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ABSTRACT 

 

The study compared and predicted the remediation rates of microbes using the rate 
removal of Total Petroleum Hydrocarbon Content (TPHC) of a crude oil polluted 
land. This  was done using field experimental data generated from the soil of the 
Federal University of Technology Owerri Research Farm in Imo State, Nigeria. The 
soil was artificially polluted in the laboratory with crude oil - Bonny light - with 
specific gravity of 0.8323. Petroleum contaminant present in the soil was 230mg per 
kilogram of soil. The treatment variables used include: inorganic fertilizer (NPK 
20:10:10), poultry manure, cow dung and a mixture of the three in equal proportions. 
In addition, a natural treatment was allowed to occur as the control experiment. Fungi 
as well as bacteria were discovered to have played an important role in the 
degradation of petroleum hydrocarbon. The fungi identified responsible for degrading 
crude oil are: Penicillium notatum, Mucor spp, Rhizopus stolonifer and Penicillum 
caseicolum with P.notatum and P.caseicolum (penicillum spp) as the strongest fungi 
degraders. The identified degrading bacteria are Pseudomonas putida and Bacillus 
subtilis. These can therefore be isolated and cultured and then employed on 
remediation sites either as indigenous or foreign degrading microbes in the 
bioremediation of crude oil polluted soil. The mixture of treatment variables proved 
to be a better option from the results obtained with the value of the TPHC as 
82.38mg/kg after 9weeks of remediation followed by fertilizer with a value of 
83.13mg/kg and 86.75mg/kg for poultry manure for the same period. However, the 
cow dung treatment had a value of 105.5mg/kg and the control experiment had the 
least with 204.50mg/kg. A comparison was done with results obtained from the study 
and two other similar works which showed the rates of remediation of the mixture of 
the treatment variables as 64% reduction in 9weeks for the study compared to 67% 
reduction in 9weeks for an earlier work. This study therefore recommends the 
remediation of crude polluted land using the direct application of the microbial 
cultures of the identified degrading microbes in this study as an alternative method for 
remediation of crude polluted site.   
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CHAPTER ONE 
INTRODUCTION 

 
1.1 Background Information 

 Globally, there is a growing concern over environmental pollution. The three 

major areas of environmental pollution include: water, air and land. One of the major 

causes of this environmental pollution in Nigeria is as a result of hydrocarbon 

exploitation and exploration (Okwuosha, 2000). This has led to the degradation of 

farmlands, pollution of surface and ground waters as well as air due to gas flaring. 

The natural recovery of crude oil polluted land is slow. Communities affected are 

denied meaningful and economic use of their lands a long time. Hence remediation 

was brought about. Remediation has been defined as “the management of a 

contaminant at a site so as to prevent, reduce or mitigate damage to human health or 

the environment which can also lead to quick recovery of the affected land” 

(Dodman, 1994; Ebuehi et al, 2005). 

 Bioremediation is a process by which chemical substances are degraded by 

bacteria and other microorganisms. A more expansive definition from the Joint 

Research Council Review of Bioremediation Research in the UK published in 

February 1999, defined bioremediation as being: “The elimination, attenuation or 

transformation of polluting or contaminating substances by the use of biological 

processes, to minimize the risk to human health and the environment" The 

replacement of ‘microorganisms’ with ‘biological processes’ reflects the inclusion of 

the use of plants to include phytoremediation processes. Bioremediation processes 

enhance the activities of indigenous microbes, such as bacteria, via the addition of 

oxygen and nutrients to degrade hydrocarbon to water and harmless gases like carbon 

dioxide.  To remediate petroleum contaminated sites, we need a low-cost, low input 

treatment alternative to use in conjunction with existing methods. In general, 
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indigenous soil microbiota can degrade petroleum compounds. When soils fail to 

bioremediate at optimum rates, it is often a function of the water solubility of the 

compound and environmental limitations imposed on the microbes. Major limitations 

to the microbiota are temperatures that are too high or too low, excess or deficient 

water, insufficient or excessive nutrients, insufficient carbon in a form that 

microorganisms can use, poor mixing or distribution of the petroleum in the soil, and, 

for aerobic microorganisms, lack of oxygen (02). The relative effectiveness of 

different treatment systems will vary over time. For example, lack of oxygen has been 

believed to be the primary limitation at depth; thus, air-injection technologies are 

commonly employed to overcome this. However, it is now well established that 

subsurface (relatively deep) microbial activity is common, and anaerobic 

biodegradation of water-soluble petroleum takes place without the need to inject air if 

alternate electron acceptors, such as oxidized species of iron or nitrogen (such as 

nitrate), are available. 

 Bioremediation treatments are successful when limitations are overcome. The key 

problem, however, is identifying and implementing the most cost-effective means of 

doing this at sites. Two important aspects in comparing low cost to more costly 

alternatives are time constraints and monitoring difficulties. In comparing treatments, 

it is important to measure effectiveness over time. 
 

The pollution of soil, upland pollution, directly affects the quality of water due to 

runoff washing pollutants from soil surface into natural channels. Runoff carrying 

hydrocarbons and other contaminants from polluted land enters into natural channels 

thereby polluting the water. Treatment of such water for municipal and any local use 

becomes more expensive and challenging. Even the use of the water for ordinary 

domestic, agricultural, recreational and industrial uses may be seriously hindered. The 
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prevention of such occurrence, therefore, is most advocated than the cleansing or 

expensive treatment of polluted water. 

Quick remediation of oil polluted land is therefore very relevant in maintaining 

pollution free surface water in the oil producing and oil polluted environments. 

Allowing crude oil polluted soil to recover naturally is dangerous to shallow water 

tables and open wells. Seepage down the soil though may be slow, can contaminate a 

whole source of water for a household or a whole community. Modeling is the 

process of generating abstract, conceptual, graphical and/or mathematical models. 

And mathematical models include statistical models which are formalization or 

relationships between variables in the form of mathematical equation. For the 

purposes of this study, linear regression model shall be employed. In linear regression 

model, data are modeled using linear predictor functions and unknown model 

parameters are estimated from data. 
 

1.2    Problem  Statement 

The major contaminant in crude oil polluted land is the petroleum 

hydrocarbon. Remediation seeks to eliminate the Total Petroleum 

Hydrocarbon Content (TPHC) in the polluted land. Many studies have been 

carried out with respect to remediation of crude polluted land. Different 

methods and treatment variables have been used in different places to achieve 

different results. The different results have revealed that not all the treatment 

variables or methods have the same ability to eliminate TPHC present in a 

polluted site. Though some work has been done in determining the different 

abilities of the variables to remediate crude oil polluted land, not much has 

been done in studying the distinctive import of volume to space ratio in the 

treatment of crude polluted land especially as it has to do with ex-situ or 

greenhouse treatment. Developing mathematical relationships, otherwise 
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called models, for the determination of the time rate of remediation for any 

treatment variables and methods is also not common. Knowing the time 

required to eliminate TPHC from a polluted piece of land with respect to 

certain quantities of treatment variables or method is indeed a concern. This 

study, therefore, seeks to investigate the influence of different microbes in 

the remediation process as well as to evaluate probable time rate of 

remediation of the different remediating variables.   
 

1.3  Objectives of Study 

The main objective of the study is to compare and predict the remediation rates 

of microbes using the rate of removal of TPHC of a crude oil polluted land. 

The other objectives of the study are as follows: 

1. To identify the active microbial species in the bioremediation of crude 

polluted soil.  

2. To evaluate the time rate of remediation - removal of Total Petroleum 

Hydrocarbon Content (TPHC) from crude oil polluted sites using different 

treatment variables. 

3. To compare the effectiveness of the different treatment input variables for 

the remediation of crude oil polluted land. 

4. To predict the removal of TPHC from crude polluted sites using treatment 

variables. 
 

1.4    Scope of the Study 

The study is with respect to the following treatment variables: Inorganic fertilizer 

(NPK), Micro-organisms, Organic manure, a mixture of fertilizer and organic 

manures, and natural treatment. Indigenous and imported microbes were considered. 

The soil type used in this work was an ultisol. 
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1.5   Justification of the Study 

The determination of the microbes necessary for remediation and the ability to predict 

the time for the successful  removal of TPHC from crude oil polluted soil is relevant 

in engineering, agricultural, water resources, environmental and economic planning. 

It is more economical to remediate crude oil polluted land than to treat water polluted 

by runoff from polluted land whether for industrial or municipal uses. The study can 

be used to ascertain the quantity of amendments required in a given time to remove 

TPHC from a polluted piece of land and the most efficient and relatively economical 

method of remediation to be employed. 
 

1.6    Limitation of the Study 

The study was limited to only four distinct treatments of bioremediation of crude oil 

polluted lands in the Niger Delta Area of Nigeria. The prediction equations were 

developed based on field data collected from different  soil types and the time interval 

of the different studies used in this work varied. 
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CHAPTER TWO 
 

LITERATURE REVIEW 
 

2.1 Origin and Composition of Crude Oil 

Petroleum, otherwise known as crude oil, was formed from two Greek words: 

Petra meaning rock and oleum meaning oil. It is a naturally occurring flammable 

liquid consisting of a complex mixture of hydrocarbons of various molecular weights 

and other liquid organic compounds that are found in geologic formations beneath the 

earth surface. Crude oil is a fossil fuel formed when large quantities of dead 

organisms, usually zooplankton and algae, are buried underneath sedimentary rock 

and undergo intense heat and pressure. The composition by weight of elements and 

composition by weight of hydrocarbons present in crude oil are as shown in Table 

2.1. 

Table 2.1:   Percentage (%) Composition by Weight of the Elements Present in 

Crude Oil 

 

 

 

 

 

 

 

 

 

 

 

ELEMENT COMPOSITION BY WEIGHT 

Carbon 83     to  87% 

 

Hydrogen 10     to 14% 

Nitrogen 0.1    to   2% 

Oxygen 0.05  to  1.5% 

Sulphur 0.05  to  6.0% 
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Table 2.2 Percentage Composition by Weight of Hydrocarbons Present in Crude 

Oil. 

Source: Hyne (2001) . 

Crude oil varies greatly in appearance depending on it’s composition. However, it is 

usually black or dark brown. In terms of classification, the petroleum industry, 

generally, classifies crude oil by : 

i. The geographic location it is produced in  

ii.  It’s API (Oil Industry measure of density) 

iii. Crude sulphur content which makes it either sweet or sour. 

Crude oil may be considered light if it has low density or heavy if it has high density. 

Though crude oil is predominantly composed of various hydrocarbons, certain 

nitrogen heterocyclic compounds such as pyridine, picoline and quinoline are 

reported as contaminants associated with crude oil. These compounds have very high 

water solubility and thus tend to dissolve and move with water (Sims and O’Loughlin, 

1989). 

2.2 Occurrence Oil Spills 

Crude oil and refined fuel spills have damaged natural ecosystem in many places. The 

quantity of oil spilled during spillage or tanker ship accidents has ranged from a few 

tones to several hundred thousand tones (Hyne, 2001). Oil spills on sea are generally 

much more damaging than those on land since they can spread hundreds of natural 

HYDROCARBON COMPOSITION BY WEIGHT 

 AVERAGE RANGE 

Paraffins 30% 15 to 60% 

Naphthenes 49% 30  to 60% 

Aromatics 15% 3    to  30% 

Asphaltics 6% Remainder 
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miles in a thin oil slick which can cover beaches with a thin coating of oil. This can 

kill sea birds, mammals, shellfish and other organisms.  Oil spillage is categorized 

into four groups namely: minor, medium, major and disaster. For minor spills, the oil 

discharge is less than 25 barrels in land waters or less than 250 barrels on land, off 

shore or coastal waters that does not pose a threat to the public health and welfare. In 

the medium, the spill is 250 barrels or less in the inland water or 250 to 2500 barrels 

on land, offshore and coastal water while for the major spill, the discharge to the 

inland waters is in excess of 250 barrels on land, offshore or coastal waters. 
 

According to Nwilo and Badejo (2001), oil spillage in Nigeria occurs as a result of 

sabotage, corrosion of pipes and storage tanks, carelessness during oil production 

operations and oil tankers accidents. Table 2.3 shows causes of oil spillage in Nigeria 

in percentages. 

Table 2.3: Causes of Oil Spillage in Nigeria in Percentage 

 

 

. 

 

 

 

 

Nwilo and Badejo (2001) 
 

2.3 Environmental Effects of Crude Oil Spills 

The effects of oil spill are disastrous, dangerous, extensive and long term. An oil spill, 

though, does not kill human lives directly, has significant negative economic effects 

and affects both the marine and the terrestrial biota dangerously and negatively. The 

potential effect of oil spill on marine life is long term and may be difficult to gauge. 

