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ABSTRACT 

 
Groundwater constitutes a major source of potable water supply 
foragricultural, industrial and domestic applications. This has led to the 
increase in the demand for ground water exploitation. Borehole water 
being an ideal source of portable water supply has been employed to 
meet this teeming demand. For the purpose of this research, borehole 
water was adopted as a sample model for the experiment to determine 
the extent of heavy metal contamination in the ground water of the study 
area. Six borehole water samples were collected from each of the oil 
exploration and exploitation communities of Ogba/Egbema/Ndoni Local 
Government Area of Rivers State namely Obirkom, Obite, Obiebe, 
Ogbogu, Obagi, Obigwe (control) and were taken to the laboratory. Eight 
heavy metals were sampled and results were obtained. The heavy metals 
are lead (Pb) iron (Fe) Arsenic (Ar) Nickel (ni), and Cadmium (cd) 
Chromium (Cr) Vanadium (V) and Manganese (Mn). Others are 
phosphate (PO3-4), Phosphate (Pi), Phosphate (P2O3), calcium hardness 
(CaCO3). The result shows the absence of lead in locations 3 & 2. Iron 
was highest in location 2 and was lowest in location 5. Asenic (As) was 
significantly present in high values in all the locations except in location 
2 with value of 0.05 mg/l. nickel was above the WHO limit of 0.05mg/l in 
location 1 & 2 and was not detected in the rest of the locations. The 
value of cadmium (Cd) was high in all the locations. Chromium was 
detected in high value in all the location except in location 5. Manganese 
is negligible in all the locations. Likewise, the physicochemical 
parameters investigated are pH, temperature turbidity, conductivity, oil 
and grease, total dissolved solid and total hydrocarbon were also sample. 
Their values were also compared with the World Health Organization 
Standard and it shows that there was normal Temperature values in all 
the locations at the time of this experiment. The turbidity , values were 
high in all the locations except location 2. The value of the conductivity 
was very high in location 1 and high in location 2 but normal in location 
3 & 6. Oil and grease was not indicated in location 2 and it was high in 
location 1, 3, 4 & 5. The value of total dissolved solid and total 
hydrocarbon was very high in all the location. From the analysis of the 
result obtained, it can be accepted that the presence of heavy metals in 
the groundwater of the study area can be attributed mainly to the 
activities of the oil companies prevalent in that area.   
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CHAPTER ONE 
1.0  INTRODUCTION 

The increasing demand for portable water has put a stress on public 

water. Recently, private water source such as boreholes were 

preferred alternative but for some regions where natural environment 

impose limitation to its access, the focused has shifted to natural 

sources such as rain water, stream and ponds. Among these, 

rainwater in a traditional environment was initially recognized as the 

purest source of water for consumption purposes.  Recently however 

spring and ground water are believed to be preferred water source. 

The increasing preference for underground water use both for 

domestic and industrial purposes is as a result of its universality, 

accessibility and wide spatial availability, however exploiting this 

ready source of water may lead to exposure to pollutants. These 

pollutants emanate from activities within the three spheres of the 

environment, namely; aerial, terrestrial and aquatic environment 

(Ubong and Gobo, 2001). The terrestrial environment includes, lands, 

plains Penny plain, hills, valley, mountains, desert etc. while the 

aquatic environment may include swamps, wetland, flood plains, 

streams, rivers, seas and oceans etc. 

In the natural condition, these components of the environment are 

inter related and inter dependent that sometimes their viability 

depends on each other and vice-versa. The living and non-living biota 

do interact within these environments in a circuit called ecosystem.  

In the Oil Producing Community (OPC) where rapid industrialization 

is in progress, some toxic wastes or polluted substances (gases, liquid 
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and solid) are released into air, land and water that are interrelated. 

Consequently, any action geared towards the removal of these wastes 

becomes a threat to the environment. Other instances may include: 

the wastes water release into the aquatic environment in the course of 

industrial production. For example, dust and fumes released into the 

environment during cement production, spilled crude release into the 

aquatic environment during oil spills, gas flaring into air, and 

indiscriminate disposal of wastes by the illegal and unauthorized 

bodies which result in leachates production, all contribute as 

pollutant to the whole environment.  

In the Oil Producing Community (OPC) the dominant forms of 

pollutant are the spilled crude from the ruptured pipe, gas flaring, 

drilling and associated servicing chemicals which are environmental 

unfriendly. These associated pollutants later percolated down to the 

water table, whose aquifer is tapped as underground water. The 

slightest increments in the pollution potential of these metals are 

suspected to increase the pollution potential of the underground 

water especially in the Oil Producing Community. 

Though the flared gas has not yet been proven to be associated with 

heavy metals(s), its associated elements or compounds sometime 

undergo some redox reactions with these heavy metals (Nwankwoala 

et al 2012). Unfortunately, when these gases are washed down by 

rainwater into some streams, ponds and slow running water, they no 

only enhance nutrient formation in the affected water bodies within 

the creeks but may in high concentration constitute pollutants. In 

any of these cases ground water may be contaminated. For instance, 



3 

 

wash down gases enhance nutrification. When this is formed the 

eutrophication process set in, where algal growth is in abundant 

through the process called algal bloom. This lower organism apart 

from its ability to spread has high affinity of storing some trace 

(heavy) metals within them. When they die and decompose, they then 

get leached into the underground water that feed aquifer.  

There is thus the need to assess the quality of groundwater sources in 

the oil producing communities such as Ogba/Egbema/Ndoni in order 

to ascertain the concentration of heavy metal in their underground 

water. 

Underground water is arguably one of the purest forms of water in 

nature. In most oil producing area, it remains a source of clean water 

supply until recent incessant spillages on the environment. 

It is observed that any environment seriously battered with influx of 

industries and their associated firms are prone to mutilation if not 

destruction of irreparable magnitude. Such destruction of 

environment may arise from gas flaring, deforestation, indiscriminate 

dumping of wastes, destruction of ecosystem, displacement of earth 

materials, ground vibration, water pollution etc. It is also a common 

truth that when a particular area is industrially stressed, the three 

spheres of the environment and all its properties are equally stressed. 

Notwithstanding, some abiotic factors within these environment are 

equally stressed (either increase or decrease) from their natural state. 

In some Oil Producing Communities (OPC) the degree of these 

alternations may be so high that the inhabitants of the burdened 

environment may be susceptible to health hazard. Therefore any 
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ground water that is endowed with a high percentage of these 

elements is contaminated and such water is no more portable. The 

study is geared towards ascertaining the level of concentration of 

heavy metals in the groundwater of Ogba/Egbema/Ndoni in Rivers 

State. The study will also offer recommendations and precautions on 

the environmentally devastating development arising from 

industrialization. 

 

It is in this regards that this study is conducted to measure the 

degree of underground water pollution by investigating some selected 

heavy metals associated with the underground water in Oil Producing 

Community (OPC) that is prevailing in the community.  

Another basis is to provide a baseline data for future research.  

 

1.1 STATEMENT OF THE PROBLEM 

The high pollution affinity in the Oil Producing Community (OPC) by 

heavy metals are due to indiscriminate dumping of wastes and crude 

oil exploration with all its associated activities. Therefore, this study 

is conducted so as to ascertain the variation in pollution of the 

groundwater of the study area.   
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1.2 AIM AND OBJECTIVES OF THE STUDY 

The aim of this study is to ascertain whether the underground water 

of the study area has been polluted as a result of the prevailing oil 

and gas exploitation. 

Moreso, this research aim will be achieved through the following 

objectives; 

(1) To determine whether the groundwater of Ogba/Egbema/Ndoni 

has been polluted by heavy metals from oil spills in the area. 

(2) To determine the extent of heavy metal contamination in ground 

water within the study area. 

(3) To determine spatial variation in the levels of  one (1) above  

 

1.3 SCOPE OF THE STUDY 

There are two types of scope for this work – The geographic and the 

subject matter scope 

(a) The geographic scope is limited to the oil producing areas of 

Ogba/Egbema/Ndoni L.G.A, Rivers State. 

(b) The subject matter or area scope is strictly to assess the level of 

heavy metals specifically in ground water of 

Ogba/Egbema/Ndoni L.G.A, Rivers State in order to ascertain 

the suitability of the water for consumption. 
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1.4 RESEARCH QUESTIONS 

(1) Is there any evidence in the pollution status of underground 

water from Oil Producing Community (OPC) by heavy metals? 

(2) Is there any significant variation observed from the study area? 

(3) What are your advises to the consumer of such underground 

water within the suspected area? 

 

1.5 RESEARCH HYPOTHESIS 

 The research hypothesis is stated thus: 

Ho: There is a relationship between oil spill and concentration of 

heavy metal in underground water in Ogba/Egbema/Ndoni L.G.A, 

Rivers State. 

Ha: There is a significant difference in spatial distribution of heavy 

metals in underground water in Ogba/Egbema/Ndoni L.G.A, Rivers 

State. 

