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ABSTRACT 
Crude oil contamination of the environment has been an age-long phenomenon and a serious subject of concern. The effect of oil on soil 
depends on the size, quantity and grade of oil spilled. Crude oil contamination does not damage the soil permanently but has some adverse 
effects on crops and other vegetation. Over the years attempts have been made to find the cheapest, most efficient and environmentally-
friendly method for the clean-up crude oil contaminated soil. This review is aimed at analysing the different methods used in the clean-up 
of contaminated soil. Crude oil contaminated soil can be cleaned up using physico-chemical, thermal and biological treatments. The first 
two methods have been found to be grossly inadequate and ineffective, and may result in further contamination. Biological methods 
(bioremediation and phytoremediation) have received considerable attention during the last few years as the most promising and 
environmentally benign technique for effective clean-up of crude oil contaminated soil. A wide range of bioremediation strategies is being 
developed to treat contaminated soil. 
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INTRODUCTION 
 
The discovery of crude oil has changed man’s way of life 
considerably. It has improved our life economically and has 
also led to the availability of quick and accessible source of 
energy. Crude oil, or petroleum, is a complex mixture of 
hydrocarbons of varying molecular weight and structure. It 
comprises of three main chemical groups, namely, paraf-
finic (aliphatic), naphthenic (alicyclic) and aromatic. These 
hydrocarbons range from the simple, highly volatile sub-
stances to complex waxes and asphaltic compounds which 
cannot be distilled (Wadley-Smith 1983; Leahy and Colwell 
1990). 

Crude oil is obtained below the subsurface of the earth. 
It generally occurs at depths below 1500 meters and is 
recovered through boreholes within the earth. The liquid 
and gaseous phases of crude oil occur naturally under-
ground, within pore spaces of sedimentary rocks. Crude oil 
occurs naturally in many parts of the world, particularly in 
the USA, Russia, Persia, Mexico, Romania, Iran, Iraq, Ku-
wait, Saudi Arabia, Libya, and Nigeria. 

The major problem associated with crude oil explora-
tion is the pollution/contamination of the environment. 
Crude oil contamination is a global phenomenon affecting 
all aspects of the environment. Cases of crude oil contami-
nation of the soil have been documented (Imevbore 1973; 
Awobajo 1998). 

Contamination of soils by crude oil has remained an 
emerging issue. Costly damages have been caused on coas-
tal lines in different parts of the world by offshore oil spills 
(Anderson 1993; Britenbect 1998; Bassam and Battikhi 
2005). Crude oil comes into contact with the soil naturally 
through natural oil seeps or man-made through accidental 
or deliberate spills and leakages such as intentional or ac-
identical bursting of pipelines (Okpokwasili and Aman-
chukwu 1988; Leahy and Colwell 1990; Anderson 1996; 
Okecha 2000). 

Over the years, several methods have been devised for 
the clean up of crude oil contaminated soil using physical, 
chemical, thermal and biological treatments. This paper pre-
ents a critical review of these methods. 
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EFFECT OF CRUDE OIL CONTAMINATION ON 
THE SOIL 
 
The effect of crude oil on the soil depends on the size, 
quantity and grade of oil spilled. Crude oil spillage dec-
reases the porosity of the soil (Lolomari 1979). This is due 
to the fact that oil tends to force the soil particles to stick 
together, thereby decreasing the pores. Higgins and Burns 
(1979) reported that in oil-contaminated soil, oil droplets 
interfere with the interstices. Additionally, crude oil forms a 
coat covering the soil surface to retain carbon dioxide from 
the respiration of soil organisms. Persistence of oil on/in the 
soil depends on the amount spilled, procedures of clean-up, 
microbial degradation, climatic conditions, and the type of 
oil spilled. 

Crude oil changes the characteristics of the land, pol-
luting it to the detriment of living organisms. Vegetation, 
wildlife, crops and farmlands are adversely affected (Oke-
cha 2000). Toxicological studies have identified Polycyclic 
Aromatic Hydrocarbons (a derivative of crude oil) as being 
carcinogenic and have been implicated to be the cause of 
rapid death of living organisms (Onwurah 2000). Oyefolu 
and Awobajo (1979) reported that a good percentage of oil 
spills that occurred on dry land between 1978 and 1979 in 
Nigeria affected farms in which crops such as rice, maize, 
yams, cassava, and plantain were cultivated. 

No permanent damage is however done to the soil ex-
cept in cases in which the soil is completely submerged by 
the oil in areas of poor drainage and aeration. With vola-
tilization, scientific principles, microbial degradation, rain-
fall and aeration, light oil spillage can be cleaned up within 
2 to 3 years (Odu 1977). 

Klokk (1984) studied the effect of crude oil pollution on 
the germination and vegetative growth of five species of 
vascular plants and reported a reduction in overall germina-
tion rate. Germination response to oil varied greatly with 
plant species and members of the same plant species showed 
differential sensitivity to oil contamination (Adam and Dub-
can 2002). Amakiri and Onofeghara (1984) reported that the 
seeds of Zea mays exhibited no germination after exposure 
to oil for longer than seven days while those of Capsicum 
frutescum exhibited 100% viability after 32 weeks exposure. 

