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ABSTRACT

One of the unintended impacts of crude oil exploration is the pollution of agricultural land

and aquatic resources when there is accidental oil spillage. The environmental effect of this

has resulted in untold hardship to  communities within oil  producing regions  all  over  the

world and has been the main reason for conflicts in the regions. Nigerian Niger Delta region

has been devastated by oil pollution and gas flaring, and both the government of Nigeria and

the multinational oil producing companies have been searching for solutions for the recovery

of  oil  polluted  soil.  Among  the  various  possible  methods  of  recovery  of  crude  oil

contaminated soil, bioremediation is most environmentally friendly.

A promising bioremediation method is the use of crops with phytoremediation capabilities.

Cowpea (Vigna unguiculata) which belongs to the family of legumes is one of such crops. In

addition  to  their  nutritional  value,  legumes  can  be  used  in  the  cleaning  up of  crude  oil

contaminated soils through different mechanisms such as; biodegradation in the rhizosphere,

plant uptake, translocation, transformation, and phytovolatilization. This research was aimed

at evaluating the phytoremediation capabilities of cowpea towards the recovery of crude oil

contaminated soil in the Niger Delta region of Nigeria.

Five (5) plastic buckets with 1000g of soils were contaminated with crude oil at different

levels; 0 ml, 30 ml and 40 ml. The remaining two buckets contained 30 ml crude oil + 0.5g

Indole acetic acid (IAA) and 40 ml crude oil + 0.5g IAA respectively. The Indole Acetic

(IAA) - a growth hormone was introduced to the contaminated soil to improve performance.

Cowpea was grown in the soil and the germination and height of the crop were monitored.

The presence of heavy metals in the soil and plant were measured.

Results show that the heights of cowpea plants in the control experiment were greater than

those of plants in 30 ml crude oil + IAA, while the plants in 30 ml crude oil only being the

least. Atomic absorption spectroscopy analysis of the plant samples indicated cowpea plants

in 40 ml crude oil + IAA to have the highest accumulation of heavy metals. EDXRF results

of the soil samples presented the soil with 40 ml of crude oil to have the highest accumulation

of heavy metals. These results indicate that cowpea has phytoremediation capabilities. Indole-
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3-acetic acid has the potential of facilitating the rate of phytoremediation of contaminated

soil.

Thus, it is concluded that cowpea can be used to clean-up crude oil contaminated farm lands 

in the Niger Delta, Nigeria.
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CHAPTER 1

INTRODUCTION

1.1 Background

Bioremediation  refers  to  the  use  of  biological  mechanisms  to  destroy,  transform,  or

immobilize  environmental  contaminants  so  as  to  protect  potential  sensitive  receptors.

(Bioremediation Discussion Group, 2006). Two remediation techniques are; Ex  situ  and  In

situ remediation techniques. Ex situ remediation techniques involve taking out the soil from

the subsurface in order to treat it. In situ remediation techniques encompass leaving the soil in

its  original  place  and  bringing  the  biological mechanisms  to  the  soil.  Earlier  thermal,

chemical and physical treatment methods have been unsuccessful in eliminating the pollution

problem because  those  approaches  only  move  the  pollution  to  a  new phase  such  as  air

pollution.  Bioremediation technology, which leads  to degradation of pollutants,  may be a

worthwhile and environmentally beneficial substitute that could produce an economic profit

(Iranzo et al., 2001.)

In  Niger  Delta,  Nigeria,  increased  petroleum  exploration  has  led  to  an  unprecedented

accidental release of crude oil polluting the land and water sources of the area. Furthermore,

illegal tampering of well heads, flow lines, pipelines, manifolds and flow stations have added

to  the  total  amount  of  crude  oil  entering  the  environment.  With  recurrent  reports  of  oil

spillage in Niger Delta, there is a need for a cost effective method for remediation of crude oil

contaminated  soil.  Crude  oil  affects  the  physicochemical  properties  of  the  soil  such  as

temperature, structure, nutrient status and pH when spilled on land (Udeh et al., 2013).