CAUSES PERCENTAGE (%) 

Corrosion 50 

Sabotage 28 

Production Operations 21 

Engineering drills And other 
technical Problems 

1 
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Long term effects to the area’s biota may result from food chain and habitat 

disruption as well as from deceased survivability and reproductive capability of 

animals directly exposed to oil (Skimmer and Reilly, 1989). The marine life in an 

affected area may find itself suffering from the consequences of the incident years 

after it occurred. The effect is massive and long term. The aftermath of an oil spill 

could negatively affect the health of the people living in the area surrounding the spill 

incident. One primary concern is food safety. The disruption to the food chain does 

not only affect the plant and animal life in the area of the spill, it will also affect the 

human habitants in the surrounding area. Moreover, the damage to environment 

caused by oil spill has enormous economic implications. Oil spill in an area freezes or 

most times reduces environmental economic services stemming from the natural 

ecosystem. Mostly, these services go unnoticed because they are, more often than not, 

not directly traded as market commodities. 
 

The Exxon Valdez (oil spill) incident which occurred in the Prince William Sound 

has rendered the environment contaminated. The oil spill is one of the world’s most 

ecologically damaging man-made disasters (Isra, 2008).  Several remediation 

alternatives have been in use for the restoration of polluted systems. Bioremediation, 

which exploits the biodegradative abilities of live organisms and/or their products 

have proven to be the preferred alternative in the long-term restoration of petroleum 

hydrocarbon polluted systems, with the added advantage of cost efficiency and 

environmental friendliness. However, there is the need for further studies towards 

optimizing the process conditions for the application of bioremediation strategies in 

diverse climatic zones especially in extreme environments (Okoh and Trejo-

Hernandez, 2013). 
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2.4 Remediation of Crude Oil Polluted Land 

Land contamination in its broadest sense describes a general spectrum of site and soil 

conditions. It can include areas with elevated levels of naturally occurring substances, 

as well as specific sites that have been occupied by former industrial uses, which may 

have left a legacy of contamination from operational activities or from waste disposal. 

It can also include areas of land in which substances are present as a result of direct or 

indirect events, such as accidents, spillages, aerial deposition or migration. 

Remediation involves the removal of contaminants from environmental media, such 

as soil, surface water, ground water and air for the general protection of human health 

and the environment. Hydrocarbons, when spilled, bind strongly to solid surfaces 

including soils and removal of these materials represents a significant challenge 

(Ward et al, 2003). Many of these compounds are toxic and persistent in the 

environment, thus threatening human and animal health. A wide range of physical and 

chemical processes have been used on site to remove contaminants in the 

environment.  
 

Biologically, bacteria, fungi, yeast and other micro organisms are important groups of 

organisms that are naturally equipped for the environmental transformation of 

pollutants. The uses of these microorganisms as biological base processes to degrade 

environmental pollutants to less toxic form are described as bioremediation (Ward et 

al, 2003). Many published articles have documented the potentials of microorganisms 

to degrade oil both in the laboratory and in field trials. A number of the scientific 

papers including several review articles covered aspects of the biodegradation process 

as well as results from controlled field experiments designed to evaluate degradation 

rates in various environments. Land contamination by petroleum hydrocarbons is a 

widespread and global environmental pollution issue from recovery and refining of 

crude oil and the ubiquitous use of hydrocarbons in industrial processes and 
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applications. Environmental legislation and redevelopment of brownfield land are key 

drivers for environmental cleanup (Hartman et al., 2005). This is due to the potential 

negative impacts of petroleum hydrocarbons on human health and the environment 

(Heath et al., 1993) and a preference to reuse former industrial land over developing 

green field sites (Russell et al., 2008). The sustainability of remedial approaches has 

attracted much greater attention in recent years (e.g., Baker et al., 2009; Sustainable 

Remediation Forum, 2009; Watts et al., 2009). Significant environmental and 

economic benefits may be realised if a sustainable alternative to landfilling of 

contaminated land was employed. In Anderson et al. (2002, 2003), solvent and 

surfactant cleaning of ballast was investigated and potential environmental impacts of 

the processes examined. Bioremediation is potentially one of the sustainable and cost-

effective treatments for hydrocarbon-contaminated land (Philp et al., 2009) and 

groundwater (Philp et al., 2005). An initial study on the optimisation of ex situ 

bioremediation of dieselcontaminated soil (Cunningham & Philp, 2000) demonstrated 

the efficacy of the addition of microorganisms (bioaugmentation) to enhance diesel 

biodegradation rates at field pilot scale. This work motivated further studies 

examining a novel aeration approach (Li et al., 2004). Crude oils and refinery wastes 

are more challenging contaminants for bioremediation than refined fuels such as 

diesel due to the wider range of hydrocarbons including less bioavailable fractions 

such as high molecular weight aliphatics and asphaltenes. Further ex situ 

bioremediation research was conducted in collaboration with the Institute of Ecology 

and Genetics of Microorganisms (IEGM) in Perm, Russia where this topic is 

particularly significant as extraction and processing of crude oil has resulted in 

widespread contamination of soil and water. In Kuyukina et al. (2003), the aim was to 

develop an optimised ex situ bioremediation approach for crude oil wastes from 

refinery storage pits in the Perm region. A key-limiting factor in biodegradation of 

such recalcitrant contaminants is the bioavailability of many of the oil fractions, and 
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so biosurfactants were utilised to optimise the biodegradation process. These 

glycolipid biosurfactants were produced by the IEGM laboratory from Rhodococcus 

species (Philp et al., 2002) in contrast to the synthetic surfactants used previously on 

contaminated rail ballast. Further laboratory studies then investigated the potential 

application of biosurfactants for in situ remediation (Kuyukina et al., 2005) in 

laboratory soil columns contaminated with crude oil. 
 

Bioremediation can offer a more suitable alternative to physical and chemical 

methods. Bioremediation (is a technology) that uses microbial action to degrade 

organic contaminants into harmless metabolic products. The microbiological 

decontamination of oil-polluted soils has been assessed to be an efficient, economic 

and versatile alternative to physiochemical treatment (Bartha,1986).It is less 

expensive than physical and chemical methods. For heavily contaminated soils, 

bioremediation is a biological alternative to incineration, soil washing and land 

filling. Bioremediation is a technology that uses microbial action to degrade organic 

contaminants into harmless metabolic products. Potential advantages of 

bioremediation compared to other in situ methods include destruction rather than 

transfer of the contaminant to another medium; minimal exposure of the on-site 

workers to the contaminant; longtime protection of public health; and possible 

reduction in the duration of the remedial process. These advantages of the 

bioremediation systems over the other technologies have been summarised (Leavin 

and Gealt, 1993) as follows: can be done on site, i.e., in situ application; keeps site 

destruction to a minimum; eliminates transportation costs and liabilities; eliminates 

long-term liability; biological systems are involved, hence often less expensive; can 

be coupled with other treatment techniques to form a treatment train. Application of 

bioremediation techniques requires inputs from experts in microbiology, chemistry, 
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geology, engineering, soil science, etc as the technologies are based on approaches 

common in environmental engineering, geology and soil science (Alexander, 1994). 
 

2.5 Developments in Bioremediation 

According to literature, bioremediation has been studied by Microbiologist since the 

1940s. It became known to a broader public in the U.S. only in the late 1980s as a 

technology for cleanup of shorelines contaminated with spilled oil. The history of 

bioremediation in spill response can be divided into three development periods 

namely: the courtship period, the honeymoon period and the establishment period 

(Hoff, 1993). 
 

The courtship period was primarily a research period, when bioremediation was little 

known outside the microbiology or hazardous waste community. During this period, a 

number of scientific papers were published on the topic of bioremediation between 

1970s and 1980s, including several review papers covering mechanisms of 

biodegradation. These works established a basic understanding of biodegradation of 

oil as an important component of the process known as weathering. Weathering 

encompasses the microbial and physical processes (photodegradation, tidal and wave 

action) that promote chemical breakdown of the oil molecules. During this period, 

many commercial products were developed for use as bioremediation agents, many of 

which were derived from the growing biotechnology industry and included microbes 

of various kinds. However, during this period, prior to 1989, bioremediation had not 

received attention or acceptance in any wide range. 
 

Between 1989 and 1991, bioremediation started receiving wide attention and interest. 

This period is known as the Honeymoon period.  Several of the tests conducted 

during this period which suffered from poor design, were conducted over too short a 

time period, or had analytical difficulties detecting changes in oil concentrations. At 
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the end of the honeymoon period came a time of disillusionment as the promise of the 

technology was not always borne out by its use in real situations.  
 

The establishment period since 1992 has seen a wide application and steady increase 

in the acceptance of   bioremediation.  
 

Some applications of bioremediation techniques around the world include: 

The Amoco Cadiz spill along the Brittany shoreline in France in March 1978 (Atlas, 

1995).  
 

The Exxon Valdez oil spillage in March 1989. This created the largest spill ever with 

more than 2,000 km of oiled shoreline. The clean-up efforts included removing bulk 

oil, manual pickup of oil site sorbent pads, shore washing with hot, warm, and cold 

water, mechanical tilling, removal of oiled sediments, and bioremediation (Sugai et 

al., 1997).  
 

Bioremediation of the open water Mega Borg spill off the Texas coast in June 1990 

consisted of applying a seed culture produced by the Alpha Corporation. This spill 

was also treated with dispersants and some burning of the oil occurred. The Texas 

General Land Office reported that the use of the Alpha culture on the Mega Borg spill 

was effective at removing significant amounts of oil. There was, however, no 

systematic or independent monitoring for effectiveness. In contrast, the study 

demonstrated the potential problems with the application of bioremediation problems 

at sea (Swannell et al., 1996). 
 

Apex Barges spillage after an accident at Galveston Bay in Texas in July 1990. The 

Texas General Land Office reported that the bioremediation was effective (Atlas, 

1995; Swannell et al., 1996). 
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 Arabian Gulf War: One experiment analyzed the effectiveness of a certain 

bioremediation agent in degrading the oil spilled in the Arabian Gulf. The 

commercially available bacterial product consisted of a mixture of naturally occurring 

microorganisms. The degradation of the oil was observed under different 

concentrations of oil, added nutrients and added bacteria. The results obtained in the 

study demonstrated that the addition of nutrients and bacteria to oil enhanced the 

biodegradation of the n-alkane fraction of the oil (Fayad et al., 1992). 
 

Another study focused on the relationship between indigenous and seeded microbial 

cultures. The results showed that seeding with local or foreign oil-degrading bacteria 

did not lead to enhancement of hydrocarbon degradation and resulted in dramatic 

decreases in the numbers of the predominant indigenous oil-degrading bacteria. 

Whereas local microorganisms were able to establish themselves rather easily in the 

Gulf coast sand, the foreign bacteria (the German Arthrobacter strains, KCCG 351-

355) either decreased or did not survive at all. In recent years there has been a high 

demand for crude oil as a primary source of energy in civilized societies. Its market 

value and consumption of its end products have caused a huge increase in production 

of crude oil. This further encouraged more refineries and photo chemical industries 

and the need to exploit and drill for more oil to some extent ignoring the consequence 

of such activities on the environment and human life. Bioremediation is a useful 

method for improving oil contaminated soils. In this method living microscopic 

creatures use the hydro carbonic materials as food and energy resource and then 

change them easily to nonpoisonous materials like water and carbon-dioxide. The 

result of this process is to reduce the oil hydrocarbons in soil (Espinoza and 

Dendooven, 2003). Bioremediation is intermediate between engineering and natural 

methods and involves human interference like agricultural practices (plouging, 

fertilizing and etc) in order to promote suitable living conditions for microscopic soil 
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creatures and increase the degradation of soil pollutants. Also, use of palliative 

materials like applying organic matter with nitrogen and phosphorus and plouging in 

order to ventilate the soil in a better way is beneficial. This may help to increase the 

microbial activity by bacteria and fungi. Namkoong et al. (2002) in bioremediation of 

diesel oil contaminated soil found that mixing the polluted soil with sewage-sludge on 

a volume of 0.5:1 showed the highest palliative degradation. Gogoi et al. (2003) in 

bioremediation of crude oil polluted soil have observed that ventilation, using organic 

matters with nitrogen and phosphorus and microbes insemination has led to the 

demolition of 75 percent of the contamination factors. Therefore, the aim of that 

research was to evaluate the effects of sewage sludge application as organic fertilizer 

on stimulating biological processes and crude-oil bioremediation of oil polluted soil. 
 

