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ABSTRACT

Agricultural farmlands in an oil producing/prospagtarea have been known to
give poor yield of farm products. Therefore the eelmtion of the soil for

improved agricultural productivity is necessary.ilS@amples from this area
were studied and standard methods of analysis agpéed in evaluating the

soil as ‘non oil contaminated”, ‘oil spilled”, artdbattoir waste treated” soil

samples. The pH was slightly acidic (5.20) befoeenediation and after

remediation a pH of 8.20 was obtained. The MoistGantent was 8.25%

initially and was later obtained as 12.91% aftenediation. The concentration
in mg/Kg of Nitrogen (N), Potassium (K), Phosphor{i®y), Total Organic

Carbon (TOC), Total Organic Matter (TOM)] and Tokydrocarbon Content

(THC) were 1.51, 2.15, 538, 25.74, 44.50 & 16168pectively, while after

remediation the values were 2.88, 16.71,.189M43%7.50, 6071 respectively
for treated soils. A ten weeks investigation loa biodegradation of spilled oil
revealed 62.43% reduction in Total Hydrocarbon €oh{THC) value of the

treated soil and 15.34% reduction in THC from tlom-treated soil and also
showed an enhanced soil restoration for other patens1 Three kinetic models
of zero-order, first-order and second-order equatigave good applicability to
K and THC, while the first-order and second-ordezrav applicable to P.

However, none of the models were appropriate irdésxription of the kinetics

of N, TOC and TOM.

Key words: Environmental degradation, Bioremediation, Bio-stiating agents, Oil spillage,

Abattoir waste, Soil, Kinetics, Niger delta.
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CHAPTER ONE
INTRODUCTION

1.1 Background Information

Environmental degradation associated with crudesod major problem
confronting oil-producing countries. The degreedefgradation is dependent
upon the composition and quantity of priority pédilots and on the
configuration of the receiving media. In spite dfetpublic outcry over
environmental pollution due to oil exploration, raarude oil wastes are being
released into soils and water bodies

In Nigeria, the inhabitants of Niger Delta regiorhewe crude oil is
produced are the main victims of oil spillage réagl mainly from failures in
various media of transportation (pipelines, tanketig and oil facilities. This
has resulted in explosions leading to deaths agdadation of the ecosystem
(Okoli and Akhigbemidu, 2001). The region refertedas the Niger Delta is
located at the Delta of the River Niger to the Atla Ocean. It covers a land
mass of over 70,000 square kilometers, cuts aabssit 800 oil producing
communities, an extensive network of over 900 pecoty oil wells, 100 flow
stations/gas plants as well as over 1,500 kiloraedértrunk lines and 45,000
kilometers oil and gas flow lines.

Niger Delta is synonymous with oil pollution recorg an average of 221

oil spills per year (Okoko and Ibaba, 1999; O24i02).The environment being

XV



aquatic; oil sometimes floats on water, where itispersed to shorelines by
wind and wave action, thus affecting the soil emwiment. Most of the oll
producing communities are however important agtical lands. Any contact
with oil may result in damage to the soil propergglant and animal
communities. In soils, petroleum hydrocarbon createndition which lead to
the unavailability of essential plant nutrients Isws nitrogen, potassium, and
calcium, and the availability of some toxic elensestich as arsenic, and lead to
death of plants (Akamigbo and Jidere, 2002; Gall, al; 2003). Over 3%
concentration of oil has been reported to be irmingdy deterious to soil biota
and crop growth (Osuiji, 2001).

Crude oil is an extremely complex mixture of alipbaand aromatic
hydrocarbons including volatile components of gasol petrol, kerosene,
lubricating oil and solid asphaltene residues. Tiheolvement of micro
organisms in the cleanup of oil polluted environiness been established as an
economic, efficient, versatile and environmentdliendly treatment method
(Margesin and Schinner, 2001; Yakubu, 2007). Omenming method that has
been researched into is the application of chenfiezéilizers to augment for the
mineral elements, particularly nitrogen and phosphe (Margesin and
Schinner, 1999; Ayotamun@$. al; 2006). The effectiveness of this treatment

has however been conflicting (Cunningham and BPhRi@02; Okoko,et. al;
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2005).This might be due to the heterogeneity dfaaoendments and the natural
soil constituents (Knaebedt. al; 1994).
Nonetheless in developing countries, fertilizews ot sufficient for agriculture,
let alone for cleaning oil spills. It therefore essitates the search for cheaper,
readily available and environmentally friendly @pts of enhancing petroleum
hydrocarbon degraded soil. One such option is sieeafi abattoir wastes as bio-
stimulating agents. Even though some works haea kdene using animal dung
which is a solid waste or part of a solid wastés tesearch work utilizes the
combination of solid waste and Abattoir effluent amide oil polluted soil of
Niger Delta Agricultural farmland.
1.2 Problem Statement

Oil spill is prevalent in our society more espdgiah the Niger Delta
region and its effective removal from contaminased is essential because of
its environmental problems. It may result in harlmdansequences; endanger
natural environment and human health and most itaptly resulting in poor
yield of various farm products. It is explained their ability to form toxic
compounds in soils, superficial and ground water.

It is mainly on the basis of numerous health haz#ndt this research was
conducted to provide a means of removing the caniams for a healthy living

of our people and other living organisms within eavironment.
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1.3  Aim/Objectives
Aim :
To determine the remediation potential of abatteiaste for soils
contaminated with oil as in Niger Delta region.
Objectives :
 To analyse soil for pH, Moisture Content, Nitrogd), Potassium (K),
Phosphorus (P), Total Organic Carbon (TOC), Totayabic Matter
(TOM)] and Total Hydrocarbon Content (THC) paraenst before
pollution and remediation as well as after.
* To determine the remediation potential of abati@iste.
» To determine the kinetic model for the remediatitss
1.4 Scope of Research
This research primarily deals with the bioremediatiof crude oll
contaminated agricultural land using abattoir wakight soil parameters (pH,
moisture content, N, P, K, TOC, TOM and THC) weneleated before
contamination, after contamination and after tremtimwith the remediating
agent. The difference in the obtained values o$dhgarameters was used to

evaluate the state of the experimental soil at staipe. A total of 576 sampling
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units were used, comprising of 8 parameters iri¢age (that is in 3 different

random spots) from 24 sampling points.

1.5 Significance of the Study
This study is necessary as it tends to provideeapdr, readily available and
environmentally friendly option of treatment of ¢aminated soil, being a major

problem in the Niger Delta region.
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CHAPTER TWO
LITERATURE REVIEW

2.1: Chemistry of Petroleum

Crude oil or Petroleums a naturally occurring flammable liquid
consisting of a complex mixture of hydrocarbons/afious molecular weights
and other liquid organic compounds that are foumdyeological formations
beneath the earth’s surface. A fossil fuel, itasrfed when large quantities of
dead organisms, usually zooplankton and algae, lamed underneath
sedimentary rock and undergo intense heat andyseess

Petroleum is recovered mostly through oil drillifhis comes after the
studies of structural geology (at the reservoitegc@edimentary basin analysis,
and reservoir characterization (mainly in terms pofrosity and permeable
structures). It is refined and separated, mostyehgiboiling point, into a large
number of consumer products, from petrol (or gagdland kerosene to asphalt
and chemical reagents used to make plastics amihphauticals. Petroleum is
used in manufacturing a wide variety of materialsd it is estimated that the
world consumes about 88 million barrels each ddae[Hindu (India), 2001].

The use of fossil fuels such as petroleum can laamegative impact on
Earth's biosphere, releasing pollutants and graesethg@ases into the air and

damaging ecosystems through events such as olk.sgibncern over the
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depletions of the earth's finite reserves of aitj ¢he effect this would have on a
society dependent on it, is a field known as pekk o

The hydrocarbons in crude oil are mostly alkanesloalkanes and
various aromatic hydrocarbons while the other oiaompounds contain
nitrogen, oxygen and sulphur, and trace amountaeadéls such as iron, nickel,
copper and vanadium. The exact molecular compaosiiaries widely from
formation to formation but the proportions of cheatielements vary over fairly

narrow limits as follows:

Composition by weight [Speight J.G. (2007)]

Element Percent range
Carbon 83 to 87%
Hydrogen 10 to 14%
Nitrogen 0.1to 2%
Oxygen 0.051t0 1.5%
Sulfur 0.05 to 6.0%
Metals <0.1%

Four different types of hydrocarbon molecules appe&rude oil. The relative

percentage of each varies from oil to oil, deteingrthe properties of each oil.
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Composition by weight [Hyne (2001)]

Hydrocarbon AverageRange
Paraffins 30% 15 to 60%
Naphthenes 49% 30 to 60%
Aromatics 15% 3 to 30%
Asphaltics 6% Remainder

Crude oil varies greatly in appearance dependingit®rcomposition. It is
usually black or dark brown (although it may belgwish, reddish, or even
greenish). In the reservoir it is usually foundassociation with natural gas,
which being lighter forms a gas cap over the petnai, and saline water which,
being heavier than most forms of crude oil, gemgsahks beneath it. Crude oil
may also be found in semi-solid form mixed with daand water, as in the
Athabasca oil sands in Canada, where it is usuetbrred to as crude bitumen.
In Canada, bitumen is considered a sticky, blaaklike form of crude oil
which is so thick and heavy that it must be heatediluted before it will flow.
Venezuela also has large amounts of oil in the @@onoil sands, although the
hydrocarbons trapped in them are more fluid thalCamada and are usually
called extra heavy oil. These oil sands resourcesaled unconventional oil to
distinguish them from oil which can be extractedngstraditional oil well

methods. Between them, Canada and Venezuela camtastimated 3.6 trillion
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barrels (570x10m®) of bitumen and ext-heavy oil, about twice the volume
the world's reserves of conventional (“Oil Sands in Canada and Venezue

2008)

Empirical equations for thermal properties of Petroleun include:
Heat of combustion
At a constant volume the heat of combustion of aofeum product ca

be approximated as follov

Q, = 12,400 — 2,100d" . .. ... (1) [Speight et. al:2007]
Where @w is measured in cal/lgram and d is the specific tyati60 °F (16 °C
Thermal conductivity

The thermal conductivity of petroleum based liquidas be modeled as follov

0.813
K = ——[1 - 0.0203(t - 32),

0.547....... (2) [Speight et. a( 2007)]
where K is measured in BT- hr''ft™, t is measured in °F and d is t
specific gravity at 60 °F (16 °C

Specific heat

The specific heat of a petroleum oils can be matlagefollows:

1
c= 0388+ 000045 (3) [Speight et. al(2007)]
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where c is measured in BTU/II°F, t is the temperature in Fahrenheit d is
the specific gravity at 60 °F (16 °(

In units of kcal/(kg-°C), the formula

1
c= gl04024+ 000081 (4) [Speight et. al(2007)]

where the temperatutes in Celsius and is the specific gravity at 15 °
Latent heatof vaporization
The latent heat of vaporization can be modeled watieospheric conditions .

follows:

1
L=glos=oo8] (5) [Speight et. al(2007)]

where L is measured in BTU/Ibm, t is measured inafd d is the specifi
gravity at 60 °F (16 °C).

In units ofkcal/kg, the formula i

1
L=glhad-o162] (6) [Speight et. al(2007)]

where the temperatutes in Celsius and is the specific gravity at 15 °(

An oil spill is the release of liquid petroleum hydrocarbointo the
environment, especially marine areas, due to huacamity, and is a form c
pollution. The term is usually applied marineoil spills, where oil is release
into the ocean aroastal wate|, but spills may also occur on land. Qil spills n

be due to releases ofude oilfrom tankers, offshore platformdkilling rigs and
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wells, as well as spills of refined petroleum pradu(such as gasoline, diesel)
and their by-products, heavier fuels used by latyps such as bunker fuel, or
the spill of any oily refuse or waste oll.

Spilt oil penetrates into the structure of the phigim of birds and the fur of
mammals, reducing its insulating ability, and makthem more vulnerable to
temperature fluctuations and much less buoyanthen water. Cleanup and
recovery from an oil spill is difficult and dependson many factors, including
the type of oil spilled, the temperature of the evalaffecting evaporation and
biodegradation), and the types of shorelines arathes involved. Spills may

take weeks, months or even years to clean up.