 

1.6 SIGNIFICANCE OF THE STUDY 

(a) To create the awareness so as to be known by the industrialist 

in order check their wastes so as to avoid environmental pollution. 

(b) To check the unnecessary dumping of wastes. 

(c) For enhancement of proper environmental management  

(d) To allow the stakeholders/inhabitants of any environment to 

know the merit(s) and demerit(s) of any establishment or firm in their 

community, and locality. 

 



7 

 

1.7 LIMITATIONS OF THE STUDY  

At the course of making this research project a success, many 

challenges and obstacle were accordingly met, where all cannot be 

narrated. These include the problems of inaccessibility to the same 

point. The financial problem arising from the money for hiring of 

vehicles for speedy transportation of samples to laboratory. 

Time problem arising from not seeing analytical personnel in time, 

inability to meet with the Librarian in time and collect enough reading 

materials. political problems were not in exception. This arose from 

meeting with some village heads/chiefs before being allowed to go 

with their borehole water samples and collection of some signed 

document from the town council members before being allowed to 

fetch their water. The power failure which disturbed sample collection 

from the borehole. 

Notwithstanding, failure arising from delay also made the cost of 

sample collection expensive. The social problems also hindered this 

write-up to some extent as people purposely refused given 

information because of lack of understanding of the effects of ground 

water pollution, in spite of thorough explanations. Another problem 

from this angle include the inability to read and write by those who 

seems to understand. Others that are literate were reluctant to 

provide useful information.  
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CHAPTER TWO 

2.0      LITERATURE REVIEW 

2.1  HEAVY METALS 

Heavy metal is a group of loosely defined subset of elements that 

exhibit metallic properties. It includes element with atomic weight 

between 63.546 and 200.590 and specific gravity greater than 4.0 at 

least 5 times that of water. 

They exist in liquid form as colloids, particularly and dissolved phases 

with their occurrence in water bodies being either of natural origin or 

of anthropogenic origin. 

Heavy metals are essential to sustain life e.g. Cr, Mn, Ph, Fe etc. must 

be present for normal functioning of the body system, also Co, Cu, Fe, 

Mu, and Zn are needed at low levels as catalyst for enzyme activities. 

Heavy metals have effects with various symptoms depending on the 

nature and quantity of the metals in jested. 

Metals produce their toxicity by forming complexes with proteins, in 

which carboxylic acid [-CooH], AMINES {-NH4} and thial {-SH} 

grouped are involved.  These modified biological molecules loose their 

ability to function properly and result in malfunctioning or death of 

the cells. 

When heavy metals bind to their groups, they inactivate important 

enzyme system or effect protein structure, which is linked to the 

catalytic properties of the enzymes. This type of toxin may also cause 

the formation of radicals which are dangerous chemicals that cause 

the oxidation of biological molecules. 

 



9 

 

The term heavy metal could also refer to any metallic chemical 

element that has a relatively high density and is toxic or poisons at 

low concentrations. Examples of heavy metals include Mercury [Hg] 

Cadmiums [Cd], arsenic [As] Chromic [Cr], Thallium [Ti], and lead [Pb] 

iron [Fe] Aluminum [AI] etc. 

Heavy metals are natural components of the earth crust. They cannot 

be degraded or destroyed. To a small extent, they enter our bodies via 

food, drinking water and Air. As trace elements, some heavy metals 

[e.g. Copper, Selenium, Zinc] are essential to maintain the 

metabolism of the human body. However, at higher concentrations 

they can lead to poisoning. Heavy metals poisoning could result, for 

instance from drinking water contamination high ambient air 

concentrations near emission sources or intake via food chain. 

Heavy metals are dangerous because they tend to bioaccumulate. 

Bioaccumulation means an increase in concentration of chemicals in 

a biological system. 

The springing up of industries as a result of industrialization has 

made the whole environment to undergo continual deterioration. The 

relics of the above developmental icon are left on the forest which 

results in deforestation and in the ground water resulting in 

groundwater contamination, especially in the highly industrialized 

zones like Niger Delta.  

Investigating the physicochemical parameters as well as the 

characteristics  of ground  water  quality  is  very  important to 

understand  the role  of crude  oil  exploration and  exploitation  in  

the  various  unsaturated  and  saturated  zone  of  the  water  phase 



10 

 

contamination.   The  modern  civilization  accompanied  by  the  

rapid  growth  of industrialization  has created the situation  of  huge 

amount  of  waste  generation  in their operational areas. All over the 

world today the communities where oil exploration and exploitation 

are taking place are vexed with the problem of disposal and 

management of generated waste in their operational areas. During the 

process some of the wastes are collected,  transported,  treated  and  

disposed  as  recommended  by  Federal  Ministry  of Environment  

(FMENV)  authority:   the  left  over  waste  will  now  be  discharged  

into  a pond system with the aim of subjecting the waste into further 

treatment. It is observed that waste discharged into a pond system 

does not receive any further treatment rather than undergoing 

environmental degradation by itself.   This is most of the practice 

experienced in Niger Delta area of Nigeria. 

The leachate is produced from the decomposition and sequencing of 

the wastes and  by  water  that  has  entered  into  a  pond  system  

from  external  sources.   It carries a number of impurities as it moves 

down through the wastes (Ukpaka and Ikenyiri, 2004).  

Various activities related to oil exploration and exploitation in 

Ogba/Ndoni/Egbema Local Government Area of Rivers State in 

particular and Niger Delta in general tend to impact seriously  on the  

ground  water  quality  negatively (Ukpaka et al., 2004). 

Unfortunately, significant source of pollution in the study area comes 

from oil exploration and exploitation activity. The water surfaces 

within the communities are contaminated as underground water due 

to process. With increased rate of crude oil production  and  
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corresponding  high  rate  of  oil  exploration  and exploitation,  it  

become necessary  to  access  the  quality  of  ground  water  within  

Omuku  area  of  Niger  Delta.   To accomplish  this  well  water  

within  the area  in question was  collected  and  some 

physicochemical parameters of the ground water (well water) were 

studied. (Ukpaka,  and  Ikenyiri,  2004). 

The design and construction of water wells also affects groundwater 

contamination. Poorly designed water wells can enhance the 

contamination potentials of the heavy metals found in crude oil. 

Standard water wells reduce the risk of heavy metal contamination. 

 

2.2 WATER WELL CONSTRUCTION 

2.2.1 A Water Well 

A strict definition of a water well is an artificial pit, hole, or tunnel, 

drilled, dug, driven, or jetted into the ground to a depth'. That 

penetrates a water-yielding formation to allow water to flow or to be 

pumped to the surface. More simply defined, a water well is a man-

made hole in the ground through which ground water may flow or be 

pumped to the surface. Whether the ground water is shallow or deep, 

there must be a way to link the ground water to the surface where it 

can be used. This is done by constructing a water well. 
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Fig. 2.1:  A water borehole model  

(Source: UNESCO, 1984) 
 

There are several components that make up the basics of a water 

well. First, a source of water is needed. This is generally supplied by 

an aquifer. Second, a conduit for routing the water   to the surface, 

called casing, is needed, and thirdly; some    sort of pump is 

necessary to deliver the water. An analogy of these components is 

drinking soda through a straw. The soda in the glass is equivalent to 

ground water in an aquifer, the straw is the casing, and the human 

body acts as the pump. A variety of methods are used to construct 

water wells, depending on the geologic conditions and the intended 

use of the well.  
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Two general types of well construction are used here in Nigeria. One 

type consists of extending casing down the borehole through the 

upper loose sediment or rocks, but leaving the bottom portion of the 

borehole uncased (UNESCO, 1984). This type ofwell construction is 

usually used in hard, fractured rock. The other type consists of 

extending casing down the borehole through sediment or rock and 

placing a well screen in the aquifer. This type of well construction is 

commonly used in unconsolidated sediment, such as sand and 

gravel. 

Well construction has five or six separate steps. These include 

drilling, installing the casing, installing the well screen, installing the 

filter pack; filter pack, grouting, well development, and installing a 

permanent pump.  Two or more, of these steps may be done 

simultaneously. For example, installing the casing and screen may be 

done in one step. For some wells, a pump may not be needed because 

the water flows to the surface. These are called flowing or artisan 

well.(FMWR, 2000) 
 

 2.3 WATER WELL CONSTRUCTION PROCEDURES 

1.  Drilling Operations 

Drilling methods vary widely and range from digging by hand to the 

use of very technical and expensive drilling rigs (WHO, 2012). All 

drilling methods accomplish the same task, creating a borehole. Most 

drilling operations are completed by the use of some sort of drilling 

rig. The rig is set up over the prospective well location and drilling 

continues until the desired depth has been reached. 
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Plate 2.2: A borehole water Drilling rig 
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2. Installing the Casing and Screen 

Once -the desired depth of the borehole has been reached,' the drill 

crew can then install the casing and screen. Casing can be made of 

different materials, such as steel or plastic, and comes in various 

diameters and lengths. Well screens are also available in various 

material types, diameters, and lengths, and have slots or holes cut in 

them.  