2.6   Biological Processes of Bioremediation 
 

Microorganisms bring about oxidation-reduction reactions in order to obtain energy 

for growth, thus organism growth must be considered as part of the reaction. In order 

to grow, microorganisms also need certain mineral nutrients to form necessary 

cellular components such as nucleic acids, enzymes, proteins, carbohydrates, and fats. 

Of major importance here are the elements carbon, nitrogen, phosphorus, sulfur, and 

iron Some microorganisms degrade alkanes, others aromatics, and others both 

paraffinic and aromatic hydrocarbons. Often the normal alkanes in the range C10 to 

C26 are viewed as the most readily degraded, but low-molecular-weight aromatics, 

such as benzene, toluene and xylene, which are among the toxic compounds found in 

petroleum, are also very readily biodegraded by many marine microorganisms. More 

complex structures are more resistant to biodegradation by many marine 

microorganisms and the rates of biodegradation are lower than biodegradation rates of 

the simpler hydrocarbon structures found in petroleum. The greater the complexity of 

the hydrocarbon structure, i.e., the higher the number of methyl branched substituents 
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or condensed aromatic rings, the slower the rates of degradation (Atlas, 1995). 

Besides the varying rate of biodegradation, researchers have consistently documented 

a lag time after oil is spilled before indigenous microbes begin to breakdown the oil 

molecules (Hoff, 1993).  
 

 Addition of microorganisms (seeding) is one approach often considered for 

bioremediation of petroleum pollutants after an oil spill. Most microorganisms 

considered for seeding are obtained by enrichment cultures from previously 

contaminated sites. However, because hydrocarbon-degrading bacteria and fungi are 

widely distributed in marine, freshwater and soil habitats, adding seed cultures has 

proven less promising for treating oil spills than adding fertilizers and ensuring 

adequate aeration. Most tests have indicated that seed cultures are likely to be of little 

benefit over the naturally occurring microorganisms at a contaminated site for the 

biodegradation of the bulk of petroleum contaminants (Atlas, 1995). 
 

According to Ekpo and Udofia (2008), in bioremediation programme, the two 

methods of bioaugmentation, the  seeding of an active biodegrader like Pseudomonas 

spp and the enrichment of the medium is of great advantage and that the removal of 

pollutant from an environment is effective within the first two weeks of microbial 

seeding and therefore suggests that a continuous seeding of biodegraders with 

addition of appropriate nutrient will prove very effective in any bioremediation 

activity.  
 

Raktim et al (2010) showed that the overall degradation mostly relies on the role of 

biotic and/or abiotic factors of individual soil plus the molecular nature of the target 

compound. Methamphetamine and certain synthetic byproducts 1-benzyl-3-

methylnaphthalene and N-formylmethylamphetamine recorded long persistence in the 

test soils which is not desirable and need further study to investigate their long term 

metabolism pattern and impacts of these compounds on the biota including their 
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bioaccumulation potential. Their work was conducted to investigate the degradation 

pattern of selected parent drug (e.g.,methamphetamine and 3,4-

methylenedioxymethamphetamine (MDMA)), precursors (e.g.,pseudoephedrine), and 

the by-products (e.g., 1-(1,4-cyclohexadienyl)-2-methylaminopropane, N 

formylmethylamphetamine, and 1-benzyl-3-methylnaphthalene) in soils. The soils for 

the work were collected from the Mawson Lakes, Sturt Gorge, and Waite Campus of 

South Australia, which are originally urban impacted backyard, bush, and agricultural 

land, respectively. The three soils were widely varied in terms of organic carbon, clay 

content, soil texture, pH, and surface area. The results of that study employing test 

soils widely varying in their basic physico-chemical properties  may be extrapolated 

to other soils around Australia to predict the behavior of the target compounds. The 

test soils were scanned for the presence of any target compounds and none were 

detected. In their study, the degradation pattern was investigated at a single spiking 

level of 100 μg/g, 50% of maximum water holding capacity of soils, and at 25 ± 20C 

temperature for one year period. To avoid any chance of photodegradation, the soils 

were incubated in dark. 5 g of soil in individual amber colored screw cap vials of 40 

mL capacity were spiked with the test compounds. The pre-incubated stabilized soils 

were used for both the non-sterile and sterile degradation studies. The soils (in 

individual vials) were sterilized by autoclave for three consecutive days at 1210C for 

20 min. The soils for both the non-sterile and sterile degradations were spiked with 

requisite amount of the freshly prepared stock solution. In case of the sterile 

degradation, the stock solutions were passed through sterile 0.20 μm filter and soils 

were spiked aseptically within a laminar air flow. The analytical technique (including 

soil extraction, sample clean-up, and analysis involving HPLC-MS and GC-MS) was 

developed for precise quantification of the test compounds.  
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Bioremediation involves the following strategies: 
 

2.6.1  Use of Indigenous Microbial Population: Soil and water contain very large 

population of indigenous micro-organisms which include a number of 

hydrocarbon utilizing bacteria, fungi and yeast (Bartha and Atlas, 1977). 

The ability of micro organisms to utilize wide range of these compound 

makes them ideal candidates for use in bioremediation of hydrocarbon 

pollutants. 

2.6.2 Biostimulation: This involves supplementing the contaminated soil with soil 

nutrients in order to change the physical state of the contaminant and also 

providing enough substrates to soil microbes thereby enhancing the 

conversion of pollutants (petroleum hydrocarbon) to bioavailable form 

(Atlas and Bartha,1992). It is one of the primary strategies of 

bioremediation. The micro organisms already existing on the impacted site 

have sudden new source of food - hydrocarbon compound. After initial 

toxicity and the indigenous species of hydrocarbon degrading microbes have 

become acclimated, they begin to eat the oil and their population grows. At 

this point, the sudden increase in number of microbes may deplete due to 

reduced supply of nutrient and this may limit further growth of microbial 

population but with added nutrient (biostimulation), the microbial 

population can continue to increase and degrade oil at a faster rate (Ward et 

al, 2003). 
 

2.6.3      Bioaugumentation:  bioaugumentation refers to the addition to the soil of 

non-indigenous micro-organisms capable of catabolizing the contaminant (Ward et 

al., 2003). Ebuehi et al (2005) suggested that 92,950 liters of broth culture be used per 

hectare of land. Once the bacteria are chosen, the engineer/user must carefully meet 

their nutritional needs by choosing the correct mix of fertilizer (Irwin, 1996). 
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Furthermore, the contaminated media can be manipulated by, for example, aeration or 

temperature control. Two of these concepts shall be observed in more detail: seeding 

with microbial cultures and environmental modification.  
 

However, according to Tyagi et al. (2010)  there is a mixed debate on which of the 

two techniques, bioaugmentation or biostimulation, is a better strategy for 

bioremediation. Unfortunately, the authors do little to progress the debate as in their 

concluding remarks they simply noted that bioaugmentation and biostimulation can 

be used as complementary techniques. In most cases, it is likely that biostimulation 

will be required as inorganic nutrients will limit biodegradation so the question will 

be to augment or not. Fantroussi & Agathos (2005) proposed that bioaugmentation 

was best suited to confined systems like slurry bioreactors as conditions may be more 

readily optimised to suit the augmented population. However, it is worth noting that 

they considered the introduction of an exogenous population and not the re- 

application of greater numbers of hydrocarbon degraders isolated from the site in 

question.  Koronelli (1996) gave a specific reason to justify bioaugmentation, in his 

case that in Russia, inoculation with active hydrocarbon degrading bacteria had been 

found to be important due to the cold climate. Again,  Nwachukwu (2001)  justifying 

the use of and need for  bioaugmentation stated that in some cases oil pollution 

incidents were of such magnitude as to cause sterilisation of the soil and therefore  

explains why some oil-impacted land remains compacted and unproductive for years. 

This author suspected that incidences of this nature were extremely rare and would 

only occur when site specific conditions conspired to saturate the ground in an 

ecosystem that was already non productive. However, the topic of the study reported 

by Nwachukwu (2001) was inoculation of sterilised agricultural soils and it is difficult 

to imagine anything other than a rare and catastrophic oil spill resulting in effective 

sterilisation of agricultural land.   Nwachukwu, (2001) and other authors reported that 
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there is more rapid degradation of crude oil from bioaugmentation with a single 

degrading strain along with biostimulation compared with biostimulation alone. 
   

2.6.4 Use of animal manure: manure, 

under natural condition includes animal waste containing nutrients like 

nitrogen, phosphorous, potassium, calcium, magnesium, sulphur and other 

micro nutrients. Previous studies have reported that manure nutrient 

concentration varies substantially and are affected by species, age, nutrition, 

production and diet of the animal, amount and diet of bedding and manure 

storage practice (Duxbury et al, 1989). Manure contains both organic and 

inorganic nitrogen. Nitrogen content in manure also varies with the type of 

animal and feed ratio and amount of urine concentrated with manure (Huang 

and Schnitzer, 1986). 

Amadi and Bari (1992) recommended 108g per kilogramme of soil of poultry 

measure for remediation of crude-oil polluted soil. 
 

 2.6.5 Use of inorganic fertilizer  

Fertilizers have been formulated and used successfully to greatly speed up 

remediation process. Numerous laboratory studies on the use of fertilizer for 

crude oil biodegradation by naturally occurring microbes have concluded that 

fertilizer has the potential as treatment technique for removing hydrocarbon in 

an impacted area. However, there are some constraints in the use of fertilizer to 

enhance degradation. These include: several toxic components to humans and 

other organisms even at certain concentrations. Secondly, nutrients 

concentration can inhibit the biodegradation activity. Several authors have 

reported the negative effect of a high NPK level on the biodegradation of 

hydrocarbons. Ogaji et al (2005) suggested (about 8.6 tonnes per hectare on the 

average) the range of 4.7 to 12.5 tonnes per hectare.  
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The bioremediation technique employed at each point in time depends on the 

area or environmental media that is contaminated, the properties of the 

compound involved, the concentration of the contaminant and the time required 

to complete the remediation process. Based on these options, scientists will 

continue researching for the best methods that will suit these options in 

remediation process (Amadi and Bari, 1992). 
 

2.6.6     Phytoremediation                                        

Phytotechnologies involve the plant–assisted bioremediation of organic and 

inorganic contaminants and are essentially a form of ecological engineering 

that depends on natural, synergistic relationships among plants, 

microorganisms and the environment.  
 

2.6.7   Degrading Species 
 

The biodegradation of petroleum is carried out largely by diverse bacterial 

populations, including various Pseudomonas species, marinobacter, alcanivorax, 

microbulbifer, sphingomonas, micrococcus, cellulomonas, dietzia and gordonra 

groups (Brito et al.,2006 ). Generally, in pristine environments, the hydrocarbon-

degrading bacteria comprise < 1% of the total bacterial population. These bacteria 

presumably utilize hydrocarbons that are naturally produced by plants, algae, and 

other living organisms. They also utilize other substrates, such as carbohydrates and 

proteins. When an environment is contaminated with petroleum, the proportion of 

hydrocarbon-degrading microorganisms increases rapidly (Atlas, 1995). Successful 

application of bioremediation technology to contaminated systems requires 

knowledge of the characteristics of the sites and the parameters that affect the 

microbial biodegradation of pollutants (Sabate et al.,2004). Biodegradability is 

inherently influenced by the composition of the oil pollutant. Kerosene, for example, 
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which consists almost exclusively of medium chain alkanes is, under suitable 

conditions, totally biodegradable (Okoh, 2002). Temperature plays a very important 

role in degradation of petroleum hydrocarbons, firstly by it’s direct effect on the 

chemistry of the pollutants, and secondly on it’s effect on the physiology and 

diversity of the microbial millieu. Ambient temperature of an environment affects 

both the properties of spilled oil and the activity of population of microorganisms 

(Venosa and Zhu, 2003). At low temperatures, the viscosity of the oil increases while 

the volatility of toxic low molecular weight hydrocarbons is reduced, delaying the 

onset of biodegradation (Atlas, 1981). Although hydrocarbon biodegradation can 

occur over a wide range of temperature, the rat e of biodegradation generally decrease 

with decreasing temperature. Highest degradation rates generally occur in the range of 

30 – 40oC in soil environments, 20 – 30oC in some fresh water environments, and 15 

– 20oC in marine environments (Bossert and Bartha, 1994; Cooney, 1984).  The study 

of the genetics of hydrocarbon utilizing micro organism has essentially been stepped 

up within the last decades. Before now, insight into the genetics of simple aromatic 

hydrocarbon utilizing micro organisms surpassed the knowledge and understanding of 

the genetics of alkane utilizing micro organism. This is due to the availability of 

precise and definite database for aromatics metabolism compared to their n-alkane 

counterpart (Singer and Finnerty, 1984). Genetic factors play roles in conferring 

biodegradation potentials on micro organisms. Plasmids probably play leading role in 

this aspect. The ability to degrade more recalcitrant component of petroleum such as 

the aromatic fractions are generally plasmid mediated (Cerniglia, 1984). 
 