Some adverse effects of oil spills and contamination of 
birds and aquatic animals have been documented. Chronic 
marine pollution in South Eastern Newfoundland (Canada) 
waters was reported to have led to the death of 74% of the 
sea birds that died between 1984 and 1999. The dead birds 
were found with oil on their feathers (Weise and Ryan 
2003). An oil tanker accident involving the oil tanker Pres-
tige in November 2002 where about 63, 000 tons of heavy 
oil reached the Galician Coast (NW Spain) was found to 
have caused different levels of DNA damage on birds ex-
posed to the spill (Laffon et al. 2006). Further studies on the 
impact of the Prestige oil spill and its clean up activities on 
the macroinfauna community of the Galician Coast six 
months after the spill, revealed that the macroinfauna popu-
lation was drastically reduced, with Eurydice and Scolelep-
sis squamata as the most affected taxa (Junoy et al. 2005). 
Khan et al. (2007) evaluated the effect of diesel oil on aqua-
tic species (Oncorhynchus mykiss and Daphnia magna) 
using acute toxicity testing and found that their mortality 
rates were significant compared to species not exposed to 
diesel oil. 
 
TYPES OF SOIL TREATMENT 
 
There are four steps involved in the remediation of any con-
taminated site. These include: 

1. A preliminary assessment – This involves the identi-
fication of those conditions at a site that pose an imminent 
threat to human health and the environment. 

2. Selection and implementation of appropriate interim 
remedial measures – It addresses any imminent hazards that 
may exist at a site. 

3. Site investigation and remediation technology feasi-

bility study – In this stage the nature and extent of contami-
nation are defined, and potential final remedial methods are 
identified and evaluated. 

4. Selection of final remedial methods – Selection pro-
cesses are taken into account based on results of the site in-
vestigation, including effectiveness of different remedial 
methods, the time necessary for complete clean-up and the 
overall treatment cost (Atlas and Bartha 1992; Cutright and 
Lee 1994; Colleran 1997). 

There are two major types of soil treatment: In situ 
(where the soil is treated at the site of contamination) and ex 
situ (in which case the soil is excavated and transported to 
another site for treatment). 
 
PHYSICO-CHEMICAL CLEAN UP OF 
CONTAMINATED SOIL 
 
Soil excavation 
 
This is the mechanical removal of contaminated soils to off-
sites either for burying or burning. Kenil (2006) suggested 
that the most efficient way to clean up contaminated soil is 
to remove it. The process is however very expensive as a 
contractor has to be hired to take away a layer of ground. 
Another problem with excavation is that the place from 
which the layer is removed is made prone to erosion and 
other environment damaging agents (Araruna et al. 2004). 
 
Soil washing 
 
Soil washing is an ex situ treatment process applicable to a 
broad range of organic, inorganic and radioactive contami-
nants in soil (Anderson 1993). It involves the use of liquid/ 
water sometimes combined with chemical additives and a 
mechanical instrument to scrub soils. This removes hazar-
dous contaminants and concentrates them into smaller vol-
umes (Wood 2002). 

Hazardous chemicals easily adhere to silt and clay un-
like sand and gravel particles. During soil washing therefore, 
the silt and clay are mechanically separated from the uncon-
taminated coarse soils (Wood 2002). The contaminated fine 
sand can then be disposed or treated accordingly while the 
coarse sand is retained as backfill. The effectiveness of this 
method has been shown to be less than 80% though effici-
ency increases when hot water is used (Wood 2002). It is 
therefore mostly used as a pre-treatment method for final 
cleaning up of soils. 
 
Soil Vapour Extraction (SVE) 
 
This method is a relatively simple physical process of 
cleaning up crude oil contaminated soils. SVE involves the 
use of a specially designed system to remove volatile conta-
minants (e.g. crude oil) from the soil in vapour form (Kosky 
and Jones 1995). 

The process of SVE is carried out by applying a vacu-
um through a system of underground wells which pull up 
contaminants to the surface as vapour or gas. Air is some 
times introduced to enhance the process. Soil vapour extrac-
tion is frequently used to remove chlorinated hydrocarbons, 
especially trichloroethylene (TCE) from the soil (Imamura 
et al. 1997). 
 
THERMAL CLEAN UP METHODS 
 
Thermal desorption 
 
This is a more recent clean up method. It involves heating 
up crude oil contaminated soils to temperatures of 200-
1000°F at which contaminants with low boiling point va-
pourize and desorb (physically separate) from the soil 
(Troxler et al. 1994; Elgibaly 1999). This method is also 
termed Low Temperature Thermal Desoption or Low Tem-
perature Thermal Volatilization, due to its use of low tempe-
rature. It is also called thermal stripping or soil roasting 
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(Anderson 1993). 
Most times during thermal desorption, contaminating 

hydrocarbons are vapourized and ignited. The remaining 
by-products are removed from the system by convection 
and treated by filters or second stage re-ignition or by an air 
emission treatment system (Wood 2002). On the other hand, 
they can generally be treated in a secondary treatment unit 
(e.g. after burner, catalytic oxidation chamber, condenser or 
carbon adsorption unit) prior to discharge to the atmosphere. 
Afterburners and oxidizers destroy the organic constituents 
while condensers and carbon adsorption units trap organic 
compounds for subsequent treatment or disposal. 

