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ABSTRACT 

The quality of groundwater impacted by a waste dumpsite in Eneka, Rivers State 

was studied using temporal approach. Groundwater samples were collected and 

analyzed for 27 parameters using standard methods. Water samples were collected 

with 250mL plastic containers from seven sampling boreholes. Samples for heavy 

metals were fixed with concentrated HNO3 in the ratio of 2:500. The descriptive 

statistics, one-way ANOVA, means plots, variation plots and student’s t-test were 

used to analyze data. Water temperature varied from 25.00-26.10 (25.52 ± 0.08)ºC, 

pH varied from 6.80-7.33 (7.00 ± 0.04), and DO varied from 4.80-6.60 (6.14 ± 

0.10))mg/L. TDS (5.50mg/l), Electrical conductivity (14.0) and water temperature 

(25.5oC) contributed significant heterogeneity in levels of the quality parameters 

measured across the sampling boreholes (Sig.t=0.000) at P<0.05.The test of 

homogeneity in mean variance of the quality parameters measured across the 

sampling boreholes revealed significant heterogeneity (Sig. F=0.00) at P<0.05, and 

TDS (5.5) and temperature/conductivity (25.5) were most responsible for the 

observed heterogeneity. There was also significant difference (Sig. t=0.00) at 

P<0.05. Quality parameters also differed significantly between the impacted and 

reference boreholes (Sig.t. =0.000) at the 95% confidence limit. There were also 

significant correlation in the levels of the quality parameters of the boreholes 

sampled (Sig. r=0.000). Exceedances were observed in levels of BOD (2.47±0.18) 

Mg/L, total coliform counts (3.48±0.25) Mg/L, Cu(0.521±0.119) Mg/L, 

Cr(0.52±0.13) Mg/L, Ni(0.75±0.10) Mg/L, Hg(0.0008± 0.0001) Mg/L and 

Fe(0.82± 0.11) Mg/L over the  FME regulatory limits. There were significant 

temporal variations in the concentrations of the pollutants (TDS, Ni, Zn, As and oil 

and grease) in July and August than in November and December sampling periods.  

Keywords: Groundwater, Waste Dumpsite, Physicochemical Parameters,       
Temporal Durations, Borehole water Samples.    
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CHAPTER ONE 

1.0                                               INTRODUCTION 

1.1          Background of Study 

In most developing countries like Nigeria, solid wastes are being dumped on land 

without adopting any acceptable sanitary landfill practices. Precipitation that 

infiltrates the solid wastes disposed on land mixes with the liquids already trapped 

in the crevices of the waste. The leachate thus formed contains dissolved inorganic 

and  organic solutes. In the course of time, the leachate formed migrates through the 

soil and could get to groundwater aquifers where they may change the 

physicochemical characteristics of water, (Freeze and Cherry, 1979). 

 

 Leachate from a solid waste disposal site is generally found to contain major 

elements like Calcium (Ca),  Magnesium (Mg), Potassium (K), Nitrogen (N)  and 

NH4 as well as trace metals like Fe, Cu, Mn, Cr, nickel |(Ni), lead (Pb) and organic 

compounds like phenols, polynuclear aomatic hydrocarbons, acetone, benzene, 

toluene, chloroform etc (Freeze  and Cherry, 1998). The concentrations of these 

pollutants in the leachate and water depends on the composition of wastes (Alker et 

al.,1995).   
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The leachate migrates from unsaturated zone to ground water table and when they 

mix with groundwater, it forms a plume that spreads in the direction of flow of 

groundwater, thus contaminating the aquifer of the locality. The degree of 

contamination in the aquifers depends on the transport rate of contaminants and 

depository conditions at the site as the contaminants permeate through the soil 

media, (Alker et al., 1995). 

Water from  various sources contain varying forms of dissolved gases, minerals, 

organic and inorganic substances, chemical compounds and suspended matter such 

as organisms and dirt (Erah et al., 2002). Pure water is never found in nature, but 

also contains some impurities which vary from dissolved gases, through chemical 

compounds to suspended matter, (Sandhu et al., 1976). The inhabitants  of  Eneka 

in Rivers State depend on pipe borne water  from ground sources  to meet their 

domestic and industrial water demand in the face of uncontrolled population 

increases (Akinbiyi, 1992; Ilori and Obahiagbon, 2011). Following the current 

global economic crisis, most house owners have embarked on drilling of boreholes 

to obtain groundwater for commercial and domestic purposes. Without water, no 

living organism can survive.  The characteristics of water vary, and are depended on 

the intervening  materials encountered during its movement (Sandhu et al., 1976) 

and can be detected by physical and chemical means (Hem, 1970). Water in its pure 

form is colourless,  odourless, tasteless and sparkling in nature 
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 (Egereonu and Emezzian,  2006). The most important physical characteristics are 

turbidity, color, odor, taste, temperature and suspended solids, while the chemical 

characteristics are acidity, alkalinity, hardness and corrosiveness (Ademorti, 1996). 

Water of good quality is necessary if it is to be acceptable by the people. 

Palatability of water describes the characteristics of being pleasing to the sense of 

taste. Therefore, drinking water should be free from color, turbidity, taste and odor,  

and should be cool and aerated. However, palatable water in real sense is not 

necessarily safe to drink or potable (Packham, 1996). 

 

 Apart from the World Health Organization (WHO) drinking water quality standard 

(WHO, 1998), several standards for drinking water have been reported which serve 

as standard for the toxicity levels of metals in water (FEPA, 1991; APHA, 1995;  

SON, 2007). Trace metals of different types can be found in water with some 

occuring naturally and  influenced by soil or rock properties,  while others are 

introduced through man’s activities. Vary low amounts of trace metals are required 

by living things, but in excess concentrations, metals can be harmful (Rand and 

Petriocelli, 1985). Potassium and sodium are very soluble salts and most of them 

leached from rocks, soils and plants tend to remain in solution. High concentration 

of potassium and sodium cause foaming in boiling water and have toxic effects on 

fish (Vermani, 1989). 
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Groundwater is water located beneath the ground surface in soil pore space and in 

the fractures of lithologic formations. Groundwater makes up about 20% of the 

world’s fresh water supply which is about 0.61% of the entire world’s water 

(including oceans and permanent ice). Groundwater is naturally replenished by 

surface water from precipitation, streams and rivers when this recharge reaches the 

water table, (Vermani, 1989).  Rain water dissolves soluble salts from vegetations, 

topsoil, river bed, lake bed into water bodies, hence most ions  ( eg Ca2+,  Mg2+, Na+ 

, K+ and NH4 
+) in rain water are also found in surface and groundwater. The 

aforementioned cautions are balanced by anions like HCO3 
-, SO4 

2- , NO2 
- and Cl- 

(Obahiagbon et al., 2008).  

 

In Nigeria, open dumping of solid waste in low lying areas is practiced and most of 

the sites are not managed by municipal agencies. A number of incidents have been 

reported where leachate  contaminated the surrounding ground and surface-water. 

In urban areas, groundwater is contaminated due to leachate  from municipal  solid 

waste disposal  sites and in rural areas, leachates from fertilizers used for 

agricultural purposes has contaminated the ground waters  (Eldho, 2001).  
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1.2    Statement of Problem 

Solid waste landfilling is the most common method of solid waste disposal used in 

Nigeria. The Shell Petroleum Development Company  East of Nigeria operates one 

of these landfill sites in Eneka, Rivers State. This open landfill has continued to 

receive various categories of domestic and industrial waste for over 20 years. The 

waste receptacle is an abandoned soil excavation site previously used for the 

construction of roads. 

The waste management option is cheap and simple to operate; requiring no 

complicated technical manipulations, other than allowing natural processes or 

biodegradation to bring about the disintegration of waste over time. 

However, open dumps are unsightly, unsanitary and generally smelly. They attract 

scavenging animals such as rats, insects, pigs and other pests. Surface water 

percolating through the trash can dissolve out or leach harmful chemicals that could 

migrate from the surface origin through over-laying soil profile into groundwater 

aquifers. 

When groundwater gets contaminated, it may no longer be potable but rather 

become major environmental risk to the resource users. 

The residents of Eneka, the catchment community to the waste dumpsite depend on 

groundwater for their domestic and agricultural uses. Consumption of contaminated 
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groundwater could pre-dispose these inhabitants to various related issues, in 

addition to these diseases vectored by the scavenging animals at the dumpsite. 

Diseases such as dysentery, cholera, salmonelosis, and diarrhea, as well as  cancer 

etc have been associated with the consumption of contaminated water. 

Biomagnifications and bioaccumulation have also been associated with the 

recalcitrant components of the pollutants along the strophic or grazing chain in the 

ecosystem. 

Sadly enough, this site has been receiving solid wastes from several of the SPDC 

on-shore oil operations  for over 20 years and no treatment is made before they 

dispose their solid waste materials.  

