclusive, where 1 is total positive correlation, 0 is no 

correlation, and −1 is total negative correlation. It is widely used in the sciences as a measure of 

the degree of linear dependence between two variables.  

  

Pearson Product Moment Correlation coefficient computation between distance of boreholes from 
dumpsites (x) and physicochemical parameters (Y)  

  

Parameters    
Distance from dumpsite  

(m)  XY  X2  Y2  
X  Y  

53.66714286  13  697.6729  2880.162  169  
21.25914286  11  233.8506  451.9512  121  
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19.83807143  50  991.9036  393.5491  2500  
10.36728571  47  487.2624  107.4806  2209  
105.1316429  121  2410.689  3833.143  4999  

Σx Σy Σxy  Σx2  Σy2 
  

Using the formula for Pearson Product Moment Correlation Coefficient:  
  

 r  nxy(x)(y)   

(n(x2) (x)2))((n(y2) (y)2) 
  

 Where X  =  Physicochemical parameters  
Y = Distance from dumpsite (m)  n = the 

number of dumpsites  
   ∑  =  the summation symbol  

  
substituting in the formula, we have:  
  

 r  4(2410.689)(105.132)(121)  = -0.643  

(4(3822.143)(105.132)2)(4(121)(4999)2) 
  
  
The correlation coefficient of the set of variables x and y is -0.643  
  
  
From the above correlation result between X and Y it can be interpreted as follows:   
  

The value of r is close to 1 from the negative side:   
This suggests that there is a strong negative linear relationship between physicochemical 
parameter and Distance from dumpsite in the sample.  
Direction: As x increases, y decreases.  
  

  
Given that H0 is the null hypothesis, H1 is the alternative hypothesis and  is the population 
correlation coefficient:  
  
H0:  = 0:  

  

There is no significant correlation between physicochemical parameter and Distance 
from dumpsite in the sample;  
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H1:  ≠ 0:  

  

There is a significant correlation between physicochemical parameter and Distance 
from dumpsite in the sample;  

Correlations 
  Physicoche 

mical 
parameters 

Distance 
from 
dumpsite (m) 

Physicochemical 
parameters 

Pearson Correlation 
Sig. (2-tailed) 
N 

1 

4 

-.643 
.357 

4 

Distance from 
dumpsite (m) 

Pearson Correlation 
Sig. (2-tailed) 
N 

-
.643 
.357 

4 

1 

4 

  
Source: SPSS Ver. 20 Output window  
  
From the correlation table, we find that since the p-value (=0.357) is greater than α (= 0.05), we 
therefore do not reject the null hypothesis and summarise the result as thus:  
  
H0:  = 0: There is no significant correlation between physicochemical parameters and  

Distance from dumpsite in the sample;  
  

  

4.5.3 Discussion  

  

4.5.3.1  Nature of Water Supply& Spatial variability  

The nature of water supply in the area is essentially by the use of private and commercial borehole 

sunk in the area. There is no functional government pipe-borne water supply in the study area. On 

the spatial variability or otherwise of the quality of the water abstracted in the various borehole 

water sample, the results of the statistical analysis showed that, there was no significant variation. 

Many factors can account for this, firstly, there is a connectivity in the geological setting of the 

area and secondly, the area is entirely underlain by a homogenous geological formation (Benin 
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Formation) thus, allowing water to seep through from one area to the other.Thirdly, some of the 

parameters identified in the quality of the water may not necessarily be from that source area 

alone for example iron.  

  

The main naturally occurring iron minerals are magnetite, hematite, goethite and siderite. The 

Niger Delta region experiences long duration and intensive rainfall couple with high temperature; 

these weather phenomena accelerate weathering of the geologic formation in the area. The 

weathering processes release the iron element into waters, under oxygen-poor conditions; it 

mainly occurs as binary iron.  But under acidic and neutral, oxygen-rich conditions it becomes 

part of many organic and inorganic chelation complexes that are generally water soluble and the 

dissolved iron is mainly in the form of Fe(OH)2
+ (aq).   

  
4.5.3.2 Quality of Water abstracted in the Study Area  

The water quality in the area is under serious threat of contamination from the laboratory results. 

