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ABSTRACT 
Oil spill pollutes not only the river but the environment including the soil, 
through sabotage; inadequate of non-functional production equipment and total 
corrosion of pipes and tanks. The current study investigated the presence and 
levels of total petroleum hydrocarbon contents (THC) on edaphic variables in 
an oil spill impacted area near a flow station in Odagwa Etche, Rivers State, 
Nigeria. Soil samples were collected with stainless hand auger from 0-15cm and 
15-30cm stored in sterile aluminum foils and polythene bags from the five 
sampling points IMRC, IMR1, IMR2, IMR3 and IMR4. In which the unpolluted 
(control) was taken 3km away from spill site against the direction of flow of 
drainage.  Descriptive statistics, Variation plots, Single factor ANOVA, means 
plots and Pearson correlation were used to analyze data. Total petroleum 
hydrocarbon content, pH, Electrical conductivity, Carbon/Nitrogen ratio, 
Average phosphorus and potassium ranged as follows:  17.20-8051.40 (2435.81 
± 924.50) mg/kg ,4.60-6.40 (5.52 ± 0.17), 28.00-78.00 (45.20 ± 5.52) µS/cm, 
14.00-92.50 (47.09 ± 8.60),9.00-40.20 (24.72 ± 3.98)µg/g and 55.00-90.00 
(68.56 ± 3.14)mg/kg respectively, whereas Organic carbon 0.70-5.16 (2.65 ± 
0.48) %,Total Nitrogen 0.04-0.08 (0.06 ± 0.004)%, Sulphate 2.70-7.30 (4.80 ± 
0.44)µg/g,  Sodium (Na+)0.20-2.40 (0.78 ± 0.19)mg/kg,   Calcium (Ca2+) 0.60-
2.00 (1.30 ± 0.15)mg/kg, and Magnesium (Mg2+) 0.60-2.00 (1.30 ± 0.15)mg/kg. 
THC correlated with organic carbon (r=0.750) and carbon/nitrogen ratio 
(r=0.641). The THC in impacted soil contributed significant difference 
(Sig.F=0.000) in edaphic variables across the sampling points at P<0.05. The 
textural classification of the soil revealed that sand dominated the soil profile 
46.00-76.00 (59.20 ± 3.31) % and this could predispose the groundwater aquifer 
to pollution from surface point source. Government and oil companies should 
fund adequate projects that would ensure the reclamation of hydrocarbon 
polluted Agricultural lands, to educate individuals, cooperate bodies etc on how 
to use their natural resources efficiently. 

Keywords: Oilspill, Total Petroleum Hydrocarbon Content, Etche, Imo River, 
Edaphic variables. 
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CHAPTER ONE 

1.0                                                   INTRODUCTION 

1.1     BACKGROUND OF STUDY 
            The thesis deals with the impact of oil spill on edaphic variables of soils in 

Imo River flow station that is in this context the oil spill pollutes not only the river 

but the environment including the soil. By this pollution is the introduction of 

harmful substances or products (contaminants) into the normal environment that 

causes adverse change. Pollution can take the form of energy or chemical 

substance such as noise, heat or light. 

Forms of pollution  

The major forms are  

a) Air pollution includes the release of particulates and chemical into the 

atmosphere. Such as carbon monoxide sulfur dioxide, chlorofluorocarbons 

(CFC) and nitrogen oxides produced by industry and motor vehicles. 

Photochemical ozone and among are created as nitrogen oxides and 

hydrocarbons react to sunlight. 

b) Noise pollution which includes roadway noise, aircraft noise, industrial 

noise as well as high-intensity sonar.  

c) Soil contamination which occurs when chemical is released by spill or 

underground leakage. The most significant soil contaminations are 
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hydrocarbon, heavy metals, MTBE herbicides, Pesticides and chlorinated 

hydrocarbons  

d) Radioactive contamination which resulted from the 20th century activities in 

atomic physics such as nuclear power generation and nuclear weapon 

research manufacture and deployment.  

e) Water pollution by the discharge of waste water from commercial and 

industrial waste into surface waters discharges of untreated domestic 

sewage, and chemical contaminants such as chlorine from treated sewage 

release of waste and contaminants into surface runoff flowing to surface 

water.  

Oil spill is the release of a liquid petroleum hydrocarbon into the environment 

especially marine areas due to human activity and in form of pollution. The term is 

usually applied to flow station (or marine) oil spill where oil is released into ocean 

coastal waters, but spills may also occur on land (environment).   

Oil spills may be due to releases of crude oil from tankers offshore platforms, 

drilling of wells as well as spills of refined petroleum products as such as gasoline, 

diesel and their by-product, heavier fuels used by large ships such as bunker fuel or 

the spill of any oily refuse or waste oil in the environment. Many flow stations in 

oil –producing communities in Nigeria especially Etche Rivers State in the Niger 

delta have been suffering from the after effects of oil spillage. The accidental 

discharge of petroleum product on soil or water surfaces is termed oil spill. Oil –
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spill pollution has been hazardous and problematic worldwide (Vincent, 1980).The 

Nigerian National Petroleum Corporation (NNPC) in 1986 reported that a total of 

about 5,000 barrel of crude oil was spilled from Nigerian Agip oil company 

(NAOC) pipeline near Oshika in rivers state in august 1983 (IPS,RUST,1986). 

Analysis of the oil sample from the affected environment showed that the organic 

content of the soil in polluted area was slightly higher and there was also slight 

increase in soil acidity. Recorded incidence of oil spill near a flow station show 

that a lot of problem have arisen as a result of it. A lot is being spent by affected 

countries in the cleaning of spills. United States of America for example spends 

millions of dollars in the control and cleaning of oil spills (API 1975) lives have 

been lost as a result of disease caused by oil spill issues in Nigeria have been very 

contentious with local communities in needed for the sources, extent and responses 

to contamination in affected areas to be controlled.  

Risk assessments have emerged as a result of worldwide interest in different 

aspects of hazards.  

Asserts that involves the identification of hazards, estimating the threats may pose 

to humanity and the environment and the evaluation of such risk in a comparative 

perspective (Mitchell 1989).  

Etche, an oil producing community in Rivers State has had several incidences of 

oil spill in the environment. Property worth of millions of naira has been lost as a 

result of these spillages.  
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Oil spill in the environment is a common event in Nigeria and occur due to a 

number of causes including.  

i. Sabotage  28% and  

ii. Oil production operation (21%) of the spills being accounted for by 

inadequate of non –functional production equipment.  

iii. The largest contribution to the oil spill total corrosion of pipes and tanks, in 

the rupturing or leaking of production infrastructures that are describes as “very 

old and lack regular inspection and maintenance a reason that corrosion                                                                    

accounts for such a high percentage of oil spill is that as a results of the small 

size of the oil fields in the Niger Delta there is an extensive network of 

pipelines between the fields as well as numerous small network of flow lines 

the narrow diameter pipe that carry oil well heads to flow stations allowing 

many opportunities for leaks in on shore areas most pipelines and flow line are 

laid above ground.  

Sabotage is performed primarily through what is known as “bunkering” whereby 

the saboteur attempts to tap the pipeline. In the process of extraction sometimes the 

pipeline is damaged or destroyed. Sabotage and theft through oil siphoning has 

become a major issue in the Niger River Delta States as well as contributing to 

further environmental degradation damaged lines may go unnoticed for days and 

repair of the damage pipe takes even longer oil siphoning has become big business, 

with the stolen oil quickly making its way into the black market. While the 
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popularity of selling stolen oil increase, the number of deaths are increasing 

December 2006 more than 200 people were killed in the Lagos region of Nigeria in 

an oil line explosion.  

Nigerian regulation of the oil industry is weak and rarely enforced allowing in 

essence, the industry to self regulate. 

Oil spillage has a major consequence and impact on the ecosystem into which it is 

released and may constitute ecocide. Immense tracts of the mangrove forest which 

are especially susceptible to oil have been destroyed. An estimated 5 to 10% of 

Nigerian mangrove ecosystems have been wipe out either by settlement or oil. The 

rainforest which previously occupied some 7,400km2 of land has disappeared as 

well.  

Spill in populated areas destroying crops and aquacultures through contamination 

of the groundwater and soils. The consumption of dissolved oxygen by bacteria 

feeding on the spilled hydrocarbons also contributes to the death of fish. In 

agricultural communities often a year’s supply of food can be destroyed 

instantaneously.   

 

 

 



 
 

6 
 

1.2 STATEMENT OF THE PROBLEM 
        The wide spread incidences of oil spills caused by the corrosion of pipes, 

tanks leakages infrastructures decay and sabotage in Niger delta areas especially 

Etche in Rivers State result in many instances of soil and water contamination. The 

disposal of organic and inorganic wastes on agricultural soils, wastewaters and 

wastes from everyday operation at outlet has contributed to the pollution of water 

and soil.  

In general, oil spills presents problem that affects the economic activities, human 

health, conservation of natural resources, the ecology and the aesthetic values of 

the areas. 

1.3 AIM AND OBJECTIVES  
         The aim of this research is to determine the presence and levels of Total 

petroleum hydrocarbon content of soils in odagwa, Etche Rivers State considering 

the following objectives;        

1. To determine total petroleum hydrocarbon (THC) contents in the soils of the 

study area. 