This research therefore attempts at closing this gap in knowledge of solid waste 

disposal and groundwater pollution.      

 1.3 Aim and Objectives  

The aim is to assess the impact of improper waste disposal method on groundwater 

quality  parameters impacted by open surface waste disposal  in  Eneka,  Rivers 

State. This aim was achieved with the following objectives; 

 1.  Determination of  the levels of some pollutants in groundwater within the 

catchments of the waste dumpsite at Eneka, Rivers State. 
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2. Determination of temporal variations in the levels of the pollutants in the 

groundwater sources.  

3. Determination  of   variations in levels of the pollutants in groundwater sources 

in the catchments of the waste dumpsite. 

4. Comparing the levels of  groundwater quality parameters with regulatory 

standards.  

1.5  Significance of  Study. 

Monitoring the temporal variations in groundwater quality would help the SPDC to 

adopt a good solid waste management procedure so as to guard and protect the 

entire community from environmental degradation and contamination of their 

drinking water source.  

Again, it would be as a guide for the Federal government, in collaboration with  

Federal Ministry of Environment (FME)  and State  Environmental  Protection 

Agencies (SEPAs)  to create better and strict laws that will govern the violators of  

environment and laws relating the disposal of wastes which could be harmful to 

man and the environment. 

 

 



8 
 

1.4      Scope and Delimitation  

The scope of this work was restricted to  the analysis of groundwater quality 

parameters in boreholes around an SPDC waste dumpsites in  Eneka, Rivers State. 

These parameters include temperature,  pH, Dissolved oxygen, (DO), conductivity, 

Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total 

Dissolved Solids (TDS), total coliform bacteria, salinity, Total Suspended Solids 

(TSS),  sulphate,  nitrate and phosphate ions, oil and grease, ammonia, calcium, and 

heavy metals (copper, zinc, iron, lead, chromium, vanadium, nickel, arsenic, 

mercury and selenium)  concentrations. The study was carried out around a waste 

disposal site receiving solid wastes from the SPDC East on-shore operations in 

Eneka, Rivers State for four months.   
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CHAPTER TWO 

2.0                                         LITERATURE REVIEW 

2.1  Solid waste  

Solid wastes are non-liquid, non-soluble materials arising from human and animal 

activities, which are discarded as being useless or unwanted. They range from 

municipal garbage to industrial waste that contain complex, and sometimes 

hazardous substances. Solid waste also refers to liquids and gases in containers 

(Horsfall and spiff,  2001). Also in the contention of  Oyediran (2002) ”Solid waste 

comprise solid materials, which have been discarded because they are no longer 

required by the individual(s), groups(s) or organization(s) at that particular time and 

place”. Solid waste is also defined as unwanted or useless solid materials generated 

from combined residential, industrial and commercial activities in a given area  

(George and Frank, 2002).  It may be categorized according to its origin (domestic, 

industrial, commercial, construction or institutional); according to its contents 

(organic material, glass, metal, plastic paper etc); or according to hazard potential 

(toxic, non-toxic, flammable, radioactive, infectious, etc). Management of solid 

waste reduces or eliminates adverse impacts on the environment and human health 

and supports economic development and improved quality of life.  
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A number of processes are involved in effectively managing waste for a 

municipality. These include monitoring, collection, transport, processing, recycling 

and disposal. 

 

2.2 Sources and types of solid waste 

Urban waste 

They include domestic and commercial wastes. They are the garbage materials, 

which result from food preparations both in the home and in the restaurants, and 

also rubbish produced in residences and commercial establishments. 

Generally garbage consists of rapidly decomposable or degradable waste. Garbage 

usually has high density and moisture content. The non-putrescible materials in 

rubbish, on the other hand, are generally bulkier and less compact and have lower 

densities. 

Frequently included in the category of urban solid waste are other materials which 

are collected and must be deposited as a result of urban activities e.g. sewage 

treatment plant residues, street sweepings, deciduous leaf residues etc. 

 Industrial waste 

These are wastes produced by industrial processes. Generally, the character of the 

refuse produced in the manufacturing/processing operation will depend on the 

mechanics of the particular manufacturing operation e.g. the wastes produced by 

steel production will defer considerably from those produced in the chemical 
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industry. Usually, the wastes produced in a food processing industry will closely 

resemble the garbage produced in residential areas. Also, the waste materials from 

the paper and plastics industries are similar to the paper and plastic packaging 

materials found in domestic rubbish. On the other hand, the metal-processing 

industry will obviously generate metallic wastes, but in addition will, also create 

large quantities of slag, processing chemicals, and other residues, many of which 

are produced in air-pollution and water-pollution control activities. The wastes 

produced by chemical industries and other specialized industries will in general 

depend upon the particular end product of the manufacturing process.  

Agricultural wastes 

This constitute a significant proportion of solid waste produced in the country. They 

include crop residues, animals’ wastes such as manure, urine and bedding wastes 

from confined feeding operations for livestock. Much of the wastes are disposed by 

recycling them into agricultural lands. Increased use of feeder lot operations and the 

increasing loss of agricultural land to urbanization has produced a significant 

problem of waste disposal in the agricultural industry today Akhionbare, (2009). 

 

 

Construction and Demolition Wastes 

They are quite heterogeneous in character and may be composed of discarded 

building materials which are wastes during the construction of new structure and 
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facilities, or may consist of wood, steel, bricks, concrete and other  construction 

materials which are wasted during the demolition of existing structure and facilities. 

These wastes are non-degradable and, except for the wood waste, will exhibit very 

little decomposition with time. It is often quite useful as solid fill Akhionbare, 

(2009). 

Institutional waste 

They are those materials produced in hospitals, schools, nursing homes, prison and 

other large facilities for greater numbers of persons. Generally, these wastes are 

similar to domestic and commercial types but contain slightly larger amounts of 

paper and cloth. However, in such facilities as hospitals and nursing homes, 

contaminated wastes may pose a special disposal problem. (Akhionbare, 2009). 

 

2.3  Treatment and Disposal of Solid waste 

Waste treatment techniques seek to transform the waste into a form that is more 

manageable, reduce the volume, or reduce the toxicity of the waste, thus making the 

waste easier to dispose off. Treatment methods are selected based on the 

composition, quantity, and form of the waste material (Hamer, 2003) Some waste 

treatment methods  used today include subjecting the waste to extremely high 

temperatures, dumping on land or land filling, and use of biological processes to 

treat the waste. 
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Incineration 

Incineration is the most common thermal treatment process used in waste 

management. This is the combustion of waste in the presence of oxygen. 

After incineration, the wastes are converted to carbon (iv) oxide, water vapor, and 

ash, (Bhide and Sundaregan, 2001). This method may be used as a means of 

recovering energy to be used in heating or the supply of electricity, (Agunwamba 

and Ukpai, 2003). In addition to supplying energy, incineration technologies have 

the advantage of reducing the volume of the waste, rendering it harmless, reducing 

transportation costs and reducing the production of the greenhouse gas-methane, 

(Agumnwamba and Ukpai, 2003). 

Pyrolysis and Gasification 

Pyrolysis and gasification are similar processes, as both decompose organic waste 

by exposing it to high temperatures and low amounts of oxygen. Gasification uses a 

low oxygen environment while pyrolysis allows no oxygen. These techniques use 

heat and an oxygen starved environment to convert biomass into other forms. A 

mixture of combustible and non-combustible gases as well as pyroligenous liquid 

are produced by these processes. (Songodoyin, 2000). All of these products have a 

high heat value and can be utilized. 

Gasification is advantageous since it allows for the incineration of waste with 

energy recovery and without the air pollution that is characteristic of other 

incineration methods, (Songodoyin, 2000). 
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Open burning 

Open burning is the burning of unwanted materials in a manner that causes smoke 

and other emissions to be released directly into the air without passing through a 

chimney or stack. This includes the burning of outdoor piles, burning in a burn 

barrel and the use of incinerators which have no pollution control devices and as 

such release  gaseous by-products directly into the atmosphere. 

Open burning has many negative effects on both human health and the 

environment, (UNICEF, 2006). This uncontrolled burning of garbage releases many 

pollutants into the atmosphere. These include dioxins, particulate matter, 

polynuclear aromatic compounds, volatile organic compounds, carbon (ii) oxide, 

hexachlorobenzene and ash, (UNICEF, 2006). All of these chemicals pose serious 

risks to human health. The dioxins are capable of producing a multitude of health 

problems adverse effects on reproduction, development, disruption of the hormonal 

systems, or even cause cancer (Olorunfemi and Odiata, 1998). The polynuclear 

aromatic compounds and the hexachlorobenzene are considered to be carcinogenic. 