 2.7   Chemical Processes of Bioremediation 

The major metabolic pathways for hydrocarbon biodegradation are well known. The 

initial steps in the biodegradation of hydrocarbons by bacteria and fungi involve the 

oxidation of the substrate by oxygenases, for which molecular oxygen is required. 
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Alkanes are subsequently converted to carboxylic acids that are further biodegraded 

via ß-oxidation (the central metabolic pathway for the utilization of fatty acids from 

lipids, which results in formation of acetate which enters the tricarboxylic acid cycle). 

Aromatic hydrocarbon rings generally are hydroxylated to form diols; the rings are 

then cleaved with the formation of catechols which are subsequently degraded to 

intermediates of the tricarboxylic acid cycle. Interestingly, fungi and bacteria form 

intermediates with differing stereochemistries. Fungi, like mammalian enzyme 

systems, form trans-diols, whereas bacteria almost always form cis-diols. Since 

bacteria are the dominant hydrocarbon degraders in the marine environment, the 

biodegradation of aromatic hydrocarbons results in detoxification and does not 

produce potential carcinogens. The complete biodegradation (mineralization) of 

hydrocarbons produces the non-toxic end products carbon dioxide and water, as well 

as cell biomass (largely protein) which can be safely assimilated into the food web 

(Atlas, 1995). 
 

2.8    In-situ and Ex-Situ Remediation     

Brady and Weil (1999) reported that the most widespread methods of soil remediation 

involve physical, biological and / or chemical treatments of the soil either in place (in 

situ) or by moving the soil to a treatment site (ex-situ).The treatment site includes 

laboratories. They however, concluded that the in situ treatment are usually preferred 

if variable technologies are available. Ex-situ approaches are often more rapid and are 

simpler to control but have the disadvantage of requiring soil to be excavated for 

treatment (Dott et al, 1995).  
 

Diplock et al. (2009) recently proposed that the largest research challenge for 

bioremediation was translating laboratory treatability data into field scale predictions. 

More recently, Ramos et al. (2011) commented that exploitation of knowledge gained 

from both laboratory and field studies had not been fully realised. This echoes the 
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position of Head (1998) from more than a decade before who said that one of the 

greatest challenges was providing evidence that a chosen treatment will be effective 

in the field. Diplock et al. (2009) also highlighted the need for commercial projects to 

collect more intensive data to enhance our understanding. Others have recognised the 

need to improve sharing of data between projects. Watanabe (2001) proposed the 

establishment of a database that collected the results of microbial community data 

assessments of contaminated sites and those where bioremediation had been applied 

to build understanding. This same thinking could easily be proposed for physical, 

chemical and thermal techniques. 
 

2.9     Remediation Time 

To effectively compare remediation time, we must either develop a better system for 

field monitoring, or wait a longer time before measuring so that differences would be 

more pronounced, or know that the effects of the treatments would be vastly different. 

Because the effect of the treatments is our unknown and a comparison of rates over 

time is important, the only acceptable option is to develop a better system for field 

monitoring. To determine a bioremediation rate at any given time we must be able to 

compare contaminant concentrations to the initial concentration of the contaminant in 

the soil. To make valid rate comparisons, it is essential  to provide known 

contaminant concentrations at the start  of remediation. Ekpo and Udofia (2008) also 

revealed that the removal of pollutant from an environment is effective within the first 

two weeks of microbial seeding and therefore suggest that a continuous seeding of 

biodegraders with addition of appropriate nutrient will prove very effective in any 

bioremediation activity. 
 

2.10   Basic Concepts on Modeling and Prediction   

The word “modeling” may be taken as an imitation of something on a smaller scale. It 

is a description of nature that can predict things about many similar situations. A 
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model may help to explain a system and to study the effects of different components 

and   to make predictions about behavior. Therefore, modeling is the process of 

generating abstract, conceptual, graphical and or mathematical models. Nwaogazie 

(2006) defined modeling as the act of constructing or fashioning a model of 

something or finding a relationship between variables. The trend in modeling is to 

collect existing records (data), establish relations via mathematical equations, 

calibrate such equations in the way of assigning values to associated constants and 

adopting such equations for forecasting or predictions. Prediction takes us into the 

future for decision making as we examine different responses arising from changes in 

control variables. 

2.10.1    Definition of terms associated with modeling and prediction. 

Variable:  A variable is a value that may change within the scope of a given problem 

or set of operations. Variables can be dependent or independent. The independent 

variables are typically the variables representing the value being manipulated or 

changed. These are variables or quantities available at the start of a process. 

Dependent variables are the observed results of the independent variable being 

manipulated. They are those quantities or variables being created by the process.  

Consider the relationship y = f (x) 

y is the dependent variable and x is the independent variable if there is some relation 

specifying y in terms of x. 

Constant: A constant is a value that remains unchanged though often unknown or 

undetermined. Constants are non-verifying values. It is however different from 

mathematical constants which are specified numbers independent of the given 

problem. 

Statistical model:   Is a formalization or relationship between variable in the form of 

mathematical equations. A model is statistical as the variable are not deterministically 

but stochastically related (Frigg 2003). 
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2.10.2  Model verification and prediction 

 The accuracy of a calibrated model is usually verified before such a model can 

be made useful in future predictions. Model prediction is an exercise that follows after 

calibration and verification. Model prediction of any future event such as peak flow, 

concentration of pollutant in time and space and so on is the whole essence of 

mathematical modeling in engineering practice. It serves best for design and decision 

making, (Nwaogazie, 2006).Therefore in predictive modeling, data are collected for 

relevant predictors  - variable factors that are likely to influence future behaviour or 

results -  followed by model formulation, then predictions are made and the model is 

validated. The model may employ a simple linear equation or complex equations 

mapped out by sophisticated softwares. 
 

According to Robert Sargent, the different approaches to deciding model validity 

include conceptual model validation and operational validation. The conceptual 

model validation involves determining that the theories and the assumptions 

underlying the conceptual model are consistent with those in the system theories and 

that the model presentation of the system is reasonable. The operational validation is 

defined as determining that the model’s output behavior has sufficient accuracy for 

the model’s intended purpose over the domains of the model’s intended applicability.    
 

2.10.3   Regression Analysis and Models 

In statistics, regression analysis includes many techniques for modeling and analyzing 

several variables when the focus is on the relationship between a dependent variable 

and one or more independent variables. More specifically, regression analysis helps 

understand how the typical values of the dependent variable change when any one of 

the independent variables is varied while other independent variables are held fixed. 

Most commonly, regression analysis estimates the conditional expectation of the 
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dependent variable given the independent variables. The estimation target is a 

functional relationship between a scalar variable y and one or more explanatory 

variables denoted x. A linear regression model (in vector) form is given as: 

                           y = a0 + a1x                              (2.1)   

where y is the regressand or the dependent variable and x is the regressor or the 

independent variable. a0 is a constant which captures all the factors which influence 

the dependent variable y other  than the regressor x, while a1 is the regression 

coefficient. When one regressor is used in a regression model, the regression is called 

single regression. More than one regressor makes for multiple regression.  
 

2.10.4 Correlation Analysis 

Correlation may be taken as the degree of relationship between variables which 

seeks to determine how well a linear or non-linear equation describes the relationships 

between variables (Nwaogazie, 2006). When only two variables are involved, it is a 

simple correlation, it becomes multiple correlation when more than two variables are 

involved. When a dependent variable is correlated with all the independent variables 

in any given situation there will be an absolute or total correlation. Where dependent 

variable is correlated with only one independent variable with other variable kept 

constant, the correlation is partial.  
 

Coefficient of correlation 

Coefficient of correlation, also known as Correlation coefficient, is a measure of how 

well the predicted values from a forecast model fit with the real life data. It measures 

the degree to which two things vary together or oppositely. Coefficient of correlation 

is a number between -1 and 1. A perfect fit gives a correlation of 1. If coefficient is 

say 0.80 or 0.90, the corresponding variables closely vary together in the same 

direction; if -0.80 or -0.90, then the corresponding variables vary together in the 

opposite directions. –1 or 1 means complete dependence. Zero correlation represents 
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complete independence. That means that two variables vary separately and there is no 

relationship between the predicted values and the actual values. The most common of 

correlation coefficient is the Pearson correlation coefficient which is sensitive to 

linear relationship between variables. Standard error of estimate is the standard 

deviation of the differences between the actual values of the dependent variables 

(results) and the predicted values. 
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CHAPTER THREE 

METHODOLOGY 

This study was done by carrying out a field study on bioremediation to ascertain the 

degrading elements in the bioremediation technology and comparing the field data 

generated with other similar works for the purpose of comparative analysis of the 

probable time of petroleum contaminant removal from a polluted site using different 

treatment variables. 
 

3.1 Study Site and Location Description 

The experiment was carried out as an ex-situ treatment of polluted soil obtained from 

the Federal University of Technology Owerri (FUTO) Research Farm, Imo State, 

Nigeria. The study area is located in Owerri, Imo state and lies between latitude 5o22I  

51.5IIN and longitude 6o59I 39.3IIE, with an elevation of 61m (Global Positioning 

System (GPS) Receiver (Germin Ltd  Kansas, USA). It is a humid tropical 

environment with average annual rainfall of 2400mm and 3 distinct months of 

dryness (December to February). The mean daily temperature is about 27oC. The soils 

are derived from coastal plain sands called acid sands -  Benin formation (Orajaka, 

1975). 
 

3.2   Experimental Design 

The study was done for a period of eighteen (18) weeks, between August 29th   to  

December 21st 2012. 

 Polluted sample of soil were placed into five (5) different containers, of similar size 

and geometry, with dimensions 17cm (height) and 18.5cm (diameter). The 5th 

container, was used for the control experiment. 5kg of polluted soil was placed in 
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each of the containers and were all exposed to the same atmospheric and 

environmental conditions.  
 

(CD) 

Cow dung 

(PM) 

Poultry waste 

(FZ) 

Fertilizer 

(MX) 

Synergy 

(CT) 

Control 

Fig 3.1 Layout of the Experimental Design 
 

3.3     Soil Collection and Pollution 

 The soil used in the study was collected from the FUTO Research Farm from 15cm 

to 20cm depth with a shovel. The soil was collected into containers and was taken to 

the site for treatment (greenhouse treatment). The soil was air dried for four days and 

25kg of soil was polluted with 1litre of crude oil (Bonny light) with specific gravity 

of 0.8343 leaving about 230mg/kg of soil. The crude oil was allowed to cover the 

surface of the soil completely. This was to simulate a natural field condition of major 

spill. The pollution is equivalent of 73,800litres per hectare and 200x10-3m3 per 5kg 

of soil. The ratios used are with respect to the recommendations of Ogaji et al (2005).  
 

3.4    Treatment 

The polluted sample was allowed to stay 14days before the start of treatment. The 

amendments (treatment variables) used  include: cowdung CD, poultry waste(manure) 

PM, and inorganic fertilizer (NPK 20:10:10) FZ, and a mixture (or synergy) MX, of 

the above three in the appropriate proportion. The polluted sample was thoroughly 

mixed to ensure even distribution of pollutant. The various amendments were then 

added to 5kg of soil each and thoroughly mixed except for the control sample. The 

samples were thoroughly mixed twice a week with the addition of moisture to provide 

a conducive environment for the degrading microbes. 

        Quantities of amendments used : 
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1. Poultry manure: 55g of poultry manure per 5kg of soil. This is equivalent to 

20tons/ha as recommended by Amadi and Bari (1992).   

2. Cow dung: 55g of cowdung per 5kg of soil as recommended by Amadi and 

Bari (1992). 

3. Inorganic fertilizer: 25g of NPK per 5kg of soil was used which is equivalent to 

8.2ton/ha. This was based on the recommendation of 4.7 - 12.5tons/ha by Ogaji 

et al (2005). 

4. Mixture: mixture of 25g of inorganic fertilizer, 25g of cow dung and 25g of 

poultry manure. 

Experimental Soil Sampling: The experimental soil was analyzed in the 

laboratory at intervals. The soil was taken to the laboratory before pollution and 

two weeks after pollution before the start of treatment. The rest of samplings 

were during treatment. The samples were thoroughly mixed and homogenized 

before collection into neat and well labeled polythene bags free from 

contamination. The soil samples were immediately taken to the laboratory for 

analysis. 
 