The slots or holes are sized to .allow water to flow into the well and 

keep unwanted materials, such as sand, out. Well screens are usually 

attached to the first piece of casing to be put down the borehole and 

successive pieces of casing are then added until the 'entire length of 

the borehole has been screened or cased. (Odoh et al., 2012) 

 

3. Installing an Artificial Filter Pack 

For some well designs, it is necessary for an artificial filter pack to be 

placed around the screen. This operation takes place before grouting 

or sealing the well. The filter pack consists of graded sand or gravel, 

which is placed around the well screen. The filter pack removes or 

filters unwanted fine particles from the formation that would 

otherwise find a way into the well (WHO, 2004). These fine particles 

could cause the well water to appear cloudy. 

 

4.  Grouting the Well 

Grouting a well involves filling the space between the casing and 

borehole wall with a Slurry of cement or clay. This is done to seal the 

area between the casing and borehole wall to prevent downward 
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leakage (If contaminants from the surface, or to prevent intermixing of 

ground water between water-bearing zones encountered while drilling. 

(Jackson, 2009). 

 

Grouting can be accomplished by several methods, but all involve the 

mixing and placement of either a bentonite clay slurry or a neat 

cement slurry in the annular space between the borehole and the 

casing. The most common type of grout used in the water well 

industry today is neat cement. The section of the borehole to be 

grouted varies according to geologic conditions, the type of water well 

being constructed, and water well codes. Once the grouting process is 

completed, the well is ready to be developed for its intended use. 

 

5.  Developing the Well 

Well development is a procedure intended to maximize the well yield. 

During the drilling operation, damage to the formation or aquifer 

occurs. This happens when the drill bit cuts through the rock or 

sediment leaving behind small pieces of rock or sediment that may 

plug the well screen and reduce the yield of the well. Also, during the 

drilling operation, different fluids may be introduced to the borehole 

to remove cuttings and to prevent it from collapsing. There are two 

main reasons for well development: (Ofodile, 1983)(1) repair damage 

done to the formation during drilling, and to remove unwanted fluids, 

so that the natural properties of the aquifer are restored; and (2) 

change the physical properties (porosity and permeability) of the 
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aquifer near the borehole so that water will flow more freely into the 

well.  

 

A variety of techniques are used to develop wells. Some are as simple 

as bailing the well, and others may involve a complex operation of 

high capacity pumping and jetting. The screened area of the well, or 

the uncased unscreened portion, of a borehole, is where the 

development takes place because this is the area where water will 

enter the well (Ofodile, 1983). All the techniques have their 

advantages and achieve the same goal. This is to increase the amount 

of water that can be delivered to the surface for use. When 

development has been completed, a permanent pump can be 

installed, if necessary, and .the well can be put to use. 

 

2.3.1 USES OF WATER WELLS  

Water wells are used for many purposes, including irrigation, human 

and livestock consumption, and for commercial, mining, industrial, 

and geothermal applications. (Driscoll, 1986). 

 

2.3.2 MINIMUM DISTANCE REQUIREMENTS FOR SITING 

BOREHOLE 

Provincial regulations outline minimum distance requirements as 

follows. Equivalent imperial distances in feet are rounded up to 

nearest foot. The well must be (WHO, 1991). 

� 10 m (33 ft.) from a watertight septic tank 
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� 15 m (50 ft.) from a sub-surface weeping tile effluent disposal field 

or evaporation mound 

� 50 m (I b5 ft.) from sewage effluent discharge to the ground 

� 100 m (329 ft.) from a sewage lagoon 

� 50 m (165 ft.) from above-ground fuel storage tanks 

� 3.25 m (11 ft.) from existing buildings 

� 2 m (7 ft.) from overhead power lines if: 

� the line conductors are insulated or weatherproofed and the line is 

operated at 750 volts or less  

� 6 m (20 ft.) from overhead power lines if the well: 

� does not have a pipe and sucker rod pumping system 

� has a PVC or non-conducting pipe pumping system 

� has well casing sections no greater than 7 m (23 ft.) in length 

� 12 m (40 ft.) from overhead power lines for all other well 

constructions 

� 500 m (1,641 ft.) from a sanitary landfill modified sanitary landfill 

or dry waste site. 

 

2.3.3 SCREEN PLACEMENT IN THE AQUIFER 

The screen or perforations on the casing/liner must be placed 

adjacent to the aquifer. If improperly placed, the well may produce 

fine sediment which will plug plumbing fixtures and cause excessive 

wear on the pump. If the driller uses geophysical logging equipment 

to accurately identify the boundaries of the aquifer, the exact 

placement will be easier (Ismael, 1990). 
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2.3.4 ANNULUS SEAL 

Sealing the well protects the well's producing zone from 

contamination(Odoh, 2012). The diameter of the bore hole is usually 

slightly larger than the casing being installed. The space between the 

borehole and the casing is called the annulus of the well. It must be 

sealed to prevent any surface contamination from migrating 

downward and contaminating the water supply. It also prevents any 

mixing of poor quality aquifers with the producing aquifer of the well. 

 

Provincial regulations require the annulus be filled with imperious 

material such as cement or bentonite(WHO, 1984). To isolate the 

producing zone of the well, the annulus is filled from immediately 

above the perforated zone  to the ground surface. 

 

(Copyright @ 2000 Alberta Agriculture Food and Rural Development) 
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2.3.5 CHEMICAL FATE AND MOBILITY 

The fate and transport of a heavy metal in groundwater depends 

significantly on the chemical form and speciation of the heavy metal) 

(Allen et al, 1991). The mobility of heavy metals in ground-water 

systems is hindered by reactions that cause heavy metals to adsorb 

or precipitate, or chemistry that tends to keep heavy metals 

associated with the solid phase and prevent them from dissolving. 

These mechanisms can retard the movement of heavy metals and also 

provide a long-term source of heavy metal contaminants (NRC, 1985). 

While the various heavy metals undergo similar reactions in a 

number of aspects, the extent and nature of these reactions varies 

under particular conditions, the extent of sorption of several heavy 

metal cations and anions onto iron oxide is a function of pH for a 

particular background electrolyte composition. It is known that lead 

sorbs extensively at much lower pH values than zinc or cadmium. 

 

2.4 REMEDIATION OF HEAVY METAL CONTAMINATED 

GROUNDWATER 

The physical and chemical form of the Heavy metal contaminant in 

groundwater strongly influences the selection of the appropriate 

remediation treatment approach (Driscoll, 1986). Information about 

the physical characteristics of the site and the type and level of 

contamination at the site must be obtained to enable accurate 

assessment of site contamination and remedial alternatives. The 

importance of adequate, well-planned site characterization to 

selection of an appropriate cost-effective remediation approach cannot 
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be overemphasized. The contamination in the groundwater should be 

characterized to establish the type, amount, and distribution of 

contaminants across different aquifers (Driscoll, 1986). 

Once the site has been characterized, the desired level of each 

contaminant in  groundwater must be determined. This is done by 

comparison of observed contaminant concentrations with ground-

water quality standards for a particular regulatory domain, or by 

performance of a site-specific risk assessment. Remediation goals for 

metals may be set as desired concentrations in groundwater, total 

heavy metal concentration in groundwater and leachable heavy metal 

in groundwater or as some combination of these. 

 

2.4.1 GENERAL REMEDIATION APPROACHES 

Several technologies exist for the remediation of heavy metals-

contaminated groundwater. These technologies are contained within 

five categories of general approaches to remediation: isolation, 

immobilization, toxicity reduction, physical separation and extraction. 

These are the same general approaches used for many types of 

contaminants in the subsurface (Longe et al, 2007)  As is usually the 

case, combinations of one or more of these approaches are often used 

for more cost-effective treatment of a contaminated site aquifers. 
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2.4.2 ISOLATION 

Isolation technologies attempt to prevent the transport of 

contaminants by containing them within a designated area. These 

technologies can be used to prevent further contamination of 

groundwater when other treatment options are not physically or 

economically feasible for a site. Contaminated locations may also be 

isolated temporarily in order to limit transport during site assessment 

and site remediation. 

 

Horizontal barriers may also be used in conjunction with vertical 

barriers at sites where a natural aquitard is not present. In this case, 

the vertical barrier could key into the horizontal barrier to prevent the 

transport of contaminants under the vertical barrier (Smith et at, 

1995). 

 

2.4.3 IMMOBILIZATION 

Immobilization technologies are designed to reduce the mobility of 

contaminants by changing the physical or leaching characteristics of 

the contaminated matrix. Mobility is usually decreased by physically 

restricting contact between the contaminant and the surrounding 

groundwater, or by chemically altering the contaminant to make it 

more stable with respect to dissolution in groundwater. The aqueous 

and solid phase chemistry of metals is conducive to immobilization by 

these techniques. A variety of methods are available for 

immobilization of metal contaminants, including those that use 

chemical reagents and/or thermal treatment to physically bind the 
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contaminated soil or sludge. Most immobilization technologies can be 

performed ex situ or in situ. In situ processes are preferred due to the 

lower labor and energy requirements, but implementation in situ will 

depend on specific site conditions. 