2.2: Soil and Its Pollution

Soil is the loose (unconsolidated) mineral or orgamatter surface of the
earth curst that is capable of supporting planivgjno Soil may be organic or
mineral. Organic soils in contrast to mineral sdiévelop from an accumulation
of plant residue that is preserved by the low oxygevironment of shallow and
stagnant water. Soil may be few centimeters to ra¢weeters thick, most soll
are predominantly composed of minerals usually &mtioy weathering of rocks.
These homogenous minerals include quartz, feldspacas, hornblendes,
calcite and gypsum. Chemically, the soil containgnaltitude of organic
substances not found in the underlying strata.stlas composed of five major

components-mineral matters; water, air, organidenand a living population.
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The quantity of these constituents is not the semadl soil but varies with the
locality.

The soil is plaque with many waste nitrate and phosus from overuse
or poor management of pesticides, human and anwvaates, municipal and
industrial refuse of all types, crude oil pollutiatue to blow-out, pipeline
vandalization, transportation, accident strain. ikag percentage of crude oil
spills occurs in sensitive environment in onshand affshore area of Nigeria.
The majority of soil-spill incidents occurs in tharely mangrove swamp zones
of the offshore areas of the Niger Delta, whichstitate the most productive

biological area.

2.2.1: Soil factors for growth

At present sixteen (16) chemical elements are kntonvpe essential for
the growth of crop plants. These elements are lygirocarbon and oxygen
from air and water, phosphorus, potassium, sulptalcium, iron, magnesium,
boron, copper, manganese, zinc, molybdenum, cldpofrom soil and nitrogen
from both air and soil.

Soil is the source of thirteen of the sixteen esakplant nutrients. The
soil concentrations of these thirteen nutrients tred conditions making them
available to plants are of fundamental importanplemt growth. Plant nutrient
found in the soil are chemical constituent of tbié. §he magnitude of the plant

growth reflects a composite of many favourable amdavourable factors.
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Favourable growth factors include adequate aerati@ter, nutrients, adequate
soil depth and proper soil temperature. Unfavowapbwth factor are many,
among which are toxic levels of certain elementseakes, harmful insects,
adverse temperatures, inadequate or excess suadigiell as crude oil spillage.
2.2.2: Macro nutrients in the soill

Plants nutrients may be divided into Macro and blioutrients. Macro
nutrients are elements, which occur in substalgial| in plant materials or in
fluids in the plant. Micronutrients are elementttage essential only in very low
levels and generally are required for the functadnessential enzymes. The
elements generally recognized as essential macremnist for pants are carbon,
hydrogen, oxygen, nitrogen, phosphorus, potassaaitium, magnesium and
sulphur, of these carbon, hydrogen and oxygen lat@ed by fixing bacteria,
and nitrogen may be obtained by some plants dyréaiim the atmosphere. The
other essential macronutrients can be obtained thensoil, of these nitrogen,
phosphorus and potassium are the most likely tdabking and commonly
added to soils as fertilizers.
Nitrogen mineralization

The solil nutrient, which plants requires in greatgmntity is nitrogen, the
element that serves as a keystone of the protesn@atter of living tissue. Yet,
despite its critical role in plant nutrient, niteagis assimilated almost entirely in

inorganic state as ammonium or nitrate. On the rothend, the bulk of
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nitrogenous materials found in soil or added inftiren of crop residues of the
bound elements and the mobilization of the vaserwsr of organically
combined nitrogen is essential to the recyclinghef nutrients and therefore to
soil fertility.

Nitrogen mineralization is the conversion of organitrogen to the more
mobile, inorganic state. As a consequence of mizateon, ammonium and
nitrate accumulate and organic nitrogen disappe&émost all of the nitrogen
found in surface soil horizons is in organic conalbion.

Phosphorus mineralization

Phosphorus is found in solil, plants and in micrganoisms in a number of
organic and inorganic compounds. It is second aalyitrogen as a mineral
nutrient required by plant and micro organisms,nitgjor physiological role
being in certain essential steps in the accumulatitd release of energy during
cellular metabolism. Agronomically, this elementynitze incorporated as plant
or animal residues. Thus, phosphorus occupiestigatrposition both in crop
production and in biology of soil.

Micro organisms bring about a number of transforomet of the element.
These include:

a. Altering the solubility of inorganic compounds digsphorus.

b. Mineralizing organic compounds with the releasertiiophosphate.
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C. Converting the inorganic available anion into cptbtoplasm, an
Immobilization process analogies to that occurwritlp nitrogen and

d. Bringing about an oxidation or reduction of inorgamhosphorus
compounds.

The existence in soil of a large reservoir of orgaphosphorus that
cannot be utilized by plants emphasizes the rolemadro organisms in
converting the organic phosphorus to inorganic ®rnMineralization is
generally more rapid in virgin soils than in theultivated counterparts. Not
only is the total amount mobilized greater in uirgreas, but the percentage of
total organic phosphorus that is mineralized idérgn virgin than in cultivated
land.

The relative percentage of phosphorus made avail@boplants through
the soil is relatively low; it is an essential cament of the soil. Phosphorus like
nitrogen must be present in simple inorganic foefoke it can be taken up by
the plants. However, in the case of phosphorusytifization species in form of
phosphate ions, on the pH range that is presentnast soils, are the
predominant orthophosphate species; this phosjhatest available in soils at
pH values near neutrality.

Potassium mineralization
A major cation that plants must obtain from thd sopotassium. Because

the quantity in soil is often inadequate, the eleihi® one of the macro nutrients
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supplied in chemical fertilizers. In crop residuése element is not strongly
bound in organic combination as experienced indgen and Phosphorous.
However, the element exists mainly in monovalentdgjical systems and there
are thus, few inorganic oxidation and reductionctieas that typify the

microbiological transformations of nitrogen, sulptand iron. The micro flora

does have an influence on the level of availabkgsium, however, the cation
Is solubilized through the addition of organic poiganic acids that react with
potassium containing materials.

2.3: Bioremediation

Bioremediation is defined as use of biological psses to degrade, break
down, transform, and/or essentially remove contamts or impairments of
guality from soil and water. Bioremediation is dural process which relies on
bacteria, fungi, and plants to alter contaminarstdhe&se organisms carry out
their normal life functions. Metabolic processestuse organisms are capable
of using chemical contaminants as an energy sotgodgering the contaminants
harmless or less toxic products in most cases.

Many substances known to have toxic properties Hmeen introduced
into the environment through human activity. Thegbstances range in degree
of toxicity and danger to human health. Many ofstheubstances directly or
indirectly come in contact with the soil. Conveniéb methods to remove,

reduce, or mitigate toxic substances introduced suil or ground water via
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anthropogenic activities and processes include pamg treat systems, soil
vapor extraction, incineration, and containmentilityt of each of these
conventional methods of treatment of contaminataitl and/or water suffers
from recognizable drawbacks and may involve somel lef risk.

The emerging science and technology of bioremexstiatffers an
alternative method to detoxify contaminants. Bioedmtion has been
demonstrated and is being used as an effective sngfamitigating: (State of
Mississippi, Department of Environmental Qualit998).

hydrocarbons

halogenated organic solvents

halogenated organic compounds

non-chlorinated pesticides and herbicides

nitrogen compounds

metals (lead, mercury, chromium)

radio nuclides

Bioremediation technology exploits various natyraltcurring mitigation
processes: natural attenuation, biostimulation, arbaugmentation.
Bioremediation which occurs without human interv@mtother than monitoring
is often called natural attenuation. This naturdérauation relies on natural
conditions and behavior of soil microorganisms theg indigenous to soil.

Biostimulation also utilizes indigenous microbiabgulations to remediate
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contaminated soils. Biostimulation consists of addinutrients and other
substances to soil to catalyze natural attenugiimcesses. Bioaugmentation
involves introduction of exogenic microorganismsuiked from outside the soil
environment) capable of detoxifying a particularnt@minant, sometimes
employing genetically altered microorganisms.

During bioremediation, microbes utilize chemicaht@minants in the soil
as an energy source and, through oxidation-reductactions, metabolize the
target contaminant into useable energy for microBgsproducts (metabolites)
released back into the environment are typically iless toxic form than the
parent contaminants. For example, petroleum hydboces can be degraded by
microorganisms in the presence of oxygen througiobée respiration. The
hydrocarbon loses electrons and is oxidized whilggen gains electrons and is
reduced. The result is formation of carbon dioxae water (Nestemt. at;
2001). When oxygen is limited in supply or absastin saturated or anaerobic
soils or lake sediment, anaerobic (without oxygeeppiration prevails.
Generally, inorganic compounds such as nitratéatgjlferric iron, manganese,
or carbon dioxide serve as terminal electron aceeptto facilitate
biodegradation (State of Mississippi, DepartmentEpivironmental Quality,
1998).

Three primary ingredients for bioremediation ar&) presence of a

contaminant, (2) an electron acceptor and (3) peEsef microorganisms that
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are capable of degrading the specific contamin@enerally, a contaminant is
more easily and quickly degraded if it is a nalyratcurring compound in the
environment, or chemically similar to a naturallscarring compound, because
microorganisms capable of its biodegradation areentigely to have evolved
(State of Mississippi, Department of Environmer@alality, 1998). Petroleum
hydrocarbons are naturally occurring chemicals;refoge, microorganisms
which are capable of attenuating or degrading hgahtlmons exist in the
environment. Development of biodegradation techgie® of synthetic
chemicals such DDT is dependent on outcomes ofarelsehat searches for
natural or genetically improved strains of micramgms to degrade such
contaminants into less toxic forms.

Microorganisms have limits of tolerance for partauenvironmental
conditions, as well as optimal conditions for pideaperformance. Factors that
affect success and rate of microbial biodegradatiom nutrient availability,
moisture content, pH, and temperature of the saitrin Inorganic nutrients
including, but not limited to, nitrogen, and phospls are necessary for
microbial activity and cell growth. It has been wimothat “treating petroleum-
contaminated soil with nitrogen can increase cetiwgh rate, decrease the
microbial lag phase, help to maintain microbial plagions at high activity
levels, and increase the rate of hydrocarbon degjead (Walworth, et. al;

2005). However, it has also been shown that exeessnounts of nitrogen in
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soil cause microbial inhibition. Walworttet. al; (2005) suggest maintaining
nitrogen levels below 1800 mg nitrogen/kgQHfor optimal biodegradation of
petroleum hydrocarbons. Addition of phosphorus besefits similar to that of
nitrogen, but also results in similar limitationsi@n applied in excess (State of
Mississippi, Department of Environmental Qualit998).

All soil microorganisms require moisture for cellog/th and function.
Availability of water affects diffusion of water drsoluble nutrients into and out
of microorganism cells. However, excess moistusehsas in saturated soil, is
undesirable because it reduces the amount of &lailaxygen for aerobic
respiration. Anaerobic respiration, which producdsss energy for
microorganisms (than aerobic respiration) and slthesrate of biodegradation,
becomes the predominant process. Soil moistureenbribetween 45 and 85
percent of the water-holding capacity (field capgcof the soil or about 12
percent to 30 percent by weight” is optimal for rpkum hydrocarbon
degradation (US EPA, 2006, “Landfarming”).

Soil pH is important because most microbial specias survive only
within a certain pH range. Furthermore, soil pH cafect availability of
nutrients. Biodegradation of petroleum hydrocarbamsoptimal at a pH 7
(neutral); the acceptable range is pH 6 — 8 (US EE¥06, “Landfarming”;

State of Mississippi, Department of Environmentab(@ty, 1998).
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Temperature influences rate of biodegradation bgtroding rate of
enzymatic reactions within microorganisms. Gengrdlspeed of enzymatic
reactions in the cell approximately doubles forhea®C rise in temperature”
(Nester et. al; 2001). There is an upper limit to the temperattnat
microorganisms can withstand. Most bacteria foumdsail, including many
bacteria that degrade petroleum hydrocarbons, asophiles which have an
optimum temperature ranging from 25 degree C tald@ree C (Nestest. al;
2001). Thermophilic bacteria (those which survinel ghrive at relatively high
temperatures) which are normally found in hot gggiand compost heaps exist
indigenously in cool soil environments and can ldivated to degrade
hydrocarbons with an increase in temperature todé@ree C. This finding
“suggested an intrinsic potential for natural aiion in cool soils through
thermally enhanced bioremediation techniques” (iediet. al; 2007).