2. To determine the other edaphic variables in the study area. 

3. To determine the influence of crude oil on the edaphic variables. 

4. To determine possible spatial variations in levels of the edaphic variables. 

 



 
 

7 
 

1.4 JUSTIFICATION 
       This study is timely because there is need for knowledge on the control 

of oil spills on soil or water and for a better understanding of the remedial 

measure that may be required after oil spillage. 

1.5 SCOPE AND DELIMITATION  
            The study focused on the evaluation of the impact of oil spill on edaphic 

variables of soils in the Imo River flow station in Odagwa Etche, Rivers State. It 

was carried out on May 2012. In doing this, trace metals such as Ca2+, Na+, SO2-
4, 

Mg2+, K+ as well as other physicochemical parameters such as pH, sulphate ions, 

phosphate ions, total nitrogen, organic carbon and Electrical conductivity were 

determined in soil samples collected on the spill site.  

1.6 SIGNIFICANCE OF STUDY 
             The significance of this study cannot be over overemphasized, especially 

in the face of increasing industrialization and urbanization in the environment. 

Consequently, results from this study could serve as; 

1. A guide to highlight the hazards or dangers associated with oil spill on 

Agricultural soil.  

2. A means to draw government’s attention to enforce legislation on oil spill 

guidelines as regards the Shell Petroleum Development Company (SPDC) 

and other companies. 
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3. A medium to provide relevant data to the companies as a basis for advising 

their management to install an effective, functional and efficient oil spill 

remedial method in preference to the current management method used. 

4. A medium to suggest a good way of protecting oil pipe lines which could 

serve as a reference in improving the economy of the country. 

5. A means to provide necessary information to government health workers in 

a bid to policing a sound and healthier environment for the people of Etche 

in particular and the State in general. 

1.7 LIMITATION OF STUDY 
The major limitations of this study: 

i. To have direct access to the spill point  

ii. Cost of laboratory analysis 

iii. Interacting with the local community dwellers 

iv. Transportation cost      
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CHAPTER TWO 

2.0                                                 LITERATURE REVIEW 

2.1 ENVIRONMENTAL POLLUTION 
          The environment could be defined as the combination of external or extrinsic 

conditions that affect, either directly or indirectly, the growth and development of 

organisms and the well being and activities of man NNPC, (1995). 

Environment impacts of oil discharge may occur as a result of obstruction, debris 

discharges and physical interruption. 

According to Sharma et.al.(1980) environmental pollution has adverse effects on 

plant growth and these may range from morphological abbreviation, reduction in 

biomass to stomata abnormalities. 

2.2 PAST WORKS CARRIED OUT IN THIS AREA 
            All over the world there has been a lot of effort to analyze the effect of oil 

spill in the environment where it occurs. Most of these studies were done during 

actual spill events while others were in the course of monitoring studies on non-

spill state of pollution of the environment. There has been quite a lot of impressive 

literature on oil spill, which would be cited. 

According to Achuba (2006) studied the effect of crude oil contaminated soil at 

various sublethal concentrations on growth and metabolism of cowpea (vigna 

unguiculata) seedlings. The results showed that crude oil induced environmental 

stress in the seedlings. Agbogidi et al. (2006) results showed oil spill on soil has 
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significant effect on the growth of plants. Abii and Nwosu (2009) studied two oil 

spill affected areas (Ogali and Agonchia) while an unaffected area (Aleto) all in 

Eleme L.G.A, Rivers State was used as control.Idodo-Umeh and Ogbeibu (2010) 

investigated the bioaccumulation of heavy metals in cassava tubers and plantain 

fruits grown in soils impacted with petroleum and non-petroleum activities in 

olomoro in Isoko South L.G.A of Delta, Nigeria. 

2.3 OIL SPILL AND THE ENVIRONMENT 
                   Crude oil contamination and oil spillage are ways in which human 

activities have affected our natural ecosystem, and crude oil spills and the 

continuous release of contaminated oil effluents and untreated domestic oil waste 

products have also been reported as threats to the integrity of the environment. The 

1972 environmental impact statement had singled out oil spills as being the 

greatest threat to the environment (Plummer et al., 2005). In Nigeria, immense 

tracts of the mangrove forests, which are especially susceptible to oils, have been 

destroyed.  

An estimated 5-10% of Nigerian mangrove ecosystems have been wiped out either 

by settlement or oil. Spills in populated areas often spread out over a wide area, 

taking out crops and aquacultures through contamination of the groundwater and 

soils (Petroleum in Nigeria, 2008). Also, disused engine oil (waste oil) is released 

into the environment recklessly without regulation. Often, most mechanic 

workshops and vehicle repair units pour away disused engine oil on any available 
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land space and/or drainage systems without any knowledge of its consequences. 

Field studies revealed that because of scarcity of land in most urban cities in 

Nigeria, mechanic workshops and/or villages are located on cleared dumpsite. 

Grasses (in some cases shrubs and trees) do not grow on these sites because of the 

effects of oil spillage. On road sides, vehicle breakdown are rampant and disused 

oil from such vehicle is poured away into the immediate surroundings. In some 

countries like US where there are regulations, studies and management strategies 

for petroleum contaminated sites, it was reported that capabilities to remediate 

hydrocarbon contaminated sites have not increased significantly and reports also 

indicate that it is difficult and expensive to detect and monitor such sites (Halihan 

et al., 2005). The spills are sources of worry, because, an oil spill at a place if it 

eventually finds its way into organisms (benthic animals, as well as organisms 

which have a close link with sediments) will serve as transfer pathways of its 

accumulation in that organism to the higher trophic levels (Naidu et al., 2006). 

Contamination of soils by oil is also worrisome because such environmental 

pollutants (including trace metals, organics and radionuclides) rarely occur alone 

and sources contributing to their contamination often contain a mixture of 

contaminants (Salbu et al., 2005). Since ingestion is recognized to be the main 

exposure routes for humans to soil contaminants (Scott and Dean, 2005), it means 

that these contaminants can either be ingested through the consumption of 

unwashed fruits or vegetables grown on contaminated land or by the hand to mouth 

contact of children playing on polluted ground. Voluntary ingestion of soils 
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(locally called nzu (kaolinite) or ụrọ (geophagia) by some people in developing 

countries, particularly expectant mothers, as part of their regular diet was also 

reported by Scott and Dean (2005) and investigations for this study confirmed that 

most women ingest these soils with recommendations from traditional birth 

attendant and some local health workers. However, research into the literature 

reveals that there is a connection between the crude oil contamination and increase 

in trace metal concentration which have been found high around oil production 

facilities in the Beaufort Sea (Newbury, 1997). Although, the exact reasons for 

these increased concentrations of trace metals around offshore oil and gas 

production facilities in the Beaufort Sea were not obvious, it was suggested that 

possible sources of the metals were drilling muds; petroleum, with its metal 

components; and fuel used by supply vessels and the drilling rig (Newbury, 1997). 

Another study suggested that the increased concentration of trace metals in 

sediments of Beaufort Lagoon exposed to natural seepage could be the differences 

in the Mn and Fe contents; clay size particles and content of organic carbon (and 

by implication organic matter) (Naidu et al., 2006). However, an increase in trace 

metal concentration as a result of oil spill will mean increase in concentration of 

toxic trace metal content of the receiving aquatic ecosystem during storm water 

events. The word about trace metal pollution and its impact on living organisms 

(Monperrus et al., 2005), because metal ions could be retained in the ecosystem 

indefinitely (Ancalulia, 1999; Monperrus et al., 2005). Various soil factors have 

been reported that influence the concentration of metals in the sediment and soil 
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systems. According to Rieuwerts et al., (1998), soil factors such as pH, Redox 

potential, soil texture, soil organic matter content and some miscellaneous factors 

as soil temperature have effects on metals in the soil system.  

2.4 TRACE/HEAVY METALS  
              The term heavy metal refers to any metallic chemical element that has a 

relatively high density and is toxic or poisonous at low concentration (Agarwal, 

2009). The term “trace” metals identifies the low concentrations that these 

elements are required for biological utilizations. However, the two terms could be 

inter-used. Example of heavy metals include Mercury (Hg), Nickel (Ni), cadmium 

(Cd), Aluminum (Al), chromium (Cr), lead (Pb), copper (Cu), Arsenic (As), Zinc 

(Zn), iron (Fe), etc. Heavy metals are natural components of the earth’s crust and 

cannot be degraded or destroyed. To a small extent they enter our bodies through 

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 

(Sharma, 2006).However, at higher concentrations, they can result to poisoning. 

Heavy metal poisoning could result, for instance, from drinking water 

contamination (e.g. lead pipes), high ambient air concentrations near emission 

sources (Oghenejoboh, 2005) or intake via the food chain (Aremu et al., 2010).  

Heavy metals are dangerous because they tend to bioaccumulate.  Bioaccumulation 

means an increase in the concentration of a chemical in a biological, compared to 

the chemical’s concentration in the environment. According to Idodo-Umeh and 
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Ogbeibu, (2010), heavy metal compounds accumulate in living things any time 

they are taken up and stored faster than they are broken down (metabolized) or 

excreted.  

Increasing urbanization and technological advancement are twin contributors of 

pollutants, including heavy metals in the environment at high concentrations.  