 

2.4.4 CAPPING 

Capping systems are used to provide an impermeable barrier to 

surface water infiltration to contaminated soil for prevention of 

further release of contaminants to the surrounding surface water or 

groundwater. Secondary objectives include controlling gas and odor 

emissions, improving aesthetics, and providing a stable surface over a 

contaminated location. Capping also eliminates risks associated with 

dermal contact and/or incidental ingestion of surface soils, but if this 

is the primary goal for the site and surface water infiltration is not a 

concern, a less expensive permeable cover may be preferred. 

 

Capping provides a range of design options that includes simple 

single-layer caps and more complex multilayer systems. Design 

selection depends on site characteristics, remedial objectives and risk 

factors associated with the location. A variety of materials are 

available for use in capping systems and choice of materials is site 

specific because local soils are often incorporated into parts of the 

cap. Synthetic membranes such as high-density polyethylene are also 

available for incorporation into capping systems. Surface water 

controls, such as ditches and dikes are usually included to help 
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control drainage from the cap. Multilayered capping systems may also 

include a hard cover and/or a layer of topsoil to separate the 

underlying layers from the ground surface. Re-vegetation is promoted 

in order to reinforce the topsoil, to reduce soil erosion and runoff 

velocity, and to help remove water from the soil by evapotranspiration 

(Rumer and Ryan, 1995). 
 

2.4.5 SUBSURFACE BARRIERS 

Subsurface barriers may be used to isolate contaminated soil and 

water by controlling the movement of groundwater at a contaminated 

site. These barriers are designed to reduce the movement of 

contaminated groundwater from the site, or to restrict the flow of 

uncontaminated groundwater through the contaminated site (Rumer 

and Ryan, 1995).  
 

Vertical barriers are commonly used to restrict the lateral flow of 

groundwater. For effective isolation of the contaminated matrix, the 

barrier should extend and key into a continuous, low-permeability 

layer, such as clay or competent bedrock, below the contaminated 

area (Rumer and Ryan, 1995). If an impermeable layer is not 

available, a ground-water extraction system must be used to prevent 

transport of contaminants under the barrier. Vertical barriers may be 

installed upstream, downstream, or completely surrounding the 

location of contamination and are often implemented in conjunction 

with a capping system to control surface water infiltration. The use of 
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circumferential barriers can prevent the escape of contaminant from 

the location by using an infiltration barrier and collection system to 

create a hydraulic gradient in the inward direction. Vertical barriers 

are often limited to depths achievable with backhoe excavation 

technology for trenches, i.e., to about 30 feet. 
 

Slurry walls are usually constructed in a vertical trench excavated 

under a slurry that is designed to prevent collapse and to form a filter 

cake on the walls of the trench for prevention 
 

 

2.5 BIOLOGICAL TREATMENT 

Biological treatment technologies are available for remediation of 

metals contaminated groundwater. These technologies are commonly 

used for the remediation of organic contaminants and are beginning 

to be applied for metal remediation, although most applications to 

date have been at the bench and pilot scale. Biological treatment 

exploits natural biological processes that allow certain plants and 

microorganisms to aid in the remediation of metals. These processes 

occur through a variety of mechanisms, including adsorption, 

oxidation and reduction reactions, and methylation. 
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2.5.1 BIOACCUMULATION 

Bioaccumulation involves the uptake of metals from contaminated 

media by living organisms or dead, inactive biomass. Active plants  

and microorganisms accumulate metals as the result of normal 

metabolic processes via ion exchange at the cell walls, complexation 

reactions at the cell walls, or intra and extracellular precipitation and 

complexation reactions. 

 

Adsorption to ionic groups on the cell surface is the primary 

mechanism for metal adsorption by inactive biomass. Accumulation 

in biomass has been shown to be as effective as some ion exchange 

resins for metals removal from water. 

 

2.5.2 PHYTOREMEDIATION 

Phytoremediation refers to the specific ability of plants to aid in metal 

remediation of ground water. Some plants have developed the ability 

to remove ions selectively from the soil to regulate the uptake and 

distribution of metals (Kabata et al, 2001). Most metal uptake occurs 

in the root absorption, where many mechanisms are available to 

prevent metal toxicity due to high concentration of metals in the 

groundwater. Potentially useful phytoremediation technologies for 

remediation of metals-contaminated sites include phytoextraction, 

phytostlbilization and rhizofiltration (SCEP, 1991). 
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2.5.2.1 PHYTO EXTRACTION 

 phytoextraction employs hyperaccumulating plants to remove metals 

from the  soil by absorption into the roots and shoots of the plant. A 

hyperaccumulator is defined as a plant with the ability to yield 0.1% 

chromium, cobalt, copper or nickel or 1% zinc, manganese in the 

aboveground . shoots on a dry weight basis. The aboveground shoots 

can be harvested to remove metals from the site and subsequently 

disposed as hazardous waste or treated for the recovery of the heavy 

metals (Fakayode  and Ohianwa, 2002). 
 

2.5.4 PHYTO STABILIZATION 

Phytostabilization involves the use of plants to limit the mobility and 

bioavailability of heavy metals in soil (Fakayode et al, 2002). 

Phytostabilizers are characterized by high tolerance of metals in 

surrounding soils but low accumulation of metals in the plant This 

technique maybe used as an interim containment strategy until other 

remediation techniques can be developed, or as treatment at sites 

where other methods would not be economically feasible. 
 

2.5.5 RHIZOFILTRATION 

Rhizofiltration removes metals from contaminated groundwater via 

absorption, concentration and precipitation by plant roots. This 

technique is use to treat contaminated water rather than soil and is 

most effective for large volumes of water with low levels of metal 

contamination. Terrestrial plants are more effective than aquatic 

plants because they develop a longer, more fibrous root system that 

provides a larger surface area of interaction. 
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CHAPTER THREE 

3.0         MATERIALS AND METHOD 

The study area is composed of six communities in 

Ogba/Egbema/Ndoni Local Government Area of Rivers State. The 

communities are location1 – Obrikom, location 2 – Obite, location 3 – 

Obiyebe, location 4 – Ogbogu, location 5 – Obagi and location 6 – 

Obigwe. 

Each community lie between longitude (6o65’44.417E) and latitude 

(5o39’24.77’N), Longitude (6o66’4.48oE) and latitude (5o22’.03.21’N), 

Longitude (6o64’05.71’E) and latitude (5o22’27.11N), longitude 

(6o63’20.15E) and latitude (5o23’41.25N), longitude (6o63’21.10E) and 

latitude (5o32’15.31N) respectively. 

Five of these locations are within the operational areas of oil 

exploration and exploitation while the sixth location is away from the 

operational areas.  

Six communities were chosen for the sample collection, Obirikom, 

Obite, Obiyebe, Ogbogu, Obagi and Obigwe. 

Six samples were also collected from each of this communities labeled 

locations 1, 2, 3, 4, 5,6 and location 6 for the control station. 

Twenty two parameters were analysed in each sample from each 

sample location. The physicochemical parameters analysed are the 

PH, Temperature, Turbidity, Conductivity. Other parameters are Total 

Suspended Solid, Oil and Grease, Total Dissolved Solid, Total 

Hydrocarbon.  

The heavy metals analysed are Lead, Iron, Nickel, Cadmium, 

Chrromium, Vandium, Managenese. 
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Borehole water samples were used in this research as the sampling 

tool because heavy metals exist in water in the form of collided 

particles and dissolve phases with their occurrence in water bodies 

being either of natural or antropogenic  origin.  

The parameters sampled are:  

1. Physicochemical parameter which involves pH, Temperatures, 

Turbidity, conductivity, total dissolved solid, total hydrocarbon. 

2. Heavy metals include Phosphate, calcium carbonate, lead, iron, 

Arsenic, Nickel, Cadmium, Chromium, Vanadium, manganese, 

oil and grease, Molybdenum. 

The physicochemical parameters and the associated heavy metals 

were used for the determination of the degree of contamination in the 

ground water of the study area and its suitability for consumption. 

Heavy metals are the inorganic component of crude oil and gas. 

The sampling locations are location 1: Obirikom, location 2: Obite, 

location 3: Obiyebe, location 4: Ogbogu, location 5: Obagi and 

location 6: Obigwe which served as the control for this research.  

These communities were chosen because of the intense oil 

exploration and exploitation activities prevalent within the study area. 

Location 6 has no exploration/exploitation activity and so in the 

control. 

 In each of the six locations one borehole was chosen and for that 

borehole, one water sample was collected. The reason is because 

there were no proliferation of boreholes within the area. More so, the 

locations are not extensive. The boreholes are located on the average 

of about 20 meters from the respective oil exploration and exploitation 

location. 
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3.1 DATA ANALYSIS 

3.1.1 TECHNIQUES FOR DATA ANALYSIS 

All the data obtained in this study has been presented using tables 

and bar-charts, for qualitative interpretations of the results. 