The statistical analyses showed that all the borehole water sampled which have their 

physicochemical parameter deviating from the regulatory standards. For example Alkalinity 

deviated strongly from the Nigeria Drinking Water Quality Standard,If any changes are made to 

the water that could raise or lower the pH value, alkalinity acts as a buffer, protecting the water 

and its life forms from sudden shifts in pH. This ability to neutralize acid, or H+ ions, is 

particularly important in regions affected by acid rain. Any increase to total alkalinity may have 

been caused by environmental factors; e.g. calcium carbonate, CaCO3, being leached from rocks 

and soil. Water may also be unsuitable for use in irrigation if the alkalinity level in the water is 

higher than the natural level of alkalinity in the soil.  
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The WHO standard for heterotrophic bacteria in potable water supplies states that the total 

heterotrophic bacterial count should not be more than 100 cfu/ml (WHO, 1986). Based on these 

WHO standards, the water samples from these borehole are unacceptable for human consumption 

because of their high bacterial loads. According to USEPA standards, water samples in which 

coliforms are detected should be considered unacceptable for drinking water as they are regarded 

as the principal indicators of water pollution. The WHO standards for total and faecal coliforms 

are 1 to 10/100 ml and 0/100 ml, respectively (USEPA, 1976; WHO, 1982, 2003). The results in 

Table 4.6 revealed that all the water samples had very high counts of total and faecal coliforms.   

  

Furthermore, high counts of Shigella sp., Salmonella sp. and Vibrio sp. were also detected. The 

high count of these pathogenic bacteria in the water sources could be due to any of the following: 

improper disposal of sewage and wastewater from domestic activities, discharges from septic 

tanks and latrines close to some of the bore holes, inappropriate siting of boreholes very close to 

dumpsites and extraction of ground water from very shallow aquifers, the PPMC analyses did not 

show any significant relationship between distance of dumpsites and the borehole, this is however 

in agreement with the work of Nwachukwu and Otokunefor (2006) which also stated a correlation 

between high bacterial load in borehole water supplies and discharges from septic tanks and waste 

materials from a nearby dumpsite.   

  

Nine genera of microorganisms were identified (Table 4.5) from a total of 21 Isolates. These 

genera include: Shigella, Esherichia, Salmonella, Vibrio, Enterobacter, Pseudomonas, Proteus, 

Staphylococus and Bacillus. Out of the nine genera, Shigella sp. had the highest percentage 
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frequency of occurrence (23.81%) followed by Esherichia and Salmonella (14.29%), then 

Enterobacter and Vibrio (9.52%). These Isolates with high frequency of occurrence are important 

human pathogens associated with a variety of infectious diseases such as gastroenteritis, typhoid 

fever, dysentery, cholera, urinary tract infection, etc (Orji et al., 2006).   

  

The high number of these pathogens in the water samples in study areas needs public health 

attention, according to a disease surveillance data supplied by the Disease Surveillance Unit of the 

Public Health Department of the Rivers State Ministry of Health (Appendix V) there were 2303 

diarrhea and 262 typhoid fever cases reported in the area in 2009 and 1,742 diarrhea and 275 

typhoid fever cases in 2010 respectively in the study area. These outbreaks of water-borne 

diseases may not be unconnected with the quality of the abstracted water.  

  

  
The highprevalence pathogens in this study are in agreement with the findings of Kumarasamyet 

al. (2009) on enumeration and identification of pathogenic pollution indicators in Cauvery River 

in South India. This study (Kumarasamyet al.2009)  revealed the presence of high level of 

bacterial pollution indicators and pathogenic bacterial groups such as Salmonella sp., Shigella sp. 

and Streotococcusfaecalis in the Cauvery River which was as a result of high anthropogenic 

activities on the river. Nguendo-Tongsi (2011) in his studies highlighted the presence of 

coliforms, faecal coliforms and pathogens (Esherichia coli, Streptococcus and Pseudomonas, 

Salmonella) in large numbers which was attributed to the emanation of these species from some 

sources such as seepages from septic tanks into household drinking water supply, unhealthier 

latrine systems which have exceeded their expected life span or post treatment contamination 
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along the distribution line. The presence of these indicator organisms in drinking water sources 

may provide an indication of water-borne problems and is a direct threat to human health and is a 

matter of serious concern.  The three boreholes are located at average distance of 30.25m from the 

dumpsites, and had depth of 50 m from the surface. The siting of these boreholes close to the 

dumpsites and their shallow depth from the surface could possibly contribute to the very high 

bacterial loads detected in these drinking water sources.  

  

The physico-chemical analyses conducted showed that borehole water samples from near 

dumpsites were acidic and had mean concentrations that were higher in TDS, TSS and colour 

significant differences were noted for TDS and alkalinity in the boreholes from near dumpsite at 

≥0.05. The high mean values of TDS and alkalinity were perhaps due to the leaching of 

contaminants from the dumpsite toward the groundwater source or the presence of high dissolved 

mineral matter (Townsend, 2002). Siasu (2008) likewise in his work on the effect of a dumpsite 

togroundwater quality in The Philippines, reported that the high mean values of TSS and TDS 

were perhaps due to the leaching of contaminants from the dumpsites towards the groundwater 

source.    