3.5    Laboratory Studies 

Both microbial and Total Petroleum Hydrocarbon (TPH) content analyses were done 

in the laboratory. 

3.5.1    Microbial Analysis: 

Preparation of diluents: diluents used for the dilution of the samples were prepared by 

dispensing 9ml of distilled water into bijou bottles. This was sterilized by autoclaving 

at 121oC for 15minutes and allowed to cool before use (Cheesbrough, 2000).  

Preparation of media: Nutrient Agar (NA) and Potato Dextrose Agar (PDA) were 

prepared according to manufacturer’s specification described by Cheesbrough (2000). 

Mineral based Petroleum Agar (PA) was prepared according to the method adopted 
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by the Institute of Petroleum Studies (IPS), Rivers State University of Science and 

Technology Porthacourt. The recipe used include: 

NH4Cl 0.5g; K2HCO4 0.5g; NaHPO4 2.5g; diesel/oil 0.5%; Agar 15.0g in 1litre of 

distilled water. 

Inoculation of Samples: One gram (1g) quantity of the  sample was dispersed into 

9ml of sterile distilled water to obtain 10-1 dilution. Further dilutions were made by 

transferring 1ml of the previous solution until 10-6 was obtained. One-tenth nullilitre 

(0.1nl) was collected from 10-6 and inoculated into freshly prepared surface dried 

nutrient agar in duplicates. The same quantity was collected from 10-4 dilution into 

potato dextrose agar and mineral based petroleum agar (ICMSF, 1987; Beishir, 1987; 

Pelezar and Chan; 1977 Cheesbrough, 2000). The inoculum was spread evenly with a 

sterile hockey stick like glass rod.  

Enumeration of Microbial Population: This was done manually by dividing the 

petridish into four quadrants at the reverse side of the culture plates. Total colony 

count was expressed in colony forming units per gram (CFU/g). The mathematical 

expression was adopted from Harrigan and McCauce(1990). 
 

                                                                                   (3.1)                                                 

where      

N     is number of colonies counted 

V     is volume of inoculums transferred to the  plates 

D     is the dilution factor  

 

Characterization of Microbial Isolates: colonial, microscopic and biochemical 

characteristics of the microbial isolates was done according to Cheesbrough (2000), 

Harrigan and McCauce(1990) and Beishir (1987). 
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Identification of Microbial Isolates: This was done with reference to standard 

bacteriological and mycological manual cited in Buchanam and Gibbon(1974) and 

Barnet Hunter(1987)  respectively. See Appendices ( 1 to 4 ). 
 

 

 

3.5.2  Total  Petroleum Hydrocarbon (TPH) 

TPH is a term used for any mixture of hydrocarbons found in crude oil. There are 

several hundreds of these compounds, but not all occur in any one sample. Because 

there are so many different chemicals in crude oil and in other petroleum products, it 

is not practical to measure each one separately. However, it is useful to measure the 

total amount of TPH at a site.  

Procedure:  2g of soil sample was weighed into a 100ml flask and 50ml of 

chloroform was added into it. After shaking vigorously for 3minutes, the liquid phase 

was extracted and measured spectrophotometrically at 290nm using a UV-Visible 

Spectrophotometer. Standard curve of the absorbance of different known 

concentrations of petroleum hydrocarbons in the extract was derived using fresh 

crude oil appropriately diluted with the solvent and was used to read off petroleum 

hydrocarbon content. Mathematically, petroleum hydrocarbon concentration in soil 

was then calculated after reading the absorbance of the petroleum hydrocarbons in the 

extract from the spectrophotometer. The Total Hydrocarbon Content (THC) was 

obtained as described below: 
 

                                           (3.2) 

 

 where     DF  is dilution factor 

                50  is the initial extraction volume 
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The TPHC can also be obtained graphically with reference to the standard curve in 

Appendix 5. 

 

 

 

CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1    Data Presentation 

TPHC (mg/kg) before pollution and 2weeks after pollution were 1.6 and 230 respectively 

Week 1 of Remediation 

Variables TPHC mg/kg % Reduction 

Cow dung 209.50 8.91 

Poultry manure 208.00 9.56 

Fertilizer 209.25 9.02 

Synergy 217.63 5.38 

Control 223.00 3.04 

Week 3 of Remediation 

Cow dung 156.25 32.06 

Poultry manure 163.50 28.91 

Fertilizer 146.63 36.25 

Synergy 158.50 31.08 

Control 221.13 3.85 

Week 6 of Remediation 

Cow dung 117.63 48.85 

Poultry manure 111.13 51.68 

Fertilizer 101.75 55.76 

Synergy 142.88 37.88 

Control 204.40 11.13 
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Table 4.1 TPHC Values during treatment 

 

Table 4.2a Total Microbial Count Before Pollution (cfu/g) 

 

Table 4.2bTotal Microbial Count 2weeks After Pollution (cfu/g) 

THBC THCBC %Degraders THFC THCFC %Degraders 

1.28x1010 9.1x106 0.07 3.6x107 2.8x106 7.78 

 

Table 4.2cTotal Microbial Count during Remediation (cfu/g) 

TRT THBC THCBC %Degraders THFC THCFC %Degraders 

1week of Remediation 

CD 7.2X109 4.1X105 0.006 1.2X107 1.0X105 0.83 

PM 4.9X1010 3.9X106 0.008 3.6X107 1.2X106 3.30 

FZ 2.8X109 1.2X105 0.004 1.1X107 5.0X106 45.45 

MX 9.8X1010 5.1X106 0.005 4.1X107 2.1X106 5.12 

CT 4.9X109 1.6X105 0.003 2.8X107 1.0X105 0.36 

3weeks of Remediation 

CD 1.3X1010 3.0X106 0.02 4.0X107 1.0X105 0.25 

PM 6.9X109 9.0X106 0.15 5.0X107 NG - 

FZ 3.3X109 3.0X105 0.01 2.0X107 NG - 

MX 1.7X1010 7.9X106 0.05 6.0X107 NG - 

Week 9 of Remediation 

Cow dung 105.50 54.13 

Poultry manure 86.75 62.28 

Fertilizer 83.13 63.85 

Synergy 82.38 64.18 

Control 204.40 11.13 

THBC THCBC %Degraders THFC THCFC %Degraders 

1.2X1010 6.9X106 0.03 1.2XIO7 1.4X106 11.67 
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CT 2.3X1010 3.0X105 0.001 1.0X107 1.0X106 10.00 

6weeks of Remediation 

CD 2.48X1010 5.0X106 0.02 1.8X106 1.0X105 5.56 

PM 3.4X109 9.6X106 0.28 3.4X106 1.0X105 2.90 

FZ 2.7X109 4.0X105 0.01 NG 1.0X105 - 

MX 2.61X1010 1.1X107 0.04 1.69X109 2.0X106 0.11 

CT 1.21X1010 3.0X105 0.002 NG 1.0X105 - 

9weeks of Remediation 

CD 1.96X1010 5.2X106 0.03 2.8X106 1.0X105 3.57 

PM 4.2X109 9.0X106 0.21 4.7X106 1.0X105 2.13 

FZ 2.1X109 4.5X105 0.02 NG 1.0X105 - 

MX 2.72X1010 9.5X106 0.03 1.81X109 1.0X106 0.06 

CT 9.6X109 4.2X105 0.004 NG 1.0X105 - 

12weeks of Remediation 

CD 2.95X1010 6.1X106 0.02 1.11X107 1.6X106 14.41 

PM 7.2X109 1.21X107 0.17 6.5X106 3.0X105 4.62 

FZ 6.4X109 6.2X105 0.10 - 1.0X106 - 

MX 2.61X1011 1.65X107 0.002 1.69X107 3.4X106 20.12 

CT 1.65X1010 4.2X106 0.02 - 1.0X105 - 

 

NB: 

THBC = Total Heterotrophic Bacteria Count 

THCBC = Total Hydrocarbon Bacteria Count 

THFC = Total Heterotrophic Fungi Count 

THCFC = Total Hydrocarbon Fungi Count 

TRT = Treatment 

 NG = No Growth 

CD, cowdung; PM, poultry manure; FZ, fertilizer; MX, synergy(mixture); CT, 

control. 
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4.2      Discussion of Results 

From the laboratory results and analysis, it can be seen that the percentage (%) 

degraders are higher with fungi than bacteria. THBC is higher than THFC but % of 

THCFC is higher than %THCBC. The % degraders from Table 4.2 are a reflection of 

the degrading microbial counts. Analysis of the laboratory results' changes in 

microbial count is almost directly proportional to changes in TPHC and hence the % 

reduction. The sharp increase in the microbial load of hydrocarbon degrading fungi 

and bacteria within the 6th and 9th weeks resulted in sharp reduction in TPHC which is 

seen in the increase in the % reduction. This increase continued as can be seen in the 

12th week with Synergy having 1.65x107 degrading bacteria and 3.4x106 degrading 

fungi, followed by Poultry manure, 1.21x107 and 3.0x105 respectively. Fertilizer 

followed with 6.2x106 and 1.0 106, then Cow dung 6.1X106 and 1.6x105 respectively. 
 

The Synergy remediated fastest with time. Initially the remediation was faster with 

fertilizer within the first 6 weeks of treatment. From the % reduction at the 6th week, 

Fertilizer had 55.76 while Synergy had 37.88 but after the 6th week, there was a sharp 

increase in the microbial activities of the Synergy and the percentage reduction 

increased to 64.18 while Fertilizer stood at 63.85 followed by Poultry manure, 62.28. 

Cowdung had 54.13 while the control remained constant at 11.13. The identification 

of degrading microbes is a very important aspect of the results. Identified microbes 

can be isolated, whether indigenous or non-indigenous and can be cultured and then 

introduced into a polluted site for hydrocarbon degradation. The identified microbes 

that survived and multiplied throughout the period of remediation are suitable for 

remediation. This is because they could eat up and use the hydrocarbon, thereby 

degrading the contaminant. Many microbes both indigenous and non-indigenous 

phased out with time and so are not suitable for bioremediation of crude oil.  
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The following microbes (Fungi:  Penicillium notatum, Mucor spp, Rhizopus 

stolonifer and Penicillum caseicolum;   Bacteria : Pseudomonas putida and Bacillus 

subtilis. ) have therefore been seen to be good and suitable fungi and bacteria for the 

bioremediation of crude oil polluted land as can be discovered from the results 

analysis ( see Appendix 4). 
 

These fungi and bacteria can therefore be isolated and cultured in the laboratory and 

then introduced to a polluted site with the best engineering method as a less laborious 

alternative  to the use of inorganic fertilizers, solid poultry or animal wastes or other 

input variables where the variables are not readily available or are not in large 

quantities. 
 

 Figs 4.1a to 4.1e show the graphs of the TPHC with time for the different treatment 

variables. The curves also revealed the rates of the microbial degradations with time. 

Figs 4.1a and c showed a pretty gradual reduction in TPHC with time with R2  as 

0.889 and  0.906 respectively . The regression equations are also shown,                              

y = 207.1 – 12.61x and y = 207.6 – 15.26x respectively, where y =TPHC and x = 

time. Fig 4.1b also showed a steady decrease in TPHC with time with R2 as 0.962 and 

the regression equation y = 214.5-15.19x. However, Fig 4.1d shows that the removal 

of TPHC from the soil medium was initially slow but suddenly increased sharply 

around the 7th week of treatment. This is as a result of the sharp increase in the 

activities of the petroleum contaminant degrading micro-organisms which probably 

was acclimatizing before now. The R2 is 0.936 and the regression equation given by  

y = 223.3 – 15.36x. Then, Fig 4.1e shows the control experiment curve which is quite 

different from the rest of the curves. The reduction of TPHC was slow.  R2 = 0.850 

and y = 226 – 2.694x.  
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Again, a look at the %Reduction curve against time, all the curves tend to fall or level 

out  after reaching a certain peak excepting the curve for synergy which continued to 

rise. This shows the remediation was on the increase with the synergy where as other 

amendments had the tendency of becoming less active.  