Contaminants can absorb to soil particles, rendesimme contaminants
unavailable to microorganisms for biodegradatidmus; in some circumstances,
bioavailability of contaminants depends not only ¢me nature of the
contaminant but also on soil type. Hydrophobic aamtants, like petroleum
hydrocarbons, have low solubility in water and teadcadsorb strongly in soll
with high organic matter content. In such casedastants are utilized as part of
the bioremediation process to increase solubilitd amobility of these

contaminants (State of Mississippi, Department a@ivitbnmental Quality,
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1998). Additional research findings of the existedé thermophilic bacteria in
cool soil also suggest that high temperatures arehtive rate of biodegradation
by increasing the bioavailability of contaminantff. is suggested that
contaminants adsorbed to soil particles are maalliand their solubility

increased by high temperatures (Perfuatcal; 2007).

2.3.1: Types of Bioremediation

There are two major types of bioremediatoion namely
In Situ Bioremediation

This is a bioremediation technology that requitestreatment of the soll
at the place of contamination and without the remhay the contaminated
matrix.

Ex Situ Bioremediation

This is a bioremediation technology that requires temoval of the
contaminated matrix by excavation and treated disesvand therefore more
expensive than the in-situ process.

In situ bioremediation causes minimal disturbance to therenment at
the contamination site. In addition, it incurs lessst than conventional soil
remediation or removal and replacement treatmestause there is no transport
of contaminated materials for off-site treatment.owdver, in ditu

bioremediation has some limitations: (1) it is reatitable for all soils, (2)
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complete degradation is difficult to achieve, aid) (Qatural conditions (i.e.
temperature) are hard to control for optimal biodédgtion. ex situ
bioremediation, in which contaminated soil is exatad and treated elsewhere,
Is an alternative.

Ex situ bioremediation approaches include use of biorescto
landfarming, and biopiles. In the use of a bioregatontaminated soil is mixed
with water and nutrients and the mixture is agddig a mechanical bioreactor
to stimulate action of microorganisms. This metidetter-suited to clay soils
than other methods and is generally a quick pro@gSsEPA, 2006, “Guide”).

Landfarming involves spreading contaminated soieroa collection
system and stimulating microbial activity by allemgi good aeration and by
monitoring nutrient availability (US EPA, 2006, “bdfarming”).

Biopiles are mounds of contaminated soils that leept aerated by
pumping air into piles of soil through an injecti@ystem (US EPA, 2006,
“Biopiles”).

In each of these methods, conditions need to beitated and adjusted
regularly for optimal biodegradation. Use of lardiang and biopiles also
present the issue of monitoring and containing tildation of contaminants.
Like in situ methodsgx situ bioremediation techniques generally cost less than
conventional techniques and apply natural methiddscever, they can require a

large amount of land and, similar tm situ bioremediation, complete
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degradation is difficult to achieve, and evaporatod volatiie components is a
concern (US EPA, 2006, “Landfarming”; US EPA, 20&ippiles”).

If the challenges of bioremediation, particularfiyio situ techniques, can
be overcome, bioremediation has potential to peadow cost, non-intrusive,
natural method to render toxic substances in ss8 harmful or harmless over
time. Currently, research is being conducted torawpe and overcome
limitations that hinder bioremediation of petrolelnydrocarbons. On a broader
scope, much research has been and continues toebelogded enhance
understanding of the essence of microbial behaasomicrobes interact with
various toxic contaminants. Additional researchticares to evaluate conditions
for successful introduction of exogenic and gemdlyeengineered microbes into
a contaminated environment, and how to translateess in the laboratory to
success in the field (US DOE, 2006).

2.3.2: Advantages of Bioremediation

The use of intrinsic or engineered bioremediaticocpsses offers several
potential advantages that are attractive to siteensy regulatory agencies, and
the public. These include:

% Bioremediation is a natural process and is theeefmerceived by the
public as an acceptable waste treatment processcdotaminated
material such as soil. Microbes able to degradedmaminant increases

in numbers when the contaminant is present; whenctmtaminant is
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degraded, the bio degradative population declifieg. residues for the
treatment are usually harmless products and inckal®on dioxide,
water, and cell biomass.

Theoretically, bioremediation is useful for the quate destruction of a
wide variety of contaminants. Many compounds that degally
considered to be hazardous can be transformednadss products. This
eliminates the chance of future liability assodateith treatment and
disposal of contaminated material.

Instead of transferring contaminants from one emritental medium to
another, for example, from land to water or aig domplete destruction
of target pollutants is possible.

Bioremediation can often be carried out on sitégrofwithout causing a
major disruption of normal activities. This alsbminates the need to
transport quantities of waste off site and the e threats to human
health and the environment can arise during thasportation.
Bioremediation can prove less expensive than ddwmologies that are
used for cleanup of hazardous waste.

It can be done either on site or off-site.

Reduces the amount of waste to be land-filled.
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2.3.3: Disadvantages of Bioremediation
However, there are potential disadvantages to mmedeation as well,

these include:

‘0

% May be difficult to control.

s Amendments introduced into the environment to eobdnoremediation
may cause other contamination problems.

*+ May not reduce concentration of contaminants toired levels.

+ Requires more time or simply may take several yearesmediate.

* May require more extensive monitoring.

% May depend on climatic conditions.

% Lack of (hydraulic) control.

+ Dynamic process, difficult to predict future effeeness.

2.4:  Abattoir

An abattoir has been defined as a premise appraveédegistered by the
controlling authority for hygienic slaughtering andspection of animals,
processing and effective preservation and stordgeeat products for human
consumption [Bell and Oyedemi (2009)]. Animals glaiered include cattle,
sheep, pigs, goats and other equine animals. THiegkiof animals for
community consumption is inevitable in most natiafshe world and dated

back to antiquity.
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Abattoirs generate large amounts of solid waste effldents such as
rumen contents (animal feaces), blood horns, bgmasich manure and waste
water. Abattoirs often have difficulties in dispogiof the solid wastes and
wastewater in an environmentally acceptable fasland in many instances
untreated rumen contents, blood and/or other Albhagtluents and wastewater
are released into the environment.

The abattoir wastes have the potential to polluiefase waters,
underground waters, abattoir/market environmerd, @nsumables around the
abattoir, especially when abattoir wastes are nopegrly treated and disposed
off. Abattoir wastes should be managed to achidesvable effluent standards,
odour control, or to exploit the benefits lockingthe wastes before safely and
economically disposing the ultimate wastes. In ortte develop optimized
abattoir wastes management strategies that woulsurenreduction in
environmental pollution in Nigeria, this researekammends the use of abattoir
waste as a remediating agent for the cleaning losmils mainly in polluted

soils of Niger Delta.

2.5: Previous Studies on Bioremediation of oil cdaminated Soils
In recent times, there is a tremendous increasgéh& number of

publications resulting from various studies or sivgations or researches on
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bioremediation in which it has proved to be a ulstgal in removing oil from
polluted environment. Some of these works are enatee below:
Ayotamuno,et. al; (2006) investigated the bioremediation of petroieu
hydrocarbon polluted agricultural soil at variousvdls of soil tillage in
Portharcourt, Nigeria. In their work a combinatiofi field cells involving a
control and five treatment cells were evaluatedeurfield conditions in the
bioremediation of a petroleum- hydrocarbon polluagdcultural soil over a six-
week period. Previous works have indicated thademil contamination of soils
depletes oxygen reserves in the soils and slowshdtsadiffusion rate to the
deeper layers. Hence, this hypothesis was testéaeistudy by the treatments
employed. The treatment option used was the apigicaf mineral fertilizer,
and different rates of oxygen exposure throughouarilevels of solil tillage. In
the experiments described, conditions of a majall sgere simulated by
sprinkling crude oil on the cells using perforatedns. The treatment
applications were then resorted to and relevant gdiysicochemical
characteristics monitored at intervals. The resoltsthe study showed an
enormous increase in total heterotrophic bactgffdB) counts in all the
treatment cells. The percentage reduction in toydrocarbon content (88% to
99%) experienced in the cells that received treatwere significantly different
from the control. These results highlight the vithat the availability of large

amounts of oxygen in the soil profile induces aeded biodegradation of
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petroleum hydrocarbons in a polluted agricultu@l and implies that regular
tillage of contaminated soils in the presence ofrients could achieve the

decontamination of such soils.

Factors inhibiting bioremediation of soil contanted with weathered
oils and drill cutting was investigated by chaill&h al; (2005). The work was
done using oil drill cuttings and a soil contant@thwith weathered crude oils
were treated by enhanced biodegradation undercabponditions in industrial
scaled experiments. Oil contaminants were chaiaeter by gas
chromatography and mass spectrometry. This alldaethe identification of a
mixture of two crude oils in the contaminated sodMfter 12 months of
bioremediation process, the removal of hydrocane@ached by biodegradation
an extent of 60% although nutrient amendment widlvagded concentration of
N-urea had highly detrimental effects on the hydrbon degrading fungal
populations due to the production of toxic concatn of ammonia gas by
nitrification. The saturated hydrocarbons were esiteely assimilated, though
n-alkanes were not completely removed. Aromatic rbgarbons were less
degraded than saturated whereas resin and asmhaft@ctions were,
surprisingly, partly assimilated. In laboratory ddimons, the residual
hydrocarbons in the field-treated materials were0% further degraded when

metabolic byproducts resulting from biodegradatiare diluted or removed.
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Ex situ bioremediation of a soil contaminated byzuta(heavy residual
fuel oil) was studied by Vladimiret. al; (2011) in which Mazut polluted soil
was exposed to bioremediation in an ex situ fielale(600rM) study. Re-
inoculation was performed periodically with biomassf microbial consortia
isolated from the mazut-contaminated soil. Biostatian was conducted by
adding nutritional elements (N, P and K). The Hm®p{depth 0.4m) was
comprised of mechanically mixed polluted soil wgbftwood sawdust and
crude river sand. Aeration was improved by systenmaixing. The biopile was
protected from direct external influences by a ptitylene cover. Part (1Gjrof
the material prepared for bioremediation was sedeasin-inoculated, and
maintained as an untreated control pile (CP). Biagation and re-inoculation
with zymogenous microorganisms increased the numiferhydrocarbon
degraders after 50 d by more than 20 times in tbatéd soil. During the 5
months, the total petroleum hydrocarbon (TPH) aandé the contaminated soil
was reduced to 6% of the initial value, from 5.20t8 g /kg dry matter, while
TPH reduced to only 90% of the initial value in @P. After 150 d there were
96%, 97%and 83% reductions for the aliphatic, atamand nitrogen—sulphur—
oxygen and asphaltene fractions respectively. Hoprenoids, pristane and
phytane, were more than 55% biodegraded, whiclcated that they are not

suitable biomarkers for following bioremediationcadrding to the available
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data, this is the first field-scale study of theremediation of mazut and mazut
sediment-polluted soil, and the efficiency achiewes far above that described

in the literature to date for heavy fuel oll.

Sang-Jim,et. al; (2005), evaluated the bioremediation effectivenes
crude oil contaminated sand. A treatability studswonducted using sea sand
spiked with 3% or 6% (w/w) of Arabian light crudd o determine the most
effective bioremediation strategies for differemtdls of contamination. The sea
sand used in the study was composed of gravel {0.486d (89.0%), and silt
and clay (10.9%). The water content of the sea seasl adjusted to 12.6%
(w/w) for the study. Different combinations of th@lowing treatments were
applied to the sand in biometer flasks: the come#ionh of oil (3% or 6%), the
concentration of a mixture of three oil-degrading icnmorganisms
(Corynebacterium sp. IC-10, Sphingomonas sp. KHB8x Yarrowia sp. 180, 1
x 1P or 1 x 16 cellsg' sand), the concentration of the surfactant Twe(i8
or 10 times the critical micelle concentration)dahe addition of SRIF in a
C:N:P ratio of 100:10:3. Three biometer flasks p@mbination of experimental
conditions were incubated, and the performancech ¢reatment was examined
by monitoring CQ evolution, microbial activity, and oil degradatioate. The
results suggest that the addition of inorganic ieats accelerated the rate of

CO, evolution by a factor of 10. The application ofl-degrading
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microorganisms in a concentration greater thandh#te indigenous population
clearly increased biodegradation efficiency. Thepligption of surfactant
slightly enhanced the oil degradation rate of thetaminated sand treated with
the higher concentration of oil-degrading microarigens. The initial C®
evolution rate was shown to efficiently evaluate treatability test by providing
significant data within a short period, which isitical for the rapid
determination of the appropriate bioremediationrapph. The measurements of
microbial activity and crude oil degradation alsmnftrmed the validity of the
CGO; evolution rate as an appropriate criterion.