Depending on the organics present and the temperature 
of the desorper system, thermal desorpers can cause com-
plete or partial decomposition of some of the organic con-
stituents (Anderson 1993; Troxler et al. 1994). Afterwards, 
soil is cooled, remoistened for dust control and stabilized to 
prepare them for disposal/reuse by depositing them on-site 
or as landfill covers to be incorporated into asphalt (Ander-
son 1993). Up to 90% efficiency has been recorded with 
thermal desorption in removal of crude oil hydrocarbon 
contaminants from soils. Thermal desorption has three ma-
jor pitfalls. It is expensive, time consuming and hazardous 
(Wood 2002). However, thermal desorption seems to be a 
very promising method for cleaning up crude oil contami-
nated soil because it is simple and avoids all the difficulties 
associated with digging up the soil for disposal or cleanup 
(Elgibaly 1999). 
 
Incineration 
 
This implies burning off the contaminants from the soil sur-
face using fire. According to US EPA, at high temperatures 
(i.e. between 1,600°F and 2,500°F) incineration takes place, 
and hazardous wastes including crude oil are destroyed 
from the soil and toxic elements are reduced to basic ele-
ments (mainly hydrogen, carbon, chlorine and nitrogen). 
The basic elements then combine with oxygen to form sta-
ble non-toxic substances such as water, carbon dioxide and 
nitrogen oxides. 

Igniting and burning crude oil is often difficult due to 
the rapid loss of more flammable and volatile components 
via evaporation (Kenil 2006). Contaminated soils are nor-
mally first excavated and carried to off-site facilities before 
incineration is effected (Bassam and Battikhi 2005). 

Disadvantages of incineration include: high operational 
cost due to high energy requirement, the large space in-
volved and the dangers of environmental pollution (Araruna 
et al. 2004; Bassam and Battikhi 2005). 
 
BIOLOGICAL CLEAN-UP OF OIL CONTAMINATED 
SOIL 
 
Biological treatment involves the use of microorganisms, 
plants and other biological systems to clean-up oil contami-
nated soil. Biological processes are used to treat excavated 
soils, saturated and unsaturated soil in situ, and recovered 
ground water (Galaska et al. 1990; Eckenfelder and Norris 
1993). 
 
Microbial degradation of crude oil 
(biodegradation) 
 
Biodegradation of organic waste is an increasingly impor-
tant method of waste treatment (Atlas 1981). Biodegrada-
tion has many advantages – it uses inexpensive equipment, 
environmentally friendly nature of the process and simpli-
city (Nadean et al. 1993). 

Microorganisms play an important role in the clean up 
of crude oil contaminated environment. The use of microor-
ganisms in the clean-up of an oil spill comes in after a large 
amount of the oil has been removed by various physical and 
chemical methods (Atlas 1981; Okpokwasili and Aman-
chukwu 1988; Ijah and Ukpe 1992; Amund and Akangbuo 
1993; Ijah and Okang 1993). 

Many studies have been carried out on microbial degra-
dation of crude oil (Higgins and Gilbert 1978; Bartha 1986; 
Leahy and Colwell 1990). Microbial degradation is made 
possible because microorganisms have enzymatic systems 
that breakdown the crude oil utilizing it as a source of car-
bon and energy (Ijah and Antai 1988; Antai and Mgbomo 
1989, 1993). These biotransformations can be exploited for 
treatment of contaminated soils and ground water (Bouwer 
and Zehnder 1993). 

Microorganisms capable of utilizing petroleum hydro-
carbons in their metabolism are widely distributed in soils. 
They are mostly found in the surface soil in the vicinity of 
an oil field and also in petroleum-contaminated soils (Bos-
sert and Bartha 1984; Antai and Mgbomo 1989). Crude oil-
degrading microorganisms have been identified and include 
bacteria, yeast, filamentous fungi and algae (Atlas 1981; 
Prince et al. 1993; Ezeji et al. 2005). The major bacteria 
genera implicated in crude oil degradation in both soil and 
aquatic environments comprise mainly Pseudomonas, 
Achromobacter, Athrobacter, Actinomycetes, Flavobacte-
rium, Micrococcus and Nocardia (Atlas 1981; Bossert and 
Bartha 1984; McCarthy and Williams 1992; Odokuma and 
Okpokwasili 1993; Okpokwasili and Nnubia 1999). Almost 
any hydrocarbon, even the heaviest paraffin (asphaltic resi-
dues) can be attacked by bacteria (Essien et al. 1997). 
Wardly-Smith (1983), however reported that microbial deg-
radation does not always lead to complete disappearance of 
oil constituents. 

The oil-degrading ability of microorganisms in tropical 
soil has been reported to depend on the adequacy of certain 
environmental factors such as temperature, nutrients, mois-
ture, pH, oxygen, the viscosity of oil and coarseness of the 
affected soil (Odu 1977, 1981; Bossert and Bartha 1984; 
Antai and Mgbomo 1989; Ijah and Okang 1993). Tempera-
ture has been described as one of the most important para-
meters in determining the rate and effectiveness of biodeg-
radation (Atlas 1981). Bossert and Bartha (1984) reported 
that the range of temperature favourable for microbial deg-
radation of crude oil is 30-40°C. Low temperatures have 
been found to result in slower degradation rates possibly 
because it increases the viscosity of oil resulting in low drif-
ting capacity which in turn creates a low surface area for 
degradation (Atlas 1981). 

Nutrient concentration is a key factor affecting biodeg-
radation rates of oil in contaminated soil and beach sedi-
ments (Xu et al. 2003). A continuous increase in microbial 
population and sustained stimulation of biodegradation 
have been reported in response to addition of nitrate and 
phosphorus containing compound (Mark and Jeffrey 1991; 
Abu and Ogiji 1996). 