 

 

 

 

Fig  4.1a: Graph  of  TPHC  Values  against  Time (using CD) 
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Fig 4.1b: Graph  of  TPHC  Values  against  Time (using PM) 

 

 

 

 

 

Fig 4.1c:  Graph  of  TPHC  Values  against  Time (using FZ) 
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Fig 4.1d:   Graph  of  TPHC  Values  against  Time (using MX) 
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Fig 4.1e:    Graph of TPHC Values against Time (for CT) 
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Fig 4.2a: Graph Of %Reduction  in TPHC against  Time (using CD) 

 

 

Fig 4.2b: Graph Of %Reduction in TPHC against Time (using PM) 
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Fig 4.2c: Graph Of %Reduction in TPHC against  Time (using FZ) 

 

 

Fig. 4.2d: Graph Of %Reduction in TPHC against Time (using MX) 

 

 

 

 

 



 46

 

Fig 4.2e: Graph Of %Reduction in TPHC against Time (for CT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 47

4.3        Further Investigations into Similar Works 

Investigations into similar field experimental results on remediation around the same 

geographical location also revealed that bioremediation is gradual and the processes 

depend on conditions on which the micro organisms operate. Two cases are hereby 

presented: 

Case 1:      

Table 4.3a :  Soil Properties before pollution 
 
 
 
 
 

Table 4.3b: Soil Properties after Pollution 

 
 
 
 
 

Table 4.3c: Values of TPHC during treatment with time (case 1) 

Source: Ibegbulam (2011) 
 
 
 

Oil and 
grease 
(ppm) 

TPHC 
(mg/g) 

Organic 
Carbon  
(%) 

1.32 7.89 0.47 

Oil and 
grease 
(ppm) 

TPHC 
(mg/g) 

Organic 
Carbon  
(%) 

8.0 13.56 5.12 

TREAMENT OPTION TPHC (Mg/g) 

 I month 2 month 3 month 4 month 5 month 

Micro-organism, Option A 11.93 10.56 9.45 8.47 8.11 

Fertilizer (NPK), Option B 12.47 11.21 11.03 9.22 8.67 

Combination of options  

A and B, Option C 

11.41 10.09 9.76 8.16 7.92 

Control Experiment , 

Option D 

13.55 13.53 13.52 13.30 13.25 



 48

Extra field Information: 

Input variable: indigenous micro organism (pseudomonas genera) – 750 x 105 cfu/g; 

inorganic fertilizer (NPK – 20:10:10) -- 6300kg/hectare; mixture of micro-organism 

and inorganic fertilizer. 

Pollution Site:  Ofia Ukwugba, Obiakpu, Egbema Local Government Area in Imo 

State, South-Eastern Nigeria. 

Cause of pollution:  Trunk line leakage 

Treatment Duration:  The treatment lasted a period of six months: November 2008 

to April 2009. 

From  Table 4.3c, a mathematical relationship can be deduced to further predict the 

remediation duration of the different treatments.  In principle, the mathematical 

modeling can take different forms but emphasis shall be made here in on statistical 

methods of least squares (regression). This method is handy and available in many 

personal computers. 
 

Let  Y = A+Bx                                                                                     (4.1) 

Be proposed equation for the prediction 

where 

Y is the dependent variable (regressand), TPHC and x is the independent variable 

(regressor), Time.   A is the disturbance term, a constant evaluated using: 
                    

                    ∑y – B∑x                                                                                (4.2) 
                          n 
where n is the total number of raw-data 

∑  is summation sign 

B   is the regression coefficient evaluated from 

                 n ∑ xy -   ∑y ∑x 
                     n ∑x2–(∑x)2                                                                            (4.3) 
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where n and ∑ are as explained before. 
 

4.3.1     Table Formulation   

          Table 4.4(a): For treatment option A 

 

 

 

 

 

 

 

         Table 4.4(b): For treatment option B 

 

 

 

 

 

 

 
 

         Table 4.4(c): For treatment option C. 

 

 

 

 

 

 

 y (mg/g) X 
(months) 

Xy X
2 N 

 
 

11.93 
10.56 
  9.45 
  8.47 
  8.11 

1 
2 
3 
4 
5 

11.93 
21.12 
28.35 
33.88 
40.55 

1 
4 
9 
16 
25 
 

 
n = 5 
 

Total (∑) 48.52 15 135.85 55  

 y (mg/g) X  
(months) 

Xy X
2 N 

 
 

21.47 
11.21 
11.05 
  9.22 
  8.67 

1 
2 
3 
4 
5 

12.47 
22.42 
33.09 
36.88 
40.35 

1 
4 
9 
16 
25 
 

 

n = 5 

 

Total (∑) 52.60 15 148.21 55  

 y (mg/g) X  
( months) 

Xy X
2 N 

 
 

11.41 
10.09 
   9.76 
  8.16 
  7.92 

1 
2 
3 
4 
5 

11.41 
20.18 
29.28 
32.64 
39.60 

1 
4 
9 
16 
25 
 

 
N = 5 
 

Total (∑) 47.34 15 133.11 55  
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        Table 4.4 (d):  For treatment option D 

 

 

 

 

 

 
 

4.3.2 Evaluation of the Regression  coefficients B   
 
   

 

   
Using data from the tabular formulation:  

For treatment option A: 

 

 

 

                                              

 
 
                                                              
For treatment option B: 
 

 
                                                      

 

 

 
 

 y (mg/g)   X  
( months) 

Xy X
2 N 

 
 

13.55 
13.53 
13.52 
 13.30 
 13.25 

1 
2 
3 
4 
5 

13.55 
27.06 
40.56 
53.20 
66.25 

1 
4 
9 
16 
25 
 

 
N = 5 
 

Total (∑) 67.15 15 200.62 55  
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The results are shown in  Table 4.5: 

Table 4.5: Values of Regression Coefficients B for the different treatment options 

Treatment Option A B C D 

Values of B - 0.971 - 0.957 - 0.891 - 0.083 

 

4.3.3:  Evaluation of the Disturbance Term A. 

                                  

                   
 

where i = A, B, C, D respectively. The Disturbance Term or the Error Term is a 

constant that captures all other factors which influence the regressand other than the 

regressor. From Table 4.5, the values of A are evaluated thus:  
 

Treatment option A: 
                                              

 
               

 
                                   

 

 

Treatment option B: 
                          

 
                                                            

 

 
The results are as shown in Table 4.6: 

Table 4.6:  Values of disturbance terms A for the different treatment options 

Treatment Option A B C D 

Values of A 12.62 13.40 12.14 13.18 
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From equation 4.1, y = A + Bx, substituting the values of A and B from Tables 4.6 

and 4.5 respectively, the prediction equation  for the different treatment options under 

the given field conditions and input variables are given below where y = TPHC and X 

= time: 

Treatment option A – with micro organism as treatment variable 

TPHC = 12.62 -  0.971 Time                      - - 4.1(a) 

 

Treatment option B – with inorganic fertilizer as treatment variable 

TPHC = 13.40  -  0.957 Time                     - - 4.1(b) 

 

Treatment option C – with the combination of inorganic fertilizer and micro organism as 

treatment variable 

TPHC =   12.14  -  0.891 Time                   - - 4.1(c) 

 

Treatment option  D  - Control experiment 

 TPHC  =  13.18  - 0.083 time                     - - 4.1(d) 

 

Table 4.7: Values of field data and predicted values of TPHC Present in the land 
during treatment 
 
NB:           Field Data = FD,               Model Predicted Value  = PV   
 

Treatment 
option 

TPHC Mg/g 
1 month 2 months 3 months 4 months 5 months 

FD PV FD PV FD PV FD PV FD PV 
Micro 
organism 
option A 

11.93 11.65 10.56 10.68 9.45 9.71 8.47 8.74 8.11 7.77 

Fertilizer 
option B 

12.47 12.44 11.21 11.49 11.03 10.53 9.22 9.57 8.67 8.62 

Combination 
of A & B 

11.41 11.25 10.09 10.36 9.76 9.47 8.16 8.58 7.92 7.69 

No 
treatment 
(control 
experiment) 

13.55 13.10 13.53 13.01 13.52 12.93 13.30 12.85 13.25 12.77 
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Determination of Coefficient of Correlation, r, for the different treatment 

options: 

The degree of acceptability otherwise known as the goodness of fit of the assumed 

equation and relationship for the data depends upon the degree of correlation known 

as coefficient of correlation, r. If r gives a value close to zero, the assumed equation 

is near unsuitable. Where r gives a value close to ± 1, the assumed equation 

(relationship) is quite acceptable and generally taken to be suitable. r is a 

dimensionless quantity. 

                     

 

                                                     (4.4) 

                                                                                                                               
where y is the observed or actual field value, yest is the estimated or predicted value,    

is the mean value of all y values and  ∑ is summation sign.    Therefore, 
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Table 4.8(a) shows the values of y-  , yest –  and y-yest for the different treatment 

options. From the Table 4.8(a), the values of y-yest are within acceptable limits as 

majority fell below ±0.3 difference while none exceeded ± 0.6 difference 
 
 

Table 4.8(a) Values of y -  , yest-  and y-yest for the different treatment options 

 

 

 

 

 

 

Treatment 
Options 

Operations 1 Month 2 Months 3 Months 4 Months 5 Months 

Micro-
organisms 
Options A 

y –    
yest-  
y-yest 

2.23 
 

1.95 
0.28 

  0.86 
 

  0.98 
- 0.12 

- 0.25 
 

  0.01 
 -0.26 

- 1.23 
 

-0.96 
-0.27 

 - 1.59 
 

  -1.93 
   0.34 
 

Fertilizer 
Option B 

y-   
yest-  
y-yest 

1.95 
 

1.92 
0.03 

 0.69 
 

 0.97 
-0.28 

  0.51 
 

  0.01 
  0.50 

-1.30 
 

-0.95 
-0.35 

-1.85 
 

-1.90 
 0.05 

Fertilizer/Micro 
organism  
Option C 

y-   
yest-   
y-yest 

1.94 
 

 1.78 
 0.16 

 0.62 
 

 0.89 
-0.27 

  0.29 
 

  0 
  0.29 

-1.31 
 

-0.89 
-0.42 

-1.55 
 

-1.78 
 0.23 

Control 
experiment 
Option D 

y -  
 

yest -  
y-yest 

 0.12 
 
 

-0.33 
 0.45 

 0.1 
 
-0.42 
 0.52 

  0.09 
 
-0.5 
 0.59 

-0.13 
 
-0.58 
 0.45 

-0.18 
 
-0.66 
 0.48 
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Table 4.8(b): Values of (y- )2, (yest- )2  and (y-yest)
2 for the different treatment 

options. 

 

From equation 4.4, 

                                           

 

 Table 4.9: Values of  r2, r and s for the different models of the different 
treatment input variable 

 

 

  

 

 
 

** = Highly significant 

Treatment 

Options 

 1Month 2 Months 3 Months 4 Months 5 Months Summation 

Option A (y-  )2 
(yest ȳ)2 

(y-yest)
2 

4.9729 
3.8025 
0.0784 

0.7396 
0.9604 
0.0144 

0.0625 
0.0001 
0.0676 
 

1.5129 
0.9216 
0.0729 

2.5281 
3.7249 
0.1156 

9.8160 
9.4095 
0.3489 

Option B (y-  )2 
(yest-  ) 2 

(y-yest)
2 

3.8025 
3.6864 
0.0009 

0.4761 
0.9409 
0.0784 

0.2601 
0.0004 
0.2500 

1.6900 
0.9025 
0.1225 

3.4225 
3.6100 
0.0025 

9.6512 
9.1402 
0.4543 

Option C (y- )2 
(yest- )2 

(y-yest)
2 

3.7636 
3.1684 
0.0256 

0.3844 
0.7921 
0.0729 

0.0841 
0.0000 
0.0841 

1.7161 
0.7921 
0.1764 

2.4025 
3.1684 
0.0529 

8.3507 
7.9210 
0.4119 

Option D (y-  )2 
(yest- )2 

(y-yest)
2 

0.0144 
0.1089 
0.2025 

0.0100 
0.1764 
0.2704 

0.0081 
0.2500 
0.3481 

0.0169 
0.3364 
0.2025 
 

0.0324 
0.4356 
0.2304 

0.1636 
2.6146 
1.2539 

Treatment 

options 

A B C D 

r  values 0.98** 0.97** 0.97** - 

s  values 0.26 0.30 0.29 - 

r2  values 0.9586 0.9471 0.9485 - 



 56

The coefficient of correlation for the treatment options are all highly 

significant. R2 is the coefficient of simple determinant . Hence, the assumed linear 

relationships for the data are acceptable. The linear regression models are appropriate 

for use in predicting the  rate of removal of TPHC from crude oil polluted land. 

The standard error of estimate can be evaluated from. 

 

                                                                                       (4.5) 

                                                         
 

where S(TPHC)(Time)  is the standard error of TPHC on time. TPHC is the 

observed or field value of TPHC while TPHCest is the estimated or predicted value. n 

is the number of data. 