The proximity of the aquifers to the surface, flat topography, high annual rainfall, and permeable 

soil media contributes to insignificant runoffs in the site, and implies that the total precipitation 

goes into storage. This enhances decomposition activities by bacteria and fungi and leaching of 

contaminants into the aquifer. The works of Etu-Efeotor and Odigi (1983), Amadi and Amadi 

(1990) and Ugwu and Nwosu (2009) carried out studies in various parts of Rivers State showed 

similar results. Ehirimet al., (2009) who used geophysical and hydro-physiochemical methods 
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also obtained results in his study of the contaminant impact of a solid waste landfill (SWL) in Port 

Harcourt municipality, Nigeria and concluded that the contamination of ground water and soil is 

dominantly by landfill gases, while the excessive amount of micro- organisms is an indication of 

leachate contamination.    

On the elevated iron content in the water sample, beside the dumpsite being a contributor, it 

should be noted that the main naturally occurring iron minerals are magnetite, hematite, goethite 

and siderite. The Niger Delta region experiences long duration and intensive rainfall couple with 

high temperature; these weather phenomena accelerate weathering of the geologic formation in 

the area. The weathering processes release the iron element into waters, under oxygen-poor 

conditions; it mainly occurs as binary iron.  But under acidic and neutral, oxygen-rich conditions 

it becomes part of many organic and inorganic chelation complexes that are generally water 

soluble and the dissolved iron is mainly in the form of Fe(OH)2
+ (aq).   

  

  
Usually there is a difference between water soluble Fe2+ compounds and water insoluble Fe3+ 

compounds. The latter are only water soluble in strongly acidic solutions, but water solubility 

increases when these are reduced to Fe2+ under certain conditions.Iron does not clearly alter in 

pure water or in dry air, but when both water and oxygen are present (moist air), iron corrodes. Its 

silvery colour changes to a reddish-brown, because hydrated oxides are formed. Dissolved 

electrolytes accelerate the reaction mechanism, which is as follows:  

  

4 Fe + 3 O2 + 6 H2O -> 4 Fe3+ + 12 OH- -> 4 Fe(OH)3 or 4 FeO(OH) + 4 H2O  
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Usually the oxide layer does not protect iron from further corrosion, but is removed so more metal 

oxides can be formed. Electrolytes are mostly iron (II) sulphate, which forms during corrosion by 

atmospheric SO2. In sea regions atmospheric salt particles may play an important role in this 

process. Iron (II) hydroxide often precipitates in natural waters giving the characteristic brown 

colour to the water when the mg/l is highly elevated. The manganese level from the water sample 

is 0.062625mg/l the WHO accepted limit is 0.05. The slight increase in elevation above the 

recommended mg/l could be associated with the elevated iron level.There were no significant 

difference in the colour concentrations in all the samples according to the statistical analysis at 

P<0.05.   

  

The low pH level obtained in the near dumpsite water samples may be traced to the acidity 

produced by organic wastes decomposing under partial reducing condition into organic acids 

(Richardson, 1991).   

  

  

CHAPTER FIVE  

SUMMARY, CONCLUSION AND RECOMMENDATION  

 5.1  Summary and Conclusion  

In Nigeria today, the use of ground water has become an agent of development because the 

government is unable to meet the ever increasing water demand. Thus, inhabitants have had to 
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look for alternative water sources such as shallow wells and boreholes. The quality of these 

ground water sources are affected by the characteristics of the media through which the water 

passes on its way to the groundwater zone of saturation, thus, the heavy metals discharged by 

industries, traffic, municipal wastes, hazardous waste sites as well as from fertilizers for 

agricultural purposes and accidental oil spillages from tankers can result in a steady rise in 

contamination of ground water.   

Due to increasing population and changing lifestyles, the urban centres have seen an upsurge in 

the number of refuse heaps or dumps in unapproved places, this study collected water samples 

from boreholes within 30.25m away from such refuse dumps and found out that there is a serious 

threat to groundwater contamination in the area putting residents who use such water under risk of 

water-borne diseases, This is because percolating  water provides a medium through which wastes 

particularly organics can undergo degradation into simpler substances through biochemical 

reactions involving dissolution, hydrolysis, oxidation and reduction processes. This leachate, the 

liquid drains from the dump, mainly organic carbon largely in the form of fulvic acids migrate 

downward and contaminate the groundwater.   