In Nigeria, contamination of soil and water by crude petroleum and refinery  products is a

rising  problem as  oil  mining and refining  activities  increase steadily  (Vidal,  2010).  This

problem results particularly in the loss of fertility of agricultural lands and death of plants,

including crops, in the oil producing areas of Nigeria. Soil contamination by crude oil spills is

a widespread environmental problem requiring cleaning up of the contaminated sites (Bundy

et al., 2002). The most common sources of petroleum contamination are the disposal of oil-
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based wastes, oil  spills from well  blowouts and pipeline ruptures (Reis, 1996). Crude oil

spills  adversely  affect  plants  by  creating  conditions  which  make  essential  nutrients  like

nitrogen and oxygen required for plant growth unavailable to them. It has been noted that oil

contamination results in a slow rate of germination in plants. Adam and Duncan (2002) stated

that this effect might be due to the oil which acts as a physical barrier preventing or reducing

the access of seeds to water and oxygen.

 Adoki and Orugbani (2007) reported that oil pollution thwarts crop growth and yield in those

areas for changing periods of time. Crude oil adversely affects the germination, shoot growth

and yield of most plant species including seashore plants (Bamidele and Igiri, 2011) and field

grasses  (Debojit  et al.,  2011).  Crude oil  and its products are made up of aliphatic,  oleic,

naphthenic and aromatic hydrocarbons, which change the chemical and physical properties of

soil  and its  structure (Chi Yuan and Krishnamurthy, 1995).  These compounds are mainly

responsible for the altered fertility of soil.  Atuanya (1987),  Agbogidi and Ejemete (2005)

noted  that oil  in  soil  has  deleterious  effects  on  the  biological,  chemical  and  physical

properties of the soil depending on the dose,  type of the oil  and other factors. Crude oil

impedes  proper soil  aeration as an oil  film on the soil  surface acts  as  a  physical  barrier

between air and soil thereby causing a breakdown of soil texture followed by soil dispersion.

Crude oil alters the soil’s redox potential ratio and also increases the soil’s pH. Hence, as

crude oil pollution levels increase, soil pH also increases. Benka-Coker and Ekundayo (1995)

found that the microbiological components of soil are usually adversely affected when oil is

applied to soil. The alteration in the physical and chemical nature of the soil is one of the

environmental challenges posed by oil pollution which consequently affects the growth of

plants (Chronopoulos et al., 1997). Petroleum hydrocarbon contamination may affect plants

by retarding seed germination and reducing height,  stem density, photosynthetic rate, and

biomass or causing complete mortality (Pezeshki et al., 2000).

Certain  plants  can  render  harmless,  extract  or  stabilize  a  contaminant  in  soil,  therefore

making it unavailable for other organisms and reducing environmental hazards in a process

termed as phytoremediation (Cunningham et al.,1996). Recent phytoremediation techniques

require that plants live in the zone of contamination. Subsequently, plant viability is a critical
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issue  in  the  successful  application  of  phytoremediation.  Cultivation  of  plants  can  be  a

valuable  tool  in  soil  remediation  if  the  contaminant  in  its  present  concentration  is  not

phytotoxic (Merkl  et  al., 2004).  The efficiency and mechanism of  this  technology called

phytoremediation  depends on  the  type  of  contaminant,  bioavailability  and soil  properties

(Cunningham and Ow, 1996). The stimulation of growth and activity of degrading micro-

organisms in the rhizosphere are the mechanisms believed to be responsible for most of the

degradation  of  petroleum  hydrocarbons  in  vegetated  soil  (Frick  et  al., 1999).  Several

approaches  to  selecting candidate  plants  for  phytoremediation  of  soils  contaminated with

organic pollutants exist and these approaches have been based on the occurrence of plants

under  specific  climatic  conditions  (Gudin  and  Syratt,  1975;  Banks  et  al., 2003),  their

resistance to pollutant phytotoxicity (Kirk et al., 2002), the presence of phenolic compounds

in the plant root exudates (Hegde and Fletcher, 1996; Liste and Alexander, 1999) or their

ability to reduce the pollutant concentration in soil.

A  viable  option  for  the remediation  of  petroleum  hydrocarbon  polluted  sites  is

phytoremediation  (Tanee  and  Kinako,  2008).  Grasses  and  legumes  such  as  bush  beans

(Phaseolus vulgaris  L.), Switchgrass (Panicum virgatum), alfalfa (Medicago sativa  L.) and

sorghum (Sorghum bicolor) in a majority of studies have been known for their potential to

facilitate the phytoremediation of sites contaminated with petroleum hydrocarbons (Reilly et

al., 1996; Qiu et al., 1997). Adam and Duncan (1999), Merkl et al., (2004, 2005) concluded

that legumes and grasses are the best candidates for phytoremediation or rhizoremediation

because of their root systems.  Using phytoremediation as a clean-up option may not only

degrade contaminants but could also enhance the recovery of habitat through the stimulation

of vigorous vegetative plant growth (Lee et al., 2001).