Soil represents the major repository of trace element over geologic time. On a 

worldwide basis, soil exhibits an average composition close to the crust, but the 

near surface parent materials from which soils are derived are not uniform and soil  

forming processes differ markedly from one climatic region to another (accounting 

for considerable  overall variability in trace metals concentration) (Arun et al., 

2005). Trace metals, such as Cd, Cu, Pb, Cr and Hg are important environmental 

pollutants, particularly in areas with high anthropogenic pressure. Their presence 

in the atmosphere, soil and water, even in traces, can cause serious problems to all 

organisms. Heavy metal accumulation in soils is of concern in agriculture 

production due to the adverse effects on food quality (safety and marketability), 

crop growth (due to phytotoxicity) and environmental health (soil flora/fauna and 

terrestrial animals) (Zhuang et al., 2009).  

The mobilization of heavy metals into the biosphere by human activities has 

become an important process in the geochemical cycling of these metals. This is 

acutely evident in urban areas where various stationary and mobile sources release 

large quantities of heavy metals into the atmosphere and soil, exceeding the natural 
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emission rate (Ogbonna et al., 2009). Heavy metal bioaccumulation in the food 

chain can be highly dangerous to human health. These metals enter the human 

body mainly through two routes namely, inhalation and ingestion; with ingestion 

being the main route of exposure to these elements in human population   (Aremu, 

et al., 2010). Heavy metals in-take by human population through the food chain 

has been reported in many countries with this problem receiving increasing 

attention from the public as well as governmental agencies, particularly in 

developing countries, (Idodo-Umeh and Ogbeibu, 2010).Agarwal (2009) observed 

that heavy metals settled after emission from a zinc smelter. Their deposition 

showed large variation from metal to metal and site to site. The value of iron which 

was even otherwise, present in high concentration ranged from 6940-1315ppm (on 

dry weight basis) because the area is rich in iron ores. Zinc concentrations under 

the influence of zinc smelter emission were highest and varied from 290-1990ppm. 

Manganese and lead content in soil ranged from 200-590ppm and 10-34.5ppm 

respectively, and these were followed by copper (10-77ppm).Aerosols contain 

different toxic metals which fall on the soil and are retained in the top few 

centimeters and are subsequently carried down by leaching, presumably due to 

their interaction with soil colloids (Arun et al., 2005). They are therefore liable to 

be quite persistent in the soil. Once deposited, metal-containing materials are 

subject to chemical and microbial modifications. With metal solubility, ultimately 

approach in the thermodynamic equilibrium with native soil minerals and organic 

matter, the rate and extent of solubilization are governed by the physicochemical 
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properties of the deposited mineral, soil processes and properties (Graig, 

1987).Particulates arising from fossil fuel combustion, metal smelting operation etc 

may be expected to be largely insoluble in soil solution. Hydrolyzable metals (for 

example nickel, cadmium) or metal forming insoluble precipitate with sulphur and 

phosphorous on entering the soil-soluble form may be expected to be rapidly 

solubilized at near neutral pH of most soil due to hydrolysis on dilution and 

subsequent  precipitation on, or reaction with particle surface (Graig, 1987). 

Certain elements (for example iron) may also form precipitates with sulphur or 

phosphorus. Metals with low ionic potential tend to form primarily simple soluble 

ion while metals with intermediate and high ionic potentials tend to form soluble 

complex. Common inorganic complex forming ions in the soil solution include 

CO3
2-, HCO3

- SO4
2-, HS-, OH- and Cl-. Soil microorganism may play an important 

role in this process through the production of soluble ligands with high affinity for 

metals (Arun, et al., 2005).Soil physico-chemical parameters that are most 

important in influencing the solubility of metals include soil composition 

(inorganic or organic), pH, type and density of change on soil colloids and reactive 

surface area (Graig, 1987). These phenomena will be dependent upon soil 

properties, including metal concentration and form; particles size distribution, 

quantity and reactivity of hydrous oxides, mineralogy, degree of aeration and 

microbial activity (Sharma, 2006).           
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Observation shows that the mobility of heavy metals decrease in soil with 

inorganic matter, as compared to the soil will decomposed organic matter. This 

may be due to the high adsorption capacity of the soil organic matter associated 

with clay particles due to clay-meal soil-organic matter interaction (David and 

Peter, 1987). The mobility order observed was Ni < Mn Cr < Cu < pb. This trend 

in the reverse order of their binding capacities with soil organic matter means that 

there will be decrease in mobility (Sharma, 2006). 

Disposal of industrial, as well as domestic sewage sludge and domestic wastes on 

land is a common practice. One of the major problems with land disposal of sludge 

is the likely introduction of heavy metal in the soil.  In general, sludge solution 

appears to increase the mobility of trace element in soil. Increase in mobility of 

trace elements is often attribute to a combination of factors, including 

complexation by dissolved organic, inorganic ligand, high background 

concentration of metals and other ions and high ionic strength of  amended soil 

solution. 

The bioavailability and mobility of metals in soil system are functions of the metal 

species in soil solution and the distribution of metals in the soil solid component 

(Zhuang et al., 2009).  
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2.5 EFFECTS OF TRACE METALS ON SOILS  
            Trace metals are considerable environmental concern due to their toxicity 

and accumulative behaviour (Purves, 1985; Omgbu, 1992). Trace quantities of 

certain heavy elements are essentially assailable and accumulate in ecological 

materials (Nurnberg, 1984) such as soil. According to Kakulu (1985) and Omgbu 

and Kokogho (1993), comprehensive studies of trace metals in various Nigerian 

crude oils have shown them to contain relatively high concentrations of Fe, Cu, Zn, 

Pb and Hg. Associated gases, when flared could release these pollutants as outfalls 

on soil (Ademoroti1996; Ogundipe, 2006) and such could exert adverse effects on 

edaphic variables and biota necessary for soil health (Adesiyan, 2005). The 

contaminants could further infiltrate ground water aquifers (Ogbonna et al., 2006) 

and so pose public health hazards (Ogbonna et al., 2008). A salient case of public 

health danger from trace metals poisoning of the environment is the recent lead 

poisoning reported by the June 26th edition of the Saturday Sun Newspaper; 

whereby many deaths were recorded (and still counting) (Saturday Sun, 2010).  

Contaminated soils could result in decline in crop productivity and sustainability 

(Hart et al., 2005). Trace metals have bioaccumulation potential due to their 

persistence in the environment. This attribute enables them to get translocated 

along the food chain, albeit in small doses. Over time they accumulate and magnify 

across the trophic levels to pose serious health hazards to tertiary consumers such 

as man (Agbaire and Esiefarienrhe, 2009). 
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Trace metals absorption is governed by soil characteristics such as pH and organic 

matter content (Agbogidi et al., 2006). This thus portend that high levels of trace 

metals in soil may not always indicate similar high concentrations in plants, as the 

extent of accumulation will depend on the plant and trace metal species under 

consideration (Hart et al., 2005). In an investigation of the uptake of Cd, Cu. Ni 

and Pb from air and soil by milfoil (Achillea millefolium) and barley (Hordeum 

Vulgare) in Denmark, it was concluded that Cu and Pb plant concentrations 

correlated with aerial deposition but not with soil concentrations. In contrast, Ni 

and Cd contents in plant correlated with deposition and soil content (Hart et al., 

2008).According to Ma et al. (1994), Msaky and Calvert (1990) and Fergusson 

(1990), trace metal accumulation in soils is of concern in agricultural production 

due to the adverse effects on food quality (safety and marketability), crop growth 

(due to phytotoxicity), and environmental health (soil/fauna and terrestrial 

animals). The mobilization of these metals into the biosphere by human activities 

has become an important process in the geochemical cycling of these pollutants. 

This is acutely evident in urban areas where various stationary and mobile sources 

releases large quantities of trace metals into the atmosphere and soil, exceeding the 

natural emission rates (Nriagu, 1989; Bilos et al., 2001). 
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2.6 EFFECTS OF TRACE METALS ON CROPS  
            Crops provide nutritional needs of both man and animals. Man in turn also 

consumes the animals. Some trace metals such as Pb, Zn and Cd, etc are related to 

environmental problems such as gas flaring, and also have accumulative properties 

in both soil, plant tissues, and man (Onyedika and Nwosu, 2008). Traces of these 

metals though can be found naturally in the environment, but industrial activities 

increase their levels and so lead to pollution (Adediran et al., 1990). In the oil rich 

Niger Delta region of Nigeria, one of the major sources of these trace metals, 

especially at elevated concentrations is oil and gas activities (Hart, et al., 2005). 