Microbes carrying out metabolic transformations re-
quire adequate moisture for their growth and activity. In 
surface soils, inadequate supply of water can severely res-
trict biodegradation (Alexander 1984). Oxygen availability 
is also very essential for biodegradation. Low degradation 
has been reported in depths of seas and sediments where 
low oxygen is available (Leahy and Colwell 1990). 

pH affects solubility and consequently the availability 
of many constituents of soil which can affect biological abi-
lity. Biodegradation is affected negatively by extreme aci-
dity and extreme alkalinity (Leahy and Colwell 1990) and 
therefore most laboratory-based biodegradation studies are 
carried out at pH range near neutral. 
 
Bioremediation 
 
Bioremediation is the act of adding fertilizers or other mate-
rials to the contaminated environment such as oil spill sites, 
to accelerate the natural biodegradation process. Bioremedi-
ation of petroleum-contaminated soil is adopted principally 
to improve the biophysico-chemical properties of soil 
through the augmentation of soil nutrients in order to stimu-
late growth and multiplication of indigenous microflora 
(Dragun 1993; Holiday and Deuel 1993). 

Bioremediation is considered one of the most promising 
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methods for dealing with a wide range of organic contami-
nants, particularly petroleum hydrocarbons (Balba 1993). 
Two basic methods are available for obtaining microorga-
nisms to initiate the bioremediation: bioaugmentation – in 
which adapted genetically coded toxicant degrading micro-
organisms are added (Okpokwasili et al. 1986) and biosti-
mulation – which involves the injection of necessary nutri-
ents to stimulate the growth of indigenous microorganisms 
(Lee and Levy 1989, 1991). Odokuma and Dickson (2003) 
suggested that a combination of bioaugmentation and bio-
stimulation with indigenous hydrocarbon utilizers would be 
effective in the remediation of crude oil polluted tropical 
soils. 

Numerous laboratory studies on nutrient enhancement 
of oil degradation by naturally occurring microorganisms 
have concluded that this technology is promising for use in 
stimulating oil degradation (Oliveiri et al. 1978; Aman-
chukwu et al. 1989; Ibekwe et al. 2006; Ubochi et al. 2006). 
Field deployment of this biotechnology has yielded good 
results in the treatment of an oil spill following the Exxon 
Valdez incident in Prince William Sound and the Gulf of 
Alaska (Chianelli et al. 1991; Glaser et al. 1991; Ladousse 
and Tramier 1991; Lee and Levy 1991; Safferman 1991; Ta-
bok et al. 1991; Venosa et al. 1991). 

A wide range of bioremediation strategies is being de-
veloped to treat contaminated soil. Blackburn and Hafker 
(1993) reported that selecting the most appropriate strategy 
to treat a specific site can be guided by considering three 
basic principles: the amenability of the pollutant to biolo-
gical transformation to less toxic product (biochemistry); 
the accessibility of the contaminant to microorganisms (bio-
availability); and the optimization of biological activity 
(bioactivity). 

Some large-scale bioremediation technologies used in 
treatment of contaminated soils include windrowing, bio-
piling, bio-venting, land farming and composting. Windrow 
techniques are constructed by mixing the contaminated soils 
with the composting material and placed in elongated piles. 
Bio-pile involves the construction of soil piles above 
ground with the contaminated soils placed within the bund 
area. The piles are aerated using air injection or vacuum 
extraction to either push or pull air through the piles to en-
sure the transfer of oxygen and therefore aerobic degrada-
tion of the organic contaminants. 

 Bioventing combines the capabilities of soil venting 
and enhanced bioremediation to cost-effectively remove 
light and middle distillate hydrocarbons from vadose zone 
soils and the groundwater table. Soil venting removes the 
more volatile fuel components from unsaturated soil and 
promotes aerobic biodegradation by driving large volumes 
of air into the subsurface (Hoeppel et al. 1991; Hinchee and 
Arthur 1991). 

Land farming is a well known biological method used 
in the treatment of petroleum hydrocarbon contaminated 
soil. The system involves periodic tiling of the ground to 
induce aeration, controlled moisture content and addition of 
nutrients to enhance microbial degradation of the contami-
nants. The contaminated soil is excavated onto a designed 
lined bed (to avoid leaching) and mixed with a controlled 
amount of nutrients and soil additives such as bulking 
agents (Lodolo et al. 2001). 

Compost bioremediation refers to the use of a biological 
system of microorganisms in a mature, cured compost to se-
quester or break down contaminants in water or soil. Ade-
nuga et al. (1992) reported the use of in-vessel composting 
in the treatment of PAH-contaminated soil. 

 Bioremediation has the advantage that polluted soil 
can be treated at the site without having to move them 
somewhere else. Balba et al. (1998) remarked that biore-
mediation is a site-specific process and therefore feasibility 
studies are required before full-scale remediation can be 
successfully applied. 

 
 

 

Phytoremediation 
 
Phytoremediation refers to the use of vegetative species for 
in situ treatment of land areas polluted by a variety of 
hazardous substances (Sykes et al. 1999). Different types of 
phytoremediation have been developed. These include 
phytoextraction, which relies upon a plant’s natural ability 
to take up certain substances (such as heavy metals) from 
the environment and sequester them in their cells until the 
plant can be harvested, phytodegradation, a means by which 
plants convert organic pollutants into a non-toxic form, 
phytostabilization, where a plant releases certain chemicals 
that bind to the contaminant to make it less bioavailable and 
less mobile in the surrounding environment, and phytovoli-
tization, a process through which plants extract pollutants 
from the soil and then convert them into a gas that can be 
safely released into the atmosphere (Bentjen 2002). 