Cowpea (Vigna unguiculata L.) belongs to the family of Fabaceae. The seeds are edible as

they  contain  proteins.  It  is  commonly  grown  in  crop  rotation  to  replenish  lost  fertility

especially nitrogen in the soil. The capacity of Vigna unguiculata to fix nitrogen in the soil

which is always a limiting factor in crude oil polluted soil makes it important in farming

systems (Tanee and Akonye, 2009), thus warranting its use in the remediation of crude oil
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polluted soil as oil spillage is one of the challenges in the agricultural lands of the Niger Delta

Regions. This possibility needs to be scientifically evaluated.

1.2 Statement of the Problem

Over the years, Nigeria has experienced environmental pollution of different forms (land,

water,  air)  and  efforts  have  been  made  by  both  governmental  and  non-governmental

organizations in finding a lasting solution to this menace (Okoh, 2010). Across the length and

breadth of the country, the influx of companies (locals and multinationals) engaged in all

manner of activities impact negatively on our environment (Okoh, 2010). The management of

hydrocarbon is an essential environmental management tool especially in mining companies

that deal with large volumes of hydrocarbons and hydrocarbon-related wastes (Okoh, 2010).

Soil contamination with petroleum hydrocarbons is as a result of oil excavation and shipping

and is a possible threat to agriculture production. Soil contaminated with oil is a concern

because the contaminated soils are not suitable for agricultural, industrial, or recreational uses

and  are  possible  sources  of  surface  and  ground  water  contamination  (Okoh,  2010).

Agriculture which happens to be the major source of food in Nigeria and all over the world is

hindered because of this contamination. Through the expanding population of the country,

shortages of food could lead to poor health and poor standards of living.

Current  public  concern  and  rising  costs  regarding  the  conventional  clean-up  procedures

demonstrates the need for a less expensive bioremediation option such as phytoremediation.

Bioremediation is largely considered a promising technology for the tropics because climatic

conditions  favor  microbial  growth and activity. One of  the first  steps in  the selection  of

species  for  phytoremediation  in  the tropics  is  the  screening  of  plant  species  for  their

capability to grow and establish in contaminated soil,  followed by the evaluation of their

influence on the degradation of petroleum hydrocarbons in soil (Merkl et al., 2004). Thus this

research was aimed at evaluating one of the crops that has the potential for phytoremediation

namely cowpea.
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1.3 Objectives of Study

The objective of  this  study is  to  find out  if  cowpea  (Vigna unguiculata) can  be used to

remediate  crude  oil  contaminated  sites  by  looking  at  the  composition  and  mechanical

properties  of  the soil  (strength,  porosity, permeability, compressibility/compaction)  before

and after contamination, after the application of Indole-3- acetic acid and during plant growth

and also by investigating its growth habit in the presence of crude oil.

1.4 Limitations and Scope of Study

Due to logistics constraints, the study was limited to pot experiments where the soil was

contaminated and put in pots (buckets). The crop was grown in these pots and the soil and

crop analyzed. This may pose a limitation to the application of the results since the plants

may  behave  differently  in  an  actual  field  experiment.  However,  it  is  believed  that  the

experiment can give an insight into the possibility of using the crop for phytoremediation.
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CHAPTER 2

LITERATURE REVIEW

2.1 Oil Pollution

In the ecosystem, oil spillage has a major impact and may constitute ecocide (any extensive

destruction of the natural environment and disruption of the ecosystem to such an extent that

the survival of the inhabitants of that territory is endangered) (Baird, 2010). Destruction of

the  ecosystems  by  oil  pollution  varies  according  to  the  types  of  habitats  receiving  oil.