The particulate matter can be harmful to persons with respiratory problems such as 

asthma or bronchitis and carbon (ii) oxide can cause neurological symptoms 

(Adedibu, 1999). 

The harmful effects of open burning are also felt by the environment. This process 

releases acidic gases such as the halo-hydrides, as well as the oxides of nitrogen and 

carbon (Graiser, 2007). oxides  of nitrogen contribute to acid rain, ozone depletion, 
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smog and global warming (Graiser, 2007).  The particulate matter creates smoke 

and haze which contributes to air pollution. 

Sanitary landfills 

Sanitary landfills are designed to greatly reduce or eliminate the risks that waste 

disposal may pose to the public health and environmental quality. They are usually 

placed in areas where land features act as natural buffers between the landfill and 

the environment. For example the area may be comprised of clay soil which is fairly 

impermeable due to its tightly packed particles, or the area may be characterized by 

a low water table and an absence of surface water bodies, thus, preventing the threat 

of water contamination. In addition to the strategic placement of the landfill, other 

protective measures are incorporated into its design (Daniel, 2000). The bottom and 

sides of landfills are lined with layers of clay or plastic to keep the liquid waste, 

known as leachate, from escaping into the soil. The leachate is collected and 

pumped to the surface for treatment. Boreholes or monitoring wells are dug in the 

vicinity of the landfill to monitor groundwater quality. A landfill is divided into a 

series of individual cells and only a few cells of the site are filled with trash at any 

one time. This minimizes exposure to wind and rain. The daily waste is spread and 

compacted to reduce the volume, a cover is then applied to reduce odors and keep 

out pests. When the landfill has reached its capacity, it is capped with an 

impermeable seal which is typically composed of clay soil. Some sanitary landfills 

are used to recover energy (Christensen et al., 1998)). The natural anaerobic 
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decomposition of the waste in the landfill produces landfill gases which include 

carbon (iv) oxide, methane and traces of other gases (Christensen et al., 1998). 

Methane can be used as an energy source to produce heat or electricity. Thus some 

landfills are fitted with landfill gas collection (LFG) systems to capitalize on the 

methane being produced (Jeeven and Shenteran, 2001). The process of generating 

gas is very slow and for the energy recovery system to be successful there needs to 

be large volumes of wastes. These landfills present the least environmental and 

health risk and the records kept can be a good source of information for future use 

in waste management. However, the cost of establishing these sanitary landfills are 

high when compared to the other land disposal methods. 

 

Controlled dumps 

Controlled dumps are disposal sites which comply with most of the requirements 

for a sanitary landfill but usually have one deficiency. They may have a planned 

capacity but no cell planning, there may be partial leachate management, partial or 

no gas management, regular cover, compaction in some cases, basic record keeping 

and they are fenced or enclosed. These dumps have a reduced risk of environmental 

contamination, the initial costs are low and the operational costs are moderate 

(Songodoyin, 2000). While there is controlled access and use, they are still 

accessible by scavengers and so there is some recovery of materials through this 

practice. 
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2.4    Implications  of Solid Waste Disposal On Groundwater Quality 

 Waste is discarded materials of no immediate  use to the owner and the pattern of 

its generation is a  function  of the level  of urbanization and economic status of 

society. The most convenient strategy of solid waste disposal is landfill which are 

usually sited in abandoned excavated sites. The quality of  groundwater which is the 

major source of potable water could be affected by  waste disposal sites in its 

vicinity. 

Waste is generated universally and is a direct consequence of all human activities.  

Waste disposal by landfill has led to the pollution of groundwater resources under a 

wide range of conditions around the  globe (Afzal et al., 2000). Realistically, there 

are no ways of dealing with  wastes that have not been known for many years. 

Essentially, incineration, source reduction, recycling, compositing and landfills are 

usually common in our  society. The depression into which solid wastes are often  

dumped include valleys, old quarries sites, excavations, or a selected portion within  

residential and commercial areas in many urban settlements  where the capacity to 

collect, process, dispose of, or re-use solid waste in a cost-efficient, safer manner is 

limited (Eludoyin and Oyeku, 2010).  Landfills are historically  the primary method 

of waste disposal due to its convenience and the threat to groundwater 

contamination was not initially recognized.  
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Population growth, standard of living, and productivity are in line with consumption 

and waste generation. Waste receiving reservoir (landfill) is likely to remain and 

continue to be a crucial point source of groundwater pollution, unless sanitary 

landfills are provided. Landfill is a practice adopted as a substitute to  domestic and 

industrial waste management practice (Ogundiran and Afolabi,  2008). Increasing 

population, industrialization and changing consumption pattern are resulting in the 

generation of increasing amounts of solid waste and diversification of the type of 

the solid waste generated.  

 

According to Visvanathan and Ulrich (2006), the environmental degradation 

through direct waste contact or leachate, air pollution by burning of wastes, 

spreading of diseases by different vectors like birds, insects, rodents, or 

uncontrolled release of methane by anaerobic decomposition of waste are some of 

the evils of open landfill system.  

 Also about 70 per cent and above of the generated wastes is land filled globally. 

Land filling of municipal solid waste is a common waste management practice and  

organized waste management in many parts of the world (Longe and  Balogun,  

2010). Therefore, migration of this generated leachate onto groundwater aquifers 

could limit the quality of groundwaters around landfill site, and once groundwater is 

contaminated, it remains polluted permanently and extremely difficult to rectify 
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(Fatta et al., 2000). The rate and characteristic of leachate  production depends on a 

number of factors such as solid waste compaction, hydrology of site, age of landfill, 

moisture and temperature condition, and available oxygen (Papadopoulou et al., 

2007;   Longe and Balogun 2010). Waste deposited in landfills or in refuse dumps 

immediately becomes part of the prevailing hydrological system.   

The resulting leachate subsequently migrates either through direct infiltration on 

site or by infiltration of leachate laden runoff offsite. According to Irina (2006), 

concentration (Mg/L) of leachate constituent are in phases namely transition  (0-5 

years), acid-formation (5-10years), methane fermentation (10-12years) and final 

maturity  (>20 years). Groundwater may not be contaminated at the inception of 

waste deposition in the landfill. The age of landfill also significantly affects the 

quantity of leachate formed. 

 Remedial actions of groundwater pollution from landfills are often very costly, and 

treat solutions have in many cases been the only alternative, since treatment of the 

high volume of waste contained in landfills is not cost effective. Waste is never 

pure in a chemical sense, as naturally it contains impurities of various kinds such as 

gases, dissolved minerals, suspended matter and microbes. These are natural 

impurities derived from atmosphere, catchment areas and soil. Groundwater is 

source of water for domestic and industrial purposes in many parts of Nigeria 

especially in the coastal area due to surface water pollution from human activities. 
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2.5  Impacts of Landfill Leachate and Groundwater Quality 

In recent years, the quality of groundwater is increasingly compromised by an ever 

increasing range of contaminants (David et al., 2000). Waste disposal facilities are 

responsible for the gradual degradation of sub-surface fresh water quality. One of 

the most common waste disposal methods is landfilling where large volumes of 

municipal and industrial solid wastes are in landfills.  More specifically, the  

occurrence of landfill leachate and the migration processes into groundwater of 

dissolved contaminants contained in leachate are simulated and analyzed (Daniel et 

al., 2000). 

A typical example to illustrate the impact of landfill on groundwater quality is that 

of Patras where landfill leachate  from the municipal landfill of Patras was 

identified as a source of groundwater contamination. The area of interest contains 

the municipal landfill of the city of Patras and is located 10km east of the city of 

Patras in the area of Xerolaka. Municipal solid waste of the city of Patras are 

disposed in the landfill since 1993 and it is expected to be active until 2010. A 

groundwater flow and contaminant mass transport model of the hydrological regime 

beneath the municipal landfill was developed in order to examine the impacts of 

possible leachate seepage from the MLP into the groundwater ( Christensen et al., 

1998). The study area was expanded to an aquifer located West- Northwest of the 
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MLP which  is very important for the economy and the development of the area. 

The area of interest is mainly the aquifer beneath the valley of the seasonal  stream 

Xerolaka and is expanded from the MLP (SP) to the town of Kato Shaina in 

Patraikos Gulf along the coastal zone (N-NW). 

The simulation of the physical system beneath the MLP has shown that in case of a 

potential contaminant leakage due to material failure, the contaminant plume will 

reach the locations of drinking municipal wells in Sihaina- Terpsitha aquifer in less 

than 12 months. It is obvious that not only the economy of the area but also the 

municipal health is in considerable danger due to poor quality portable water 

(Christensen et al., 2001). 