Case 2:   

Field data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment Type TPHC in Mg/kg Time in weeks 

Micro-organism, M 
Inorganic Fertilizer, F 
Poultry manure, PM 
Micro-organism and Fertilizer, MF 
Polluted Untreated, PU 
 
Micro-organism, M 
Inorganic Fertilizer, F 
Poultry manure, PM 
Micro-organism and Fertilizer, MF 
Polluted Untreated, PU 
 
Micro-organism. M 
Inorganic Fertilizer, F 
Poultry Manure, PM 
Micro-organism and Fertilizer, MF 
Polluted Untreated, PU 

285.6 
239.5 
271.1 
236,1 
331.1 
 
237.6 
192.1 
210.6 
171.1 
320.6 
 
199,2 
137.7 
171.1 
110.1 
308.9 

3 
3 
3 
3 
3 
 
6 
6 
6 
6 
6 
 
9 
9 
9 
9 
9 
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Source:  Chukwuma (2009) 

 

Table 4.10 Values of TPHC during treatment with time ( case 2) 
 

 

 

 

 

 

 

 

 

 

 

M = Micro-organism, F = Inorganic Fertilizer, PM = Poultry Manure, MF = Micro-organism and 

Fertilizer (combined), PU = Polluted but Untreated. 

 

Extra data information: 

Treatment input variables. Foreign micro-organism (pseudomonas putida) 92.25m3 

broth culture per hectare; inorganic fertilizer (NPK 20:10:10) – 8.6 tonnes 

(8600kg)/hectare; poultry manure - 20 tonnes per hectare; combination of micro-

organism and inorganic fertilizer. 

Pollution rate: The crude pollution is at 75.8m3 of Bonny light per hectare leaving 

340.8mg/kg of TPHC in the soil. 

Pollution Site:  Loamy sand soil derived from coastal plain sands known as acid 

sands in Ihiagwa Owerri, South Eastern, Nigeria. 

Treatment Duration: The soil was polluted two weeks before treatment. 
 

                         Equation:    Z  =   C  +  Dx 

Treatment/Input 

Variables  

TPHC values (in mg/kg) During Treatment 

3 weeks 6 weeks 9 weeks 

 

M 

F 

PM 

MF 

PU 

 

285.6 

239.5 

271.1 

236.1 

331.1 

 

237.6 

192.1 

210.6 

171.1 

320.6 

 

199.2 

137.7 

171.1 

110.1 

308.9 

 



 58

where Z is the regressand, TPHC 

X is the regressor, time, C is the disturbance term evaluated using: 

                           ∑Z -   D∑x 
                                   n 
 

 D is the regression coefficient evaluated from 

   n∑ x Z  -  ∑Z ∑x                          

                            n ∑x2  - (∑x)2                   n   is the total number of data 
 

4.3.4   Table Formulation  

Table 4.11: Values of Z, X, ZX2, X2 and n for the different treatment variables and their 
summation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input 
Variable 

Z in mg/kg X in weeks  Zx X2 N 

M 
 
 
 
Total  (∑) 

285.6 
237.6 
199.2 
 
571.3 

3 
6 
9 
 
18 

856.8 
1425.6 
1792.8 
 
4075.20 

9 
36 
81 
 
123 

n = 3 

 
F 
 
 
∑ 

271.3 
210.1 
171.1 
 
652.8 

3 
6 
9 
 
18 

718.5 
1152.5 
1257.3 
 
3128.40 

9 
36 
81 
 
126 

n = 3 

 
PM 
 
 
∑ 

271.1 
210.6 
171.1 
 
652.8 

3 
6 
9 
 
18 

813.3 
1263.6 
1539.9 
 
3616.8 

9 
36 
81 
 
126 

n = 3 

MF 
 
 
 
∑ 

236.1 
171.1 
110.1 
 
517.3 

3 
6 
9 
 
18 

708.3 
1026.6 
990.9 
 
2725.8 

9 
36 
18 
 
126 

 
n = 3 

PU 
 
 
 
∑ 
 

331.1 
320.6 
308.9 
 
308.9 

3 
6 
9 
 
18 

993.3 
1923.3 
2780.1 
 
5697 

9 
36 
18 
 
126 

 
n = 3 
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4.3.5    Evaluation of the Regression Coefficient, D. 
 
                                  

 
             
 

The different values of D for the different treatment input variables are given in Table 
4.12: 
 
Table 4.12: Values of D for the varies treatment variables  

 
4.3.6    Evaluation of the Disturbance Term C. 
                                     

                                   

                                              

The different values of C for the different treatment input variables are given in Table 

4.13: 

 Table 4.13:  Values of C for the different treatment variables  

 

Therefore, 

For Micro-organism: TPHC = 327.2 – 14.4 Time 

For fertilizer: TPHC = 290.21 – 16.63 Time 

For Poultry manure: TPHC = 317.62 – 16.67 Time 

For Micro-organism and Fertilizer: TPHC = 298.48 -21.00 Time 

For Polluted untreated: TPHC = 342.4 -3 Time 

Treatment variable M F PM MF PU 

Values of D -14.4 -16.63 -16.67 -21.00 -3.70 

Treatment variable M F PM MF PU 

Values of C 327.20 290.21 317.62 298.43 342.40 
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where Z is TPHC and X is time. 

 

Table 4.14: Predicted values of TPHC (in mg/g) ( Case 1) 

 

 

 

 

 

 

 

 

 

 

 

Ta

ble 

4.1

5:  Predicted values of TPHC (in mg/kg) (Case 2) 

 TPHC Values in mg/kg 

Time 
(in 
weeks) 

Poultry 
Manure 

Micro 
Organism 

Fertilizer Micro 
Organism/ 
Fertilizer 

Poultry 
Untreated 

3 
6 
9 
12 
15 
18 
21 
24 

267.61 
217.60 
167.59 
117.58 
67.57 
17.57 
-32.45 
-82.46 

284.00 
240.80 
197.60 
154.40 
111.20 
68.00 
24.80 
-18.40 

240.32 
190.43 
140.54 
90.65 
40.76 
-9.13 
-59.02 
-108.91 

235.48 
172.48 
109.48 
46.48 
-16.52 
-79.52 
-142.52 
-108.91 
 

331.30 
320.20 
309.10 
298.00 
286.90 
275.80 
264.70 
253.60 
 

                   TPHC values in mg/kg 

Time(in 
months) 

Option A Option B Option C Option D 
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4.4                Further Discussions 
 

The Tables (4.14) and (4.15) show the predicted values of TPHC to the 12th month for 

the different treatment options in cases 1 and 2 respectively.  In Table 4.15, it can be 

seen that synergy remediated fastest, followed by fertilizer and then poultry manure. 

However, in the case 1 as can be seen from Table 4.14, Option A which was initially 

slower than Option C but became faster towards the 12th month. Option B, treatment 

with inorganic fertilizer was slower. Sometimes the fertilizer introduces a level of 

toxicity which inhibits the degrading of the hydrocarbon contaminants. For the 

treatment option C the micro-organisms were supplied with nutrients (substrates) to 

enhance growth. The multiplication of the micro-organisms aids degradation until 

there is depreciation in the value and/or quantity of available nutrients coming from 

the substrates. At this point the micro-organisms’ efficiency decrease in search of   

nutrients. There is probably high proportion (more than required) of the inorganic 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

11.649 
10.678 
9.707 
8.736 
7.765 
6.794 
5.823 
4.852 
3.881 
2.910 
1.939 
0.968 

12.443 
11.486 
10.529 
9.572 
8.615 
7.658 
6.701 
5.744 
4.787 
3.830 
2.873 
1.916 

11.249 
10.358 
9.467 
8.576 
7.685 
6.794 
5.903 
5.012 
4.121 
3.230 
2.339 
1.448 

13.097 
13.014 
12.931 
12.848 
12.765 
12.682 
12.599 
12.516 
12.433 
12.350 
12.267 
12.184 
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fertilizer so that the synergy could not function optimally. Hence, whilst the 

degradation was initially fast, the rate of degradation (remediation) began to drop 

with time.  
 

The  time requirement and urgency of usage of the piece of land being remediated and 

all economic considerations in the use of the land can guide the choice of remediation  

having known the rate of remediation (and the variation in time) of the different 

remediation options. The time required to completely remove TPHC from the 

contaminated soil can also be predicted . 

 

 

 

 

 

CHAPTER FIVE 

CONCLUSIONS AND RECOMMEDATIONS 

5.1 Conclusion  

It is obvious from the forgoing that it is most appropriate to induce and facilitate 

remediation of crude oil polluted land by use of organic or inorganic amendments 

than to allow the polluted land natural recovery. Natural recovery most likely will 

lead to economic loss of land. 
 

The results of this study showed that the rate of remediation of a crude oil polluted 

land depends on the treatment variables used. The variables which ranged from 

organic to inorganic have different remediation potentials on the polluted land. The 

amendments used in the study included:  micro-organism, cow dung, poultry manure, 

inorganic fertilizer (NPK 20:10:10) and a synergy. 
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The different treatment methods gave different field experimental values of TPHC. It 

can  be observed that remediation occurred with the action of few species of microbes 

out of the so many microbes widely known. The few fungi observed for remediation 

include: Penicillium notatum, Mucor spp, Rhizopus stolonifer and Penicillum 

caseicolum. Also Bacteria degraders observed for the remediation include: 

Pseudomonas putida and Bacillus subtilis . These species which are indigenous 

species remediated faster than foreign or imported species. 

 

 

 

 

 
 

5.2   Recommendations 

 From the results and observations made in the work, it is recommended that: 

1. Organic variables such as poultry manure, micro-organisms and most 

especially indigenous microbes, be used rather than chemical and inorganic 

variables in the remediation of crude oil polluted sites. The microbes could 

be cultured or supplied with nutrients. Organic variable can remediate in 

record time and yet presents little or no harm to the fertility of the land 

whereas inorganic variables may leave the land toxic with certain chemical 

elements and compounds which may be harmful to plants, animals and even 

man. 

2. Necessary mathematical conversions and reasoning be made in the use of 

the models developed in this study for field conditions and measurements 

significantly differing from those under which this study was done. 
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3. Government, oil servicing and producing companies and environmental 

protection agencies should endeavor to work together to ensure minimum 

occurrence of oil spills in the environment both on land and in the water. 

Offenders should be sanctioned and face the responsibility of fast recovery 

of crude oil contaminated land and surface water. 
 

Above all, the sustainability of whatever strategy employed in the remediation, in 

terms of environmental impacts, should be seriously taken into consideration. 

Avoidance or minimization of adverse environmental impacts in off-site locations, 

such as a landfill, or on other environmental compartments, such as air and water 

should be sufficiently considered. This is because remediation of contaminated land is 

only an integral part of sustainable development. 

 

 

5.3   Contribution to Knowledge 

Among other things, this study has revealed that the remediation of a piece of land 

polluted by petroleum hydrocarbons is most importantly as a result of microbial 

activities of  certain species of  fungi and bacteria, namely: Penicillium notatum, 

Mucor spp, Rhizopus stolonifer and Penicillum caseicolum and Pseudomonas putida 

and Bacillus subtilis. These species can therefore be isolated and cultured and directly 

employed in the remediation of the polluted land using the best engineering and 

aeration techniques. This process has no pollution effects on land, air and water. It 

will be less cumbersome and laborious than the application of inorganic fertilizers, 

animal wastes and municipal wastes which are normally introduced to stimulate the 

action of the microbial population in a polluted site.  
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APPENDIX 1 
 

Table: CELL MORPHOLOGY AND MICROSCOPIC CHARACTERISTICS OF BACTERIAL ISOLATES 
Colony 
code 

Oxygen requirement Growth 
temp(oc) 

pH Cell morphology Mot  Gram 
stain 

Spore  Flag  Cap Probable 
identity 

Opt  Max  
A Facultative 

anaerobes 
37 44 7.4-7.6 Cocci in cluster  - + - - - Staphylococcus sp 

B Aerobic/facultative 
anaerobes  

37 42 7.2 Slightly curved rods + - - + - Pseudomonas sp 

C Aerobic/facultative 
anaerobes 

37 40 7±02 Slightly curved rods with 
club end 

- + - - - Corynebacterium 
sp 

D Obligate aerobes 28 30 7.2 Cocci in tetrads - + - - - Micrococcus sp 

E Facultative 
anaerobes 

37 45 9.6 Spherical cells in the 
pairs and short chains 

- + - - - Enterococcus sp 

F Aerobic/facultative 
anaerobes 

30 50 5.7 Straight rods + + + + - Bacillus sp 

G Aerobic/facultative 
anaerobes 

37 45 5.7 Straight rods + + + + - Bacillus sp 

H Obligate aerobes 28 30 7.2 Cocci in tetrads - + - - - Miorococcus sp 

I Facultative 
anaerobes 

37 40 7.4 Cocci in clusters - + - - - Staphylococcus sp 

J Facultative 
anaerobes 

28 30 7.0 Short rods in singles and 
shartchains 

- - - - - Serratia sp 

 
 Flag,flagellum; temp,temperature; Cap, capsules. 