Attempts have been made to improve the efficacy of 
phytoremediators through genetic modification. Genes from 
different sources, including mammals and microorganisms 
are being introduced into plant species, resulting in the cre-
ation of novel classes of phytoremediators that have the abi-
lity to extract harmful heavy metals from contaminated soil 
(Gleba et al. 1999). 

Phytoremediation is environmentally friendly, visually 
attractive and more cost effective than conventional remedi-
ation methods (US EPA 2001). Moreover, the structure of 
the soil is highly maintained (Khan et al. 2000). A number 
of studies on the use of vegetation in the treatment of oil 
contaminated soil have been documented (Lee and Banks 
1993; Shimp et al. 1993). In a field study carried out at the 
US Naval base, Port Hueneme, California, Banks et al. 
(2003) reported that the total petroleum hydrocarbon con-
centrations were lower by the end of the study in the vege-
tated plots when compared to the unvegetated soil. 
 
CONCLUSION 
 
Crude oil contamination is a very serious problem affecting 
both the terrestrial and aquatic environments. Its impact, 
especially on the coastal regions has been a source of 
concern to many people and governments of the world. The 
need to devise sustainable clean up methods have never 
been so crucial. This review has tried to highlight the differ-
ent methods used for the clean up of crude oil contaminated 
soil. The choice of clean up method should depend on a 
number of factors which include, how well the soil is 
cleaned, the ability of the soil to be reused after clean up 
and how environmentally friendly the clean up method is. 
Other factors to be considered include the overall cost of 
the clean up exercise and also whether the clean up method 
is approved by the Environmental Protection Agency. Lo-
dolo et al. (2001) reported some other criteria to be con-
sidered in choosing a soil remediation technology to include 
the technique’s ability to clean-up to a desired level (mini-
mum pollutant concentration achievable by the technology), 
community acceptability, post-treatment costs, soil quality 
required after the intervention, environmental impacts and 
risks of remediation activities/processes. Khan et al. (2004) 
observed that no single specific technology may be consi-
dered as a panacea for all contaminated site problems. 

There are also limitations involved in the use of each 
clean-up methods. Low permeability, high content and soil 
heterogeneity limit the performance of the SVE method. 
There is also the risk of potential release of hazardous com-
pounds during excavation and materials handling (Ladolo et 
al. 2001). The major disadvantages of the thermal methods 
(incineration and thermal desorption) are the high energy 
costs involved and the danger of environmental pollution. 

The biological methods have been judged as the best re-
mediation methods in terms of efficiency and environmen-
tal acceptability. Biological techniques are encouraged be-
cause of the advantage of soil sustainability and possibility 
of the soil to be restored to its original use. EPA has chosen 
bioremediation as a primary reasonable remedy to treat or-
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ganic contaminants in soil, sludge, and sediments at wood-
treating sites (USCOTA 1997). The only limitation associ-
ated with biological methods is the long time is takes for the 
complete removal of the contaminants. 
 
REFERENCES 
 
Abu GO, Ogiji PA (1996) Initial test of a biodegradtion scheme for the clean 

up of an oil polluted water body in a rural community in Nigeria. Bioresource 
Technology 56, 7-12 

Adam G, Duncan H (2002) Influence of diesel oil on seed germination. Envi-
ronmental Pollution 120, 363-37 

Adenuga AO, Johnson JH, Cannon JH, Wan L (1992) Bioremediation of 
PAH-contaminated soil via in-vessel composting. Water Science and Techno-
logy 26, 2331-2334 

Alexander M (1994) Biodegradation and Bioremediation, San Diego Academy 
Press, New York, 284 pp 

Amanchukwu SC, Obafemi A, Okpokwasili GC (1989) Factors affecting 
hydrocarbon degradation by Schizosaccaomyces pombe isolated from palm-
wine, in The petroleum industry and the Nigeria environment, Proceedings of 
the 1987 International Seminar, NNPC, Lagos, pp 154-160 

Amakiri JO, Onofeghara FA (1984) Effects of crude oil pollution on the ger-
mination of Zea mays and Capsicum frustescens. Environmental Pollution 35, 
159-167 

Anderson WC (1993) Thermal desorption. Innovative site Technology 6, 8-10 
Anderson B (1996) The petroleum industry and the Nigerian Environment – 

environmental issues and management strategies: A key note address at the 
International seminar on environment, The Shell Petroleum and Development 
Company (SPDC), PH, pp 1-14 

Amund OO, Akangbou TS (1993) Microbial degradation of four Nigerian 
crude oils in an estuarine microcosm. Letters in Applied Microbiology 16, 
118-121 

Antai SP, Mgbomo E (1989) Distribution of hydrocarbon utilizing bacteria in 
oil spill areas. Microbios Letters 8, 137-143 

Antai SP, Mgbomo E (1993) Pattern of degradation of Bonny light crude oil by 
Bacillus spp. and Pseudomonas spp. isolated from oil spilled site. West Afri-
can Journal of Biology and Applied Chemistry 38, 16-20 