 
2.6     Impact of Solid Waste Disposal Site on Soil and Surface Water 
       

Solid waste disposal sites are potentially serious sources of pollution to the 

environment, especially when located very close to water sources and operated 

haphazardly. The high pollution potential of these sites is due to the fact that they 

usually contain almost all types of pollutants from the source community. The 

contaminants can leach out through the soil, contaminating the soil itself and 

surface water. Wet and dry seasons of  groundwater, from sites suspected to be 

affected by the dumpsites have been analyzed for  chemical, physical and biological 

parameters, including heavy metals such as Pb, Cd, Cr, and Zn, and nutrients (N 
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and P) and the results have been overwhelming (Mato et al., 1997). Solid waste 

management has been laden with the most serious environmental sanitation 

problems in urban areas in Nigeria during the past two decades. The problems have 

manifested in the form of piles of uncollected waste, discharge of wastes at 

unauthorized sites, and unsanitary operation of disposal sites. The problems came to 

a head in the middle and late 1990s when only between 5 and 10 % of urban areas 

in Nigeria were being provided with solid waste management services (Mato et al., 

1997). The most important direct measure with respect to solid waste management 

was privatization of the services. As a direct result of these improvements, piles of  

uncollected wastes and incidences of illegal disposal of wastes decreased  

2.7  Agriculture and groundwater Abstraction  

Groundwater is the main source of potable water and water for irrigation across the 

world (Smedema and Shiati, 2002). Growing population causes more use of fresh-

water resources for more crop production. Crop production in this area consumes 

large quantities of water. For example, production of 1kg of grain in the temperate 

zone takes less than 0.5m3 of water. Irrigated crop production in this area therefore 

exerts a heavy toll on the available scarce freshwater resources (Smedema and 

Shiati, 2002). 

Groundwater, is however, the main reliable resource of irrigation. But over 

exploitations of aquifer to address the irrigation needs and drought event have 
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caused severe water table level drop in many areas (Smedema and Shiati,2002). 

Where groundwater is used for irrigation, aquifers are also being depleted at an 

alarming rate. In Iran for example, the current groundwater abstraction exceeds the 

safe yields by some 15%-20% and water tables in some irrigated areas are falling at 

0.5-1.0m per year (Shiati, 1999). The situation is equally alarming in  

some parts of the Indo-Gangatic plains in India, the North China and in the south-

west of the USA (Smedema and Shiati, 2002). 

Iran is  located in an arid to semi-arid region of the world and about 95% of fresh 

water is allocated for agriculture, out of which 80% is supplied through 

groundwater. So, it is clearly concluded that groundwater is the vital component for 

sustainable agriculture. In recent years,  many fertile and agricultural plains suffered 

from 0.5-15m water table level drop, in which many wells are now out of use. 

Serious restrictions and regulations about increasing the number of agricultural 

wells in problematic areas are established by the government. 

Monitoring of groundwater observation wells is the principle source of information 

on the effects of the hydrologic stresses on groundwater systems. Water level data 

collected over periods of days to months are useful for such purposes. However, 

data collected over years to decades are required to address the long term effect of 

aquifer development and to compile a hydrologic record that defines water levels 

fluctuation. A long term record of groundwater level measurements should 
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encompass the period between the natural and developed state of the aquifer 

systems (Alley and Taylor, 2001). 

Understanding the behavior of groundwater body and its long trends are essential 

for making any management decision in a given water-shed (Reghunath and 

Raghavan, 2005). Therefore, having a deep knowledge and insight of  groundwater 

system seems necessary for optimum exploitation of the water. 
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CHAPTER THREE 

3.0                                  MATERIALS AND METHODS 

3.1  Description of  Study area 

Eneka is a town in Rivers state, Nigeria.(Fig.3.1). 

The Shell Petroleum Development Company of Nigeria Limited (SPDC) dumpsite 

in Eneka is situated West of Port Harcourt, along the Igwuruta/Eneka road on 

Longitude 7o02’’33’16”E and Latitude 4o53’32’82” N (Fig 3.2). The neighboring 

settlements to Eneka town include Rumuokwurushi/Elimgbu in the North, Igwuruta 

in the South and Rumunduru town (in Oroigwe) in the East. The nearest residence 

to the dumpsite is about 500m away. 

The dumpsite is about 200×425m2 in area, tapering to about 130m width along the 

Igwuruta/Eneka high way. The site is currently used for the disposal of solid wastes 

generated from the operations of SPDC on-shore oil locations, management 

activities, including but not limited to garbage (paper), garden wastes, food and 

plastic wastes, metals (tins/cans) and trash. The dumpsite has six monitoring 

boreholes located around it and used for sampling and monitoring groundwater 

quality periodically. The water table is  about 16-20m. 

 

 



26 
 

 

 

 

Fig. 3.1. Map of Nigeria showing  Rivers State. 
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Fig. 3.2. Map of Study Area Showing the Sampling Points in Eneka Rivers State. 
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3.1.1  Geology 

Geologically, the area is a typical Niger Delta environment underlain by Benin 

formation classified as coastal plain sand (Reyment, 1965). It consist of massive, 

highly porous and permeable freshwater bearing sandstones with minor clay 

intercalations. The formation is generally water bearing and hence, the main source 

of portable groundwater in the municipality (Etu-Efeotor, 1997). The aquifer are 

recharged mainly by surface precipitation. Sediments deposition and groundwater 

flow are generally in the NE-SW trend with the regional trend of the basin (Etu-

Efeotor, 1997). 

3.1.2  Climate 

The area features a tropical monsoon climate with lengthy  heavy rainfall season 

and very short dry season. Eneka has the heaviest precipitation occurring during 

September, with an average of 730mm of rainfall, (Rement, 1965). December is the 

driest month of  the year, with an average rainfall of 20mm. Temperature 

throughout the year is relatively constant, showing variations throughout the course 

of the year, typically between 250C-280C in the community.   

 

3.1.3  Vegetation 

The area was originally occupied by rainforest, which has recently been drastically 

modified by human activities. In most places, economic trees, particularly oil palm, 
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(Elaies guineensis) have been preserved. The Abura tree, mango tree, banana tree, 

oil palm, raffia palm, shrubs and grasses are the typical vegetations in the area. 

3.1.4 Socio-economic Activities 

 The major occupation of the people is farming and petty trading. However, some 

other inhabitants are civil servants. 

3.2        Field work Procedures  

3.2.1   In situ determination of water pH, temperature, conductivity, salinity 

and Dissolved Oxygen (DO) concentrations  

With the use of the HORIBA U-10 Water Quality Checker that had been calibrated 

with the standard phthalate auto-calibration fluid, water pH, temperature, 

conductivity, salinity and Dissolved Oxygen (DO) were determined 

electrometrically. Total Dissolved Solids (TDS) were also determined in situ 

electrometrically with the HACH Conductivity meter (Model CO 150) with an 

inbuilt automatic TDS measuring device. The probes were immersed in water and 

the values read off directly in mg/L from the LCD display screens. The initial DO 

contents in samples for the determination of 5-day Biological Oxygen Demand 

(BOD) were also made with the HORIBA U-10 Water Quality checker.  
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3.2.2 Collection of water samples for laboratory analysis 

Water samples were collected with 250mL plastic containers from the seven 

sampling boreholes. Samples for BOD were collected in 250mL brown BOD 

bottles. Water samples for trace metal concentrations were collected in 30mL 

plastic containers and fixed with concentrated HNO3 in the ratio of 2: 500. Samples 

for the determination of total coliforms were collected in sterile 30mL sample 

bottles. Those for the determination of oil and grease contents were collected in 

plastic bottles that had been washed with detergent, rinsed with water and finally 

rinsed with trichlorotrifluoroethane to remove any residues that might interfere with 

the analysis. They were further acidified (to pH 2 or lower) with 1 mL conc. HCl/80 

g sample and transported to the laboratory in ice-packed coolers. Samples for the 

other physicochemical parameters were collected with 500ml plastic containers. 

Samples were taken to the laboratory as soon as possible to maintain their integrity. 

3.3.           Laboratory Analyses 

3.3.1.  Determination of Nitrate ions 

The cadmium reduction method as adapted from APHA (1998) was employed in 

the determination of nitrate levels of the water samples. A cadmium based reagent 

pillow was added into 25mL of the water sample in a cuvette and shaken for 1 

minute and allowed to stand for another 5 minutes for complete reaction to occur. 
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The absorbance and concentration in mg/L was read at 500nm wavelength using 

HACH DR 2010 UV-visible spectrophotometer. 

 

3.3.2.  Determination of Sulphate ions 

The barium chloride (Turbidometric) method (APHA, 1998) was adopted. The 

barium chloride based powdered reagent pillow was added into 25ml of water 

sample. The mixture was properly mixed and allowed to stand for 5 minutes for 

reaction to occur. The absorbance 

and concentration in mg/l was read at 450nm wavelength using HACH DR 2010 

UV-visible spectrophotometer. 