Trace metals are mainly absorbed through leaves, roots and aerial deposition 

(Flam, 1978; Onyedika and Nwosu, 2008) and their accumulation by plants greatly 

influenced by suuplies from soil (Abbdel-Sabour and Mortvedt, 1998; Honma and 

Hirata, 1978; Haghiri, 1974). However, high levels of trace metals in soil could 

indicate similar concentrations in plant by accumulation at concentrations causing 

serious risk to human health when consumed (Vousta et al., 1996). More so, 

constant exposure to very low levels of elements such as Pb, Cd and Hg have been 

shown to have cumulative effects since there is no homeostatic mechanism which 

can operate to regulate their toxity (Carter and Fernando, 1979; Yeast and Brewers, 

1983). Recent work (Osu and Odoemelam, 2007) has revealed elevated trace 

metals concentrations in edible grains grown and marketed, trace metals in crops 

harvested in some oil producing locations (Hart et al., 2005), bioaccumulation of 

heavy metals in periwinkle and oyster (Fubara and Christian, 2006) and the 
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concentrations of Pb, Zn and Cd in root crops from other mineralized areas and 

environment (Onyedika and Nwosu, 2008).The consumption of vegetables and 

fruits as food offer rapid and least means of providing adequate vitamins supplies, 

minerals and fibre. In Aggah-Egbema community for example, vegetables used as 

food include those used in making soup or served as integral parts of the main 

sources of meal. Each crop species has its nutritive requirements differing from 

others. Thus, different plants supported by identical solutions will contain varying 

concentrations of micro- and macro-elements (Akan et al., 2009). According to 

Ihekeronye and Ngoddy (1985), application of industrial effluent decreases the 

budding and growth rate of vegetables. Additionally, the excessive application of 

nitrogen and other inorganic fertilizers and organic manures to these vegetables 

can accumulate high levels of nitrate and other anions as well as trace metals 

(Akan et al., 2009). Consequently, their consumption by humans and animals can 

pose serious health hazards.Although some heavy metals such as Cu, Zn, Mn and 

Fe are essential in plant nutrition, many of them do not play any significant role in 

the plant physiology (Akan et al., 2009). The uptake of these heavy metals by 

plants, especially leafy vegetables is an avenue of their entry into the human food 

chain with harmful effects on health (Ihekeronye and Ngoddy, 1985). 
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2.7 GROWTH RESPONSE OF VEGETABLES TO HEAVY METALS 
 

              Crop plants growing on trace metal contaminated soil can accumulate 

high concentrations of the elements to cause serious health risk to consumers 

(Islam et al., 2007). According to a study by Long et al. (2003) on the effects of Zn 

on plant growth of three selected vegetable (Chinese cabbage, celery and 

packchoi), excess Zn in growth media caused toxicity to all three vegetable crops. 

Toxicity symptoms included chlorosis in young leaves, browning of coralloid 

roots, and serious inhibition on plant growth, shoot fresh weight progressively 

decreased with increasing Zn concentrations. Large differences in Zn tolerance 

were also noted among the three vegetable crops. Celery was more sensitive to 

higher Zn levels and reduced shoot growth than Chinese cabbage and Pakchio. 

Shoot fresh weight decreased to approximately 63%, 73% and 36% of the control 

for Chinese cabbage, pakchoi and celery, respectively when plants were grown at 

Zn level of 50 mg/L. 

Xiong and Wang (2005) showed that seed germination was significantly adversely 

influenced by Cu (P<0.001) in Brassica Pekinensis. The 0.5mmol/L Cu treatment 

remarkably reduced the germination rate, and the LC50 (median lethal 

concentration), calculated as the lethal effect on seed germination, was 0.348 

mmol/L. Root and shoot lengths of the young seedlings were also inhibited by Cu, 

but stimulatory elongation of the shoots occurred with the 0.008mmol/L treatment. 

Further investigations by Zhang and Zhou (2005) revealed that the Al-based 
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coagulants at the tested concentrations had a poisonous effect on the germination 

of vegetable. There were positive curvilinear or linear relationships between the 

inhibitory rate of seed germination and the concentration of Al in the acidic and 

neutral conditions, except for the toxic effects of polyaluminum-chloride (PAC) on 

Brassica chinensis in the neutral condition. However, there were obvious 

differences in root elongation of B. chinensis exposed to AlCl3 at various pH 

levels. Elevated Cu levels in growth media caused toxicity to all the three 

vegetables, resulted in chlorosis in new leaves, brown, stunted, coralloid roots, and 

plant growth was inhibited (Yang et al., 2002). Shoot fresh weight progressively 

decreased with increasing Cu levels in the nutrient solution. Great differences in 

Cu tolerance were also noted among the three vegetable crops. Shoot fresh weight 

of pakchoi, celery and Chinese cabbage decreased to about 33%, 37% and 50% of 

the control, respectively, when grown with Cu supply of 10mg/L. Those results 

indicate that celery is more tolerant to the toxicity of Cu than Chinese cabbage or 

pakchoi grown in nutrient solution, as also observed by Islam et al. (2007). 

Other studies conducted on vegetables such as celery, Chinese cabbage and winter 

greens by Ni et al. (2002) revealed that no nutrient deficiency or toxicity 

symptoms caused by Cd were visible on any plant. Biomass productions of root 

and shoot for Chinese cabbage and winter greens, as well as root, petiole and leaf 

blade for celery, expressed as shoot fresh weight were not significantly different 

among the treatments. 
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2.8 HEAVYMETALS UPTAKE AND ACCUMULATION IN     VEGETABLE    
       PARTS 
                 Plant species and varieties vary in their capacity for heavy metal 

accumulation. Long et al. (2003) showed that zinc uptake and accumulation by 

shoots and roots varied with Zn levels in growth media and vegetable types. Both 

shoot and root Zn concentrations increased sharply with increasing Zn 

concentrations for Chinese cabbage, celery and pakchoi. However, shoots 

contained over 3-fold less Zn than roots when grown under nutrient solution 

culture conditions. The three vegetable crops differed greatly in their ability to take 

up Zn from the growth media and to transport it to the shoots. At an external Zn 

level of 25 mg/L, shoot Zn concentration of Chinese cabbage was almost 2-fold 

lower than that of pakchoi or celery. Zinc concentration in the edible part of celery 

was nearly 2-fold higher than that of the other two species when grown at higher 

Zn levels (50 mg/L). Moreover, under soil culture conditions, the zinc 

accumulation coefficient (AF) in shoots increased for pakchoi, but decreased for 

celery and Chinese cabbage when soil available Zn was raised from 10 to 172 

mg/L. However, root Zn AF increased to varied extents, with increasing soil Zn for 

all the vegetables. Celery showed highest AF in edible parts at low soil Zn (i.e. in 

control), whereas pakchoi had the higher AF of Zn at higher soil available Zn 

levels. The AF for zinc in edible parts of the three vegetable crops decreased in the 

order pakchoi>celery (stem)>Chinese cabbage. Significant positive correlations 

were noted between shoot Zn and soil available Zn level (long et al., 2003). Zn 

threshold for human health has been established to be 20mg/kg (Chinese 
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Department of Preventive Medicine, 1995).Ni et al. (2002) studied the effect of Cd 

on the growth of three vegetable crops i.e. Chinese cabbage (Brassica chinensis L 

cv. Zao-Shu 5), winter greens (B. rosularis var. Tsen et Lee cv. Shang-Hai-Qing), 

and celery (Apiumg graveolens L. var. dulce DC). Their results indicated that the 

Cd concentration in shoots and roots varied both with different Cd levels and type 

of vegetable. Generally Cd accumulation in various plant parts in vegetable crops 

increased with the increasing cadmium concentrations in the growth medium. Root 

Cd increased more sharply than shoot Cd. Celery contained higher Cd in edible 

parts than other vegetable species.  

Yang et al. (2002) studied the response of three vegetables to Cu toxicity and 

found that Cu levels in both root and shoot increased, but root Cu concentration 

increased more sharply than shoot with increasing Cu levels in growth media. Cu 

mainly accumulated in roots while a small fraction (10-20%) of absorbed Cu was 

transported to shoot. Celery accumulated higher Cu contain both in roots (1557 

mg/L) and shoot (166.7 mg/L in leaves).  

Copper AFs in the shoots of vegetable species were relatively small when grown at 

soil addition Cu levels of 200-400 mg/kg and dramatically increased at soil 

addition Cu levels above 600 mg/kg. While investigating copper toxicity and 

bioaccumulation in Chinese cabbage (Brassica pekinensis Rupr), Xiong and Wang 

(2005) found that Cu concentration on the shoots was significantly influenced by 

Cu treatment (P<0.001). Cu concentration increased markedly with an increase in 
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the soil Cu concentration. With a background level of 13.6 Cu (the control, 13.6 

mg/kg dry soil), Cu concentration in the shoots was 9.9 mg/kg. With the 0.2 

mmol/kg treatment, shoot Cu concentration rose to 42.5 mg/kg. With the 1.0 

mmol/kg treatment, shoot Cu concentration was 119.0 mg/kg (1.9 mmol/kg). 

According to the LSD test, shoot Cu concentration in both treatments was 

significantly higher than that in the control. These facts showed that when Chinese 

cabbage (cultivar Xiayangbai) plants were exposed to certain levels of Cu 

pollution, the shoots could accumulate a relatively high amount of Cu. 
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2.9 SOIL THRESHOLD VALUES OF POTENTIAL DIETARY TOXICITY  
            Soil threshold for heavy metal toxicity is an important factor affecting soil 

environment capacity of heavy metal and determining heavy metal cumulative 

loading limit. For the soil-plant system, the heavy metal toxicity threshold is the 

highest permissible content in the soil (total or bioavailable concentration) that 

does not produce any phytotoxicity (i.e. inhibition of plant growth and decrease of 

yield), or the heavy metal in the edible parts of crops does not exceed the critical 

dietary heavy metal threshold for human health. During the recent years, much 

effort was exerted to calculate the soil thresholds of potential dietary toxicity by 

different ways. The critical food Cu threshold for human health has been 

established to be 10 mg/kg (Chinese Department of Prevenitive Medicine, 1995). 