Physiological  processes  in  plants  such  as  transpiration,  respiration,  photosynthesis  and

translocation are affected adversely by oil contamination (Baker, 1970). Land contaminated

with oil can result in direct adverse effects to contacted vegetation (Ginsburgh, 1931). Soil

contaminated with oil may become anaerobic and reducing conditions can result in increased

solubility of Iron (Fe) and Manganese (Mn) to the extent that these potentially phytotoxic

elements  are  absorbed  by  roots/plants  (Gidden,  1976;  Volk,  1980).  Spillage  of  oil  on

terrestrial environments can cause sensitive species to become extinct and tolerant species

dominate. Overall plant cover can be reduced and some areas may remain barren (Freedman

and  Hutchinson,  1976;  Kinako,  1981). Indirectly,  oil  pollution  also  contributes  to  other

aspects of habitat deterioration such as sheet erosion (Kinako, 1981). Generally, it is accepted

that  the  lack  of  vegetation  cover,  disrupted  soil  structure  and  reduced  moisture  holding

capacity of oil polluted soil can all contribute to erosion (Kinako,1981).

Remediation processes are applied in order to bring back polluted soils to productive use.

2.2 Remediation of Crude Oil Contaminated Soil

The four main types of soil remediation techniques for the removal of various pollutants and

contamination from soils are:

1. Bioremediation: This involves treatment of polluted soils by biological means.

The process uses plants to clean-up the polluted soil (phytoremediation). It also

uses bacterium (aerobic and anaerobic species), particularly targeted to consume

and  break  down  hydrocarbons  and  other  pollutants  in  soil.  This  process  is
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advantageous because when contaminate is consumed all the microbes die off. It

is more successful in soil that maintains 70oF of temperature with sporadic rain for

optimal moisture and for bioremediation to be more effective in colder climates;

there should be proper covering and insulation of soil. This is because, the colder

the ambient climate, the longer the clean-up time the process will take. 

2. Thermal Soil Remediation: This involves heating contaminated material into the

PTU to evaporate hydrocarbon impurities and water. Here, polluted materials are

usually treated at temperatures of 650° F to 900° F, and then discharged from the

PTU into a cooling unit, which is either a mixer or auger where water is added for

cooling and dust control. The treated material is then discharged from the cooling

unit through a conveying system, ready for testing, and subsequent recycling. 
3. Air Sparging:  This involves injecting large volumes of air into a polluted soil

stratum to force the organic vapors outwards where they are typically treated by

carbon filtering.  The actual  time the  process  takes  in  treatment  depends  upon

various factors such as depth of the hydrocarbon pollution, the concentration level

of contaminate, pH factor of the soil, and permeability of the soil.
4. Encapsulation: The encapsulation process does not filter contaminants from the

soil so much as it separates them. This can be done in many ways, but one of the

most  common ways includes  mixing the  polluted  soil  with lime,  cement,  and

concrete, which prevents the contaminants from spreading to clean soil. However,

this method impedes using the soil for cultivation.

Phytoremediation  (Bioremediation)  is  the  best  technique  because  it  is  cheap,  easily

implemented,  possesses  several  mechanisms  for  the  removal  of  contaminants,

environmentally friendly, aesthetically pleasing and reduces landfill wastes.

2.3 Phytoremediation

Phytoremediation uses plants to remediate contaminated soils. It is suitable for sites where

other  remediation  options  are  not  cost  effective,  low-level  contaminated  sites,  or  in

conjunction  with  other  remediation  techniques.  Deep-rooted  trees,  grasses,  legumes,  and

aquatic plants all have application in the phytoremediation field. TPH, BTEX, PAH, 2, 4, 6-

trinitrotoluene  (TNT),  and  hexahyro-1,  3,  5-trinitro-1,  3,  5  triazines  (RDX)  have  been

removed using phytoremediation. (Schnoor, 2000).
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Phytoremediation, the stimulation of contaminant degradation by the growth of plants and

their associated micro-organisms, is becoming a potential cost effective option for the clean-

up of petroleum hydrocarbons in terrestrial environments (Banks et al., 2000) and is therefore

defined as the process of using plants to extract, sequester, or detoxify pollutants (Frick et al.,

1999; Banks et al., 2000). This remediation method is visually attractive and environmentally

friendly, and the structure of the soil is highly maintained (Khan et al., 2000).