 

3.1.2 Collection of water samples for laboratory analysis  

Water samples were collected with 250m plastic containers from the 

functional boreholes in the respective locations. 

Samples were collected with 250m plastic containers from the 

functional boreholes in the respecives locations. They were labeled 

locations 1-6 respectively and store in ice packed cooler and was 

transported to the laboratory as soon as possible to maintain their 

normal values. 
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Figure 3.1: Pictures showing boreholes discharging water  

samples in the study area 
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The samples for the determination of oil and grease were collected in 

plastic bottles that had been washed with detergent, rinsed with 

water and finally rinsed with trichlorotrifluoroethane, to remove any 

residue that might interfere with the result of the analysis. They were 

further acidified (to PH2 or lower) with 1 ML conc. HCL/80g sample 

and transported to the laboratory in ice-packed cooler. 

 

Samples for the physicochemical parameters were collected with 

500ml plastic containers and was taken to the laboratory as soon as 

possible to maintain their normal values. 

 

 

 

 

Figure 3.2: Photograph of Nigerian Agip Oil Company  

(Gas plant) 

(Oil exploration and exploitation company operational in the study area) 
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3.2 THE STUDY AREA 

 

 

 

 

 

 

 

 

  
Figure 3.3: Digitized Map of Nigeria showing the location of Rivers State 

Fig. 3.4: Digitized Map of River State showing the Local Government Area 

Figure 3.5: Digitized map of Ogba/Egbema/Ndoni LGA, Rivers State Showing the 

Sampled Points (study area) 

Abuja 

Kogi 

 Rivers 

State 
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Ogba/Egbema/Ndoni Local Government Area of Rivers State is part of 

the Niger Delta, which is in Southern Nigeria bordering Atlantic ocean 

and it is located at Longitude 3’9OE and Latitude 4’30-5O 20N. 

Ogba/Egbema/Ndoni Local Government Area of Rivers State is part of 

the Niger Delta Environment that developed from the Moto Delta in 

the Northern part Basin during the campanian transgression and 

ended with the Paleocene transgression. Ogba/Egbema/Ndoni of 

Rivers State is generated from the Niger Delta modern formation 

during the Eocene. 

 

 

TABLE 3.1: THE OIL OPERATORS AND THEIR LOCATIONS IN  

THE STUDY AREA (JASR, 2006) 

Community Location Description 

of activities 

Date of commencement  

Obrikom Location 1 Gas plant  Nigerian Agip oil Company 

(NAOC) 

Obite  Location 2 Gas plant  Total oil 

Obiyebe  Location 3 Gas plant EIF 

Obagi  Location 5 Flow Station  EIF 

Ogbogu Location 4 Flow Station EIF 

Obigwe  Location 6 None  None 
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Table 3.2 ESTIMATED DISTANCE OF RESPECTIVE LOCATIONS 

FROM THE OIL EXPLORATION/EXPLOITATION COMPANIES 

Locations 

(L) 

Communities  Distance from oil exploitation/exploration 

companies  

1.  Obrikom 25.3 m 

2.  Obite 20.1 m 

3.  Obiyebe 35.37m 

4.  Ogbogu 45.7m 

5.  Obagi 48.5m 

6.  Obigwe  none 

 

3.3.1 GEOLOGY  

The area is a typical Niger Delta environment at the Southern part of 

Nigeria Bordering the Atlantic Ocean, this part of the Niger Delta 

developed from the moto Delta in the Northern part basin during the 

companian transgression and ended with the Paleocen transgression. 

The formation is developed from the Niger Delta modern 

formation during the Eocene. It has three major depositions (Ukpaka, 

2007) like every other part of Deltaic Environment. The three major 

formations are Benin, Agbada and Akata formation.  

- Benin Formation: The formation comprises of 90% sand stone 

with shale. Intercalations extends frommthe wesr across the 

entire Niger Delta area and Southern beyond the present 

Coastline. The thickness is down 6000 feets.  

- It is coarsely grained, gravelly, poorly sorted subangular to well 

rounded and bears lignite streaks and wood frequent. 
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- It is characterized by structural units like channel fills. Pourt 

bars etc. which indicates variability of the shallow water 

desposition medium. 

- Benin formation with very little  Hydrobarbon accumulation 

ranges in age from Oligocene to recent. 

- Agbada Formation: This is a sequence sand, stone/shale, with 

san-stone dorminant in the upper unit and thick in the lower 

unit. 

- It is very rich in microfauna at the base decreasing upwards 

suggesting an increase in the rate of desposition at the Delta 

front. 

- The grains are coarse and poorly sortal indicating a fluviate 

origin. 

- It covers the entire subsurface of the entire delts and may be 

continous with Ogwashi-Asaba and Ameki formation. Of Eocene 

to Oligocene. 

- It is over 10,000 feet thick and are the major hydrocarbon 

bearing unit in the delta 

- Akata Formation: The formation underlies the active delta and 

forms the lowermost unit. 

- It is a uniform shale development consisting of dark grey, sandy, 

silty shale with plant remains at the top. The Akata formation is 

overpressured, it is believed to have been formed during 

lowstands when terrestrial organic matter and days were 

transported to deep water areas characterized by low energy 

conditions and oxygen deficiency (Stacher, 1995). 

- It uis over 4000 feet thick 
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3.3.2 HYDROGEOLOGY  

Benin formation i.e. ground water is predominant in 

Ogba/Egbema/Ndoni Local Government Area of Rivers State 

disintegrating to Sombrero that transist at the Ahoada River at about 

100ft or more. The geologic history of Ogbo/Egbema/Ndoni is 

predominated by this formation. 

 According to Eluozo (2006) the stratigraphy of 

Ogba/Egbema/Ndoni Local Government Area of Rivers State are 

locustrine and alluvial deposits, including off lap sediments.  

Locustrine deposits: Are stratified geologic materials of the lake 

bottom. This terms indicates that these deposit have been exposed 

and made visible by the lowering of the water level or by the elevation 

of the land. Locustrine deposit in the study area is heterogeously 

distributed. 

Alluvial deposit: Materials deposited by rivers. It consist of silt, sand, 

clay and gravel as well as much organic matter. They form flood 

plains and deltas 

the locustrine deposit in the area is heterogeneously distributed while 

alluvial deposits are homogenously distributed. The coastal areas are 

off lap sediments which includes tidal channels at 60ft and 800ft 

respectively. 

 It has an average static water level of 7.5m water table. While in 

most coastal environment it has an average of 1.5m water table 

(Eluozo, 2006). The porosity of the soil was noted to be very high, an 

average of 0.2 – 0.4 percent. 
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3.4 LABORATORY ANALYSIS 

3.4.1 Determination of temperature water of sample: Temperature 

was measured in situ in the field using mercury in glass thermometer 

of range 0–100oC. The bulb of the thermometer was fully immersed in 

the water samples at each sampling point and held still until a 

constant was established. The values was noted and recorded in 

degree Celsius. 

 

3.4.2 Determination of pH of water sample 

pH was determined using hand held pH meter model HI9807 

(HANNA). The meter was first raised in distilled water. The pH meter 

was then calibrated using pH buffer 7 and 4 or 10 and rinsed with 

distilled water. The pH meter was then inserted into water sample 10 

minutes after the meter was switched on and the stable reading was 

recorded. 

 

3.4.3 Determination of conductivity/total dissolved solid of 

water sample 

Conductivity was determined using hand held conductivity meter 

model HI98302 (HANNA). The meter was first rinsed in distilled water. 

The conductivity was then calibrated using solution at 250C it was 

then switched on and inserted into the 50ml water sample 

conductivity was recorded in µs/cm when the reading became stable.  

3.4.4 Total suspended solids (tss) 

TSS was determined by photometric methods using HACH DR/2010 

spectrometer at a wavelength of 810mm and program number 



39 

 

630.25ml of the filtered deionized water was poured into 25ml sample 

cell bottle as blank. The blank was used to zero the spectrometer. 

Then the sample was vigorously shacked and 25ml of the sample was 

poured into another 25ml cell boatel. The sample was put into the 

light shield and closed after the black was removed and REAS button 

were passed. The value was digitally displayed in mg/l. 
 

3.4.5 Turbidity 

Turbidity was determined by photometric method using HACH 

DR/2010 spectrometer at a wavelength, deionized water was poured 

into a 25ml sample cell bottle as blank. The blank was to zero the 

photometer and one (1) sachet of Nitrate reagent powder pillow was 

added to the second sample cell bottle and was inserted into the cell 

compartment; the READ button was pressed to display the result in 

mg/l of Nitrate-Nitrogen. 