A feasibility study was conducted by Barathis arasdlevan (2003) to
evaluate the efficiency of Pseudomonas fluoresddB4 bioaugmented to
stimulate in situ bioremediation of crude oil-cantaated soil with different
amendments in treatment units. Pure culture ofuerdscens NS1 was isolated
from a petroleum-contaminated soil. The rate ofrddgtion of petroleum
hydrocarbons by the indigenous soil microflora andthe presence of P.
fluorescens NS1 was assessed with the additiomtoients and bulking agents
for a period of about 35 days. The study showetldtdition of wheat bran as
bulking agent rapidly enhanced bioremediation afder oil-contaminated soil
compared to amendments in other treatment units.

A bioremediation of crude oil contaminated soilsdst was carried out in

engineered laboratory biopile systems by Benyahkiaal; (2005). In soll
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bioremediation, biopiles are ‘ex situ’ treatmensteyns that consist of excavated
and aerated contaminated soils amended by addfidnological, mineral or
organic material depending upon specific needs.Wiaeteria are added to the
contaminated soil undergoing biological treatmdime, latter is referred to as a
bio-augmented treatment system. Such soils aragedaabove ground in a pile
fashion and hence the term biopile. The study lnmsvs virtually identical
trends in respiration rates when indigenous andnoextial added bacteria were
employed. However, the bio-augmented experimengddgd much greater
respiration rates and lead to a reduction of 75%efinitial oil in just 118 days,
compared to 1 year in similar studies in the It The benefits of engineered
biopile systems include safe operations, facildateaterial balance and process
controllability. The benefits of bio-augmentatiorene clearly demonstrated and
it was found that when no nutrients are added o gdbil, bacteria tend to
metabolize hydrocarbons into carbon dioxide andewedther than assimilate
carbon in cell growth. Polyaromatics analysis eated soil in this investigation
pointed out that simpler and more bio-availablederwil components were
degraded first. A simple sigmoid model for the carldioxide generation was
developed from the respiration data.

Bioremediation of crude oil contaminated soil bymposting was
researched by Lihuat. al; (2009). Composting technology was used in the

laboratory to simulate the remediation of the crumlecontaminated soll
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collected from Jilin oil field. Consequently thentaminants removal paths and
mechanism were discussed. The results showedhibahethod was effective in
the remediation process. After 40 days, 45% crubevas removed from the
soil given the original oil content at 7.00 time3' ingldrkg".The rate constant
of biodegradation and half life was 0.0333cind 20.82d, respectively.
Biodegradation was the main way of contaminant reahd/olatilization loss of
crude oil was less than 0.1% of initial crude ahtent. Among the three ratio
of contaminated soil to organic fertilizer (dry wkt) with the ratio of 8:2, 7:3
and 5:5 respectively, the highest removal of cobepleodegradation of crude
oil was observed in the ratio of 7:3, in which tbemplete biodegradation
reached to 17% of the total removal. The rate agtek of biodegradation were
highly related to the number and activity of miceob

The volume of oil in domestic wastewater is inchegeach year due to
the urbanization and industrial development allua the world. It is of
concern that the increase of oil in the wastewabelld cause severe impact to
the environment and to human health. Bioremediatbroil from domestic
wastewater using mixed culture was being studietlbihd K, et.al., (2008),
to overcome this problem. Microorganisms from Igealm oil plant are utilized
for this study. The ability of the microorganisnesdegrade the oil is observed
by investigating effect of concentration of theaotum (g/ml) and the agitation

speed (rpm) on oil removal. The optimum conditionthese microorganisms to
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degrade oil was aimed for the highest volume ofdejraded. From the result
obtained it showed that agitation with the speedl®® rpm gave the best
condition for oil removal while the addition of 4d0Oml of inoculum
concentration over wastewater and oil volume génedptimum oil removal.
Higher concentration of inoculum cause high oil o@al but at highly
concentrated inoculum could cause reverse effdatréfore high agitation also
contributes to higher oil removal.

Jelenaet. al; (2009), studied the remediation of soil heavilntaminated
with crude oil and its product. The aim of this dstuwas to examine the
composition of the microbial consortium during tee situ experiment of
bioremediation of soil heavily contaminated witlu@e oil and its products from
the Oil Refinery Pancevo, Serbia. After a 5.5-morgkperiment with
biostimulation and bioventilation, the concentratiof the total petroleum
hydrocarbons (TPH) had been reduced from 29.8028 §/kg(89 %). In sail,
the dominant microorganism population comprisednGGpasitive bacteria from
actinomyceteNocardia group. The microorganisms which decompose
hydrocarbons were the dominant microbial populatibthe end of the process,
with a share of more than 80 % (range 107 CFU/g)th@ basis of the results, it
was concluded that a stable microbial community beeh formed after initial

fluctuations.
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Ebuehi, et. al; (2005), investigated the Remediation of Crude
contaminated Soil by Enhanced Natural Attenuatianthe investigation, the
concentrations of nitrogen, phosphorus, total hgdroon utilizing bacteria
(THUB), total heterotrophic bacteria (THB) and topetroleum hydrocarbon
were determined using the remediation by enhanatdal attenuation (RENA)
in a crude oil contaminated farmland in Rivers estaNigeria. A TPH
concentration of 1.1004 x10 4mg/kg of the sandi/sas achieved after spiking
and tilling. There was a reduction in the TPH ldvein 300mg/kg after 8weeks,
to 282mg/kg after 10weeks.No significant reductionthe TPH level was
observed after the 10th week. The nitrogen andpitawss levels of the sandy
soil were 24.6 and 22.8mg/kg respectively. Thisgests that the nitrogen and
phosphorus levels could no longer support biodegiaal at the residual TPH
levels of 282mg/kg and 22.8mg/kg after spiking #tichg respectively, which
further reduced to 0.12mg/kg and 1.7mg/kg respelstiafter 10 weeks. The
total hydrocarbon utilizing bacteria (THUB) incredsfrom 3.0 x 10cfu/g to
8.55x10 “cfu/g and finally reduced to 5.38 xbfu/g, while the total
heterotrophic bacteria (THB) reduced from 1.22 %Hfu/g to 5.98 x 10cfu/g.
Data of the study indicate that remediation enhdnoatural attenuation
technique could be employed to remediate a farthessnt contaminated by

crude oll



Millioli, et.al; (2009), worked on the bioremediation of crudebeiaring
soil: Evaluatng the effect of Rhamnolid additionstul toxicity and to crude oll
biodegradation efficiency. This work is aimed atleating the potentiality of
adding a rhamnolipid biosurfactant in a petroleusasing soil. For this purpose,
dehydrogenase activity and seed germinatibact(ica sativa) tests were
performed before the biodegradation assays witfereiit concentrations of
rhamnolipid (1 to 15mg for 1g of soil). The additiof 1 and 15 mg g-1 of
rhamnolipid was harmful to the soil environment.eThiodegradation assays
were carried out at room temperature during 45 dgaysoreactors containing
4509 of a polluted soil with different rhamnoliggdncentrations varying from 1
to 15 mg g-1. The nutrients were corrected thraihghaddition of NENO; and
KH,PQ,, in a nutritional ratio of C: N: P=100:15:1. Tharhidity was adjusted
to 50% of the liquid retention capacity. Besidessth assays, a control test was
conducted without adding rhamnolipid. TPH (Totaltrpkeum hydrocarbon)
removal and seed germination were evaluated aénldeof these experiments.
When 4 mg g of rhamnolipid was used a TPH removal of about 6086
observed. The biosurfactant addition improved adhtments, except for the
assays with addition of 1 and 15 mg' gn which a decrease of the
bioremediations rates was observed in the toxtesys.

The effect of organic fertilizers (spent mushro@mow dung and poultry

droppings) on the bioremediation of hydrocarbon taomnated soil was



investigated on a 28 days study period by Ibieae, al; (2011). The
hydrocarbon contaminated soil was supplemented thiéh different organic
fertilizers and analyzed throughout the study pmkri®hysic-chemical and
microbiological parameters like soil pH, moistumntent, phosphate, nitrate, %
total organic carbon (%TOC), total petroleum hyambon (TPH) total
heterotrophic counts, total hydrocarbon utilizinguets (bacteria and fungi)
were studied from baseline to the 28th day. Theceotnations of phosphate,
nitrate, and percentage TOC of the treatments dsedesignificantly during the
study period whereas the controls slight decreasieel parameters. pH values of
the treatments were within slight acidity to alkél as the control had acidic
pH range during the study period. The percentag@#®Hbl loss in the cow dung
option poultry droppings option spend mushroom a@ptand control were
97.83%, 98.21%, 99.91% and 27.52%. The hydrocanndizing bacterial
Isolates from the study include Bacillus, PseudomsorKebsiella, Proteus,
Flavobacterium, Clostridium, Micrococcus, Acinetotem. The hydrocarbon
utilizing fungal isolates from the study were Pdhion, Aspergillus,
Sacharomyces, Rhizopus, Fusarium and Mucor. Thidysshowed that cow
dung, spent mushroom and poultry droppings arectffe nutrient sources for
bioremediation.

Bioremediation of petroleum hydrocarbon-contamidatesoil by

composting in biopiles was noted by Jorgeneeral; (1999). Composting of



contaminated soil in biopiles is an ex situ tecbgg| where organic matter such
as bark chips are added to contaminated soil agkang agent. Composting of
lubricating oil-contaminated soil was performedigid scale (5 x 40 f) using
bark chips as the bulking agent, and two commédycialvailable mixed
microbial inocula as well as the effect of the lesEadded nutrients (N,P,K)
were tested. Composting of diesel oil-contaminateitl was also performed at
one level of nutrient addition and with no inoculufime mineral oil degradation
rate was most rapid during the first months, arfdlibwed a typical first order
degradation curve. During 5 months, compostindhefrhineral oil decreased in
all piles with lubrication oil from approximately420 to 700 mg (kg dry w)y1,
which was about 70% of the mineral oil content. r€spondingly, the mineral
oil content in the pile with diesel oil-contaminatgoil decreased with 71% from
700 to 200 mg (kg dry w)y1. In this type of treatmh&vith addition of a large
amount of organic matter, the general microbialvdagtas measured by soil
respiration was enhanced and no particular effdctadded inocula was
observed.

In situ bioremediation of oily sludge contaminatadl by biostimulation
of indigenous microbes through adding manure waslected at the Shengli
oilfield in northern China by Liet. al; (2010). After bioremediation for 360
days, total petroleum hydrocarbon (TPH) content veasiced by 58.2% in the

treated plots compared with only 15.6% in the aanfplot. Moreover,



bioremediation significantly improved the physicentical properties of the soil
in the treated plot. Soil microbial counts and camity-level physiological
profiling were also examined. Manure addition imged TPH degraders and
polycyclic aromatic hydrocarbon (PAH) degraderdhia contaminated soil by
one to two orders of magnitude. The activity anodbiersity of soil microbial
communities also increased markedly in the treptetlcompared with that of
the control. Finally, biotoxicity was used to ewatl the soils and a sharp
increase in the EC50 of the soil after bioremedrativas observed, indicating
that bioremediation had reduced the toxicity ofsbé.