Plants  can  be  used  to  clean-up  many  kinds  of  pollutants  as  well  as  metals,  pesticides,

explosives, and oil. The plants also help prevent wind, rain, and groundwater from carrying

pollutants away from sites to other areas (Khan et al., 2000). Phytoremediation works very

well at sites with low to medium amounts of pollution (Khan et al., 2000). Plants take away

harmful chemicals from the ground when their roots take in water and nutrients from polluted

soil, streams, and groundwater. Plants can clean-up chemicals as deep as their roots can reach

(Khan et al., 2000). This remediation can occur even if the chemicals are not taken into the

plant by the roots. Chemicals can stick or sorb to plant roots or they can be changed into less

harmful chemicals by bugs or  microbes  that live near plant roots (Khan  et al., 2000). The

plants are allowed to grow and take in or sorb chemicals (Khan et al., 2000). They are then

harvested and destroyed, or recycled if contaminants (e.g. metals) stored in the plants can be

reused  (Khan  et  al.,  2000).  It  is  hypothesized  that  phytoremediation  can  be  particularly

effective when used together with nutrient enrichment because hydrocarbon contamination

may result in nutrient deficiencies in the contaminated sediment. The addition of fertilizers

could increase the rate of oil degradation by indigenous micro-organisms in the rhizosphere

and concurrently stimulate plant biomass production, thereby increasing the effectiveness of

phytoremediation (Zhu et al., 1999).

2.4 Phytoremediation Mechanisms

Plants are capable of removing pollutants from the groundwater and store, metabolize, or

volatilize them as illustrated in  Figure 1.  Likewise,  roots help support a wide variety of

micro-organisms in the subsurface. The micro-organisms can then degrade the contaminants.

The roots also provide organic carbon sources to promote co-metabolism in the rhizosphere.
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The rhizosphere is  the soil  in the area of the vegetative roots.  Figure 1 shows different

phytoremediation techniques.

Figure  1.  Representation  of  different  mechanisms  of  contaminant  removal  by  plants

(Schnoor et al., 1995).

Phytoremediation employs physical, chemical, and biological processes to remove, degrade,

transform, or stabilize contaminants within soil and groundwater. Each of the mechanisms

above  will  have  an  effect  on  the  volume,  mobility,  or  toxicity  of  contaminants,  as  the

application of phytoremediation is supposed to do (Banks et al., 2000).

The first phytoremediation patent applied for in the United States related to phytoextraction

(McCutcheon and Schnoor, 2003). Phytoextraction is the ability of plants to remove metals

and other contaminants from the subsurface and translocate them to the leaves or other plant

tissues. The plants may then need to be harvested and removed from the site. Even if the

harvested plants must be landfilled, the mass disposed of is much smaller than the original

mass of contaminated soil. Incineration and disposal of the plants is cheaper than traditional

remediation methods. As a comparison, it is projected that a site containing 5000 tons of

contaminated  soil  will  produce  only  20-30  tons  of  ash  (Black,  1995).  The  use  of

phytoextraction is generally restricted to metals and other inorganic compounds in soil or

sediment (Black, 1995).
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Phytoremediation as a potential remediation technology has numerous benefits:

It can be less invasive and destructive than other technologies (Ebbs  et al., 1997). Studies

have shown that implementing phytoremediation may result in a cost savings of 50 to 80

percent  over  traditional  technologies  (Ebbs  et  al.,  1997).  Phytoremediation  can  provide

habitat to animals, promote biodiversity, and help speed the restoration of ecosystems that

were  previously  disrupted  by  human  activity  at  a  site  (Wilson,  2004).  Installations  of

phytoremediation can improve the aesthetics of brownfields or other contaminated sites. It

could promote better  air  or water quality in the vicinity of the site.  Vegetation may help

reduce erosion by wind or water (Wilson, 2004). Trees planted may also provide shade to

buildings, helping to decrease energy consumption (Nowak and Crane, 2002). The plants can

be easily monitored (Nowak and Crane, 2002).

Cowpea  (Vigna  unguiculata)  is  a  staple  leguminous  crop  in  different  parts  of  Nigeria.