 

3.4.6 Phosphate 

Phosphate was determined by Amino Acid methods using HI83200 

multipara meter bench photometer at a wavelength of 525mm. 10ml 

of the sample was poured into two (2) separate sample cell. One was 

used for blank to zero the photometer and 10 drops of HI93717A-0 

molybdate Reagent, then the content of one packet of HI93717B-0 

phosphate HR reagent B added to the curette. It was shaken gently to 

dissolved and was inserted into cell compartment and time foe 5 

minutes. At the end of the count down, the READ button was pressed 

to display the result in mg/l of phosphate phosphorus and phosphate 

(P2O5). 
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 3.4.7 Oil and Grease  

The extraction solvent used was trichlorotrifluroethane. Samples were 

carefully transferred to a reparatory funnel and rinsed sample bottle 

with 30mL trichlorofluoroethane and added solvent washing to 

funnel. It was shaked vigorously for 2 minutes and layers were 

allowed to separate. All but a very small portion of the lower 

trichlorotrifluoroethane layer were drained through a funnel container 

containing a filter paper and 10g 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 100mL with solvent. 

A stock solution of known oil was prepared by rapid transferring 

about 1mL (0.5 to 1.0g) of the oil or grease to a tared 100mL 

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. Absobance of samples and standards were 

measured by constructing a straight base line over the scanned range 

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

subtracted baseline absorbance at that point. 
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 Calculation:  

 mg oil and Grease = 
samplemL

A 100×
 

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

calibration curve 

 

3.4.8 Calcium 

Calcium hardness was determined by calmagite method using 

HI83200 multipara meter bench photometer at a wavelength of 

525mm. A graduated beaker was rinsed several times with sample of 

HI93720A-0 calcium indicator solution, then 0.5ml of HI93720B-0 

alkali solution was added and swirl to mix properly. Two cuvettes was 

rinsed and filled with the reacted sample and one of the cuvette was 

used as blank, then the blank was placed into the holder and the lid 

closed before the equipment was zeroed by pressing the zero key. The 

meter shows “0.0” after which the blank was removed and replaced 

with the second cuvette and the READ was pressed to display the 

concentration in mg/l of calcium hardness as CaCO3. 
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3.4.9 Alkalinity 

Alkalinity was determined by colorimetric method using HI83200 

multipara meter bench photometer wavelength of 575nm. 10ml of the 

sample was poured into two (2) separate sample cell bottles. One was 

used as blank to zero the photometer and one (1) sachet of HI93755-0 

alkalinity indicator reagent was added to the second sample cell bottle 

and was swirled to mix properly. It was then inserted into the cell 

compartment and times for 2 minutes. At the end of the count down, 

the READ button was pressed to display the result in mg/l of 

alkalinity. 

 

 

3.5. TOTAL ALKALINITY (CARBONATE) 

Add two drops of mixed indicator into the sample 9solution) in which 

phenolphthalein alkalinity were determined. Tiltrate with 0,02m 

standard HCL until, at pH 4.6, the colour changes pink for mixed 

indicator or a change from yellow colour to orange for methyl orange 

indicator. The conversion obtained in this step corresponds to 

equation: 

HCO3
- + H+ = H2CO3 = H2O +CO2 

Total alkalinity as Mg/l CaCO3 =  

OH- + CO3
2- + HCO3

- + 4H+ = 3H2O + 2CO2 
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3.5.1 Acidity 

Measure accurately 50 or 100ml of sample into titration flask. Add 

one drop of the mixed indicator and titrate with barium hydroxide 

solution to the end point (yellow to red violet). 

 

3.5.2 Determination 

1. 25ml of sample is pipette into Erlenmeyer falsk. 

2. If free residual chlorine is present , 0.0ml (1 drop) of O.I.N 

thiosulphate solution is added. 

3. 2 drops of methyl orange indicator is added. 

4. These contents are titrated against 0.02n hydroxide solution. 

The point noted when colour changes from orange red to yellow. 

5. Then two (2) drops of phenolphthalein indicator is added and 

titration continued till a pink colour just develops. The volume of 

the titrate used are noted down. 

Acidity in mg/l as CaCO3 =  

Where A = ml of NaOH titrate 

    B = Normality of NaOH 

    V = ml of the sample 

 

3.6 DETERMINATION OF HEAVY METALS USING ATOMIC 

ABSORPTION SPECTROMETER 

3.6.1 Principle of Atomic Absorption Spectrometer (AAS) 

Working principle: Atomic absorption spectrometer’s working 

principle is based on the sample being aspirated into the flame and 
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atomized when the AAS’s light beam is directed through the flame 

into the monochromator, and onto the detector that measures the 

amount of light absorbed by the atomized element in the flame. Since 

metals have their own characteristics absorption wavelength a source 

lamp composed of that element is used, making the method relatively 

free from spectral or radiational interference. The amount of energy of 

the characteristics wavelength absorbed in the flame is proportional 

to the concentration of the element in the sample. 

Procedure: The sample is thoroughly mixed by shaking, and 100ml of 

it is transferred into a glass beaker of 250ml volume. The sample is 

aspirated into oxidizing air-acetylene flame or nitrous oxide acetylene 

flame. When the aqueous sample is aspirated, the sensitivity for 1% 

absorption is observed. 

Apparatus:  

� FS240 Varian Atomic absorption spectrometer 

� Nitrous oxide oxidant gas 

� Acetylene gas 

� Air oxidant gas 

� Distilled water 

� Conical flask 

Reagents 

� 1000ppm Lead standard solutions 

� 1000ppm Iron standard solution 

� 1000ppm Arsenic standard solution 

� 1000ppm Nickel standard solution 

� 1000ppm Cadmium standard solution 
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� 1000ppm Chromium standard solution 

� 1000ppm Vanadium standard solution 

� 1000ppm Manganese standard solution 

 

3.6.2 Preparation of working solutions 

� Iron working solution 

� 100ppm of Fe working solution was first prepared in 100ml of 

distilled water 

 

Calculation 

C1V1 = C2V2 

C1 = Concentration of the working solution = 100ppm 

V1 = Volume of distilled water used to prepare he working solution = 

100ml 

C2 = Concentration of zinc stock solution = 1000ppm 

V2 = Volume of stock that will be used 

  

This method is applicable to reagents outlined above in the 

determination of results. 

 

3.6.3  Iron 

Iron was determined by EPA phenatrolinre method 315B using 

HI83200 multipara meter bench photometer at a wavelength 525mm. 

10ml of the sample was poured into two (2) separate sample cell 

bottles. One was used as blank to zero the photometer and one (1) 

sachet of HI93721-0 reagent was added to the second sample cell 
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bottle and was swirled to mix properly. It was then inserted into the 

cell compartment and timed for 3 minutes. At the end of the count 

down, the Read button was pressed to display the result in mg/l of 

iron. 

 

3.6.4. Manganese 

Manganese was determined through the adaptation of the standard 

methods for the examination of water and waste water otherwise 

known as periodate method. This was done using the HI83200 

multipara meter bench photometer at a wavelength of 525nm.10ml of 

the un-reacted sample was filled in the 10ml cuvette up to the mark. 

This is the blank and was placed into photometer holder or 

compartment the lid. The zero button was pressed to display “0.0” 

and now ready for measurement. it was removed and HI93709A 

citrate reagent was added, first, mixed gently for 2 minutes and 

HI93707B-0 sodium periodate agent was then added next. This was 

shaken again for 2 minutes was then re-inserted again into the 

instrument and the timer was pressed to display the countdown for 

90 seconds. After which the READ button/key was pressed to display 

the result in mg/l of manganese.  
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CHAPTER FOUR 

4.0        RESULTS AND DISCUSSION 

4.1 RESULT PRESENTATION 

Table 4.1: Table showing Result of Metal analysis in the six oil 

producing communities 

PARAMETER 

mg/l 

WHO 

STANDARD 

 

OBIRIKOM 

Location 1 

 

OBITE 

Location 2 

OBIEBE 

Location 3 

OGBOGU 

Location 4 

OBAGI 

Location 5 

OBIGWE 

Location 6 

Phosphate 

(PO3-4) (mg/l)  

5 26.7 86.8 7.1 6.75 6.0 5.33 

Phosphate (P) 

(mg/l)  

0.08 20.1 64.8 5.3 5.4 5.1 0.05 

Phosphate 

(P2O5) (mg/l)  

0.3 8.7 28.4 2.3 2.1 2.0 0.20 

Calcium 

Hardness 

(CaCO3) (mg/l) 

150 0.38 0.01 0.00 0.001 0.00 0.00 

Lead (mg/l) 0.05 1.55 0.30 0.00 0.002 0.001 0.00 

Iron (mg/l)  0.3 0.21 0.36 0.22 0.20 0.15 0.24 

Arsenic (mg/l)  0.01 0.270 0.050 0.530 0.52 0.58 0.01 

Nickel (mg/l)  0.05 0.066 0.10 0.000 0.00 0.00 0.00 

Cadmium 

(mg/l)  

0.003l 0.095 0.036 0.083 0.42 0.31 0.1 

Chromium 

(mg/l) 

0.005 0.137 0.282 0.193 0.1094 0.0293 0.003 

Vanadium 

(mg/l) 

0.01 8.75 8.10 8.01 8.001 7.70 7.10 

Manganese 

(mg/l) 

0.04 0.0061 0.0083 0.0065 0.0031 0.0021 0.0011 
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Table 4.2: Table showing result of physicochemical parameters in 

the six oil producing communities  

 

PARAMETER 

WHO 

STANDARD 

OBIRIKOM 

Location 1 

OBITE 

Location 2 

OBIEBE 

Location 3 

OGBOGU 

Location 4 

OBAGI 

Location 5 

OBIGWE 

Location 6 

pH 6.5-8.5 3.7 3.1 4.0 8.15 7.21 6..95 

Temperature 

(oC) 

< 35 25 27 26 30 29 24 

Turbidity 

mg/l 

10 12.34 9.05 11.44 11.05 10.15 5.14 

Conductivity 

((s/cm) 

250 391 270 210 209 195 180 

Oil and 

Grease, 

mg/l 

0.05mg/l 0.267 0.000 0.141 0.21 0.11 0.01 

Total 

dissolved 

solid 

300-600 831 710 690 600 640 297 

Total 

hydrocarbon  

<0.01mg/l 9.0 8.3 7.65 5.40 5.10 0.10 
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4.2 WHO STANDARD FOR HEAVY METALS 

Table 4.3: Showing permissible World Health Standard (W.H.O.) 