 

3.3.3.  Determination of Phosphate ions 

The ascorbic acid method, according to APHA (1998) was adopted for the 

determination of phosphate level of the boreholes water. Ascorbic acid based 

reagent powdered pillow was added into 25mL of the water sample in a cuvette. 

The sample was allowed to stand for 2 minutes for reaction to occur. The 

absorbance and concentration in mg/L was read at 890nm wavelength using HACH 

DR 2010 UV-visible spectrophotometer. 

 

 

3.3.4.  Determination of Total Suspended Solids (TSS) 
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An aliquot of the sample was filtered through a weighed glass-fibre filter paper, and 

the filter paper was oven-dried at 105ºC for 3 hours according to ASTM D1888-78 

method. The weight of the filter paper was measured with a Mettler H78AR 

analytical balance. The difference in weight was taken as the TSS in mg/L. 

 

3.3.5.  Determination of trace elements 

The levels of the trace elements were determined with the Varian Spectra AA 600 

Atomic Absorption Spectrometer, as adopted from APHA (1998). 

 The API-RP45–flame atomization method was used. 

Five mL of concentrated HNO3 and a few boiling chips of Hengar granules were 

mixed with 250ml of the sample in a 400ml conical flask. 

The mixture was then boiled slowly and the content evaporated on a hot plate to the 

lowest volume possible (about 10–30ml) before precipitation occurred. 

Concentrated HNO3 was added during the heating process. This was done to attain 

necessary complete digestion indicated by the observation of a light clear solution. 

During digestion, precaution was followed not to allow the sample dry completely. 

10mL of water was used to rinse the flask and added to the volumetric flask; further 

allowed to cool, diluted to 50mL mark and mixed thoroughly. From the mixture, the 

concentrations in mg/L of the trace elements in the cooled sample were determined 

by means of an Atomic Absorption Spectrophotometer (AAS). The specific metal 
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standards in the linear range of the metals were used to calibrate the equipment. The 

concentrated or digested samples were then aspirated and their actual 

concentrations obtained by referring to the calibration graph and necessary 

calculations made.  

3.3.6.  Biological Oxygen Demand (BOD) 

BOD was determined after 5 days incubation period at 20 ± 1 °C with same 

HORIBA U-10 Water Quality Checker.  

Calculation BOD5 (mg/l)  =   D1 - D2                  ……………………Equation (1) 

                                                  P 
 

Where D1 is dissolved oxygen of the dilution sample 15 minutes after 

preparation   

             D2   is dissolved oxygen of the diluted sample after incubation period of 

5 days, and 

              P, decimal fraction of sample used  

 

3.3.7.  Oil and Grease 

The extraction solvent used was trichlorotrifluoroethane. 

 Samples were carefully transferred to a reparatory funnel and  rinsed sample bottle 

with 30 mL trichlorotrifluororthane and added solvent washing to funnel. It was 

Shaked  vigorously for 2 minutes and  layers were allowed to separate.  All but a 
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very small portion of the lower trichlorotrifluoroethane layer were drained through 

a funnel container containing a filter paper and 10 g Na2SO4 both of which have 

been solvent-rinsed, into a clean 100 mL volumetric flask.  30 mL solvent each time 

were extracted twice more, but first sample container was rinsed with each solvent 

portion.  Combined extracts were in volumetric flask, and was included in flask for 

final rinsing of filter and Na2SO4 with an additional 10 to 20 mL solvent.  Final 

volume was added to 100 mL with solvent.  

 A stock solution of known oil was prepared by rapidly transferring about 1 mL (0.5 

to 1.0g) of the oil or grease to a tared 100 mL volumetric flask. Stopper flask was 

used and weighed to nearest milligram.  Solvent was added to dissolve and dilute to 

mark. A pair of matched was selected near-infrared silica cells. A 1-cm-path-length 

cell was appropriate for a working range of about 4 to 40 mg.  Standards and 

samples were scanned from 3200 cm-1 to 2700 cm-1 with solvent in the reference 

beam and recorded the results on an absorbance paper.  Absorbance of samples and 

standards were measured by constructing a straight base line over the scanned range 

and measured absorbance of the peak maximum at 2930 cm-1 and subtracted 

baseline absorbance at that point. 
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Calculation: 

mg oil and Grease = A   X   100               ………..Equation (2) 
        mL sample 

 

where A = mg of oil or grease in extract as determined from calibration 

curve 

3.3.8.  Total coliform bacteria count 

Serial dilution procedure was employed for the cultivation and enumeration of 

coliform bacteria, in accordance with standard methods. 1.0 mL of water sample 

was mixed with 9.0 mL of sterile distilled water from where serial dilution was 

made up to 10-3 dilution. Appropriate volumes of undiluted samples were 

inoculated into test tubes of suitable liquid medium. All inoculated media were 

incubated at 37 °C for 24 hours. Enumeration of total coliform bacteria was 

carried out by the most probable number (MPN) technique. 

 

3.4.  Statistical analysis 

 The descriptive statistics was used to explore mean, standard error, minimum, 

maximum and range of data. The test of homogeneity in mean variance of the 

groundwater quality parameters across the sampling points was conducted with 

the one-way analysis of variance (ANOVA). The post-hoc structure of group 
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means was detected with means plots. A pair-wise comparison in pooled data 

between the impacted and reference boreholes was conducted with the student‘s t-

test of significance at the 95% confidence limit. Variation plots were used to 

represent temporal trends in the groundwater quality parameters. 

 

 

                                                

 

 

 

 

 

 

 

 

                                             

 



37 
 

CHAPTER FOUR 

4.0                                                RESULTS 

4.1 Quality parameters of groundwater sources around the waste dumpsite 

The levels of groundwater quality parameters across the sampling boreholes are 

shown in Table4.1. Electrical conductivity (Range=16.50µs/cm), Chemical Oxygen 

Demand (COD) (Range=7.30mg/L), Total Dissolved Solids (TDS) 

(Range=9.50mg/L), Total Suspended Solids (TSS) (Range=10.50mg/L), sulphate  

(Range=16.00mg/L) and nitrate ions (Range=6.40mg/L) had wide variations during 

the sampling period. 

Water temperature varied from 25.00-26.10 (25.52 ± 0.08)oC, pH varied from 6.80-

7.33 (7.00 ± 0.04), and Dissolved Oxygen (DO) varied from 4.80-6.60 (6.14 ± 

0.10)mg/L (Appendixes  1).  

Electrical conductivity, BOD, COD, and TDS varied from 14.00-30.50 (23.84 ± 

0.95)µs/cm, 0.55-5.00 (2.47 ± 0.18)mg/L, 1.50-8.80 (2.47 ± 0.18)mg/L and 5.50-

15.00 (9.86 ± 0.58)mg/L respectively. Total coliform counts varied from 1.20-6.00 

(3.48 ± 0.25)MPN, salinity varied from 0.00-0.00 (0.00 ± 0.00)% and TSS varied 

from 1.00-11.50 (5.22 ± 0.70)mg/L. Sulphate, nitrate and phosphate ions, as well as 

oil and grease contents varied from 1.00-17.00 (3.53 ± 0.97)mg/L, 1.10-7.50 

Table4.1. Groundwater Quality Parameters in Boreholes around SPDC Waste Dumpsite at Eneka, 
measured in July. 
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Parameters BH 1 BH 2 BH 3 BH 4 BH 5 BH 6 BHREF FME Max. 
Limits* 

Temp (°C) 25.0 26.0 25.2 25.4 25.5 26.1 25.0 NS 
 

pH 7.33 7.11 7.10 7.18 7.10 6.85 6.81 6.5-8.5 
 

DO (mg/L) 5.60 5.30 5.40 5.20 5.30 4.80 6.50 7.5 
 

Conductivity 
(µS/cm) 

29.1 25.5 27.6 28.0 20.5 28.5 25.0 NS 

BOD (mg/L) 4.00 2.50 2.40 2.60 2.46 3.06 1.20 0 (@ 20-25°C) 
COD (mg/L) 7.50 4.40 3.60 4.70 5.33 6.00 2.10 NS 

 
TDS (mg/L) 15.0 12.5 12.8 8.0 7.8 11.5 5.5 500 

 
T. Coliforms(MPN) 4.5 3.5 5.0 3.2 3.0 5.0 1.2 0 
Salinity (‰) 0.002 0.001 0.002 0.001 0.002 0.001 <d.L NS 

 
TSS (mg/L) 11.5 4.2 7.5 1.2 4.4 10.6 1.2 <10.0 

 
SO4

2- (mg/L) 2.1 1.8 1.0 1.5 6.8 3.0 1.1 500 
 

NO3
- (mg/L) 3.80 2.40 7.00 2.00 1.50 7.50 1.10 10.0 

 
PO4

2- )mg/L) 0.46 0.22 0.80 0.06 0.10 0.35 0.03 >5.0 
 

Oil & Grease (mg/L) 0.008 0.002 0.004 0.001 0.003 0.010 0.001 0.05 
NH3 (mg/L) 6.000 7.500 4.900 7.130 6.490 5.020 2.100 <1.0 