Atagana, (2008) researched on compost bioremediatidvydrocarbon-
contaminated soil inoculated with organic manurent@minated soil (FAO:
Lithosol) containing >380 000mg Rgotal petroleum hydrocarbons (TPH) was
bioremediated by composting. The soil was inocdlatéh sewage sludge and
incubated for 19 months. The soil was mixed inteoraf 1:1 (v/v) with wood
chips. The soil-wood chips mixture was then mixea ratio of 4:1 with sewage
sludge. Compost heaps were set up in triplicatesv@od pallets covered with
double layers of nylon straw sheets. Control expents which contained the
contaminated soil and wood chips but without sewslgelge were set up in
triplicate. Moisture, temperature, pH, ash conté€ht,N ratio of the compost
mixture and TPH of the soil was monitored monthlyrie concentrations of

selected hydrocarbons in the contaminated soil wexasured monthly during
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the incubation period. Temperature rose to aboGC58 the sewage sludge
compost within two months of incubation, while tesrgture in the control
fluctuated between 15 and 35°C throughout the iatab period. Total
petroleum hydrocarbons (TPH) was reduced by 17#%aencontrol experiments
and 99% in the sewage sludge compost at the etieohcubation period. The
concentrations of most of the selected hydrocadoomponents were reduced by
up to 100% within the same period. Microbial a¢ies were shown to correlate
with the reduction in hydrocarbon contents of thié s

Liuet. al; (2011) investigated on bioremediation petroleumrbgarbon
contaminated soil: Effect of strategies and miabbcommunity shift.
Biodegradation of petroleum hydrocarbon oil (14,009kg’) were
investigated in six biopiles batches, differing tine remediation strategy:
bioaugmentation (selected consortium and kitcherstavavere introduced),
biostimulation (added with rhamnolipid, high-level, low-level nutrient), and
bioaugmentation plus biostimulation (added botthwitamnolipid and bacterial
consortia). After the 140-day operation, the kittlveaste (KW) and the low-
level nutrient (NEL) batches achieved the highestltpetroleum hydrocarbon
degradation efficiency (>80%). The result of theltocarbon analysis revealed
that the bioaugmentation approaches were the nfiestige ones in removing
aromatic component (64% and 68%), and KW and NElkewble only two

approaches that can remove the polar componentpesitive efficiency, 11%
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and 21%, respectively. The terminal-restrictiorgfrent length polymorphism
percentage (T-RFLP) abundance applied with nonimetrultidimensional
scaling indicated a similarity of the bacterial coonities during the early
fastest remediation stage. The results of the oligeotide array targeting the
ribosomal internal transcribed spacer (ITS) regalong with the hydrocarbon
fractional analysis, indicated a successive de@i@dacompleted by the
bacterial-fungi consortia. Before Day 70, the baakecommunity was
dominant in decomposing the saturated and parteibmatic hydrocarbons.
After Day 70, the fungal community found to be dym@ and responsible for
degradation of the polar hydrocarbons composingalcitrant metabolites.
Akpovetat. al; (2011), studied the microbial degradation andingtics
on crude oil polluted soil. In the research, atpdtudy was conducted on soil
simulated with crude oil to examine the effectstloé hydrocarbon on soll
properties, the potentials of exploring soil indigas microbes and determining
suitable conditions for effective degradation o€ tbontaminant as well as
evaluating the kinetics of the process. Soil cedldcfrom Agbor area of the
Niger Delta in southern Nigeria was atrtificiallyilspd with 10% brent crude and
studied. Control soil, simulated soil and treated were all characterised for
pH, electrical conductivity, total organic carbomdamatter, total nitrogen and
phosphorus, texture and heavy metals (Cd, Pb, Nan® Cr) using standard

analytical methods to determine the effect of crwdlepollution on these
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properties. Total petroleum hydrocarbon (TPH) watednined by measuring
the amount of parent contaminant left in the sbihtervals in order to establish
the efficiency and kinetics if the bioremediatiorogess. Crude oil utilizing
bacteria and fungi were also determined using st@hdmicrobiological
procedures. Crude oil pollution caused a reductiorpH, conductivity and
phosphorus level with significant effect in the \gtb rate of soil heterotrophic
microbes, but however did not show any negativecefbn the other properties.
Crude oil did not affect the levels of the metalshe soil since the simulated
soil showed lower metal concentration than the rcbrdoil, except for the
remediation process which caused an increase inaheentration of Ni and V
due to contributions of these metals from the ahweste used. The rate of
microbial degradation was found to be dependentalability of nutrient
source and pH, as high biodegradation rate occedidyy an increase in
microbial population was favoured between pH 6&.-&uitable pH condition
and nutrient availability will enhance speedy mieb transformation of
contaminant. A remediation efficiency of 81.69% wastained on the sixth
week indicating the efficiency and effectiveness thfe process. The
biodegradation process followed first order withage constant of 0.035day-1.
Biodegradation isotherm was found to be minus uargressing the opposite

linear relationship between the concentration ef¢bntaminant in the soil (Cs)

Ivii



and the concentration degraded by the microbes &Cdifferent time intervals
for the remediation period.

Major fertility indices - N, P, K, TOC drifOM contents - were examined
against the backdrop of physicochemical conditiafs pH, temperature,
moisture content and electrical conductivity oflsdihree months after oil
spillage at Owaza in the Niger Delta region of $eut Nigeria by Leoet.al;
(2007). Evidence of severe hydrocarbon contaminatvas provided by high
extractable hydrocarbon content of 3.4 X 2®.8 x 10 mg/kg. High soil acidity
(low pH of 4.9 — 5.1), low electrical conductivigs well as high temperature
and moisture content, all provided evidence of cedumetabolic activities on
the affected site which explains the relatively [6@C/TOM values obtained.
These conditions generally imply low soil fertilitwhich in turn implies low
agricultural productivity and reduced source otlikood in the affected area.
Based on the results obtained, contingency/remedesdsures should include
the application of appropriate and sufficient ireomg NPK fertilizer to restore
the carbon to nutrient ratios to the optimum reeghito stimulate and sustain
microbial activity; adjustment of the pH to 6.0 5@y the addition of calcitic
lime; stimulation of indigenous microbial growth hlultivating the soil to

distribute the nutrients and lime and approprigt@ton of the treatment zone.
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CHAPTER THREE
MATERIALS AND METHOD S

3.1. Study Area

The study area is Umuibe (Akwete) situated alongt®-Azumini road
in Ukwa East L.G.A of Abia State, an oil produciagea. The town is abo
30km fromAba, a major commercial city of Abia state in Sok#mstern Nigeri

as shown in figure 3.

The ambient environment of the study area is chanzed by annue
rainfall of about 2500m-2850mm and average temperature of abo’°C -

30°C. The vegetationover is the tropical rain fore
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Figure 3.1: Location map of study a
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3.2: Materials, Equipment and Apparatus

pH meter, pH and temperature electrodes, Beakeskjmeétric flasks, Glass
rods, Drying oven, Weighing balance, Specimen dpata, Desiccators,
Container handling apparatus, leather hand glaeesjs or suitable holder for
removing and handling hot sample containers, U\ec8pmeter, Stopwatch or
electric timer, Volumetric flask (100ml, 1L), Pipet Filter paper, Glass bottles
for extraction, Funnel, Spatula, Shaker, Glass idxsts (10ml), Test tube racks,
Water bath suitable for use at 200 Cold bath suitable for use at 10°C5
Sample Vial, Glass bottles for extraction, Funridkgasuring spoon, Shaker
(water bath), Acetic acid, Ammonium hydroxide, Atiom absorption
spectrophotometer, Burette, Erlenmeyer flask 25@hmm sieve, Weighing
balance, Asbestos sheet, Porcelain mortar, Beak@ml2 Fourier Transform
Infra Red (FTIR) spectrometer, 100ml volumetricskal20ml glass bottles for
extraction, Phase separator, Glass funnel, Clegnhattles for storing extracts
(20ml), 20mm quartz.

3.3: Sampling and sample preparation

An uncultivated farmland with no record of cruoié contamination of
about 250cm x 750cm dimension was used for thisaret and divided into 75
cells or grid plots. The composite soil sample freath cell was analysed and

the baseline data recorded for reference. Each adelibout 50cm x 50cm



dimension was spilled with 1.25 litres of crude aitained from an oil location
at Owaza in Ukwa West L.G.A of Abia State. The erad was obtained for the
purpose of this research work only and the researsh carried out during the
dry season (November, 2012 - February, 2013) whenetwas little or no

rainfall.

A total of 24 cells of the farmland were contamathtt regular intervals
with the 1.25 litres of crude oil, while the remiam 51 cells were untouched.
Few days after, the contaminated cells were tiddadhe surface to a depth of
2cm with knives, shovels, cutlasses etc and smthklith water. The surface
tillage and the sprinkling of water help to softdm® soil and ensure proper

mixing of soil with the remediating agent.

1 week after oil spillage, 12 of the contaminatetiscchosen at random
were treated with 0.5kg of abattoir waste. The talratvaste consists of the
dungs, pieces of bones, blood, urine, waste wateOgher oil spilled cells were

left without adding the abattoir waste to serve@strol experiment.
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Table 3.1: Grid System of Sampling

< 250cm >
(€8] 2 )
P+R P P+R
@ Q) ©)
P P+R P
) ®) )
P+R P P+R
(10) (X)) (W)
P P+R P
(13 (14) 19
P+R P P+R
(18) T 19
P P+R P
(19 (20 (2]
P+R P P+R
4] 23) (24
P P+R P
= Cell without oil spill
p | = Crude oil spilled cell without the abattiwaste (control)
p+R | = Crude oil spilled cell with the abattaiaste
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Soil samples were collected periodically for analy$his was done using
a hand dug soil auger. The cells were augured twn2@epth in random
triplicate (that is three different random spot§he samples collected were
bulked together (composite soil samples) and pathibber (coloured) bottle for
analysis involving hydrocarbon (THC), and othertlest for other parameters (
pH, moisture content, N, P, K, TOC, TOM) to guaeantjuality results. The
samples were taken to the laboratory for analydne analysis of remediated
soil samples took a period of 10 weeks and samp&s checked for various

parameters at intervals of 2 weeks.

3.4: Solil Analysis

The physicochemical characteristics of various samples including pH,
moisture content, nitrogen, phosphorus, potassiatal organic carbon (TOC),
total organic matter (TOM), and hydrocarbon con{@htC) were determined in
triplicate (i.e. three replicate) using standarthlgtical methods described
below. It should be noted that the mean of thditage analysis were used as

the true values.

3.4.1: Determination of pH

This involved the use of American Standard TestHdeét(ASTM D 4972 for

soil) with the steps outlined as follows:
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Testing Procedure
Calibration

1. The pH meter was calibrated against three batkitions
2. Buffers pH 4.0, pH 7.0 and pH 10.0

Sample Analysis

1. 20.0g of the fresh soil sample was weighed int@®0.beaker and 20.0ml
of distilled water added to it.

2. It was thoroughly stirred at first with a glass @ad allowed to stand for 30
minutes.

3. The electrodes of the meter were inserted intg#rdy settled suspension.

4. The pH and temperature values were recorded a&tesédconds.

5. The electrodes were thoroughly rinsed with dislillgater and blotted dry
with soft tissue paper between readings.

3.4.2: Determination of Soil Moisture Content

Test Method

This involved the use of American Standard Testhdé (ASTM D 2216-92

for moisture content of soils) with the steps owttl as follows:
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Testing Procedure

1. The weight of the clean and dry specimen contaifpatri-dish) was
determined and recorded.

2. 20g of the moist sample was placed in the container

3. The mass of the container and the moist soil sampke determined using
weighing balance.

4. The container with moist material was placed indhgng oven at 11T +
5°C and dried to a constant weight (at least 12 hours

5. The container was brought out and cooled in a datoc.

6. The mass of the container and oven dried sample de#srmined and
recorded.

Calculation

W = Mi - Md
Mi-Mtin

Where

W = moisture content (%)
Mi = mass of the container and wet specimen, g
Md = mass of the container and oven dry specimen, g

Mtin = mass of container, g
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3.4.3: Determination of Nitrate Nitrogen in Soil/Seiment by

Spectrophotometry
Test Method

This involved the use of EPA’'s Sampling and Anayslethods, edited by

Lawrence H. Keith, % edition, 1996 with the steps outlined as follows:
Reagents/Chemical

» Extracting solution (distilled water)

* Sodium chloride solution (30%): 30g NaCl was diged! in distilled
water and dilute to 100ml.