Araruna JT, Portes VLO, Soares AP, Silva MG, Sthel MS, Schramm DU, 
Tibana S, Vargas H (2004) Oil spills debris clean up by thermal desorption. 
Journal of Hazardous Material 110, 161-163 

Atlas RM (1981) Microbial degradation of petroleum hydrocarbons: An experi-
mental perspective. Microbiological Reviews 45, 180-209 

Atlas RM, Bartha R (1992) Hydrocarbon biodegradation and oil spill bioreme-
diation, In Marshal KC (Ed) Advances in Microbial Ecology 12, 287-338 

Awobajo AS (1981) An analysis of oil spill incidence in Nigeria, 1976-1980, in 
The petroleum industry and Nigeria Environment, Proceedings of 1981 Inter-
national Seminar, NNPC, Lagos, pp 20-22 

Balba MT (1993) Microorganism and detoxification of industrial waste. In: 
Jones D (Ed) Exploitation of Microorganism, Butter Worths, New York, pp 
390-392 

Banks MK, Schwab P, Liu B, Kulakow PA, Smith JS, Kim R (2003) The 
effect plants on the degradation and toxicity of petroleum contaminants in 
soil: a field assessment. Advanced Biochemical Engineering and Biotechno-
logy 78, 76-96 

Bartha R (1986) Biotechnology of petroleum pollutant biodegradation. Micro-
bial Ecology 12, 155-172 

Bassam M, Battikhi MN (2005) Biodegradation of total organic carbons 
(TOC) in Jordanian petroleum sludge. Journal of Hazardous Materials 120, 
127-134 

Bentjen, S (1998) Bioremediation and phytoremediation glossary. Available on-
line: http://members.tripod.com/~bioremediation/ 

Bossert I, Bartha R (1984) The fate of petroleum in soil ecosystem. In: Atlas 
RM (Ed) Petroleum Microbiology, Macmillan, New York, pp 435-473 

Bouwer EJ, Zehnder AJP (1993) Bioremediation of organic compound – 
putting microbial metabolism to work. Trends in Biotechnology 11, 360-367 

Britenbect G (1998) Oil spill clean up product made for sugar by-product. 
NASA, Louisiana, 20 pp 

Chianelli RR, Actel T, Barw RC, George GN, Genowitz MW (1991) Bio-
remediation Technology development and application to the Alaskan spill. In: 
Proceedings of 1991 Oil Spill Conference, San Diego, California, American 
Petroleum Institute, Washington, DC, pp 549-558 

Colleran E (1997) Uses of bacteria in bioremediation. In: Sheehan D (Ed) Me-
thods in Biotechnology – Bioremediation Protocols, New Jersey, Humana 
Press, pp 3-21 

Cutright TJ, Lee S (1994) In situ soil remediation: bacteria or fungi? Energy 
Sources 17, 413-419 

Dragun J (1993) Recovery techniques and treatment techniques for petroleum 
and petroleum products in soil and ground water. In: Proceedings of 1993 Oil 
Spill Conference, American Petroleum Institute, Washington DC, pp 48-63 

Eckenfelder WW, Norris RD (1993) Applicability of biological processes for 
treatment of soils. American Chemical Society 518, 138-158 

Elgibaly AAM (1999) Clean up of oil contaminated soils of Kuwaiti oil lakes. 

Journal of Energy Sources, Part A: Recovery, Utilization and Environmental 
Effects 21, 547-565 

Essien JP, Ubom RM, Udosen ED (1997) Bioremediation of petroleum conta-
minated soil: Effect on the population dynamics and degrading capabilities of 
hydrocarbonoclastic bacteria. West African Journal of Biology and Applied 
Chemistry 43, 22-28 

Ezeji EU, Anyanwu BN, Onyeze GOC, Ibekwe VI (2005) Studies on the 
utilization of petroleum hydrocarbon by microorganisms isolated from oil-
contaminated soil, International Journal of Natural and Applied Sciences 1, 
122-128 

Galaska EG, Skaladany GJ, Nyer EK, Chelsea M (1990) Biological treat-
ment of groundwater, soils and soil vapour contaminated with petroleum 
hydrocarbons, Proceedings of the Industrial Waste Conference, Purdue Uni-
versity (44th), pp 11-21 

Glaser JA, Venosa AD, Opatken EJ (1991) Development and evaluation of 
techniques for delivery of nutrients to contaminated shoreline in Prince Wil-
liam Sound, in: Proceedings of 1991 Oil Spill Conference, San Diego, Cali-
fornia, American Petroleum Institue Wsahington, DC, pp 32-34 

Gleba D, Borisjuk NV, Borisjuk L G, Kneer R, Poulev, A, Skarzhinskaya M, 
Dushenkov S, Logendra S, Gleba YY, Raskin I (1999) Use of plant roots 
for phytoremediation and molecular farming. Proceedings of the National 
Academy of Sciences USA 96, 5973-5977 

Higgins IJ, Burn RG (1979) Hydrocarbons. In: Higgins IJ (Ed) The Chemistry 
and Microbiology of Pollution, Academic Press, London, pp 20-22 

Higgins IJ, Gilbert PO (1978) The Biodegradation of hydrocarbons. In: Char-
ter KWA, Somerville HJ (Eds) The Oil Industry and Microbial Ecosystems, 
Hegden and Sons Ltd, London, pp 80-117 