 
Ca (mg/L) 0.070 0.200 0.100 0.250 0.280 0.250 0.030 NS 

 
Cu (mg/L) 1.500 0.610 0.015 0.110 0.350 1.140 0.008 0.1 

 
Zn (mg/L) 2.600 0.750 1.500 0.850 1.800 1.500 0.150 5.0 

 
Fe (mg/L) 2.450 1.980 1.050 2.250 1.850 2.410 1.500 1.0 

 
Pb (mg/L) 0.070 0.040 0.015 0.020 0.015 0.010 <d.L 0.05 

 
Ag (mg/L) 0.005 <d.L 0.001 0.005 0.001 0.001 <d.L 0.5 

 
Cr (mg/L) 1.500 0.005 0.020 0.015 0.450 0.100 0.001 0.05 

 
Ni (mg/L) 1.500 1.100 0.420 0.450 1.100 1.250 0.030 0.05 

 
V (mg/L) 0.004 0.002 0.002 0.001 0.003 <d.L <d.L 0.01 

 
As (mg/L) 0.001 0.001 0.001 <d.L <d.L 0.001 <d.L 0.2 

 
Ba (mg/L) 0.001 <d.L 0.001 0.001 <d.L 0.001 <d.L 1.0 

 
Hg (mg/L) 0.002 0.001 0.001 0.001 0.001 0.002 <d.L 0.001 

 
Se (mg/L) <.d.L <d.L <d.L <d.L <d.L <d.L <d.L 0.01 
d.L =  Detection limits 
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Table 4.2.          August 

Parameters BH 1 BH 2 BH 3 BH 4 BH 5 BH 6 BHREF FME Max. 
Limits* 

Temp (°C) 25.0 26.0 25.5 25.2 25.5 26.0 25.0 NS 
 

pH 7.30 7.10 7.10 6.80 6.85 6.85 6.80 6.5-8.5 
 

DO (mg/L) 6.50 6.30 6.60 6.40 6.30 5.95 6.51 7.5 
 

Conductivity 
(µS/cm) 

29.0 25.5 27.5 14.5 18.0 20.5 25.0 NS 

BOD (mg/L) 5.00 3.20 2.40 2.80 2.45 4.10 1.20 0 (@ 20-25°C) 
COD (mg/L) 8.80 5.80 3.60 4.30 5.30 6.20 2.30 NS 

 
TDS (mg/L) 14.0 12.0 13.0 6.5 8.0 10.0 5.5 500 

 
T. Coliforms(MPN) 5.0 4.0 4.3 3.4 2.2 2.8 1.6 0 
Salinity (‰) 0.001 0.001 0.002 0.001 0.002 0.001 <d.L NS 

 
TSS (mg/L) 10.0 4.0 8.0 1.0 4.0 8.0 1.0 <10.0 

 
SO4

2- (mg/L) 2.0 2.0 1.0 1.8 17.0 2.5 1.0 500 
 

NO3
- (mg/L) 4.50 5.70 5.30 1.70 1.30 2.20 1.50 10.0 

 
PO4

2- )mg/L) 0.10 0.56 0.51 0.01 0.06 0.11 0.02 >5.0 
 

Oil & Grease (mg/L) 0.007 0.005 0.001 0.001 0.004 0.005 0.001 0.05 
NH3 (mg/L) 5.500 7.240 5.300 6.220 5.360 4.320 2.100 <1.0 

 
Ca (mg/L) 0.006 0.120 0.060 0.200 0.190 0.250 0.040 NS 

 
Cu (mg/L) 2.200 0.514 0.005 0.081 0.405 1.650 0.005 0.1 

 
Zn (mg/L) 1.550 0.333 0.778 0.660 0.611 0.880 0.205 5.0 

 
Fe (mg/L) 2.210 2.778 0.778 2.556 1.444 2.330 1.124 1.0 

 
Pb (mg/L) 0.070 0.038 0.020 0.038 0.005 0.050 0.001 0.05 

 
Ag (mg/L) 0.001 0.001 0.060 <d.L 0.001 0.001 <d.L 0.5 

 
Cr (mg/L) 2.200 0.005 0.583 0.003 0.875 1.850 0.001 0.05 

 
Ni (mg/L) 1.500 0.623 0.362 0.275 1.058 1.300 0.020 0.05 

 
V (mg/L) 0.002 0.001 <d.L <d.L 0.001 0.001 <d.L 0.01 

 
As (mg/L) 0.001 0.001 0.001 <d.L <d.L 0.001 <d.L 0.2 

 
Ba (mg/L) 0.001 0.001 <.d.L 0.002 0.001 0.001 <d.L 1.0 

 
Hg (mg/L) 0.001 0.001 <d.L 0.001 <d.L 0.001 <d.L 0.001 

 
Se (mg/L) <d.L <d.L <d.L <d.L <d.L <d.L <d.L 0.01 

 
d.L  =  detection limits. 
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Table 4.3.      November 

Parameters BH 1 BH 2 BH 3 BH 4 BH 5 BH 6 BHREF FME Max. 
Limits* 

Temp (°C) 25.0 26.0 25.5 25.6 25.8 26.1 25.0 NS 
 

pH 7.33 7.09 7.13 6.80 6.87 6.84 6.80 6.5-8.5 
 

DO (mg/L) 6.50 6.35 6.60 6.40 6.30 5.95 6.50 7.5 
 

Conductivity 
(µS/cm) 

29.3 25.2 27.3 14.5 18.0 20.5 25.0 NS 

BOD (mg/L) 3.01 3.00 1.46 1.89 2.46 3.06 1.20 0 (@ 20-25°C) 
COD (mg/L) 5.85 5.20 2.64 3.35 4.30 5.14 2.00 NS 

 
TDS (mg/L) 14.0 12.0 13.0 7.0 8.0 10.0 5.5 500 

 
T. Coliforms(MPN) 6.0 4.0 5.0 3.4 2.2 2.8 1.6 0 
Salinity (‰) 0.001 0.001 0.002 0.001 0.002 0.001 <d.L NS 

 
TSS (mg/L) 11.0 4.0 8.0 1.0 4.0 1.0 1.0 <10.0 

 
SO4

2- (mg/L) 1.0 2.0 1.0 1.8 17.0 2.0 1.5 500 
 

NO3
- (mg/L) 4.40 5.72 5.28 1.76 1.32 2.20 1.50 10.0 

 
PO4

2- )mg/L) 0.04 0.56 0.51 0.01 0.06 0.06 0.02 >5.0 
 

Oil & Grease (mg/L) 0.001 0.001 0.001 <d.< 0.001 0.001 <d.< 0.05 
NH3 (mg/L) 5.421 7.124 5.256 6.312 5.216 4.302 2.200 <1.0 

 
Ca (mg/L) 0.056 0.111 0.056 0.167 0.222 0.167 0.050 NS 

 
Cu (mg/L) 1.486 0.514 0.001 0.081 0.405 0.001 0.005 0.1 

 
Zn (mg/L) 0.556 0.333 0.778 0.667 0.611 0.889 0.205 5.0 

 
Fe (mg/L) 1.667 2.778 0.778 2.556 1.444 2.333 1.024 1.0 

 
Pb (mg/L) 0.077 0.038 0.001 0.038 0.005 0.003 0.001 0.05 

 
Ag (mg/L) 0.001 0.001 0.060 0.470 0.001 0.001 <d.L 0.5 

 
Cr (mg/L) 1.208 0.005 0.583 0.003 0.875 0.050 0.001 0.05 

 
Ni (mg/L) 1.493 0.623 0.362 0.275 1.058 1.145 0.020 0.05 

 
V (mg/L) 0.002 0.001 0.001 0.001 0.001 <d.L <d.L 0.01 

 
As (mg/L) 0.002 0.001 0.001 <d.L <d.L 0.001 <d.L 0.2 

 
Ba (mg/L) 0.001 0.002 0.001 0.003 0.001 0.001 <d.L 1.0 

 
Hg (mg/L) 0.001 0.001 0.001 0.001 0.001 0.001 <d.L 0.001 

 
Se (mg/L) <d.L <d.L <d.L <d.L <d.L <d.L <d.L 0.01 

 
d.L= Detection limits. 
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Table 4.4 .    December 

Parameters BH 1 BH 2 BH 3 BH 4 BH 5 BH 6 BHREF FME Max. 
Limits* 

Temp (°C) 25.0 26.0 25.6 25.8 25.8 26.0 25.0 NS 
 

pH 7.33 7.09 7.13 6.80 6.87 6.84 6.80 6.5-8.5 
 

DO (mg/L) 6.50 6.30 6.60 6.40 6.35 5.90 6.50 7.5 
 

Conductivity 
(µS/cm) 