» Sulphuric acid solution: 4 parts,50, was carefully added to 1 part
water (e.g. 100ml 8O, to 25ml water). Cooled and kept tightly
stoppered to prevent absorption of atmospheric ton@s

* Bruicine-Sulphanilic  acid reagent: 1g Dbruicine $afe
(Co3H26N20,4),H,SOy. 7H,O and 0.1g sulfanilic acid
(NH,CsH4SO:H.H,O) were dissolved in 70ml hot distilled water. 3ml
concentrated HCI was added, cooled, mixed, andedilto 100ml with
distilled water and stored in a dark bottle &5

» Potassium nitrate stock solution: 0.185g of anhydrpotassium was

dissolved in water and diluted to 250ml (1ml = Gri0of NOs-N)
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* Nitrate working standard solution: 10ml of the cdtovas diluted to
100ml with distilled water. 1ml = 10mg Nitrate.

» Acetic acid (1+3): 1 volume glacial acetic acid CHKOH) was
diluted with 3 volumes of distilled water.

» Sodium hydroxide (1N): 40g of NaOH was dissolvediistilled water.
Cooled and diluted to 1L.

Testing Procedure
Sample Preparation

a. The sample was mixed using a glass rod or staistes$ spatula.

b. The composite sample was dried in the sun or irotea at 105 2°C for
two hours.

c. The dried material was disaggregated by gentlyhingsany lumps in a
mortar to pass through 2mm stainless steel sieve.

Sample Extraction

a. 1.00g of the soil sample was weighed into a shakbtge.
b. 25ml of distilled water (extracting solution) wasdad to it.
c. The solution was shaken for 10 minutes on a rodrgker and then

filtered.
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Sample Analysis

1. 5.00ml of the extract was pipetted into a 108t tube.

2 1.0ml of the 30% NaCl was added to the test tube.

3 The contents were mixed by swirling and the raes placed in a cold

bath (10-15C).

4 5ml of the 4:1 BSO, was pipetted into the test tube and mixed by

swirling.

5 The tube was allowed to cool before continuing.

6 0.25ml brucine-sulphanilic acid was added to tinee and mixed by

swirling.

7 The rack of the tube from the hot water bath \edsr removed and
immersed in the cold water bath and allowed tohréaermal equilibrium
(20-25C).

8 Absorbance of the Nitrate was measured at 410singulcm cell with
UV spectrometer and concentration of the Nitrates watermined from
the Nitrate calibration curve.

Data Processing and Reporting

Calculation

NO; N(mg/kg) =mg NQ from the cal. graph x vol. of extractant (m)000
Vol. of extract (ml) x sample weight (g)
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3.4.4: Determination of Phosphate in Soil/Sedimerty Spectrophotometry

Reagents/ Chemicals

Ammonium molybdate reagent: 25g (WKIMO-0,,4H,0 was dissolved
in 200ml of distilled water in a beaker and warrséghtly to dissolve).
» 280ml Conc. HS04 was added carefully (with mixing and coolinty)
40ml of distilld water.
» The molybdate solution was filtered into the acmxture, mixed
thoroughly and made up to 1L when cooled.
» Stannous chloride reagent (0.5g Sn@H,O was dissolved in 250ml of
2% viv HCI).
» Extractant (2.5% acetic acid, i.e. 25ml of glaaieétic acid was diluted to
1L).
Testing Procedure

Sample Extraction

25.00ml of the extracting solution (2.5% acetiawas added to 1.00g of soil

sample and shook for 30 minutes and then filteneoligh a filter paper.

Sample analysis

1. 10.00ml of the extract was transferred into B@mumetric flask.

Ixix



2. The extract was diluted with distilled watertibthe flask was about two

third full.

3. 2.00ml ammonium molybdate reagent was adddaraxed.

4. 2.00ml stannous chloride reagent was also adueckd and diluted to

50ml mark and then allowed to stand for 30 minutes.

5. Absorbance of phosphate was measured at 706mg 10mm cell in the
UV/visible spectrometer and the concentration of {phosphate was

determined from the phosphate calibration curve.

PO, - p (mg/kg) =C (mq) x solution volume (1) x1000
Aliquot x sample weight (g)

Where, C=mg P¢’ obtained from the calibration graph using the Usihte

spectrometer and vision software version 3

1000 = conversion factor to kg

Aliquot = Volume (ml) of extract used for analysis
Volume (ml) of extractant used for the exti@t.

3.4.5: Determination of Potassium by Ammonium Aceite Extraction

Test Method

This involved the use of 1IN Ammonium acetate (NHc) at pH 7.0 to extract
basic cations (calcium, Ca; magnesium, Mg; potassik and sodium, Na)

from the soil.
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Reagents

Extracting Solution-Ammonium acetate--NH,OAc @ pH 7.0)

58 mL of acetic acid (H§130,), 95.5%, 1.05 sp. gr. was poured into 500 mL of
deionized water. 70 mL of ammonium hydroxide (QH), 0.9 sp. gr. was
added and mixed. pH was adjusted to 7.0 + 0.05 ag#tic acid or ammonium
hydroxide. The mixture was diluted to one literiwiteionized water.

Test Procedure

Sample Extraction

2 g of <10 mesh air dry soil was weighed into amagtion flask. 20 mL of
extracting solution was added and shook for 5 neoh a shaker, filtered, and
the filtrate collected and diluted to 250 mL mark.

Sample Analysis

Concentration of potassium was measured from ttnaté using Atomic

Absorption Spectrophotometer (AAS).

Data processing

Calculation

Potassium (mg/kg) = Conc.(mg/l) x 250 x 1000
Weight of sample ()
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Where

250 = the vol. (in ml) of the volumetric flask irhweh the filtrate was made up
tolL.

3.4.6: Determination of Total Organic Carbon/Matter
Test Method

This involved the use of British Standard Test Meti{BSTM 1377 for soil)

with the steps outlined as follows:
Reagents

» Potassium dichromate {Kr,0O;), 1N: 49.04g of reagent-grade,®t,0O;,
(dried at 108C) was dissolved in distilled water and dilutedlio in a
volumetric flask.

» Concentrated Sulphuric acid {&0y)

* Ferrous sulphate heptahydrate (Fe3B20) solution, 0.5N: 140g of
reagent grade FeQ@H,O was dissolved in distilled water, 15ml of conc.
Sulphuric acid added, and the solution cooled aihated to 1L in a
volumetric flask. OR,

* Ferrous ammonium sulphate hexahydrate NHSQ,.FeSQ.6H,0)

solution (0.5N): 196.07g of reagent grade ¢NBO,.FeSQ.6H,0O) was
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dissolved in distilled water, 50ml of conc. Sulpblacid added, and the
solution cooled and diluted to 1L in volumetricsha

* Indicator. Phenanthroline-Ferrous complex (0.025M}.85g of o-
phenanthroline monohydrate and 6.95g of ferrouph&é heptahydrate
or, 9.80g of ferrous ammonium sulphate hexahydwae dissolved in
distilled water and dilute to 1L.

Testing Procedure
Sample Preparation

a. The sample was mixed using a glass rod or staistes$ spatula.

b. The composite sample was dried atfor two hours.

c. The dried sample was cooled and disaggregated yygaushing any
lumps or clumps in a mortar.

d. The crushed sample was passed through 0.5mm sieve.

Sample Analysis

a. 0.2g of the sieved sample was weighed into a 25@mle mouth
Erlenmeyer flask or beaker.

b. 10ml of 1N KCr,O; solution was added and the flask swirled gertly t
disperse the sample in the solution.

c. 20ml of concentrated 130, was added rapidly to the solution directing

the stream into the suspension.
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d. The flask was swirled gently until sample and redgg@vere mixed, then
more vigorously for about 1 min.

e. The flask was allowed to stand on a sheet of asbésta fume hood for
about 30mins.

f. 5 to 6 drops of the indicator was added and tidratégh 0.5N FeSQto
maroon colour.

Data Processing
Calculation:

Organic Carbon (g/kg) = (meg&r,0;— meq FeS¢) x 0.003 x 1000 x 1.3
Weight of water free sample(g)

[Walkey, A. (1947)]
Total Organic Matter (g/kg) = Total organic carkdgrkg) x 1.729

Where,

Meq KoCr,O; = 1N x 10ml

Meq FeSQ= 0.5N x volume of titrant in ml

0.003 = Milliequivalent weight of carbon

1.30 = Correction factor

1000 = Conversion factor to kg
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3.4.7: Determination of Total Hydrocarbon Content n Soil/Sediment by

Infra-Red Spectrophotometry

Test Method This involved the use of American Standard Testhdé (ASTM

D3921 for soil) with the steps outlined as follows:
Reagent

» [Isooctane: Spectroscopic grade
» Tetrachloroethylene

o Silica gel

» Sodium sulphate anhydrous

Testing Procedure
Sample Handling and Preparation

a. The soil sample was mixed using a glass rod orutpato minimize
stratification effects due to differential ratessaftting and also to obtain
representative sample.

b. The composite sample was dried in the oven atQ03°C for two hours.

c. The dried material was disaggregated by gentlyhingsany lumps in a
mortar.

Sample Extraction

a. 5.0g of sample was weighed into a 100ml glasstraetion.
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b. 20ml of Tetrachloroethylene was added into thelddtlass) and shook
for three hours.
c. The solid was allowed to settle and the ekti@nsferred into a clean
bottle through a glass funnel lined with pre-trdapdase separator or glass
wool which does not allow aqueous phase (watgppgs through.
Sample Analysis
The hydrocarbon in the extract was determined USIFIR spectrometer.

Data Processing and Reporting

The actual THC concentration (mg/kg) is deducefbbews

= instrument reading (mg/l) X volume of extract Yml
Weight of sample (g)

3.5: Kinetic Studies of the Bioremediation

Kinetics is very essential in the understandinghef rate of bioremediation of
contaminated soils, more especially the rate ofiégoadation of hydrocarbons
(THC) in crude oil contaminated soils, being a magollutant in farmlands of

Niger-Delta areas. Zero-order, first-order and sdeorder kinetic models were
applied to the experimental result (bioremediatosta) to produce a rate
mechanism of the bioremediation process. Zero-omg@&ctions are those
reactions in which the concentrations of the rgd@steemain constant during the

course of the reaction and, therefore, the ratedispendent of the concentration
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of such reacting molecules. In the first-order tea¢ with a single reactant, the
rate of reaction is directly proportional to thencentration of reactant. For a
second-order reaction, the rate depends on twahlariconcentration terms
which may or may not be same. These models weressss based on the
closeness of their regression coefficients to ur(tye). The regression
coefficient (R) can therefore be used to indicate if a modepsieable or not

to the bioremediation process.
3.5.1: Zero-Order Kinetic Model

Zero-order kinetics was applied on the experimergsililt to determine the rate
of bioremediation process. The linear form of tleeozorder equation is given

as:
Co - Q = Kot

Where G (mg/kg) is the initial concentration of paramet€y,(mg/kg) is the

concentration of the parameter at a given time, {ddy") is the zero order rate
constant of the bioremediation given by the slophe graph. The applicability
of this equation was tested by a linear plot pfC5 against t. This was applied
to six parameters (N, P, K, TOC, TOM, & THC) to @®hine their rate
constants and regression coefficients. (See taldeadd figures 4.9 to 4.20

below for both treated samples and control experisg
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3.5.2: First-order kinetic model

First-order kinetics was also applied to the expenital data to evaluate the rate
of bioremediation process. The linear form of thietforder equation is given

as:
In (C/C,) = -Kit

Where ¢ (mg/kg) is the concentration of the parameter givan time t, G
(mg/kg) is the initial concentration of parametér,(day’) is the first-order rate
constant of the bioremediation given by the slodetle graph. . The
applicability of this equation was tested by a éinelot of In (G/C,) against t.
This was applied to six parameters (N, P, K, TOOMI & THC) to determine
their rate constants and regression coefficie®ise table 4.3 and figures 4.21 to

4.32 below for both treated samples and controkargents.)
3.5.3: Second-order kinetic model

Second-order kinetics was as well applied to theeamental data to determine
the rate of bioremediation process. The linear fofrthe second-order equation

IS given as:
1/C - 1/G = Kt

Where ¢ (mg/kg) is the concentration of the parameter givan time t, G

(mg/kg) is the initial concentration of parametés, (day’) is the second-order
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rate constant of the bioremediation given by thepelof the graph. . The
applicability of this equation was tested by a&nplot of 1/¢C— 1/G against t.
This was also applied to the six parameters (NK,PTOC, TOM, & THC) to
determine their rate constants and regression iceeiffs. (See table 4.4 and

figures 4.33 to 4.44 below for both treated samplas$ control experiments.)
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CHAPTER FOUR