Legumes play an important role in the restoration and sustenance of soil fertility through their

ability to fix atmospheric nitrogen in partnership with certain bacterial species (Anoliefo et

al., 2006). Now that many farm lands are fast losing their agricultural value due to pollution

and overuse, the overriding role of legumes in agriculture, their growth and survival in arable

lands  come to  be paramount  (Anoliefo  et  al.,  2006).  Other  crops  with  phytoremediation

potentials are shown in Table 1.
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Table 1: Plants with a demonstrated potential to phytoremediate petroleum hydrocarbons

Source: Frick     et al  . (1999)

2.5 Phytoremediation Using Cowpea

Cowpea is a widely used crop, it provides food for humans and feed for livestock, It can also

be used as a cover crop (Langyintuo et al., 2003; Singh 2002; Timko et al., 2008). Cowpea is

an annual,  herbaceous legume (Anoliefo  et  al.,  2006).  It  is  a  short-day crop sensitive to

chilling temperatures but adapted to warm weather and humid conditions (Asumugha, 2002;

Islam  et  al.,  2006).  It  belongs  to  the  family  Fabaceae  and  subfamily  Faboideae;  Tribe

Phaseoleae,  Sub-tribe  Phaseolinae  (Padulosi  &  Ng.  1997).  All  cultivated  cowpeas  are

grouped under the species Vigna unguiculata, which is sub-divided into four cultivar groups:

Unguiculata(the common cowpea),  Biflora  (the catjang),  Sesquipedalis  (the yardlong bean)

and Textilis (used for fibers) (Reis & Frederico, 2001; Singh et al., 1997). It originated from

Central Africa but it is now widely cultivated in many parts of the tropics and subtropics

including West Africa and India (Olaleke  et al., 2006). The leaves of cowpeas are eaten in

salads and the immature pods are used as a vegetable. The grains are a rich source of plant
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protein to man; they contain mineral salts, vitamins, and fats (Ogbo, 2009). The young shoots

are eaten like spinach (Adepoju and Marcus, 2000) while the immature seeds are eaten fresh,

frozen and canned. It is looked upon as poor man’s meat because they are the cheapest source

of protein; essential amino acids in them are also in sufficient amount (Biradar et al., 2007;

Awe, 2008; Omotugba  et al.,  2008). The plant has a lot  of industrial potentials (Lambot,

2003).

The very early maturity characteristics of some cowpea varieties provide the first  harvest

earlier than most other crops during the production period. This is an important component in

hunger-fighting strategies, especially in the Sub-Saharan Africa where the peasant farmers

can experience food shortage a few months before the maturity of the new crop. Its drought

tolerance, relatively early maturity and nitrogen fixation characteristics fit very well to the

tropical  soils  where  moisture  and  low  soil  fertility  is  the  major  limiting  factor  in  crop

production (Hall, 2004; Hall  et al., 2002). This crop is grown worldwide with an estimated

cultivation area of about 12.5 million hectares annually and an annual worldwide production

of over 3 million metric tons (Lee et al., 2001). About 70% of the cowpea production occurs

in marginal areas of West Central, East, and Southern Africa. Nigeria is the largest producer

and consumer of cowpea at estimated annual yields of 2 million metric tons (Singh  et al.,

2002; Timko et al., 2008).

Cowpea is able to fix nitrogen, it is also a heat and drought-tolerant legume (Bittenbender,

1990), for this reason, it  does not have to compete with the indigenous bacteria over the

existing nitrogen because it can produce its own nitrogen for growth, thereby, enabling the

process of phytoremediation. Cowpea originated in Africa (Angesse, 2006) and Nigeria is one

of the major cowpea growing countries in the world (Singh et al., 2000).

2.6 Structural Classification of Crude Oil Components

The hydrocarbons in crude oil are classified as alkanes (normal or iso), cycloalkanes, and

aromatics on a structural basis (Figure 2).  Alkenes, which are the unsaturated analogs of

alkanes, are rare in crude oil but occur in many refined petroleum products as a consequence

of  the  cracking process.  Increasing carbon numbers  of  alkanes  (homology),  variations  in

carbon chain branching (iso-alkanes), ring condensations, and interclass combinations e.g.,

phenyl-alkanes, account for the high numbers of hydrocarbons that occur in crude oil.  In

addition,  smaller  amounts  of  oxygen  –  (phenols,  naphthenic  acids),  nitrogen-  (pyridine,
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pyrrole,  indole),  and  sulphur  –(alkylthiol,  thiophene)  containing  compounds,  collectively

designated as “resins” and partially oxygenated, highly condensed asphaltic fraction do not

occur in refined petroleum but occur in crude (Atlas and Bartha, 1973).

Figure  2:  Structural  Classification  of  some  Crude  Oil  components  (Alloway  and  Ayres,

1993).