Yang et al. (2002) reported that from the regression lines between shoot DM yields 

and Cu concentration in plant tissue or soil, Cu thresholds for phytotoxicity (10% 

yield reduction) and potential dietary toxicity in edible parts of the vegetable could 

be calculated. Soil total and available Cu thresholds for potential dietary toxicity in 

the edible parts of vegetable crops were 5-fold higher than those for phytotoxicity 

(at 10% yield reduction). Among the three vegetable crops, pakchoi had much 

lower soil total and available Cu thresholds, as compared with the other two 

vegetable species. The critical dietary Zn threshold for human health has been 

established to be 20 mg/kg (Chinese Department of Preventive Medicine, 1995). 

Long et al. (2003) showed that from the regression equations between shoot yield 

or Zn concentration and soil total or available Zn, soil Zn thresholds for yield 
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reduction (decreased 10%) and potential dietary toxicity in edible parts of the 

vegetables could be calculated. The total soil Zn thresholds for shoot dry matter 

yield reduction were higher for pakchoi and only slightly lower for celery (stem), 

than that for potential dietary toxicity. Soil available Zn thresholds for Zn potential 

dietary toxicity were 175.6, 74.9 and 101.0 mg/kg for Chinese cabbage, pakchoi, 

and celery (stem), respectively. For pakchoi, a higher soil available Zn threshold 

for yield reduction (10%) (103 mg/kg) was again noted relating to that for potential 

dietary toxicity (74.9 mg/kg). The lower soil available Zn threshold for Zn 

potential dietry toxicity for pakchoi than for the other vegetable species is mainly 

associated with its greater ability to absorb Zn from the soil and to translocate and 

accumulate Zn in the shoots. These results indicate that some vegetable species, 

like pakchoi, may accumulate Zn in the edible part over dietary toxic threshold 

before yield reduction occurs. Based on the regression equation established in our 

study and the limit of Cd concentration in vegetable products (0.05 mg/kg fresh 

weight, GBN 238-84 in China), the threshold of Cd concentration in growth media 

was evaluated as 0.5 mg/kg of soil extractable Cd for soil. The results indicated 

that the criteria for extractable Cd content in soil were 0.869, 0.730 and 0.489 

mg/kg soil for Chinese cabbage, winter greens and celery, respectively (Ni et al., 

2002).  
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2.10 BIOAVAILABILITY OF ADDED HEAVY METAL IN THE VEGETABLE                        
GARDEN SOIL  

            Total soil metals can be used to estimate the degree of soil exposure to 

heavy metal pollution, although this is not generally well correlated with metal 

mobility and bioavailability (Kuo et al., 1983). Metals such as Zn exist in soils in 

various fractions, chemical species or forms including exchangeable, carbonate-

bound, oxide-bound, organic matter-bound and crystal lattic metals (Shuman, 

1991). Availability of soil Zn to plants differs and may be governed by dynamic 

equilibrium among these fractions (Kiekens, 1990). The biologically active 

fractions of Zn in soils mainly consist of its soluble, exchangeable and complexed 

forms. Many studies showed that DTPA-extractable Zn is correlated well with 

plant uptake Zn (Arnesen and Singh, 1998; Miner et al., 1997). DTPA extractable 

Zn decreased progressively with incubation, 60-70% of added Zn was still 

extractable by the DTPA method (Long et al., 2003). The results showed that a 

major portion of the Zn added to the garden soil is phytoavailable, which is in 

agreement with other studies (Cajuste et al., 2000; Darmawa and Wada, 1999). 

Total copper in soil includes six pools classified according to their 

physicochemical behavior. The pools are soluble ions and inorganic and organic 

complexes in soil solution; exchangeable Cu; stable organic complexes in humus; 

Cu adsorbed by hydrous oxides of Mn, Fe and Al; Cu adsorbed on the clay-humus 

colloidal complex; and crystal lattice-bound Cu (Baker, 1990). When added to soil, 

Cu may react with soil constituents, changes its chemical form, and then its 
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availability to plants is also altered. The amount of soil Cu removed by a chemical 

chelating agent like DTPA or EDTA is considered as the plant available portion 

(Baker, 1990). The DTPA extractable Cu decreased with incubation time, 

especially in the first 8 weeks. After 12-week incubation, 60% of added Cu was 

not extractable by DTPA. These may have resulted from transformation of the 

added soluble cu fraction to slowly available fractions of Cu in the soil (Yang et 

al., 2002).Although the amount of soil heavy metal removed by a chelating agent 

like DTPA or EDTA is considered to be the plant-available portion, many results 

have shown that the concentration of Pb is not well correlated to the amount of 

plant uptake (Yang and Zhang, 1993). Some results showed that significant and 

positive correlations existed between shoot Pb and soil NH4NO3-extractable Pb 

levels (Song, 2002). 

2.11 SOIL-PLANT-MAN RELATIONS DETERMINING HEAVY METAL 
      TOXICITY 
            Soil-to-plant transfer is one of the key components of human exposure to 

metals through the food chain.  Lacatusu et al. (1996) studied soil-plant-man 

relationships in heavy metal polluted areas in Romania and detected significant 

overclark levels of Cd and Pb from the geogenic abundance viewpoint. Although 

the polluted soils were neutral to slightly alkaline and well supplied with organic 

matter, the soluble forms of heavy metals in EDTA-CH3COONH4, pH=7.0 

represented on average 37% Cd, 17% Cu, 28% Pb and 14% Zn, respectively of 

their global concentration, exceeding the maximum allowable limits (MAL), for 
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soluble forms, by on average up to 14.8 (Pb), 4.2 (Cd) and 2.1 (Zn) times. The 

relationship between their contents in plants and in soil (soluble forms) showed 

significant correlations for Cd, Cu, Pb and Zn. As a result, the contents of these 

elements in vegetable often exceed those allowable for normal human and animal 

consumption. In this case, if an adult consumed 2 kg potatoes, 2 kg tomatoes and 1 

kg carrots in a week, his/her food would exceed by 12% the MAL for Cd (0.525 

mg). The daily maximum allowable rate of ingested Pb (0.430 mg) could be 

reached by consuming 880 g of vegetables (equal parts of potatoes, tomatoes, 

carrots and cucumbers). The higher acidity of soils enhances the transfer of large 

amounts of heavy metals in soluble forms, exceeding MAL on average up to 23.4 

(Pb), 2.1 (Cd), 2.8 (Cu) and 2.7 (Zn) times. As a result, the average Pb content in 

carrots was 10 times higher than the MAL and the Pb accumulation in the lettuce, 

parsley and garden orach, significantly above the critical contents. At the same 

time, the Cd content in the analyzed vegetables exceeded by 5 times the MAL, 

while the Cu and Zn contents were close to critical levels (Lacatusu et al., 1996). 

Ingestion of vegetables containing high concentrations of heavy metals is one of 

the main ways in which these elements enter the human body. Typical diseases 

recorded were Pb and Cd intoxication, saturnine encephalopathy, radial nerve 

paralysis and saturnine colic. The most affected group of inhabitants was children 

(Lacatusu et al., 1996). Estimates from various countries showed that the dietary 

intake for lead in adults is between 54 mg per day (Dabeca et al., 1987) and 412 

mg per day (Dick et al., 1978), and that of cadmium is between 10 and 30 mg per 
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day (Reilly, 1991). For zinc and copper, the estimated daily intake is from 1 to 3 

mg, and 10 to 20 mg, respectively (Fox, 1982). Lacatusu et al. (1996) found that 

their estimations for lead and zinc were above those reported from other countries, 

whereas the estimations for cadmium were within the range. The levels of copper 

were observed to be below the estimation. Bahemuka and Mubofu (1999) 

suggested that a large daily intake of these vegetables is likely to cause a 

detrimental health hazard to the consumer. Since the dietary intake of food may 

constitute a major source of long-term low-level body accumulation of heavy 

metals, the detrimental impact becomes apparent only after several years of 

exposure. Regular monitoring of these metals from effluents, sewage, in vegetables 

and in other food materials is essential for preventing excessive build-up of the 

metals in the food chain (Bahemuka and Mubofu, 1999). 

2.12 HAZARDOUS EFFECTS OF HEAVY METALS ON HUMAN HEALTH 
             Chronic low-level intakes of heavy metals have damaging effects on 

human beings and other animals, since there is no good mechanism for their 

elimination. Metals such as lead, mercury, cadmium and copper are cumulative 

poisons. These metals cause environmental hazards and are reported to be 

exceptionally toxic (Ellen et al., 1990). Vegetables take up metals by absorbing 

them from contaminated soils, as well as from deposits on parts of the vegetable 

exposed to the air from polluted environments (Zurera-Cosano et al., 1989). 
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Metal contamination of garden soil may be widespread in urban areas due to past 

industrial activity and the use of fossil fuels (Chronopoulos et al., 1997; Sanchez-

Camazano et al., 1994; Sterrett et al., 1996; van Lune, 1987; Wong, 1996). Heavy 

metals may enter the human body through inhalation of dust, direct ingestion of 

soil, and consumption of food plants grown in metal-contaminated soil (Cambra et 

al., 1999; Dudka and Miller, 1999; Hawley, 1985). Potentially toxic metals are also 

present in commercially produced foodstuffs (DEFRA, 1999). Exposure to 

potentially toxic metals from dust inhalation or soil ingestion is usually modeled 

simply as the concentration of contaminant measured in the soil multiplied by the 

quantity of dust inhaled or soil ingested (Konz et al., 1989). This is a conservative 

approach to estimate dose, because the bioaccessibility of heavy metals adsorbed 

on ingested soil is not 100% (Ruby et al., 1999). However, predicting exposure to 

potentially toxic metals from consumption of food crops is more complicated 

because uptake of metals by plants depends on soil properties and plant 

physiologic factors. This leads to much larger uncertainties associated with 

estimating potential doses through food chains compared to the uncertainties 

associated with other exposure pathways such as soil ingestion and dust inhalation 

(McKone, 1994). 