RESULTS AND DISCUSSION
4.1: Results

The hypothesis that crude oil contamination ofcdpural soils limits the
availability of some soil parameters especially lizsic soil nutrients (N,P,K)
has been substantiated by the findings of thisarebework. This can be
observed from the result of the study presentedbie 4.1, and also the effect
of treatment of the polluted soils with Abattoir svas in tables 4.2 to 4.6.
Bioremediation kinetics result was as well preseénte tables 4.7 to 4.10 as

shown below.
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values of the Studied Parameters

TABLE 4.1: Soil physicochemical characteristics before crude oil contamination
and one week after contamination

No. pH (H,0) at Moisture Nitrogen Phosphorus  Potassium TOC TOM THC
of 23.0°C Content
Trials

B/C A/C; B/C A/C; B/C A/C; B/C A/C; B/C A/C; B/C A/C; B/C A/C; B/C A/C,
1 530 520 845 829 328 151 269 215 626 540 8.70 25.74 15.18 44.50 10.00 16198
2 531 522 849 825 322 153 261 224 622 538 8.50 26.20 14.70 45.78 10.20 16160
3 529 518 841 821 325 149 253 206 618 536 8.30 25.28 14.22 43.22 9.80 16122

Mean 530 520 845 825 325 151 261 215 622 538 8.50 25.74 14.70 44.50 10.00 16160
SD +0.01 +0.02 +0.04 +0.04 +0.03 +0.02 +0.08 +0.09 +4.00 $2.00 +0.20 10.46 +0.48 +1.28 +0.20 +38.00

B/C = Before Contamination, A/C,;= One Week after Contamination, SD= Standard Deviation. All units are in mg/Kg except moisture content (%) and
pH

TABLE 4.2: Soil physicochemical characteristics two weeks after remediation
and control experiment

No. pH (H,0) at Moisture Nitrogen Phosphorus Potassium TOC TOM THC
of 23.0°C Content
Trials

A/R, EC A/R, EC A/R, EC A/R, EC A/R, EC A/R, EC A/R, EC A/R, EC
1 6.21 5.20 11.90 8.29 1.83 1.52 6.44 2.15 805 562 32.69 2574 57.50 4570 13185 15512
2 6.22 5.16 11.85 8.26 1.81 1.48 7.12 2.08 807 566 33.25 26.20 56.50 45.90 13192 14754
3 6.23 5.25 1195 8.23 1.85 1.44 6.78 2.22 809 558 3297 25.28 57.00 45,50 13199 15550

Mean 6.22 5.20 11.90 8.26 1.83 1.48 6.78 2.15 807 562 32.97 25.74 57.00 45.70 13192 15512
SD +0.01 +0.05 +0.05 +0.03 +0.02 +0.04 +034 *+007 *+200 +400 +0.28 +046 +0.50 +0.20 +7.00 =+449.00

A/R,= Two Weeks after Remediation, EC= Experimental Control, SD= Standard Deviation. All units are in mg/Kg except moisture content (%) and
pH
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TABLE 4.3: Soil physicochemical characteristics four weeks after remediation

and control experiment

No. pH (H,0) at

of 23.0°C
Trials

A/R,
1 6.75
2 6.85
3 6.95
Mean 6.85
SD +0.10

EC
5.22
5.20
5.24
5.22
+0.02

Moisture
Content

A/R,

12.40
12.35
12.30
12.35
+0.05

8.29
8.20
8.38
8.29
+0.09

Nitrogen
A/R, EC
2.62 1.50
2,57 1.52
2.67 154
2.62 1.52
+0.05 +0.02

Phosphorus
A/R, EC
9.16 2.46
9.14 2.38
9.12 2.30
9.14 2.38
+0.02 0.08

Potassium

A/R,
1132
1134
1130
1132
+2.00

EC
594
588
591
591
+3.00

TOC

A/R,

36.06
36.03
36.00
36.03
+0.03

EC

27.36
27.30
27.42
27.36
+0.06

TOM

A/R,

63.49
62.30
61.11
62.30
+1.19

EC

47.60
47.30
47.00
47.30
$0.30

THC

A/R,
10623
10618
10628
10623
+5.00

EC

15018
115019
15020
15019
+57735.00

A/R,= Four Weeks after Remediation, EC= Experimental Control, SD= Standard Deviation. All units are in mg/Kg except moisture content (%) and

pH

TABLE 4.4: Soil physicochemical characteristics six weeks after remediation

and control experiment

No. pH (H,0) at

of 23.0°C
Trials

A/Rg
1 7.20
2 7.30
3 7.40
Mean 7.30
SD +0.10

EC
5.25
5.28
5.22
5.25
+0.03

Moisture
Content

A/R¢

12.00
11.92
12.08
12.00
+0.08

EC
8.27
8.21
8.24
8.24
+0.03

Nitrogen
A/Rs EC
2.83 1.52
2.78 1.54
2.88 1.56
2.83 1.54
+0.05 +0.02

Phosphorus

A/Rs

13.15
13.12
13.18
13.15
+0.03

EC
4.10
3.80
3.50
3.80
+0.30

Potassium TOC

A/Rg EC A/Rg

1377 618 34.17
1401 620 34.23
1389 622 34.29
1389 620 34.23
+12.00 +2.00 +0.06

EC

27.69
27.61
27.65
27.65
+0.04

TOM

A/Rs

59.60
59.20
58.80
59.20
+0.40

EC

47.80
49.90
45.70
47.80
+2.10

THC

A/Rs
8139
8130
8148
8139
19.00

EC
14623
14621
14619
14621
+2.00

A/R¢= Six Weeks after Remediation, EC= Experimental Control, SD= Standard Deviation All units are in mg/Kg except moisture content (%) and

pH
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TABLE 4.5: Soil physicochemical characteristics eight weeks after remediation
and control experiment

No. pH (H,0) at Moisture Nitrogen Phosphorus  Potassium TOC TOM THC
of 23.0°C Content
Trials

A/Rg EC A/Rg EC A/Rg EC A/Rg EC A/Rg EC A/Rg EC A/Rg EC A/Rg EC
1 9.79 530 13.00 826 274 156 17.27 492 1523 666 38.80 28.22 63.65 48.80 7025 13991
2 9.67 526 1345 819 277 153 1733 490 1521 660 36.84 28.00 63.75 49.00 7015 14015
3 955 522 1255 833 280 150 1730 4.88 1519 663 34.88 28.44 63.70 48.60 7035 14003

Mean 9.67 526 13.00 826 2.77 153 173 490 1521 663 36.84 28.22 63.70 48.80 7025 14003
SD +0.12 +0.04 +0.45 +0.07 +0.03 +0.03 +0.03 +0.02 +2.00 *3.00 +1.96 #0.22 +0.05 +0.20 *10.00 +12.00

A/Rg= Eight Weeks after Remediation, EC= Experimental Control, SD= Standard Deviation. All units are in mg/Kg except moisture content (%) and
pH

TABLE 4.6: Soil physicochemical characteristics ten weeks after remediation
and control experiment

No. pH (H,0) at Moisture Nitrogen Phosphorus  Potassium TOC TOM THC
of 23.0°C Content
Trials

A/Ryy EC A/Ry; EC A/Ryy EC A/Ry EC A/Ryy EC A/Ry EC A/Ry; EC A/Ry; EC
1 820 536 1291 8.18 296 161 16.71 4.95 1890 705 39.23 28.44 67.50 48.80 6067 13677
2 8.18 528 1295 824 280 158 16.75 4.90 1895 715 38.85 28.22 67.10 47.75 6071 13685
3 822 520 12.87 830 288 155 16.67 4.85 1885 695 39.04 28.00 67.90 49.85 6075 13681

Mean 8.20 5.28 1291 824 288 158 16.71 4.90 1890 705 39.04 28.22 67.50 48.80 6071 13681
SD +0.02 +0.08 +0.04 +0.06 +0.08 +0.03 +0.04 +0.05 +5.00 +10.00 #0.19 +0.22 +0.40 +1.05 +4.00 £4.00

A/Ryo= Ten Weeks after Remediation, EC= Experimental Control, SD= Standard Deviation. All units are in mg/Kg except moisture content (%) and
pH

83



TABLE 4.7: Zero-order kinetic parameters

Parameter Nitrogen Phosphorous Potassium TOC TOM THC

Ko -0.016 -0.200 -18.25 -0.092 -0.16 1274

R? 0.672 0.922 0.982 0.758 0.759 0.952
CONTROL

Ko -0.001 -0.057 -2.557 -0.031 -0.055 3341

R? 0.848 0.917 0.990 0.898 0.900 0.993

TABLE 4.8: First-order kinetic parameters

Parameter Nitrogen Phosphorous Potassium TOC TOM  THC

K1 -0.006 -0.017 -0.014 -0.002 -0.002 0.014

R? 0.645 0.915 0.960 0.757 0.757 0.984
CONTROL

K, -0.006 -0.016 -0.004 -0.001 -0.001 0.002

R? 0.561 0.910 0.994 0.893 0.895 0.993

TABLE 4.9: Second-order kinetics parameters

Paramet Nitrogen Phosphoro Potassiu TOC TOM THC

er us m

K, -0.003  -0.001 -1.0x10> -7.0x10° -40x10° 2.0x10°

R? 0.619 0.887 0.907 0.746 0.759 0.995

CONTROL
K, -0.000 -0.005 -6.0x10° -40x10° -2.0x10° 2.0x 10’
R? 0.848 0.896 0.998 0.889 0.893 0.992
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TABLE 4.10: Comparison of Coefficient of regressior(R?) for the kinetic
studies

Parameter Nitrogen Phosphorous Potassium TOC TOM THC

Zero- 0.672 0.922 0.982 0.758 0.759 0.952
order
First- 0.645 0.915 0.960 0.757 0.757 0.984
order
Second- 0.619 0.887 0.907 0.746 0.759 0.995
order
CONTROL
Zero- 0.848 0.917 0.990 0.898 0.900 0.993
order
Fssirst- 0.561 0.910 0.994 0.893 0.895 0.993
order
Second- 0.848 0.896 0.998 0.889 0.893 0.992
order

4.2: Discussion
4.2.1: pH
Crude oil pollution on the soil caused a reductropH from 5.30 to 5.20.

The observed reduction in pH was similar to theliigs of Osuji and Nwoye
(Osuji and Nwoye , 2007). A reduction in pH imgli@creased acidity which is
a problem for agricultural soils because many megdions are soluble and
available in the soil solution at very low pH inding Cd, Cu, Hg, Ni, Pb and
Zn (McBride, 1994). The resulting increased acidiyld be due to the fact that
hydrocarbons contain many free cations causing tterhave properties of

weak acid (Akpoveteaet. al; 2011).
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A significant increase in pH (from 5.20 to 9.67), vBeeks afte
remediation, before dropping in the™ week was observed (see fig. 4.1 belc
The observed increase in pH was due to the biorati@ad process whic
removed the contaminant and introduced some sattsans from the anim:
waste since they contain them. The rise in pH femndity (5.20) o alkalinity
(9.67) during bioremediation process was due toathmenal waste used whit
contains elements like calcium, potassium, magneand phosplrus that are
alkaline in nature (Akpovel et. al; 2011).In the control experiment there w

no noticeable increase after remediation (-5.28).
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FIGURE 4.1 Soil pH profileas a function of remediation period
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4.2.2: Moisture Content

Soil moisture dropped from 8.45% to 8.25% aftederoil contamination. Thi
Is expected because in heavily polluted soils wakeplets adhere to tt
hydrophobic layer formed, and this prevents wetohthe inner parts of the st

aggregate. A similarobservation was made bOdokuma and Dicksc
(Odokuma and Dicksqr2003).

As the cells were remediated through the introductof enimal waste
(abattoir waste)the moisture content increased and later droppetitis. It
however rose again after 6 vks (see fig 4.2 below). The rise in moist
content during remediation process from 8.25% t®1% in 10 weeks peric
may be probably as a result of the water from tie@ent and also the soli
waste. It could also be attributed to the improvetria the humidity of the
environment as a result of intermittent rainfalltmm the period unde
investigation. In the control, there was no sigmifit change within the peric
under investigation (8.25% 8.24%).