2.7 Summary of Literature Review and Gap in Knowledge

Phytoremediation  is  important  in  cleaning  up  crude  oil  contaminated  soil  as  it  does  not

constitute harm to the environment, it helps to preserve the soil structure and is cost effective

compared  to  the  conventional  clean-up  procedures  namely  thermal  soil  remediation,  air

sparging and encapsulation. In this study, cowpea (Vigna unguiculata) is chosen to be able to

help the process of phytoremediation because they do not need to compete with indigenous

bacteria  over  the existing nitrogen as  they  can produce  their  own nitrogen necessary for

growth. In addition, this legume is heat and drought-tolerant which might also increase its

ability to thrive in crude oil contaminated soil.
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From the review above, it is obvious that there are still gaps in knowledge with respect to

verification  of  potentials  of  cowpea  in  phytoremediation  and  the  usefulness  of  growth

hormones in enhancing the process.

This  thesis  examined  the  possibility  of  using  a  growth  hormone,  Indole  -3-acetic  acid

together with cowpea  (Vigna unguiculata) to facilitate the process of phytoremediation. In

addition, the properties of the contaminated soil during plant growth were determined. By

characterizing the soil and plant used for phytoremediation before and after contamination it

was possible to examine and understand the process.

14



CHAPTER 3

MATERIALS AND METHODS

A soil sample (sandy-loam) was collected from a farmland close to the African University of

Science and Technology, Abuja, Nigeria. The soil was mixed to get a homogenous mixture.

Crude oil was acquired from Port Harcourt. The same quantity (1000g) and type of soil were

put in five (5) different transparent white plastic buckets. One of these served as the control

(0% crude oil), two of these were contaminated with 30 ml and 40 ml of crude oil. The effect

of Indole acetic acid (IAA) on the performance of the plant in crude oil-contaminated soil

was tested by adding 0.5g of IAA to the remaining two (2) buckets containing 30 ml and 40

ml of crude oil respectively.

Cowpea (Vigna unguiculata) was bought from Karu market in Abuja, Nigeria. Cowpea seeds

were sown in each soil in the plastic buckets and watered on a regular basis. Plant height was

determined by using a meter ruler from the soil level to the tip of the youngest leaf (Omosun

et al., 2008).

The soils and cowpea plants that grew in the different soil media were characterized using

EDX33600B X-ray fluorescence spectrometer and Atomic Absorption Spectroscopy Analysis

on them respectively in order to obtain their elemental compositions.
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CHAPTER 4

RESULTS AND DISCUSSION

Germination of seeds was observed to start on Day three (3) in the buckets containing the

control experiment, 30 ml of crude oil, 30 ml of crude oil + IAA and 40 ml of crude oil +

IAA. There was no germination observed in the bucket containing 40 ml of crude oil. This

means that cowpea was unable to thrive in an environment having a very high level of crude

oil contamination but the application of Indole-3-acetic acid (IAA) aided germination.

The heights of the cowpea plant measured at different dates are shown in Table 2 and Figure

3. Measurements of plant height were taken every five days for a month. Results showed the

height of each plant to be in the order: Control plants > Plants in 30 ml of crude oil + IAA >

Plants in 40 ml crude oil + IAA > Plants in 30 ml crude oil. Even to the very end of the

observation (19th of September, 2016), there was still no germination recorded in the bucket

with 40 ml crude oil.

EDXRF carried out on the soil samples indicated a reduction of the heavy metals in the order;

Control soil > Soil with 40 ml crude oil + IAA > Soil with 30 ml crude oil + IAA > Soil with

30 ml crude oil > Soil with 40 ml crude oil as shown in Table 3 and Figure 4. The soil with

40  ml  crude  oil  had  the  highest  accumulation  of  heavy  metals  which  would  have  been

reduced if it had supported the growth of the cowpea plant.