Lead is toxic element that can be harmful to plants, although plants usually show 

ability to accumulate large amounts of lead without visible changes in their 

appearance or yield. In many plants, Pb accumulation can exceed several hundred 
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times the threshold of maximum level permissible for humans (Wierzbicka, 1995). 

The introduction of Pb into the food chain may affect human health, and thus, 

studies concerning Pb accumulation in vegetables have increasing importance 

(Coutate, 1992). Although a maximum Pb limit for human health has been 

established for edible parts of crops (0.2 mg/kg) (Chinese Department of 

Preventive Medicine, 1994), soil Pb threshold for producing safe vegetable are not 

available.    Knowledge of Zn toxicity in humans is minimal. The most important 

information reported is its interference with Cu metabolism (Barone et al., 1998; 

Gyorffy and Chan, 1992). The symptoms that an acute oral Zn dose may provoke 

include tachycardia, vascular shock, dyspeptic nausea, vomiting, diarrhea, 

pancreatictis and damage of hepatic parenchyma (Salgueiro et al., 2000). Although 

maximum Zn tolerance for human health has been established for edible parts of 

crops (20 mg/kg) (Chinese Department of Preventive Medicine, 1995), soil Zn 

threshold for producing safe vegetable is not available. 

According to Hough et al., (2004) under Part IIA of the Environmental Protection 

Act 1990, the UK government favors a “suitable for use” approach to 

redevelopment (DETR, 2000): Land is contaminated only if the current or intended 

use of a site has the potential to cause an unacceptable health risk to human 

occupants or to the environment. Under the UK Town and Country Planning Act 

1990 (DETR, 2000), this approach requires that land be assessed for 

redevelopment on a site-specific basis. At present, concentrations of metals in the 
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soil are compared to metals-specific “trigger values” (termed “maximum 

contaminant levels or maximum contaminant concentrations” in North America). 

In the past these trigger values were based on total contaminant concentration in 

the soil (ICRCL, 1987). More recently, the introduction of Contaminated Land 

Exposure Assessment (CLEA) (DEFRA and Environment Agency, 2002a) in April 

2002 has replaced these trigger values with generic soil guidance values (SGVs) 

(DEFRA and Environment Agency, 2002b). The SGVs are considered a significant 

improvement on the previous ICRCL values and for Cd at least, soil pH categories 

are employed where food plants are to be grown. Where a soil exceeds the SGV, it 

is recommended that a risk assessment or remediation measure be conducted for 

the site in question (DEFRA and Environment Agency, 2002b). Additionally 

exceeding of an SGV indicates that some further risk management action be 

undertaken. However, the use of single trigger values of SGVs for most scenarios 

may represent a poor indication of the risk associated with a specific site. There is 

therefore requirement for site-specific risk assessment based on commonly 

measured geochemical and population parameters (Hough et al., 2004). 
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CHAPTER 3 

3.0                                       MATERIALS AND METHODS 

3.1 DESCRIPTION OF STUDY AREA 
          The Imo River flow station in odagwa, Etche Local Government Area is 

located at the North-Eastern part of Rivers State, Nigeria lies within the 

coordinates shown in (fig.3.3). Etche is bounded in the North by Imo State, east-

wards by the Imo River, then Omuma L.G.A while Obio-Akpor and Oyigbo in the 

south, Ikwere L.G.A is found at the west-ward.  

3.1.1 GEOLOGY 
               Geographically, the study area falls under the alluvium type of soil that is 

a mixture of silt and sands that belong to the quaternary period. 

3.1.2 CLIMATE 
               The area features a tropical continental and the tropical maritime air 

mass. The general rainfall distribution pattern in Etche area exhibits the double 

maxima phenomenon with the two peaks occurring in June/July and 

September/October. 

Annual mean rainfall of the area is about 3450mm with temperature ranging 

between 25.4°C-29.6°C. the temperature range modifies the study area with the 

rainforest vegetative cover predominating (Nwaogu, 2001). 
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  Fig 3.1: Map of Nigeria Showing Rivers State 
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Fig 3.2: Map of Rivers State showing Etche L.G.A 
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Fig 3.3: Map showing Odagwa Etche Rivers State 
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3.1.3 VEGETATION 
             Consist of tropical rainforest towards the coast the typical river delta 

environment features many mangrove swamps. 

3.1.4 SOCIO-ECONOMIC ACTIVITIES 
               Etche people, forming the fourth largest ethnic group in Rivers State, 

mostly engaged in agriculture cassava and yam are important crops. The use of 

tractors for farming these crops has dropped slightly in the 1986–2004 period. 

However the Shell Petroleum Development Company has funded a cassava 

processing mill and in 2000 provided training to local women in operation and 

management of the mill. Palm oil production by smallholders is a significant part 

of the economy (Ekine and Onu, 2008). 

3.2 FIELD PROCEDURES  

3.2.1 COLLECTION OF SOIL SAMPLES  
               Soil samples were collected at the 0-15cm and15-30cm depths from 5 

sampling points and a control point located outside the flow station. 

3.3 LABORATORY PROCEDURES 

3.3.1 DETERMINATION OF TOTAL PETROLEUM HYDROCARBON 
(THC) CONTENTS 

           TPH content was obtained by shaking 10g of a representative fresh soil 

sample with 20mL toluene and oil extracted determined by absorbance at 420nm  

wave length in a Spectromic 21-D spectrophotometer. Concentration was then 
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calculated with reference made to the standard curve that was prepared using a 

known concentration of hydrocarbons in the extractant. Multiplication was made 

by the appropriate dilution factor (Concawe, 1972). 

3.3.2 DETERMINATION OF pH 
              The method of Jackson (1964) was adopted. Air-dried soil sample was 

passed though a 2mm sieve and afterwards, 20g of it was placed in a 50mL beaker. 

40 mL of distilled water was added to it and the mixture was stirred with glass rod 

and allowed to stand for 30 minutes. The pH value was off a corning pH meter 

(Model 7). 

3.3.3 TEXTURAL CLASSIFICATION 
                This was carried out by the Bougoucous hydrometer method as modified 

by Day (1965). The soil sample was dispersed with solution of sodium 

hexametaphosphate (Calgon 44g/L) and sodium carbonate (8g/L). The pH of the 

solution was maintained at about 8.3. The textural class was determined using the 

textural triangular diagram. 

3.3.4 DETERMINATION OF EXCHANGEABLE CATIONS (K+, Na+, Ca2+, Mg2+) 
              One gramme of the sample was introduced into digesting tube following 

the addition of 10ml concentrated HN03. The samples were placed in the digester 

for 8hrs at 960c with intermittent stirring. Upon complete digestion, the samples 

were filtered into 100ml volumetric flask using whatman No. 42 filter paper. 

Samples were made up to 100ml mark in the volumetric flask using distilled 
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deionized water. The concentrations of K+,Ca2+, Mg2+ and Na+ ions in the 

supernatant solution were determined using Varian spectr-AA 600 atomic 

absorption spectrophotometer (AAS), with air acetylene flame connected to it 

Jackson (1964). 

3.3.5. DETERMINATION OF SULPHATE IONS 
                The monocalcium phosphate extraction method was used in the 

determination of sulphate in soil samples. 10g of air-dried and sieved soil was put 

into a 50mL Erlenmeyer flask. 25mL of monocalcuim phosphate extracting 

solution was added and the resulting solution shaken at 200 oscillations per minute 

for 30 minutes. 0.25g of charcoal was added to each sample and shaken for an 

additional 3 minutes. Solution was then filtered through a sulphate-free what man 

No. 42 filter paper. 10mL of the filtrate was pipette from the extraction process, 

selected into a 50mL Erlenmeyer flask, and 1mL of acid “seed” solution added. 

The solution was swirled and then 0.5g of BaC12. 2H2O crystals added. The 

mixture was allowed to stand for 1 minute, then swirled using magnetic swirler in 

the flask frequently until the crystals were dissolved. Within the time interval of 3 

to 8 minutes, the transmittance was read using a spectrophotometer at a wavelength 

of 420nm. The absorbance reading was taken by plotting absorbance against 

concentration on a linear graph paper Jackson (1964). The sulphate concentration 

from the standard curve for 10g sample of soil sample was calculated as follows: 
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 mg SO4-S/kg of soil=  mg S/L x 0.025L   =mg S/Lx2.5…………………(I) 

                                            0.010 kg soil    

3.3.6 DETERMINATION OF AVAILABLE PHOSPHORUS 
              The extracting solution was first prepared by adding 15mL of 1M 

ammonium fluoride and 25 ml of 0.5N HCI to 460mL distilled water. 1g of air-

dried soil sample that had been sieved through a 2mm mesh size was weighed into 

a centrifuge tube and 7mL of the extracting solution added. This was shaken for 1 

minute and then centrifuged. 2mL of the clear supernatant was transferred into a 

20mL test tube, followed by the addition of 5mL distilled water and 2mL 

ammonium solution. The contents were mixed and 1mL of chloride solution added 

to it. Within 20 minutes, the percent transmittance was measured in a 

spectrophotometer at 660 nm wavelength. The amount of available PO4
2- ion in 

sample was determined from the standard curve prepared with phosphate in soil 

standard solution (Jackson, 1964). 