30.0 25.5 30.5 14.0 18.0 20.5 25.0 NS 

BOD (mg/L) 3.00 2.21 1.46 1.89 2.46 2.06 0.55 0 (@ 20-25°C) 
COD (mg/L) 5.00 4.40 2.64 2.35 4.30 4.00 1.50 NS 

 
TDS (mg/L) 13.0 10.0 13.0 7.0 8.0 8.0 5.5 500 

 
T. Coliforms(MPN) 5.0 4.0 5.0 3.0 2.2 2.8 1.6 0 
Salinity (‰) 0.001 0.001 0.003 0.001 0.002 0.001 <d.L NS 

 
TSS (mg/L) 10.5 4.0 8.0 2.0 4.0 10.0 1.0 <10.0 

 
SO4

2- (mg/L) 2.5 2.0 1.0 1.8 2.0 17.0 1.5 500 
 

NO3
- (mg/L) 4.00 5.70 5.28 1.76 1.30 3.50 1.50 10.0 

 
PO4

2- )mg/L) 0.08 0.56 0.51 0.01 0.06 0.06 0.02 >5.0 
 

Oil & Grease (mg/L) 0.001 0.001 0.001 <d.L 0.001 0.001 <d.L 0.05 
NH3 (mg/L) 6.400 6.700 5.256 6.312 5.216 6.150 2.200 <1.0 

 
Ca (mg/L) 0.050 0.210 0.056 0.167 0.222 0.167 0.050 NS 

 
Cu (mg/L) 1.400 0.514 0.001 0.081 0.405 1.100 0.005 0.1 

 
Zn (mg/L) 1.250 0.333 0.778 0.667 0.611 0.880 0.205 5.0 

 
Fe (mg/L) 2.660 2.780 0.778 2.556 1.444 2.333 1.024 1.0 

 
Pb (mg/L) 0.100 0.038 0.005 0.038 0.005 0.095 0.001 0.05 

 
Ag (mg/L) 0.001 <d.L 0.060 0.470 <d.L 0.001 <d.L 0.5 

 
Cr (mg/L) 1.700 0.005 0.583 0.003 0.875 0.980 0.001 0.05 

 
Ni (mg/L) 1.540 0.623 0.362 0.275 1.058 1.250 0.020 0.05 

 
V (mg/L) 0.002 0.001 <d.L 0.001 <d.L <d.L <d.L 0.01 

 
As (mg/L) 0.001 0.001 0.001 <d.L <d.L 0.001 <d.L 0.2 

 
Ba (mg/L) <d.L 0.002 <d.L 0.003 <d.L 0.001 <d.L 1.0 

 
Hg (mg/L) 0.001 <d.L 0.001 <d.L <d.L 0.001 <d.L 0.001 

 
Se (mg/L) <d.L <d.L <d.L <d.L <d.L <d.L <d.L 0.01 

 

d.L= Detection limits. 
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(3.31 ± 0.37)mg/L, 0.01-0.80 (0.21 ± 0.05)mg/L, and 0.00-0.01 (0.00 ± 0.00)mg/L 

respectively. NH3  varied from 2.10-7.50 (5.33 ± 0.10)mg/L, Ca varied from 0.01-

0.28 (0.14 ± 0.02)mg/L, Cu varied from 0.001-2.20 (0.52 ± 0.12)mg/L, Zn varied 

from 0.15-2.60 (0.82 ± 0.11)mg/L, Fe varied from 0.78-2.78 (1.89 ± 0.31)mg/L and 

Pb varied from 0.00-0.10 (0.03 ± 0.01)mg/L. 

Ag, Cr, Ni, V, As, Ba and Hg varied from 0.000-0.47 (0.04 ± 0.23)mg/L, 0.001-

2.20 (0.52 ± 0.13)mg/L, 0.20-1.54 (0.75±0.10)mg/L, 0.000-0.004 (0.001 ± 

0.000)mg/L, 0.000-0.002 (0.001 ± 0.0001)mg/L, 0.000-0.003 (0.001 ± 0.0002)mg/L 

and 0.000-0.002 (0.001 ± 0.0001)mg/L  respectively. 
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4.2 Temporal Variations in groundwater quality parameters    

Mean minimum pH (7.00mg/L), DO (5.27mg/L), BOD (2.18mg/L) and COD 
(3.78mg/L) were recorded in August, July, December  respectively (Fig.4.1). 

However, their maximum values (7.11, 6.35, 3.33 and 5.67mg/L) were recorded in 

July, November and August  respectively. Mean minimum levels TDS (9.80 mg/L), 

total colifom counts (3.60 MPN), TSS (4.80mg/L) and Ammonia (5.61mg/L) were 

recorded in December, August, November and November respectively. However, 

their maximum values  (11.30mg/L, 4.00 MPN, 6.50mg/L and 6.10mg/L) were  all 

recorded in July, (Fig 4.2).  

Mean minimum of salinity (0.001%), Oil and Grease (0.004mg/L) and Hg 

(0.000mg/L)  August ,while that for V (0.007mg/L) was recorded in  December. 

However, their  maximum levels of 0.002%, 0.005mg/L, 0.003mg/L and 0.002 

were  in July all through (Fig. 4.3). 

The least concentration of Ag (0.001mg/L), As (0.000mg/L) and Ba (0.000mg/L) 

were recorded in August, December and December, while their  maximum values 

(0.002mg/L, 0.004mg/L and 0.001mg/L) were recorded in July, August and 

November respectively (Fig. 4.4). 

Mean minimum Ca (0.13mg/L), Cu (0.42mg/L), Cr (0.35mg/L) and Ni ion 

concentrations (0.83mg/L) were recorded in November, November, July and 

November, while their maximum concentrations (0.19, 0.81, 0.92 and 0.97mg/L) 

were recorded in July, August, August and July respectively (Fig. 4.5).  

The least levels of Zn (0.64mg/L) and Fe (1.93mg/L) were recorded in November 

and November, while their maximum values (1.50) and (2.09mg/L) were recorded 

in July and December (Fig. 4.6). 
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4.3 Comparison in levels of groundwater quality parameters  

A pair-wise comparison in pooled concentrations of the groundwater quality 

parameters measured in the impacted and reference boreholes revealed significant 

difference (Sig. t=0.00) at P<0.05 (Appendix 3). However, there was also 

significant correlation in the levels of the quality parameters in the boreholes 

sampled (Sig. r=0.000). 

In July, the mean levels of BOD (2.47±0.18), total coliforms (3.48±0.25) and Fe 

(1.89±0.31) exceeded the Federal Ministry of Environment (FME) maximum limits 

for drinking water in all the impacted  boreholes. However, the levels of Cu in BHs 

1, 2, 4, 5 and 6, pb in BH 1, Cr in BH 1, Ni in BHs 1, 2, 5 and 6, and Hg in BHs 1 

and 6 also exceeded the F M E regulatory limits (Appendix 1). 

In august, the levels of BOD (2.47±0.18) and total coliforms (3.48±0.25) exceeded 

the F M E limits for drinking water in all the impacted boreholes. The levels of Cu 

in BHs 1, 2, 5 and 6, Fe in BHs 1, 2, 4, 5 and 6, pb in BH 1,Cr in BHs 1, 3,  5, and 6 

and  Ni in BHs 1,2, 5 and 6 also exceeded the FM±E regulatory limits. 

In November, the levels of BOD (2.47±0.18) and total coliforms (3.48±0.25) 

exceeded the FME limits for drinking water in the impacted boreholes. However, 

the levels of Cu, in BHs 1, 2, and 5, Fe, in  BHs 1, 3 and 5 and Ni in BHs 1, 2, 5 and 

6 also exceeded the FME regulatory limits, (Appendix 1). 

In  December  the levels of BOD (2.47±0.18) total coliforms (3.48±0.25) and Ni 

(0.75±0.10) exceeded the FME limits for drinking water in the impacted boreholes. 

The levels of  Cu in BHs 1, 2, 5 and 6, Fe in BHs 1, 2, 4, 5 and 6, Pb in BHs 1 and 6 

and Cr in BHs 1. 3, 5 and 6 also exceeded the regulatory limits.  
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CHAPTER FIVE 

5.0              DISCUSSION, SUMMARY AND CONCLUSSION 

5.1   Discussion   

The wide variation observed in EC, TDS, and TSS, indicates high levels of 

suspended and dissolved solids, that migrated into the groundwater aquifers from 

the surface open dumpsite. COD, SO42-, and NO3- are oxygen demand  also had 

wide variations during the sampling period. However, the narrow variations 

observed in  the other parameters in the groundwater aquifer could be attributed to 

either time of retention or the rate at which the water migrated through the soil to 

the groundwater. It could also be a reflection of the trace amounts of these 

pollutants or factors constituting them in the surface waste dumpsite. 