Hinchee RE, Arthur MF (1991) Bench scale studies of the soil aeration pro-
cess for bioremediation of petroleum hydrocarbons, Applied Biochemistry 
and Biotechnology 28, 901-915 

Hoeppel RE, Hinchee RE, Arthur MF (1991) Bioventing soils contaminated 
with petroleum hydrocarbons. Journal of Industrial Microbiology 8, 141-146 

Holiday GH, Deuel LE (1993) Soil remediation for petroleum extraction in-
dustry. In: Proceedings of 1993 Soil Remediation Seminar, Heinemann, New 
York, p 80 

Ibekwe VI, Ubochi KC, Ezeji EU (2006) Effect of organic nutrient on micro-
bial utilization of hydrocarbons on crude oil contaminated soil. African Jour-
nal of Biotechnology 5, 983-986 

Ijah UJJ, Antai SP (1988) Degradation and mineralization of crude oil by bac-
teria. Nigerian Journal of Biotechnology 5, 79-86 

Ijah UJJ, Okang CH (1993) Petroleum hydrocarbon degrading capabilities of 
bacteria isolated from soil. West African Journal of Biology and Applied Che-
mistry 38, 1-14 

Ijah UJJ, Ukpe LI (1992) Biodegradtion of crude oil by Bacillus strains 28A 
and 61B isolated from oil-spilled soil. Waste Management 12, 55-60 

Imamura T, Kozaki S, Kuriyama A, Kawaguchi M, Touge Y, Yano T, Suga-
ma E, Kawabata Y (1997) Bioaugmentation of TCE-Contaminated soil with 
inducer-free microbes. In: Sayler GS, Sanseverino J, Davis KL (Eds) Bio-
technology in the Sustainable Environment, Plenum Press, New York, pp 97-
106 

Imevbore AMA (1973) The industry and environmental pollution. In: Proceed-
ings of 1973 Conference on Environmental Resources Management in Nige-
ria, Ife, pp 20-22 

Junoy J, Castellanos C, Viéitez JM, de la Huz MR, Lastra M (2005) The 
macrofauna of the Galician sandy beaches (NW Spain) affected by the Pres-
tige oil-spill. Marine Pollution Bulletin 50, 526-536 

Khan AG, Kuek C, Chaudhny TM, Khoo CS, Hayes WJ (2000) Role of 
plants mycorrhizae and phytochelators in heavy metal contaminated land re-
mediation. Chemospgere 42, 197-207 

Khan FI, Husain T, Hejazi R (2004) An overview and analysis of site reme-
diation technologies. Journal of Environmental Management 71, 95-122 

Khan N, Warith MA, Luk G (2007) A comparison of acute toxicity of biodie-
sel, biodiesel blends, and diesel on aquatic organisms. Journal of Air and 
Waste Management Association 57, 286-296 

Klokk J (1984) Effect of oil pollution on the germination and vegetative growth 
of five species of vascular plants. Oil and Petroleum Pollution 2, 25-30 

Ladousse A, Tramier B (1991) Results of 12 years of research in spilled oil 
bioremediation, inipol. EAP 22. In: Proceedings of 1991 Oil Spill Conference, 
San Diego California, American Petroleum Institute, Washington DC, pp 
577-581 

Laffon B, Fraga-Iriso R, Pérez-Cadahía B, Méndez J (2006) Genotoxicity 
associated to exposure to Prestige oil during autopsies and cleaning of oil-
contaminated birds. Food and Chemical Toxicology 44, 1714-1723 

Leahy JD, Colwell RR (1990) Microbial degradation of hydrocarbons in the 
environment. Microbiological Reviews 54, 305-315 

Lee E, Bank MK (1993) Bioremediation of petroleum contaminated soil using 
vegetation: a microbial study. Journal of Environmental Science and Health 
28, 2187-2198 

Lee K, Levy EM (1991) Bioremediation: Waxy crude oils stranded on low 
energy shorelines. In: Proceedings of the 1991 Oil Spill Conference, San 
Diego, American Petroleum Institute, Washington DC, pp 541-547 

Lee K, Levy EM (1987) Enhanced bioremediation of a light crude oil in sandy 
beaches. Proceedings of the 1987 Oil Spill Conference, American Petroleum 

58



Terrestrial and Aquatic Environmental Toxicology 1(2), 54-59 ©2007 Global Science Books 

 

Institute, Washington DC, pp 411-416 
Lodolo A, Gonzales-Valencia E, Miertus S (2001) Remediation of persistent 

toxic substances. In: Proceedings of 2000 ICS-UNDO Workshop on Conta-
mination of food and Agroproducts, Varazdin, Croatia, 52, 253-280 

Lolomari D (1979) Oil pollution: The Nigerian Experience. In: Proceedings of 
8th Annual Oil seminar of Nigerian Institute of Journalism, NNPC, Lagos, pp 
136-141 

Mark AJ, Jeffrey HG (1991) In situ comparison of bioremediation methods for 
a number of residual fuel spill in Lee County, Florida. In: Proceedings of the 
1991 Oil Spill Conference, American Petroleum Institute, Washinton DC, pp 
533-540 

McCarthy AJ, Williams ST (1992) Actinomycetes as agents of biodegradation 
in the environment. Gene 115, 189-192 

Nadean RR, Singhvi J, Ryabik Y, Lin I, Syslo J (1993) Monitoring bioreme-
diation for bioremediation efficacy: the Marrow Marsh experience. In: Pro-
ceedings of the 1993 Oil Spill Conference, American Petroleum Institute, Wa-
shington DC, pp 477-485 