3.3.7 DETERMINATION OF ELECTRICAL CONDUCTIVITY (EC) 
             The EC of soil samples were determined on the filtrate obtained after 

filtering the suspension used for pH determination. The Lovibond conductivity 

meter (Model CM-21 Bridge) was used in measuring conductivities in µS/cm 

(Jackson, 1964). 
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3.3.8 DETERMINATION OF TOTAL NITROGEN 

              Total nitrogen was determined by the Mactro Kjedah method as described 

by Bremner (1965). Five grams of representative soil sample was shaken with 

50mL of 1N K2SO4. Aliquot of the resulting extract was used to determine the 

nitrogen content by the phenoldisulphonic acid method of Bremner (1965). 

3.3.8 DETERMINATION OF ORGANIC CARBON 
             This was determined by wet combustion method of Walkey and Black 

(1934) as modified by Jackson (1964).  2g of soil sample was weighed out in 

duplicate and transferred to 250mL Erlenmeyer flask. A pipette was used to 

transfer 10mL of 1N KCr2O7 solution into the flask and the flask gently swirled to 

disperse the soil. Rapid addition of 20mL conc. H2 SO4 was made using an 

automatic pipette, directing the stream into the suspension. Immediately the flask 

was swirled gently until soil and reagents were mixed. Then it was swirled 

vigorously for 1 minute. The flask was then allowed to stand for 30 minutes on a 

sheet of asbestos. 

After standing for 30 minutes, 100mL of distilled water was added. 4 drops of o-

phinanthroline-ferrous indicator was added and titration with 0.5N ferrous sulphate 

solution followed. Approach to end-point of titration was marked by the solution 

changing from greenish cast to dark green colour. At this point, the ferrous 

sulphate was added drop-wise until the colour changed sharply from blue to red 

(maroon colour) in reflected light against a white background. A blank titration 
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was made without soil sample to standardize the dichromate. Results were 

computed and organic carbon expressed in percentage. 

 

 

3.4 STATISTICAL ANALYSIS 
            The descriptive statistics was used to present mean, standard error, 

minimum and maximum values as well as range of data. The Pearson correlation 

was used to explore the influence of THC on edaphic variables of impacted soils. 

The one-way analysis variance (ANOVA) was used to test homogeneity in mean 

variance of edaphic variables while the post hoc means plot were used to detect 

structure of group means. Variations plots were used to illusidate spatial variations. 
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CHAPTER FOUR 

4.0                                          RESULTS 

4.1 LEVELS OF EDAPHIC VARIABLES 
              The levels of edaphic variables in the impacted soil in the Imo River flow 

station are shown in Appendix 1. The levels of Electrical Conductivity (EC) 

(Range=50.00µS/cm), Total Petroleum Hydrocarbons (THC) 

(Range=8034.20mg/kg) and Carbon-Nitrogen Ratio (Range=78.50) had very wide 

variations.pH, EC and THC varied from 4.60-6.40 (5.52 ± 0.17), 28.00-78.00 

(45.20 ± 5.52) µS/cm and 17.20-8051.40 (2435.81 ± 924.50) mg/kg respectively 

(Table 4.1). Organic C,Total N,C/N ratios and Average P varied as follows; 0.70-

5.16 (2.65 ± 0.48) %,0.04-0.08 (0.06 ± 0.004)%,14.00-92.50 (47.09 ± 8.60) and 

9.00-40.20 (24.72 ± 3.98)µg/g respectively. Sulphate, K+ ,Na+,Ca2+ and Mg2+ 

varied as follows:2.70-7.30 (4.80 ± 0.44)µg/g,55.00-90.00 (68.56 ± 

3.14)mg/kg,0.20-2.40 (0.78 ± 0.19)mg/kg,0.60-2.00 (1.30 ± 0.15)mg/kg, 0.60-2.00 

(1.30 ± 0.15)mg/kg,respectively. Sand, Silt and clay compositions varied as 

follows: 46.00-76.00 (59.20 ± 3.31) %, 4.00-27.00 (15.80 ± 2.68) % and 16.00-

46.00 (25.00 ± 2.52) %respectively.  
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Table 4.1. Edaphic Variables of Soils Impacted by Oil spill in the Imo River Flow station. Rivers 
State. 

May 2012. 

Sampling 

Points 
Depth 

(cm) 

pH EC 

(µS/cm) 

THC 

(mg/kg) 

(%) C/N 
ratio 

Av. P SO4
2-       K+ Na+  

Ca:2+ 

 

Mg2+ 

(%) 

     Org Total  (µg/g)                         (mg/kg) Sand Silt Clay 

IMR1 0-15 4.6 68 6449.50 5.16 0.08 64.5 40.2 4.1 90.0 2.4 0.8 1.9 50 25 25 

 15-30 5.0 40 4672.40 3.70 0.04 92.5 28.6 2.7 71.5 0.5 0.6   1.1 46 27 27 

IMR2 0-15 5.1 33 1045.80 3.80 0.06 63.3 40.0 5.1   77.
5 

0.5 1.5 3.5 76 8 16 

 15-30 5.4 28 858.20 3.40 0.05 68.0 38.0 4.5 68.0 0.5 0.8 2.1 68 10 22 

IMR3 0-15 5.7 38 584.50 1.06 0.07 15.1 22.2 6.5 62.5 0.2 1.5 2.0 67 12 21 

 15-30 5.9 31 255.90 1.63 0.05 32.6 9.0 5.0  60.2 0.8 1.2 1.9 60 16 24 

IMR4 0-15 5.7 39 8051.40 3.90 0.06 65.0 31.5 4.0  68.9 0.6 1.6 1.8 55 20 25 

 15-30 5.3 35 2400.80 1.90 0.05 38.0 16.2 3.3  55.0 0.6 1.2 2.2 50 4 46 

IMR C 0-15 6.4 78 22.40 1.25 0.07 17.9 11.0 7.3 70.3 0.9 2.0 2.8 70 9 21 

 

 

15-30 6.1 62 17.20 0.70 0.05 14.0 10.5 5.5 61.7 0.8 1.8 L5 50 27 23 

Coordinates of Imo River 1 Flow station: Easting 05° 24.401', Northing 10° 83.75' 
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4.3 SPATIAL VARIATIONS IN LEVELS OF EDAPHIC VARIABLES 

               Spatial variations where observed in the levels of edaphic variables 

measured across the sampling locations and depths. At 0-15cm depth, minimum 

levels pH (4.6), Organic Carbon (1.06%), SO4
2- (4.00µg/g) and Mg2+ (1.80mg/kg) 

where recorded in IMR 1, IMR 3, IMR 4 and IMR 4 respectively (Fig 4.1). 

however, their respective maximum levels at the same depth (6.40, 5.16%,7.3µg/g 

and 3.5mg/kg) were recorded in IMR control, IMR 1, IMR control and IMR 2 

respectively. At 16-30cm depth, minimum levels pH(5.00), organic carbon 

(0.70%), SO4
2- (2.70µg/g) and Mg2+ (1.10Mg/kg) were recorded in IMR 1,IMR 

C,IMR and IMR 1 respectively (fig 4.1). However, their respective maximum 

levels at the same depth (6.10, 3.70%,5.50µg/g and 2.2 Mg/kg) were recorded in 

IMR C, IMR 1, IMR C and IMR 4 respectively. At 0-15cm depth, minimum levels 

EC (33.00µS/cm), C/N ratio (15.1µg/g), Average P (11.00µg/g) and K+ 

(62.5Mg/kg) were recorded in IMR 2, IMR 3, IMR C and IMR 3 respectively (Fig 

4.2). However their respective maximum levels at the same depth (78.00µS/cm, 

65.00µg/g and 90mg/kg) were recorded in IMR C, IMR 4, IMR 4 and IMR 1 

respectively. At 16-30cm depth, minimum levels EC (28.00µS/cm),C/N ratio 

(14.00µg/g), Average P (9.00µg/g) and K+ (55.00mg/kg) were recorded in IMR 

2,IMR C,IMR 3 and IMR 4 respectively (fig 4.2). Their respective maximum 

levels at the same depth (62.00µS/cm, 92.50µg/g and 71.50mg/kg) were recorded 
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in IMR C, IMR 1, IMR 2 and IMR 1 respectively. At 0-15cm depth, minimum 

levels Na+ (0.20mg/kg), Ca+ (0.80mg/kg) and Total N (0.06 and 0.06)% were 

recorded in IMR 3,IMR 1 and IMR 2,4 respectively (Fig 4.3).however  their 

maximum levels at the same depth (2.40mg/kg,2.00mg/kg and 0.08%) were 

recorded in IMR 1,IMR C and IMR 1 respectively. At 16-30cm depth, minimum 

levels Na+ (0.50,0.50)Mg/kg, Ca2+ (0.6mg/kg) and Total N (0.04%) were recorded 

in IMR (1,2),IMR 1 and IMR 1 respectively (Fig 4.3). however, their respective 

maximum levels at the same depth ((0.80,0.80mg/kg),1.80mg/kg and 

(0.50,0.50,0.50%)) were recorded in IMR (3,C),IMR C and IMR (2,3,4,C) 

respectively. At 0-15cm depth, minimum levels Sand (50.00%),Silt (8.00%) and 

Clay (16.00%) were recorded in IMR 1,IMR 2 and IMR 2 respectively (Fig 4.4). 