—— AW aste

== C_ontrol

Moisture cantent {%)

(_:I T T T T T

0 2 4 b g 10 12

Remediation period (weeks)

FIGUREA4.2: Moisture content profilas a @inction of remediation peri
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4.2.3: Nitrogen

After crude oil contamination the soil nitrogenlueed from 3.25mg/kg to
1.51mg/kg. The reduction in the concentration ¢fogien in the contaminated
site suggests that the process of nitrificationhnigave reduced following the
incidence of oil contamination or spillage. Accarglito Odu et. al; (1985), oil-
degrading or hydrocarbon utilizing microbes suchAasbacter Spp normally
become more abundant while nitrifying bacteria swash nitrosamines Spp
become reduced in number. This probably explaiesréfatively lower values

of nitrogen (N) obtained for the contaminated soils

By the addition of the remediating agent (abatiaste), the nitrogen in
the contaminated soil increased from 1.51mg/kg.88@g/kg within 10 weeks
period of the investigation (see fig 4.3). Thecgunitrogen mineralization may
due to the nutrients in the animals waste (abattaste) that was converted to
soil nitrogen by some microbes in the soil. In doatrol experiment there was
no significant change within the period under iriggion (1.51mg/kg to

1.58mg/kg).
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4.2.4: Phosphorous and Potassiur

A reduction in both parameters was observed when ghil was
contaminated with the crude oil. Ttreduction in phosphorous level frc
2.61mg/kg to 2.15mg/kg could be due to possibleation of free phosphoroi
in the soil to phosphate because hydrocarbons claasaelection acceptors
oxidizing agent due to the presence of oxygen amththereby roducing a
reducing environment. Also potassium reduced fr@2nég/kg to 538 mg/kg o

the additional of the crude oil to the s

Significant increas in phosphorous (2.15mg/kg to 16.71mg/kg)

potassium (538mg/kg t01890mg/kg) was observed dfter bo-remediation
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process (see fig 4.4 and 4.5). This is becauseanimal waste used contai
among others piece of bones, ground into powdeyad, fwith high content ¢
cations like calcium, magnesium, phosphorus, paassand nitrogenou
nutrients. In tle control experiment for both, there was a notiteahcreass
mainly in phosphorous (2.15mg/kg to 4.90mg/kg) angotassium (538mg/k
to 705mg/kg) within the period under investigatidime remediation is natur

and probably as a result of microbiativities in the soil.
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4.2.5: TOC and TOM

Soil properties such as TOC (8.50mg/kg to 25.74gig/&and TOM
(14.7mg/kg to 44.5mg/kg) increased on additional té crude oil an
subsequently increased after the bioremediatiomgs® as seen in table .
above. The observed increased on introducof crude oil could be due to tl
fact that crude oil is highly carbonaceous. Thigidine with the statement «
Ak poveta,et. al; (2011). The carbons or hydrocarbons in the crutlere
being attacked by the microbes in the soil (e.glrbgarbon derading bacterial

which convert them to organic mat
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When the abattoir waste was added to the soil emmeediating agen
more microbes were added which oxidized or brokehén the cruds
hydrocarbons releasing more organic matter to ¢dileldence more increase |
organic matter (TOM) from 44.5 mg/k to 67.5 mg/kglalso in organic carbc
(TOC) from 25.74mg/kg to 39.04mg/kg during remediatas both are relate
(see fig 4.6 and 4.7). Besides, the abattoir wiastery rich in certain nutrien
which when converted to soil nutrients increasesotiganic matter compositic
of the solil. In the control experiments, there wadight increase in both TC
and TOM as a result of natural bioremediation &f soil by some microbe

present is the soil.

45 -

a0 —f— A Waste

35 - =il Control
30
25
20
15 -
10 -

TOC concentration {mg/kg)

O T T T T T 1
0 2 q 6 8 10 12

Remediation period (weeks)

FIGURE 46: Total organic carbon prof as a function of remediation per
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4.2.6:Total Hydrocarbon Content (THC)

THC increased greatly from < 10mg/kg to 16160mgkeg! the soil was
contaminated with crude oil. This is due to the that crude oil contains hic

proportion of hydrocarbons compared to other ctrestits

On the application of the abattoir waste to thetammnated soil, ther
was a gradual reduction THC values within the period under investigation
ten weeks investigation on the biodegra of crude oil in the contaminated s

reveals that THC reduced from 16160mg/kg to 607 kg

This is equivalent to 62.43% reduction. Also thevas a noticeabl

reduction of THC in the control experiment from &6ing/kg to 13681 mg/k¢
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equivalent to 15.34% reduction. The marked rednaahe percentage of TH
in the treated soil was quite difent from the one observed in the control ur
the same period. This is in line with the findirgfsAkpovets, et. al; (2011). It

contains the view that biodegradation is impededudyient deficiency
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FIGURE 4.8: Total hydrcarbon content (THC) profilas a function o

remediation period.

4.2.7: Kinetic Analysis

The values of thearameters obtained for the bioremediation kinetresshowtr
in tables 4.7 to 4.10 while Fi 4.9 to 4.44showed the kinetic model plc
obtained for N, P, KTOC, TOM and THCLooking at the able 4.1i for the
comparison of regressiamefficients () for the six parameters (N, P, K, TC

TOM & THC), it was observed that all the three kioenodels (zer-order,
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first-order and second-order kinetics models) ggaad fit to the bioremediation
data of Potassium (K) and Total hydrocarbon conf€H(C) by both the abattoir
waste and control. This is evident by the valuesth&ir linear regression
coefficient (R) greater than 0.9 (i.e. very close to unity). Heere in the case
of phosphorus only the zero-order and first-ordarettc models were
appropriate in the description of the bioremedratowocess, while none of the
three models was able to fit to the bioremediatiata of N, TOC, & TOM,

evident by the values of their regression coeffitig€R) much less than one.

This implies the applicability of the three modétzro-order, first-order and
second-order kinetic models) in the descriptionthe kinetics of K & THC,
while the zero-order and first-order kinetic mod&ere applicable in the
description of the bioremediation process of P.also implies the un-

applicability of the three models for Nitrogen, T@CTOM.
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CHAPTER FIVE

CONCLUSION, RECOMMENDATION AND CONTRIBUTION TO
KNOWLEDGE

5.1: Conclusion

It can be concluded from the study that crude oihtamination causes a
reduction in pH, moisture content, nitrogen (N)pgbhorous (P) and potassium
(K), and an increase in total organic carbon (TQGQtgl organic matter (TOM)
and total hydrocarbon content (THC) levels of th&. S he study revealed that
the biodegradation of total hydrocarbon contenwval as bioremediation of
other parameters investigated upon is probably ttudhe availability of
microbes and animal nutrients, which in this cases wrovided by abattoir
waste (animal waste). The microbes are capablaredking the hydrocarbon
bonds of the crude oil while the animal nutrients eonverted to soil nutrients
mainly in form of N, P, K and TOM. Thus, the usk abattoir waste to
stimulate petroleum hydrocarbon degradation in dbié could be one of the
environmentally friendly ways of remediating naluecosystem contaminated
with crude oil. It could also be seen from the gtubdat mere reliance on
microbial transformation of the contaminant withoptroviding suitable
conditions for optimum and speedy degradation ordmhediation , could take a
very long time for significant remediation to behmved. The minimal THC

depletion observed in control justified this view.
5.2: Recommendation

This research work therefore recommends the useaste materials (abattoir

wastes) on contaminated agricultural soils, sinbes tcould achieve the
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decontamination of such soils and thus improving gnowth of plants for the

overall well-being of man that depend on them &wd and other uses.

5.3: Contribution to Knowledge

Contaminated soil restoration (remediation), saiitrient fortification and
efficient waste management technique has beenligktad through this study.
The used abattoir waste is very cheap, readilylaai and environmentally

friendly and therefore generally accepted.
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APPENDICES

APPENDIX 1: Data for the plot of kinetics paramstdeero, first & second
orders) for Nitrogen (Co = 1.51)

T (days) Ct Co-Ct In (Ct/Co) 1/Ct-1/Co
14 1.83 -0.32 0.192 -0.115
28 2.62 -1.11 0.551 -0.280
42 2.83 -1.32 0.628 -0.308
56 2.77 -1.26 0.606 -0.300
70 2.88 -1.37 0.645 -0.314
Control

14 1.48 0.03 -0.020 0.0136
28 1.52 -0.01 0.0066 -0.0041
42 1.54 -0.03 0.0196 -0.0126
56 1.53 -0.02 0.0131 -0.0084
70 1.58 -0.07 0.0453 -0.0290

APPENDIX 2: Data for the plot of kinetics paramstdeero, first & second
orders) for Phosphorous (Co = 2.15)

T (days) Ct Co-Ct In (Ct/Co) 1/Ct—-1/Co
14 6.78 -4.63 1.148 -0.317
28 9.14 -6.99 1.447 -0.355
42 13.15 -11.00 1.811 -0.388
56 17.30 -15.15 2.085 -0.407
70 16.71 -14.56 2.050 -0.405
Control
14 2.15 0 0 0.000116
28 2.38 -0.23 0.101 -0.0448
42 3.80 -1.65 0.569 -0.201
56 4.90 -2.75 0.823 -0.260
70 4.90 -2.75 0.823 -0.260
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APPENDIX 3: Data for the plot of kinetics paramstdeero, first & second

orders) for Potassium (Co = 538)

T (days) Ct Co-Ct In (Ct/Co) 1/Ct-1/Co
14 807 -269 0.405 -0.000618
28 1132 -594 0.743 -0.000976
42 1389 -851 0.948 -0.00113
56 1521 -983 1.039 -0.00120
70 1890 -1352 1.256 -0.00133
Control

14 562 -24 0.0436 -0.0000786
28 591 -53 0.0939 -0.000165
42 620 -82 0.141 -0.000245
56 663 -125 0.208 -0.000349
70 705 -167 0.270 -0.000439

APPENDIX 4. Data for the plot of kinetics paramstdeero, first & second

orders) for TOC (Co = 25.74)

T (days) Ct Co - Ct In (Ct/Co) 1/Ct-1/Co
14 32.97 -7.23 0.247 -0.0084
28 36.03 -10.29 0.336 -0.0110
42 34.23 -8.49 0.285 -0.0095
56 36.84 -11.1 0.358 -0.0116
70 39.04 -13.3 0.416 -0.0131
Control
14 26.43 -0.69 0.0264 -0.000964
28 27.36 -1.62 0.0610 -0.00225
42 27.65 -1.91 0.0715 -0.00263
56 28.22 -2.48 0.0919 -0.00336
70 28.22 -2.48 0.0919 -0.00336
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APPENDIX 5: Data for the plot of kinetics paramstdeero, first & second

orders) for TOM (Co = 44.5)

T (days) Ct Co - Ct In (Ct/Co) 1/Ct—1/Co
14 57.0 -12.5 0.247 -0.0049
28 62.3 -17.8 0.336 -0.0063
42 59.2 -14.7 0.285 -0.0055
56 63.7 -19.2 0.358 -0.0067
70 67.5 -23.0 0.416 -0.0075
Control
14 45.7 -1.2 0.0266 -0.000518
28 47.3 -2.8 0.0610 -0.00125
42 47.8 -3.3 0.0715 -0.00147
56 48.8 -4.3 0.0922 -0.00190
70 48.8 -4.3 0.0922 -0.00190

APPENDIX 6: Data for the plot of kinetics paramstdeero, first & second

orders) for THC (Co = 16160)

T (days) Ct Co - Ct In (Ct/Co) 1/Ct—-1/Co
14 13192 2968 -0.203 0.0000139
28 10623 5537 -0.419 0.0000322
42 8139 8021 -0.685 0.0000609
56 7025 9135 -0.833 0.0000804
70 6071 10089 -0.979 0.000102
Control

14 15512 648 -0.0409 0.00000258
28 15019 1141 -0.0732 0.00000470
42 14621 1539 -0.100 0.00000651
56 14003 2157 -0.143 0.00000953
70 13681 2479 -0.166 0.0000112

123