  
In conclusion, of the four borehole where water samples were collected and analyzed and 

compared with both national and international regulatory standards for drinking water, there were 

significant differences were observed in terms of total heterotrophic count, total coliform, faecal 

coliform and colour between the sampled borehole water and the standards. Laboratory results of 

the water quality analyses reveals that most of the parameters analysed in the water samples were 
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not within the acceptable water quality standards and therefore indicate the existence of pollution 

in these drinking water sources.   

  

 5.2  Recommendations  

Considering the nature and geology of the study area which is predominantly sandy loam and clay 

soils, it is recommended that dumpsites must be located on a geologically impermeable ground 

like clay. Thus reducing the travel time and limiting the downward movement of various chemical 

properties into the various groundwater bodies in residential areas.   

Continuous water quality monitoring in both dumpsite and non-dumpsite areas is encouraged. 

Increasing the frequency of sampling and analysis is also needed to effectively monitor the impact 

of dumpsites, particularly on environment and human health.  

Government at either the State or the Local level should endeavor to construct an engineered 

landfill facility to reduce indiscriminate siting of refuse dumps. Sanitation levies can be charged 

to ensure the workability of the construction.  

Health officials and regulatory bodies should ensure that boreholes are not indiscriminately sited 

especially close to dumpsites.  

Specifically, for those consuming the water in the study location which has been shown to be 

contaminated, the best viable option is to treat the water with potable treatment systems such as 

bio filters installed to the tap outlet or on the alternative the boil the water, allow it to cool before 

drinking.  
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       APPENDIX 1  

ATTERBERG LIMITS DETERMINATION for Umuogonnama (Obio/Akpor  

LGA, Rivers State)  

    
Liquid Limit Determination  

Trial no.  1  2  3  

Can identification no.  33  24  37  

No. of blows  11  23  41  

Wt. of wet soil + can (g)  40.1  39.0  44.8  

Wt. of dry soil + can (g)  31.8  31.2  35.3  

Wt. of can (g)  19.3  18.9  19.5  

Wt. of dry soil (g)  12.5  12.3  15.8  

Wt. of moisture (g)  8.3  7.8  9.5  

Water content, W, %  66.2  63.5  60.1  



 

  

  

112  
  

  

  

10         15         20     25      30       40         50           60           80 100  
  
Plastic Limit Determination  

Can Identification No.  24  

Wt. of wet soil + can (g)  25.4  

Wt. of dry soil + can (g)  23.3  

Wt. of can (g)  18.9  

Wt. of dry soil (g)  4.4  

Flow Curve of Sample   

  

  

  

  

Liquid Limit    ___________ =   

Plastic limit    ___________ =   

Plasticity index I p   _________ =   
  

632 %   

47.7 %   

15.5 %   

66   
 64   
  
62   
  
60   

*   

*   

*   
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Wt. of moisture (g)  2.1  

Moisture content, w, (%)  47.7  

Plastic limit (wp) (%)                         47.7  
  

APPENDIX II  
Determination of Bulk Density  

Bulk  Density  
Determination  
  
  
  
  
  

   
 

Wt of Ring + sample (g)  123.0  124.8  124.6  125.5  

Wt. of Ring (g)  60.7  60.7  60.7  60.7  

Wt. of sample (g)  62.3  64.1  63.9  64.8  

Volume of sample (CM3)   39.3  39.3  39.3  39.3  

Bulk density (mg/m3)   1.59  1.63  1.63  1.65  
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APPENDIX III  

1.   Sample:  ( Nkwo Market, Umuogonnama)  
Initial weight of sample = 60.6g  

Sieve Size (mm)  Mass retained (g)  Mass Passing (g)  % Passing   

2.00  6.7  53.9  88.9  
1.18  6.9  47.0  77.6  
0.85  6.8  40.0  66.3  

0.600  9.2  31.0  51.2  
0.425  8.3  22.7  37.5  
0.300  10.2  12.5  20.6  
0.150  8.8  3.7  6.1  
0.075  2.0  1.7  2.8  
Pan  1.2  0.5    
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            APPENDIX IV.4  

 

Particle Size Distribution for:  Community 
Primary School  

particle size (mm)  
                                            BS Sieves 
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      Rivers State Ministry of Health Diseases Surveillance Report 
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                                            APPENDIX VI  

  

A dump site location in RumuogwunamaEneka community in Obio-AkpoLacal 
Governm 

ent Area 
in Rivers 
State.  
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