Atomic Absorption Spectroscopy Analysis of the various plant samples presented a higher

accumulation of heavy metals in the plants grown in 40 ml crude oil + IAA than in the plants

grown in 30 ml crude oil + IAA as shown in Table 4 and Figure 5. This must have accounted

for the reduced height in the plants grown in 40 ml crude oil + IAA compared to the plants in

30 ml crude oil + IAA which in turn had a higher accumulation of heavy metals than cowpea

plants grown in 30 ml crude oil only. The control experiment had the least accumulation of

heavy metals hence the relatively rapid growth rate.
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Table 2: Height of Cowpea plants growing in different soil media

Date Medium Plant height (cm)

26/08/20
16 Control 5

30ml crude oil 4

30ml crude oil + 
IAA 4

40ml crude oil + 
IAA 4

30/08/20
16 Control 9.5

30ml crude oil 8.2

30ml crude oil + 
IAA 8.7

40ml crude oil + 
IAA 8.5

03/09/20
16 Control 13.7

30ml crude oil 12

30ml crude oil + 
IAA 13

40ml crude oil + 
IAA 12.5

07/09/20
16 Control 17

30ml crude oil 15.8

30ml crude oil + 
IAA 16.5

40ml crude oil + 
IAA 16
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11/09/20
16 Control 20.7

30ml crude oil 18

30ml crude oil + 
IAA 19

40ml crude oil + 
IAA 18.5

15/09/20
16 Control 25

30ml crude oil 22

30ml crude oil + 
IAA 23.6

40ml crude oil + 
IAA 23

19/09/20
16 Control 31.2

30ml crude oil 26.4

30ml crude oil + 
IAA 28.2

40ml crude oil + 
IAA 27.9
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Figure 3: Effect of crude oil contamination and IAA on plant growth.
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Table 3: Elemental compositions of soil samples with different level of

crude oil contamination + IAA in percentage (%)

Elemen

t

Control 30  ml  crude

oil

30 ml crude

oil + IAA

40 ml crude

oil

40  ml  crude

oil + IAA

Si 21.21 28.24 23.60 30.35 23.15

Al 5.68 7.33 7.18 8.34 5.68

Ca 0.17 0.29 0.26 0.37 0.17

K 2.20 2.90 2.54 2.90 2.20

Ti 0.28 0.35 0.34 0.36 0.34

Mn 0.12 0.16 0.15 0.19 0.12

Fe 7.08 8.10 7.58 8.95 7.43

Zn 0.11 0.12 0.12 0.13 0.11

Mo 0.16 0.19 0.18 0.19 0.16

Sn 1.00 1.21 1.14 1.23 1.13

Sb 0.96 1.14 1.06 1.19 1.05

IAA – Indole Acetic Acid
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Figure  4:  Elemental  compositions  of  soil  samples  with  different  levels  of  crude  oil

contamination + IAA
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Table 4: Elemental compositions of cowpea plants grown in different soil media {Si – Zn

(wt. %), Mo – Sb (ppm)}

Element Control Plant  in  30

ml crude oil

Plant in 30 ml

crude oil + IAA

Plant in 40 ml

crude oil + IAA

Si 0.06 0.08 0.08 0.1

Al 4.30 5.11 5.2 5.26

Ca 22.76 26.4 28.45 30.89

K 3.65 3.67 3.9 4.1

Ti 0.01 0.01 0.01 0.01

Mn 0.06 0.08 0.08 0.08

Fe 7.95 9.34 9.67 9.9

Zn 1.82 1.9 1.91 1.97

Mo 198 205 212 216

Sn 34 40 42 48

Sb 30 33 41 52

IAA – Indole Acetic Acid
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Figure 5: Elemental compositions of cowpea plants

grown in different soil media
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CHAPTER 5

CONCLUSIONS

By growing  cowpea in  soil  media  contaminated  by  different  quantities  of  crude  oil,  the

experiments show that crude oil in high concentrations can completely depress germination

of cowpea. Results also show that cowpea can be used for phytoremediation of contaminated

soil.  In doing so,  the plant absorbs heavy metals from the crude oil.  Indole-3-acetic acid

(IAA)  has  proven  to  be  capable  of  increasing  the  growth  of  cowpea  plant  (Vigna

unguiculata), thus facilitating the rate of phytoremediation of the contaminated soil.

Although the experiment was conducted in soil restrained in a bucket, conclusions can be

extrapolated to actual field soil contaminated with crude oil. Thus it is concluded that when a

farm is contaminated by crude oil, it can be recovered by planting and harvesting cowpea

several  times.  The plant  should  not  be  consumed but  destroyed as  it  will  contain  heavy

metals. Future research will deal with safe disposal of the cowpea after phytoremediation and

actual field trials in the Niger Delta region of Nigeria.
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