furthermore, their respective maximum levels at the same depth (76.00,25.00 and 

(25.00,25.00))% were recorded in IMR 2,IMR 1 and IMR (1,4) respectively. At 

16-30cm depth, minimum levels Sand (46.00%),Silt (4.00%) and Clay (22.00%) 

were recorded in IMR 1,IMR 4 and IMR 2 respectively (Fig 4.3). however, their 

respective maximum levels at the same depth (68.00,(27.00,27.00) and 27.00)% 

were recorded in IMR 2,IMR (1,C) and IMR 1 respectively. 
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4.4. TEST OF HOMOGENEITY IN MEAN VARIANCE OF EDAPHIC                      
         VARIABLES 
             The test homogeneity in mean variance of levels of the edaphic variables 

across the sampling locations revealed significant difference (sig.f=0.0000) at 

P<0.05 (Appendix 2). A post-hoc ANOVA structure of group means revealed that 

at IMR 1 (Fig. 4.5), IMR 2 (Fig. 4.6), IMR 3 (Fig. 4.7) and IMR 4 (Fig. 4.8) the 

levels of Total Petroleum Hydrocarbons (THC) contributed the observed difference 

(22.40). 
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 Fig.4.5. Means Plot in Levels of Edaphic Variables between the Control 
Location and IMR_1 
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Fig. 4.6: Means Plot in Levels of Edaphic Variables between the Control 
Location and IMR _2 
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Fig. 4.7: Means Plot in Levels of Edaphic Variables between the Control 
Location and IMR _3 
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Fig. 4.8: Means Plot in Levels of Edaphic Variables between the Control 
Location and IMR _4 
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CHAPTER FIVE 

5.0                              DISCUSSION, SUMMARY AND CONCLUSION 

5.1 DISCUSSION 
   The Total petroleum hydrocarbons impacted important edaphic variables 

significantly especially the organic carbon and nitrogen ratio, their correlation is 

significant at p<0.05 and their values were 0.750 and 0.641 respectively (Table 

4.2). The carbon: nitrogen ratio was observed to have been widened by the 

presence of crude oil in soils (Amadi and Bari, 1992). The oil spill coming from 

the crude oil caused alteration of the physiochemical properties of the soil such as 

in Agriculture that is crude oil altered the physiochemical properties which are 

termed edaphic variables in this study. The Mg2+, Ca2+ and SO4
2- availability 

reduced and affected by  oil spill in the polluted soils. Which also have been 

reported by Landon (1991). Total Nitrogen increased with crude oil pollution, 

signifying higher Total Nitrogen values and was noted that organic carbon 

positively correlated with Total Nitrogen Unamba (1982) found a positive 

correlationship between organic carbon and Total Nitrogen In soils. Available P. 

has been noted to be limiting in oil spill polluted soils (Ladousse and Trainer, 

1991, Amadi and Bari, 1992, Amadi et al., 1993). Higher values of organic carbon 

in crude oil polluted soils have resulted from the increased hydrocarbon content of 

oil polluted soils and similar finding has been reported by Ogaji et al., (2005). In 
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this study the contaminated soils has been shown to have adverse effect on 

physiochemical properties of the soil. Soil reaction otherwise known as soil pH 

determines the actual fate of many soil pollutants (Brady and Weil, 1999). The pH 

increased with the range of about 4.60-6.40 which is high shows that crude oil 

polluted soils affects soil effective cation exchange capacity,as effective cation 

exchange capacity increased with increased pH (Singer and Munns,1999). Ogaji et 

al. (2005) also reported increase in soil pH with crude oil pollution. Considering 

the pH of the soil shows but in water and salt solution, the pH increases generally 

with crude oil pollution also similar situation was reported by Toogood et al., 

(1977), and they reported that crude oil tends to buffer the soil to a neutral  pH 

(Ellis and Adams,1961).the increase in pH with crude oil contributes to the higher 

nitrogen value obtained in contaminated soil and the relationship between soil pH 

and carbon: nitrogen ratio reported by Toth, (1978) to be a positive one. 

5.2 SUMMARY 
          The increase in pH affected the soils’ ability to effect cation exchange 

capacity. The wide range variation between THC, organic carbon and carbon; 

Nitrogen ratio were recorded. Spatial variations in levels of edaphic variables were 

observed among the physiochemical properties measured across the sampling 

locations and depths were recorded. Homogeneity in mean variance of edaphic 

variables revealed significant difference at p<0.05. 
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5.3 CONCLUSION 
             It was found that oil spill on soil in Imo flow station Odagwa Etche L.G.A 

affected the edaphic variables in the soil properties which is evident in the wide 

range of THC, carbon and nitrogen that was high enough not to support growth of 

Agricultural crops. 

5.3 RECOMMENDATION 
i. Government and oil companies should fund adequate projects that 

would ensure the reclamation of hydrocarbon polluted Agricultural 

lands, to educate individuals, cooperate bodies etc on how to use 

their natural resources efficiently. 

ii.  Government should create public awareness of environmental 

implication of oil spill in the country. 

iii.  The land use Decree of 1976 should be abrogated and replaced 

with a more equitable and less cynical legislation that recognizes 

land and natural resource ownership rights.  

iv. Special courts should be set up to adjudicate on environmental 

disputes in order to eliminate the observed negative and detrimental 

effects of oil spill pollution that is crude oil in the state should be 

minimized to acceptable minimum standard as it is practiced by the 

same multinational oil and gas companies in other parts of the 

world (Otton, Zielinski, Smith, Abbott and Keeland, 2005).  
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v. The regulatory agency (DPR) should ensure compliance of the 

specified standards by the oil companies. 
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Appendix 1. Descriptive Statistics of the Edaphic Variables Impacted By Oil Spill in Imo River       
Flow Station 
 

Parameters             Minimum          Maximum           Range               Mean              SE  

pH   4.60  6.40  1.80  5.52  0.17   

EC (μS/cm)  28.00  78.00  50.00  45.20  5.52   

THC (mg/kg)  17.20  8051.40  8034.20  2435.81  924.49 

Organic C (%)  0.70  5.16  4.46  2.65  0.48  

Total N (%)             0.04  0.08  0.04  0.06  0.003 

C/N ratio  14.00  92.50  78.50  47.09  8.59 

Average P (µg/g) 9.00  40.20  31.20  24.72  3.98 

Sulphate (µg/g) 2.70  7.30  4.60  4.80  0.44 

K+ (µg/g)  55.00  90.00  35.00  68.56  3.14 

Na+ (mg/kg)  0.20  2.40  2.20  0.78  0.19 

Ca2+ (mg/kg)  0.60  2.00  1.40  1.30  0.14 

Mg2+ (mg/kg)  1.10  3.50  2.08  2.08  0.21 

Sand (%)  46.00  76.00  30.00  59.20  3.30 

Silt (%)  4.00  27.00  23.00  15.80  2.68 

Clay (%)  16.00  46.00  30.00  25.00  2.52 

SE = standard error of means, EC=electrical conductivity, THC=total petroleum hydrocarbon 

contents 
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Appendix 2. Correlation (r) matrix between Total Petroleum Hydrocarbon contents (THC) and 
Edaphic Variables on impacted soils. 
 

Parameters             THC 

pH   0.540     

EC (μS/cm)  0.030     

Organic C (%)  0.750*    

Total N (%)             0.170     

C/N ratio  0.641*  

Average P (µg/g) 0.523  

Sulphate (µg/g)          -0.630   

K+ (µg/g)  0.479   

Na+ (mg/kg)  0.403  

Ca2+ (mg/kg)            -0.364   

Mg2+ (mg/kg)            -0.359  

Sand (%)            -0.534   

Silt (%)  0.457  

Clay (%)  0.215 

SE = standard error of means, EC=electrical conductivity, THC=total petroleum hydrocarbon 

contents 

 

 

 



 
 

78 
 

 Appendix 3. Test of Homogeneity in mean variance 
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                            ANOVA 

  Sum of Squares df Mean Square F Sig. 

IMR_1 Between Groups 3.851E7 14 2750522.797 . . 

Within Groups .000 0 .   

Total 3.851E7 14    

IMR_2 Between Groups 985771.507 14 70412.250 . . 

Within Groups .000 0 .   

Total 985771.507 14    

IMR_3 Between Groups 305902.519 14 21850.180 . . 

Within Groups .000 0 .   

Total 305902.519 14    

IMR_4 Between Groups 6.017E7 14 4297594.652 . . 

Within Groups .000 0 .   

Total 6.017E7 14    