Odokuma LO, Dickson AA (2003) Bioremediation of crude oil polluted tro-
pical rain forest soil. Global Journal of Environmental Sciences 2, 29-40 

Odokuma LO, Okpokwasili GC (1993) Seasonal ecology of hydrocarbon-
utilizing microbes in the surface waters of a river. Environmental Monitoring 
and Assessment 27, 175-191 

Odu CTI (1977) Oil pollution and the environment. Bulletin of the Science 
Association of Nigeria 3, 5-7 

Odu CTI (1981) Application of selected microorganisms to oil-polluted soil. 
In: The Petroleum Industry and Nigeria Environment, Proceedings of an 
International Seminar, NNPC, pp 143-153 

Okecha SP (2000) Pollution and Conservation of Nigeria’s environment. 
T’Afrique International, Owerri, Nigeria, pp 33-42 

Okpokwasili GC, Amanchukwu SC (1988) Petroleum hydrocarbon degrada-
tion by Candida species. Environment International 14, 243-247 

Okpokwasili GC, Nnubia C (1999) Biodegradation of drilling fluids by marine 
bacteria from below an oil rig. Journal of Science and Engineering Techno-
logy 6, 1420-1428 

Okpokwasili GC, Sommerville CC, Sullivan M, Grimes DJ, Colwell RR 
(1986) Plasmid-mediated degradation of hydrocarbons in estuarine bacteria. 
Oil and Chemical Pollution 3, 177-129 

Onwurah INE (2000) Bioremediation technologies for oily wastes. In: A Pers-
pective of Industrial and Environmental Biotechnology, Snaap Press Ltd., 
Enugu, Nigeria, pp 53-71 

Oyefolu KO, Awobajo OA (1979) Environmental aspects of the petroleum in-
dustry in the Niger Delta; problem and solutions. In: The Petroleum Industry 
and the Niger Delta, Proceedings of the 1979 NNPC Seminar 2, pp 19-21 

Prince RC, Richard EB, Graham NG, Copper EH, Mathew JG, James RL, 

David DS, Lois GK, Russel RC, Stephen MH, Andrew RT (1993) Effect 
of bioremediation on the microbial populations of oiled beaches in Prince 
William Sound, Alaska. Proceedings of the 1993 Oil Spill Conference, Ame-
rican Petroleum Institute, Washington, DC, pp 469-475 

Pritchard PH, Costa CF (1991) EPS’s Alaska oil spill bioremediation project. 
Environmental Science and Technology 25, 372-379 

Saferman SI (1991) Selection of nutrients to enhance biodegradation for the 
remediation of oil spill on beaches. In: Proceedings of 1991 Oil Spill Confer-
ence, San Diego, California, American Petroleum Institute, Washington, DC, 
pp 571-576 

Shimp JF, Tracy JC, Davis LC, Lee E, Huang W, Erickson LE, Schnoor JL 
(1993) Beneficial effects of plants in the remediation of soil and groundwater 
contaminated with organic materials. Critical Reviews in Environment, Sci-
ence and Technology 23, 41-77 

Sykes M, Yang, Vina BJ, AbuBakr S (1999) Biotechnology: working with 
nature to improve forest resources and products. International Environmental 
Conference, pp 631-637 

Tabok HH, Haines JR, Venosa AD, Glaser JA, Desai SS, Nisamanee-Pong 
W (1991) Emhancement of biodegradation of Alaskan weathered crude oil 
component by indigenous microbiota with the use of fertilizers and nutrients. 
In: Proceedings of the 1991 Oil Spill Conference, San Diego. American Pet-
roleum Institute, Washington DC, pp 583-590 

Troxler WL, Cudahy JJ, Zin RP, Rosenthal SI (1994) Thermal Desorper Ap-
plications manual for treating non-hazardous Petroleum Contaminated Soils, 
Cincinnati, OH: U.S. EPA, Office of Research and Development, 15 pp 

Ubochi KC, Ibekwe VI, Ezeji EU (2006) Effect of inorganic fertilizer on mic-
robial utilization of hydrocarbons on oil contaminated soil. African Journal 
of Biotechnology 5, 1584-1587 

United States Environmental Protection Agency (2001) A citizen’s guide to 
phytoremediation. Available online: http://www.cluin.org/products/citguide/ 
phyto2.htm 

U.S. Congress office of Technical Assessment (1997) Cleaning up contamina-
ted wood treating sites, OTA-DP-ENV-164, Washington DC, 12 pp 

Wardley-Smith J (1983) The Control of Oil Pollution, Graham and Trotman, 
London, pp 75-79 

Wiese FK, Ryan PC (2003) The extent of chronic marine oil pollution in 
Southeastern Newfoundland waters assessed through beached bird surveys 
1984-1999. Marine Pollution Bulletin 46, 1090-1101 

Wood LA (2002) Overview of Remediation Technologies, Terra Resources, Ltd, 
Wolverine, Palmer, Alaska, USA, 6 pp. Available online: www.terrawash. 
com/twp2.htm 

Xu R, Yong LC, Lim YG, Obbard JP (2005) Use of slow-release fertilizer 
and biopolymers for stimulating hydrocarbon biodegradation in oil-contami-
nated beach sediments. Marine Pollution Bulletin 51, 1101-1110 

 
 

59