S/N Metal  Highest Desirable  Maximum permissible  

1 Iron mg/l 1.0 3.0 

2 Copper mg/l 0.5 2.0 

3 Zinc mg/l 1.0 3.0 

4 Lead mg/l 0.4 0.4 

5 Nickel mg/l 0.01 0.02 

6 Chromium mg/l 0.05 0.05 

7 Cadmium mg/l 0.003 0.03 

8 Arsenic mg/l 0.01 0.01 

9 Barium mg/l 0.05 0.05 

10 Mercury mg/l 0.001 0.001 

11 Antimony mg/l 0.01 0.02 

12 Tin mg/l 0.01 1.0 

13 Selenium mg/l 0.01 0.01 

14 Manganese mg/l 0.4 0.4 
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4.3 INTERPRETATION OF RESULTS  

The results of all the parameters were compared with the values of 

the World Health Organization (WHO) set standard, to determine the 

distribution of heavy metal in the groundwater of 

Ogba/Egbema/Ndoni L.G.A River State.  
 

The method of result presentation used is comparison of each 

variables of the  result across the six locations. 
 

 

 

4.4 PHYSICOCHEMICAL  PARAMETERS 

The results of the physiochemical gave insight to the ground water 

quality of the study area. All the samples were observed to be 

colourless and odourless.  
 

 

4.4.1 pH  

pH scale 

The acidity and alkalinity of substances were measured using a pH 

scale of number from 0 to 14. A solution of metal concentration with 

a pH value of 7 is neutral i.e neither acidic nor alkaline. A solution 

with pH value less than 7 is acidic, while the one with value more 

than 7 is alkaline. Acidity increases with decreasing pH values, while 

alkalinity increases with increasing pH values as shown in Figure 4.1, 

the pH values results are 3.7, 3.1, 4.0, 8.15, 7.2, 6.95 for locations 1, 

2, 3, 4, 5 & 6 respectively. 
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Figure 4.1: Graph showing pH against sample locations 

 

The pH value of locations 1,2,3, shows acidity  while locations 4 

and 5 indicates more alkaline nature of the ground water . While 

location 6 is the control and has the pH of almost neutral at 6.595. 

the acidic nature of the water samples could be attributed to the 

activities of the oil exploration and exploitation industries in the study 

locations. 

The pH is also temperature dependent and the overall 

temperature of the six locations ranges from 25 to 300C at the time of 

the sample collection. The result from locations 4 and 5 indicates 

more alkaline nature of the groundwater of these locations  
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4.4.2 Turbidity 

The turbidity values of the water sample were above the 

recommended limits of  10mg/l in all the locations except in the 

location serving as the control for the experiment. The turbidity 

values of borehole water from the six locations ranges from 5.4mg/l 

tp 12.3 mg/l. the lowest turbidity of 5.14mg/l was obtained in the 

control location (6). 
 

Generally, turbidity is related to the concentration of dissolved 

substances in the water which may include ionic substances from the 

crude oil and gas exploration and exploitation going on within the 

locations. the higher the turbidity the greater the concentration of 

dissolved substances in the water and vice versa.  

 

4.4.3 Conductivity 
 

The conductivity values of the samples ranged from 210µs/cm to 

391µs/cm-1 with the order of magnitude Locations 1 > 2 > 3> 4 > 5 > 

6. This is due to the presence of large amount of ionic substance 

resulting from increased degree of ionization.  
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Figure 4.2: Graph showing temperature, turbidity and  

 conductivity  against locations 

 

4.4.4 Total dissolved solid 

The total dissolved solid concentration decreased with increase in the 

distance of water sample source from the crude oil exploration and 

exploitation sites.  
 

As the crude oil exploration and exploitation continues in Ogba/ 

Egbema/ Ndoni local government area, its total dissolved solid values 

of the ground water will continuously increase thereby making the 

value of total dissolved solid of the groundwater above the acceptable 

limit as recommended by WHO, (1976). 
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Figure 4.3: Graph showing total hydrocarbon and total  

hardness against location 

 

4.4.5 Total hydrocarbon  
 

Total hydrocarbon values for the six water samples from the study 

area were above the permissible limit of < 0.01m/l by WHO, (1976). 

The total hydrocarbon concentrative of the various samples obtained 

in the six different locations indicate high concentration of this 

parameter. This can be attributed to the transportation of the crude 

oil discharge into the pond system for treatment. Similarly, it can be 

attributed to lack of adequate treatment of waste water generated as a 

result of crude oil exploration and exploitation in Ogba/ Ndoni/ 

Egbema Local Government Area. 

The higher concentration of total hydrocarbon can also be attributed 

to loss of crude oil during oil exploitation and exploration process 
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with associated spillage. Again, the concentration of total 

hydrocarbon decreases with increase in distance from the source of 

pollution. 

 

4.4.6 Oil and grease  

The presence of oil and grease may be attributed to the activities of oil 

operators, household consumption and automobile shop within the 

study area, such that an unavoidable amount of hydrocarbon was 

released into the ground water of Ogba/Ndoni/Egbema Local 

Government Area. 

The samples of the five locations have concentration value of 

oil/grease above the permissible limit of 0.05 except location 6 which 

serves as the control for the research. The concentration is highest in 

locations 1&4 followed by that of location 3&5.  

 

 

Figure 4.4: Graph showing oil and grease against locations 
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4.5 HEAVY METALS 

4.5.1 Phosphate  
 

The result obtained for the water samples were observed to contain 

phosphate in all the samples. The concentrations were worrisomely 

high in the locations 1 and 2, while the value for the rest of the 

locations ranged from 5 to 7mg/l. (Fig. 4.5) values for phosphate in 

the water samples were above the WHO permissible limit of 5mg/l.  

 

Figure 4.5: Graph showing phosphate against locations 
 

Implications  

It is an established fact that natural occurrence of phosphate in water 

is minimal, therefore its existence in water is antropogenically 

influenced. Phosphate is a common constituent of industrial 

effluents. Its presence in surface water enhances Eutrophication. 

Phosphate ion gets attached to soil particles and leach into the 

aquifer by filtration and contaminates the ground water.  
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Ingestion of excess phosphate can cause health problems such as 

kidney damage and Osteoporosis, white phosphate causes nausea, 

stomach cramps and drowsiness.  

 

4.5.2 Iron 
 

The result shows that iron was present in all the locations. The 

appearance of iron in all the water samples may not be unconnected 

with the already establishes fact that iron is a major component of the 

earth crust (Giwa et al, 2007). Though iron being relatively abundant 

in nature has no contamination/pollution index in the list of 

standards formulated by Directorate for Petroleum Resources in 

Nigeria also excludes iron (Giwa et al, 2007). 
 

The high concentration of iron in location 2 borehole water sample 

could be attributed to the exploitation and exploration activities 

prevalent in the area as a result of the gas plant located in the 

community.  
 

Implications 

Ingesting dietary iron supplements may acutely poison young 

children. The adverse effect of iron may cause conjunctivitis and 

retinitis if in contact and remain in the tissues (Ukpaka, 2007). 
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4.5.3 Lead 

Lead is another heavy metal studied with appearance above 

permissible limit of 0.05mg/l in the water sample from locations 1&2 

and has values below the limit in that of locations 4&5. The water 

samples of locations 3&6 are free from the metal. It was reported that 

lead has the highest composition of heavy metal in waste oil 

(Anonymous, 1995).  

 

Implications 

Lead is a common industrial metal that has become widely spread in 

air, soil, food and water. Inhalation of lead fumes or dust causes 

abdominal pains and vomiting. The significant concentration of lead 

in this study may be due to the pressure of discarded waste from the 

oil industries within the sampled area and its high usage in the form 

of tetraethyl lead as an anti-knocking agent in the petroleum 

industry. 
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Figure 4.6: Gragh showing lead, iron and Arsenic against  

locations 

 

4.5.4 Arsenic  

Arsenic is one of the metals known to be highly injurious to human 

health particularly if they exist in high proportion. 
 