The exceedances observed in the mean levels of  parameters such as BOD, total 

coliform counts, Cu, Pb, Cr, Ni, Hg and Fe over the FME regulatory  limits showed 

high pollution was from the surface open dumpsite and could create health hazards. 

BOD is the amount of dissolved oxygen consumed by aerobic organism in a body 

of water to break down organic material present in a given sample. The presence of 

high BOD over FME limits therefore  indicates large amount of organic pollution 

from the waste dumpsite into the groundwater. 

The high levels of the heavy metals (Cu, Pb, Cr, Ni, Hg and Fe) observed in the 

groundwater aquifers could be attributed to leaching of waste containing metals in 
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the dumpsite. Heavy metals could potend different health risk. For example, Pb, Cr 

and Cu cause joint (rheumatoid) arthritis as well as kidney, circulatory system and 

nervous system diseases. Fe causes brownish colouration of groundwater and thus 

renders the water unfit for consumption. 

Total coliform  counts indicates contamination by harmful micro-organisms of  

feacal origin. The high presence of coliform counts in the groundwater could cause 

gastro-intestinal distress such as diarrhea and inflammation of the bowel 

(WHO,1997). 

The study also revealed significant  variations between the impacted and reference 

boreholes. The most implicated parameters for this variation are TDS, conductivity 

and temperature whose levels were highest in borehole 1 than the rest of the 

boreholes. Several other pollutants  also recorded highest levels in boreholes 1, 2 

and 3, which were also located nearest to the centre of the waste dumpsite. 

However, the flow pattern of groundwater could also have concentration elevated 

levels of those pollutants in the boreholes. 

The levels of TDS recorded in this study was lower than those recorded by other 

authors elsewhere in Nigeria. For example Olaniya and Sexena (2001) reported  

groundwater pollution from refuse in the vicinity of a dumpsite as TDS 

concentrations. However, TDS recorded in this study was below the FEPA (2001) 

maximum permissible limit of 500mg/L for drinking water. 
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Temperature is the most vital parameter in aquatic environment because it impacts 

on both chemical and biological characteristics in water. It may affect other 

parameters in water, including the amount of dissolved oxygen and susceptibility of 

organisms to diseases, parasites and pathogens. Temperature recorded in the study 

meets the WHO (1998) limit in drinking water . 

The mean significant temporal variation in pollutant concentrations recorded in this 

study reflects greater pollution migration in July and August than in November and 

December as  a result of greater infiltration by rainfall across the soil profile to the 

groundwater aquifers.  

The concentration of oil and grease, TDS, Ni, Zn and As ions contents were higher 

in July and August than in November and December due to also the higher 

precipitation during the rainy season months(July and August) than the near dry 

season months. Drainages aided by precipitations carry pollutants in solution across 

the soil profile unto groundwater aquifers more in the rainy than in the dry seasons 

(Smith et al., 1993). 

 

5.2       Summary 

Wide variations in the levels of EC, COD, TDS, TSS, SO42- and NO3- ions were 

recorded in the groundwater aquifers of the study area. 
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The levels of BOD, total coliforms, Cu, Pb, Cr, Ni, Hg and Fe ions in the 

groundwater exceeded  the FME maximum regulatory limits for drinking water.  

Variations were  observed between the impacted and reference boreholes, with 

TDS, temperature and conductivity as the parameters that contributed most to the 

variability in groundwater aquifers of the study area. 

Significant temporal variations were mostly observed in levels of the quality 

parameters between the impacted and reference boreholes in August and July than 

in November and December. 

 

5.3            Conclusion 

This research revealed that several quality parameters of the groundwaters around 

the SPDC waste dumpsite at Eneka were impacted by the open surface dumpsite.  

 

 

5.4      Recommendation 

- Solid waste management should be integrated as much as possible to allow for 

comprehensive strategies to meet the people’s desire for a good and healthy 

environment 
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- Government should put in place appropriate legal framework to deal with the 

problems of solid waste disposal in our cities. 

- SPDC needs more enlightenment campaigns on how to deal with solid wastes 

emanating from her operations instead of the open dumping method currently 

practiced that encourages permeation to groundwater by contaminants. 

- Government as well should put a stop to such illegal dumping of wastes at the site 

for a safe human  environment. 
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Appendix1. Descriptive statistics of groundwater quality parameters in boreholes around     
      SPDC                                                                                       

Parameters          Minimum       Maximum         Range              Mean               SE  

Temperature(oC) 25.00              26.10               1.10            25.52         0.08 

pH                              6.80                7.33                 0.53             7.00          0.04 

DO(mg/L)                   4.80                6.60                 1.80             6.14         0.10 

Conductivity(µS/cm)  14.00              30.50               16.50           23.84        0.95 

BOD(mg/L)                0.55                5.00                   4.45              2.47                0.18 

COD(mg/L)           1.50                8.80                  7.30              4.38         0.32 

TDS(mg/L)            5.50               15.00                 9.50             9.86         0.58 

Total coliforms(MPN)1.20                6.00                   4.80             3.48         0.25 

Salinity(%0)              0.00                0.00                   0.00             0.00         0.00 

TSS(mg/L)              1.00                11.50                10.50            5.22          0.70 

Sulphate(mg/L)       1.00                17.00                16.00            3.53           0.92 

Nitrate(mg/L)           1.10                7.50                   6.40              3.31           037 

Phosphate(mg/L)        0.01                0.80                   0.79              0.21       0.05 

Oil and Greese(mg/L) 0.000              0.010              0.010            0.002              0.001  

NH3(mg/L)       2.10                7.50                  5.40              5.35                0.10 

Ca(mg/L)          0.01                0.28                  0.27              0.14                0.02 

Cu(mg/L)         0.001              2.200                0.200            0.521              0.119                               

 Zn(mg/L)         0.15                2.60                 2.45              0.82                0.11 

Fe(mg/L)          0.78                2.78                  2.00              0.82                0.11 

Pb(mg/L)                    0.000              0.10                  0.10              0.03                0.01 

Ag(mg/L)                  0.000              0.47                  0.47              0.04                0.23 

Cr(mg/L)        0.000              2.20                  2.20              0.52                0.13 

Ni(mg/L)                    0.20                1.54                  1.52              0.75                0.10 

V(mg/L)                     0.000             0.004                  0.004           0.001              0.002 

As(mg/L)        0.000             0.002                 0.002            0.0006            0.0001 

Ba(mg/L)                    0.000             0.003                 0.003            0.0008           0.0001 

Hg(mg/L)                   0.000              0.002                 0.003            0.0008           0.0001 

SE=Standards error of mean, DO= Dissolved Oxygen, BOD=Biological Oxygen Demand, COD=Chemical 

Oxygen Demand, TSS=Total Suspended Solids, TDS= Total Dissolved Solids. 
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Appendix. 2. Homogeneity in mean variance of the groundwater quality 
parameters 

ANOVA 

  Sum of Squares df Mean Square F Sig. 

BH_1 Between Groups 5572.394 27 206.385 96.834 .000 

Within Groups 170.507 80 2.131   

Total 5742.901 107    

BH_2 Between Groups 4939.580 27 182.947 391.580 .000 

Within Groups 37.376 80 .467   

Total 4976.956 107    

BH_3 Between Groups 5443.573 27 201.614 121.158 .000 

Within Groups 133.124 80 1.664   

Total 5576.697 107    

BH_4 Between Groups 3479.190 27 128.859 38.134 .000 

Within Groups 270.332 80 3.379   

Total 3749.522 107    

BH_5 Between Groups 3627.064 27 134.336 23.801 .000 

Within Groups 451.523 80 5.644   

Total 4078.587 107    

BH_6 Between Groups 4287.490 27 158.796 33.937 .000 

Within Groups 374.326 80 4.679   

Total 4661.816 107    
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Appendix 3. Pair –wise comparison in levels of groundwater quality 
Parameters between the impacted and  reference boreholes using student’s t- 
test (P < 0.005) 

Paired Samples Statistics 
  Mean N Std. Deviation Std. Error Mean 

Pair 1 BH_impacted 2.3641 88 3.01640 .32155 

BH_non_impacted 1.2704 88 2.12157 .22616 

 
 

Paired Samples Correlations 

  N Correlation Sig. 

Pair 1 BH_impacted & 

BH_non_impacted 

88 .856 .000 
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Paired Samples Test 

  Paired Differences 

t df Sig. (2-tailed) 

  

Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 1 BH_impacted - 

BH_non_impacted 

1.09370 1.62585 .17332 .74921 1.43818 6.310 87 .000 
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