 

 

 

 

   
  7

4 
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APPENDIX 2 

Table  2: BIOCHEMICAL AND CARBOHYDRATE FERMENTATION TEST OF BACTERIA ISOLATED FROM 
SAMPLES 

 
Cat,catalase; Oxi, oxidase; Coag, coagulase; In,indole; MR,methyl red; VP,Voges Proskaeur; Cit,citrate;  
H2S Hydrogen sulphide utilization; NO3,Nitrate reduction; Glu,glucose; Suc,sucrose; Mal,maltose; Lac,lactose; Mann, mannose; 
Xyl,xylose. 

 

Colony code Cat  Oxi  Coag  In  MR VP Cit  H2S NO3 Urease TSI Carbohydrate fermentation Identity of 
isolates 

            Glu  Suc  Mal  Lac  Mann  Xy

l  

A + - + - - + - nd + + nd + + + + + - Staphylococc
us aureus 

B + + - - + - + nd + + nd + - - - + + P. putida 

C + - - - - + + nd + - nd + - + - - - Corynebacter
ium sp 

D + - - - + - + nd - + nd - - - - - - M. luteus 

E - - - - + - + nd - - nd + + + + - - Ent. 
faecalis 

F + - - - - + + nd + - nd + - - + + + B. subtilis 

G + - - - - + + nd + - nd + - - + - - B. cereus 

H + - - - +  + nd + - nd + + - - - - M. roseus 

I + - - - - + - nd + + nd + - + - + - S.sprophytic
us 

J + - - - - + - nd - - nd + - - - + - Serratia 
marcescens 

   
   

 7
5 
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APPENDIX 3 
 

Table 3: CELL MORPHOLOGY AND MICROSCOPIC CHARACTERISTICS FUNGAL 

   ISOLATES 

 

 

COLONY 

CODE 

COLONIAL 

CHARACTERISTIC 

MICROSCOPIC 

APPEARANCE 

IDENTITY OF 

ISOLATES 

X Thick green powdery 
spores enclosed in short 

white mycelium 

Septate hyphae, 
conidia brushlike 

Penicillium 

notatum 

Y Tall white aerial 
filamentous hyphae 
covering entire plate 

Hyphae non-septate 
spores enclosed in 

sporangium 

Rhizopus 

stolonifer 

Z Shortwhite cotton wore 
like filamentous mycelium 

Conidia arranged like 
sickle or banana 

shape 

Fusarium sp 

K Short white mycelia 
arranged irregularly 

Hyphae non-septate but 
sporangiophore with 

septate, spores in 
sporangium 

Mucor sp 

L Shortwhite filamentous 
thick hyphae  

Rectangular and fork 
shaped dichotomous 

conidia 

Geotrichum 

candidum 

M Smooth circular butyrous 
cream colonies of various 

sizes 

Large gram positive 
spherical and oval 

budding cells 

Saccharomyles 

Cerevisiae 

N Shortwhite hyphae with 
black terminal spores 

Hyphae with septate. 
Conidia attached to 

sterigma on a vescicle 

Aspergillus niger 

O Thick green spores Septate hyphae. 
Conidia brush like or 

mop-head 

Penicillium 

caseicolum 

P Smooth circular and 
shiny moist cream 

colonies 

Grampositive 
ellipsoidal budding 

cell 

Sacch. 

Ellipsoideus 
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APPENDIX 4 
 

Table A1: BACTERIA AND FUNGI ISOLATED FROM UNPOLLUTED (UNTREATED) 
SOIL SAMPLE ON NA/PDA 
 

BACTERIA FUNGI 
Bacillus cereus Penicillium notatum 
Bacillus subtilis Rhizopus stolonifer 
Micrococcus luteus Fusarium spp 
Staphylococcus aureus Mucor spp 
Corynbacterium species Saccharonyles cerevisiae 

  
Table A2: BACTERIA AND FUNGI ISOLATED FROM UNPOLLUTED (UNTREATED) 
SOIL SAMPLE ON PETROLEUM AGAR 
 

BACTERIA FUNGI 
Pseudomonas Putida Mucor species 
B.subtilis G. candidum 
 Sacch. Cerevisiae 
 
Table A3: BACTERIA AND FUNGI ISOLATED FROM POLLUTED (TREATED) SOIL 
SAMPLE ON NA/PDA 
 

BACTERIA FUNGI 
B. cereus  P. notatum  
B. subtilis  Mucor spp 
Serratia spp G. candidum  
M. luteus   Sacch. cerevisiae  
 
Table A4: BACTERIA AND FUNGI ISOLATED FROM POLLUTED (TREATED) SOIL 
SAMPLE ON PETROLEUM AGAR 
 
BACTERIA FUNGI 
P. Putida  Sacch. Spp 
B. subtilis  Mucor sp 
Enterocuccus (Ent.) faecalis P. notatum  
 G. candidum  
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Table A5: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON NA/PDA  1 
WEEK OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD B. cereus, B. subtilis,  

Ent. faecalis 
Mucor spp, Sacch spp 

PM Ent. Faecalis, M. lereus, 
B. subtilis, S. aureus 
 

Mucor spp, A. niger, 
Sacch spp. 

FZ M. lereus, B. cereus, B. 
subtilis,  
 

P.notatum, Sacch spp, 
Rh. Stolonifer 

MX B. cereus, B. subtilis, M. 
leteus, S. aureus, Ent. 
faecalis 
 

P.notatum, Mucor spp, 
Sacch spp, 

CT  B. subtilis, B. cereus,  S. 
aureus 

P.notatum, Mucor spp, 
P. caseicolum, Sacch spp, 

 
 
 
Table A6: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON PET AGAR  1 
WEEK OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD P. putida 

 
 P. caseicolum 

PM P. putida, B. subtilis,  
 

Mucor spp, Rh. Stolonifer, 
P. caseicolum 

FZ P. putida.  
 

Mucor spp,  

MX P. putida, B. subtilis,  
 

Mucor spp, Rh. Stolonifer 

CT P. putida, B. subtilis,  
 

Mucor spp, P. caseicolum 
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Table A7: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON NA/PDA  3 
WEEKS OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD B. cereus, B. subtilis,  

Ent. faecalis 
Mucor spp, Sacch spp, 
Sacch cerevisiae 

PM S. aureus, B. subtilis,  
S. saprophyticus 

A. niger, Sacch 
ellipsoideus 

FZ M. leteus, B. subtilis,  
Ent. faecalis 

P.notatum,  
Rh. Stolonifer 

MX  B. subtilis,  
S. sapriphyticus 

Sacch cerevisiae Sacch 
spp, P.notatum,  

CT  B. subtilis,  
Ent. faecalis 

 P. caseicolum 

 
 
Table A8: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON PET AGAR 3 
WEEKS OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD  P. putida 

 
P. caseicolum 

PM P. putida, B. subtilis,  
 

                 - 

FZ  P. putida 
 

                 - 

MX  
B. subtilis,  
 

                 - 

CT P. putida 
 

Mucor spp, P. caseicolum 
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Table A9: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON NA/PDA  6 
WEEKS OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD M. leteus, B. cereus, B. 

subtilis,   
Ent. faecalis 

Mucor spp, Sacch spp, 

PM  B. subtilis,  
Ent. faecalis 
 

P. notatum,  Mucor spp, 
Sacch spp, 

FZ S. aureus  B. subtilis,  
Ent. Faecalis, M. leteus,  

- 

MX  M. leteus,   
Ent. faecalis B. subtilis 
 

 Sacch spp,  A. niger 

CT  B. subtilis,  
Ent. faecalis  

- 

 
 
Table A10: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON PET AGAR  
6 WEEKS OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD B. subtilis,  

P. putida 
 

P. caseicolum, Mucor spp 

PM P. putida, B. subtilis,  
 

Mucor spp,  P.notatum 

FZ P. putida, B. subtilis,  
 

Mucor spp,  P.notatum 

MX B. subtilis,  
P. putida 
 

Mucor spp,                   P. 
caseicolum , P.notatum 

CT P. putida  
 

Mucor spp,  P. caseicolum 
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Table A11: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON NA/PDA 9 
WEEKS OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD B. cereus, B. subtilis,  

S. aureus 
P. notatum, Mucor spp 

PM B.subtilis, M. luteus , 
Coryn spp, S.aureus 

Mucor spp, Rh. Stolonifer, 
A. flarus 

FZ B. cereus, B.subtilis, 
S. aureus 

Mucor spp, Rh. stolonifer, 
P.notatum 

MX B. cereus, B.subtilis, 
M. luteus, M. roseus, S. 
aureus 

P.notatum, Mucor spp, 
 Rh. Stolonifer 

CT B.cereus, B.subtilis, 
Coryn.spp, M.luteus 

Mucor spp, Rh. stolonifer , 
P.notatum  

 
 
Table A12: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON PET AGAR 9 
WEEKS OF  REMEDIATION 
 

 
 
 
 
 

TRT BACTERIA FUNGI 
CD B. subtilis, P. putida 

 
Mucor spp,   P.notatum 

PM P. putida 
 

Mucor spp,   P.notatum 

FZ P. putida 
 

Mucor spp,  

MX B. subtilis, P. putida 
 

Mucor spp, Rh. stolonifer 
, P. caseicolum 

CT B. subtilis, P. putida 
 

Mucor spp,  P.notatum 
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Table A13: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON NA/PDA 12 
WEEKS OF  REMEDIATION 
 

TRT BACTERIA FUNGI 
CD B. cereus, B. subtilis,  

S. aureus 
P. notatum, Mucor spp 

PM B.subtilis, M. luteus , 
Coryn spp, S.aureus 

Mucor spp, Rh. Stolonifer, 
A. flarus 

FZ B. cereus, B.subtilis, 
S. aureus 

Mucor spp, Rh. stolonifer, 
P.notatum 

MX B. cereus, B.subtilis, 
M. luteus, M. roseus, S. 
aureus 

P.notatum, Mucor spp, 
 Rh. Stolonifer 

CT B.cereus, B.subtilis, 
Coryn.spp, M.luteus 

Mucor spp, Rh. stolonifer , 
P.notatum  

 
 
Table A14: BACTERIA AND FUNGI ISOLATED FROM  SOIL SAMPLE ON PET AGAR 
12 WEEKS OF  REMEDIATION 
 

 
 
 

 

TRT BACTERIA FUNGI 
CD B. subtilis, P. putida 

 
Mucor spp,   P.notatum 

PM P. putida 
 

Mucor spp,   P.notatum 

FZ P. putida 
 

Mucor spp,  

MX B. subtilis, P. putida 
 

Mucor spp, Rh. stolonifer 
, P. caseicolum 

CT B. subtilis, P. putida 
 

Mucor spp,  P.notatum 
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APPENDIX 6 
 

ABSORBANCE OF DIFFERENT CONCENTRATIONS OF PETROLEUM 
HYDROCARBON DURING TREATMENT 

 
SAMPLES ABSORBANCE AT 290nm 

Unpolluted  sample  

Polluted sample (after 2weeks) 

0.064 

1.846 

WEEK 1 OF TREATMENT 

 

COW DUNG 

POULTRY MANURE 

FERTILIZER 

MIXTURE 

CONTROL 

 
 
 

1.676 

1.664 

1.674 

1.741 

1.784 

WEEK 3 OF TREATMENT 

 

COW DUNG 

POULTRY MANURE 

FERTILIZER 

MIXTURE 

CONTROL 

 
 
 

1.250 

1.308 

1.173 

1.268 

1.769 

WEEK 6 OF TREATMENT 

 

COW DUNG 

POULTRY MANURE 

FERTILIZER 

MIXTURE 

CONTROL 

 
 
 

0.941 

0.889 

0.814 

1.143 

1.635 

WEEK 9 OF TREATMENT 

 

COW DUNG 

POULTRY MANURE 

FERTILIZER 

MIXTURE 

CONTROL 

 
 
 

0.844 

0.694 

0.665 

0.665 

1.635 

                               Dilution Factor = 5. No dilution for the unpolluted sample. 
 



 87

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Comparative analysis and prediction of remediation rates of microbes in simulated polluted soil samples. By Nwadike, O.A. is licensed under a 
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 