Arsenic was also found in all the water samples analyzed in abnormal 

proportions. Location 5 has the highest occurrence with value 

0.58mg/l, followed by locations 3 and 4 with values 0.53mg/l and 

0.27mg/l respectively. Location 6 is free from this metal since the 

permissible limit was not exceeded in this location.  
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Implications  

It can be deduced from the analysis that the borehole water from the 

five locations are unsuitable for dinking. Long term expose to arsenic 

in drinking water is causally related to increased risks of cancer in 

the skin, lungs, bladder and kidney, as well as other skin change 

such as hyperkeratosis and pigmentation changes. (Source: 

Environmental health criteria for Arsenic and Arsenic compounds 

EHC 224, Chapter1:Summary, Section 7). 

Soluble inorganic arsenic is acutely toxic, and ingestion of large 

doses leads to gastrointestinal symptoms, disturbances of 

cardiovascular and nervous system functions, and eventually death. 

                              

4.5.5. Nickel  

Nickel was found to be present in locations 1&2 water samples above 

the permissible limit of 0.05mg/l. The value obtained from the two 

samples were 0.66 and 0.10mg/l respectively. 

The occurrence of nickel in the waters samples makes it unsuitable 

for drinking as the value exceeded the limit of 0.05mg/l set by the 

WHO. A probable reason for the occurrence maybe due to pollution 

owing to the exposure of groundwater to metal objects and materials 

since the study area are exposed to oil and gas exploration and 

exploitation activities. 
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Implications  

Humans are exposed to Nickel by drinking water and other food 

items. An uptake of large qualities of Nickel has some ill 

consequences, higher chances of development of lungs cancer, nose 

cancer, prostrate cancer, lung Embolism, Respiratory failure. Birth 

defects, Asthma and Chronic bronchitis. Allergic reactions such as 

skin rashes, and health disorder. The National Toxicology  Program 

(NTP) has listed Nickel and Nickel compounds, as being reasonably 

anticipated to be carcinogens (Water treatment solutions Lenntech) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Graph showing nickel, and cadmium against  

 locations 
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4.5.6 Cadmium   

Cadmium has atomic mass of 112.4g mol-1 with density of about 8.7g 

cm–3 at 20oC was detected in all the locations with the highest 

concentration level in locations 1 and 3. The least concentration was 

found in location 6. The irregularities in distribution of the metal may 

be attributed to either human activities in these different locations or 

the sediments composition. It enters the groundwater through 

weathering and erosion of soils and bedrocks or direct discharge from 

industrial operations. It can as well enter the groundwater from 

landfills and contaminated sites (WHO 1992). Cadmium can be 

transferred to a considerable distance up to 50km from the source 

(WHO 1992) (Source; International Cadmium Association – ICDA) 

 

Implications  

Cadmium accumulates in the kidney, where it damages filtering 

mechanism, it causes Diarrhoea, Bone fracture, Reproductive failure 

and infertility, Damage to the Central Nervous System, Damage to the 

immune system, Psychological disorder and cancer development 

(Water Treatment Solution LENNTECH). 

 

4.5.7 Chromium 

The values of chromium in all the sampled locations is quite high 

apart from the modeled sample of location 6. It was observed to be 

highest in location 2 and lowest in location6 (Fig. 4.9). The 

appearance of chromium in location 6 though within the permissible 

limit of 0.05mg/l, is as a result of natural processes.  
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  Figure 4.8: Graph of the vanadium against locations 

 

 

The presence of chromium in locations 1 to 5 is an indication of the 

exploration and exploitation activities taking place in these areas. 

Electroplating which is also an activity employed by the oil companies 

to avert metal corrosion increases the concentration of chromium in 

groundwater.  

 

Implications 

High dose of chromium in water is toxic and causes ulceration 

dermatitis, skin rashes etc. 
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4.5.8 Manganese  

The concentration of Manganese in all the sampled location shows 

that, the metal’s presence in the ground water of the studied area is 

negligible. It was observed that the value for manganese was far below 

the set standard of 0.4mg/l by WHO. 

 

 

 

 

 
 

Figure 4.9: Graph showing manganese and chromium against  

 locations 
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4.6 DISCUSSIONS 
 

The study discovered from the physiochemical parameters that the 

groundwater of the study area was acidic in some areas and alkaline 

in others. This indicates the present of organic contamination from 

the hydrocarbon as a result of oil activities generally (Nwankwoala et 

al., 2012). 

The temperature was observed to be moderate in all the sampled 

locations it ranged between 25 to 3000c at the time of sample 

collection. Also the turbidity of the water samples showed reasonable 

significance, it is a known fact that turbidity is related to the 

concentration of dissolved substances in the water. The higher the 

turbidity the greater the concentration of dissolved substances in the 

water (Feefegha, 1992). 

The conductivity values were high in all the locations. This is as a 

result of increased rate of ionization. 

The total dissolved solid was found to be significant in all the water 

samples. It was also observed that the concentration decreases with 

increase in distance from the contaminant source.  

Total hydrocarbon values for the samples analyzed was found to be 

above the WHO limit of <0.01mg/l, this could attributed to the 

transportation of crude oil discharge into the surface water or lack of 

adequate treatment of waste water generated as a result of crude oil 

exploration and exploitation within the study area (Ukpaka, 2007). 
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Oil and grease were observed to appear in all the locations because of 

the activities of the oil operators, and automobile shops that releases 

doses of hydrocarbon into the ground water of the study area. 

Again the study found that there were occurrence of all the heavy 

metals analyzed for in the borehole water samples of locations 1-5 

though some traces were found in the control location i.e. location 6. 

The implication of this finding is indeed grave and fundamental given 

the fact that groundwater appears to be the major source from which 

water is obtained in the study area. 

By way of assessment of the distribution of the metals and 

psychochemical parameters, most of the location had concentrations 

of the metal above the WHO set standard for groundwater especially 

locations 1,2,3,4 and 5 location 2 has the highest concentration of 

phosphate, head, Iron, chromium and varadium. 

This can be directly attributed to either the nearness of the locations 

to the oil exploration and exploitation zone or low depth of the water 

wells. Owing to the importance of groundwater, in all aspect of life. 

Heavy metal concentration in groundwater should be given prime 

attention.  

The result reveals that the water quality status of 

Ogba/Egbema/Ndoni Local Government Area is adversely affected 

with exploration and exploitative activities prevalent in the study 

area. Turbidity which relates to the amount of materials present in 

groundwater (Sango, 1991), is observed to be high in some sampled 

location as a result of input of wastes from the oil companies. 
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CHAPTER FIVE 

5.0        CONCLUSIONS/RECOMMENDATIONS 

 

5.1 CONCLUSIONS 

The result obtained from this study showed variation in pH values for 

all the water samples. The acidic nature of the water samples 

analyzed indicates high tendency of the availability of heavy metals. 

The higher values obtained for heavy metals in the study can be be 

attributed to increased rates of industrialization and oil 

exploration/exploitation activities within the area.  

Finally, variation in the distribution and concentration of the heavy 

metals within the study area may be attributed either to human 

activities (oil exploration and exploitation) in these different locations 

or the sediments composition. These metals enters the groundwater 

through weathering; erosion of soil and bedrocks or direct discharge 

from industrial operations (WHO, 1992). Heavy metals can be 

transferred to a considerable distance up to 50km from the point 

source. 

 

5.2 RECOMMENDATIONS 

 This research has shown that the negative impact of oil exploration 

activities in the research area greatly outweighed the benefits derived. 

The enormous exploration and exploitation of petroleum reserves in 

the Niger Delta and especially in Ogba/Egbema/Ndoni Local 

Government Area of Rivers State have imposed several social, 

economic and health cost on the people, therefore this research 
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recommends that groundwater treatment technologies for heavy 

metasl contaminated sites be adopted to mitigate this effect.  

Again, the high phosphorous content of the groundwater of the study 

area should be addressed using biological and chemical treatment 

technologies for phosphorous contaminated locations in the study 

area. 

Well equipped health care centre should be built in these areas to 

monitor and control the health hazard caused by oil pollution, Again, 

there is the need for agencies responsible for public health in the 

rural areas to mount public enlightenment campaign on how to treat, 

store and preserve water obtained from boreholes. 

Furthermore mechanism must be put in place to ensure that the 

existing boreholes are properly maintained so that they can yield 

portable and sufficient water for the consumers as when needed. 

Further investigations should be carried out by medical 

environmental practitioners to ascertain the level of heavy metal 

induced diseases within the study area and develop suitable 

mitigation approaches. 

Also it is hoped that the findings from this analysis can break the 

decades of deadlocks in the region and provide the foundation upon 

which trust can be built and action undertaken to remedy the 

multiple health and sustainable development issues facing the people 

of Ogba/Egbema/Ndoni Local Government Area River State. 
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