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ABSTRACT 

The effect of drilling waste on soil quality was studied at 
Opukushi Oil field dumpsite in Delta state. The period of 
sampling and analysis was between June and September 2010. 
Soil samples from the dump sites and the control site were 
physicochemical analyzed using Gas Chromatography, Atomic 
Absorption Spectrophotometer (AAS). Laboratory analysis were 
conducted according to standard methods. Descriptive 
statistical analysis was used to obtain range, means, standard 
errors, as well as graphical illustration of the variables. The 
test of homogeneity of variance in means of the variables 
spetially was explored using the one way ANOVA and further 
structure detection made with means plots. The 
interrelationships between the parameters were explored with 
the Pearson product moment correlation coefficient (r). Clay 
varied between 10.20 – 13.20 (11.84  0.40)%, Silt varied 
between 70.00 – 78.40 (73.70  1.22)%, sand varied between 
11.10 – 17.00 (22.77  0.10)%, pore size varied between 26.20 – 
38.90 (33.20  1.80)%, K varied between 0.06 – 1.60 (1.04  
0.24) meqK, pH varied between 5.00 – 5.80 (5.30  0.11) and 
PAHs varied between negligible and 290.12 (125.00  
38.80)mg/kg. The nutrients (PO43- and NO3-) varied from 9.45 – 
18.40 (12.84  1.25) and 11.10 – 22.10 (15.23  1.54)mg/kg, 
respectively. While the trace metals (Pb, Cr and Ba) varied 
between 19.00 – 50.18 (30.01  4.17), 15.20 – 35.25 (26.00  
2.73) and 63.15 – 140.10 (98.50  9.23)mg/kg, respectively. 
There was significant spatial inequality [F(16.05) > Fcrit (3.93)] at P 
< 0.05, especially in sampling sites. Several of the parameters 
correlated highly with each other at P < 0.05 and P < 0.01. The 
high concentrations of the PAHs and trace metals (Pb, Ba and 
Cr) coupled with the acidic soil and high sand composition could 
lead to infiltration of groundwater aquifers with surface 
contaminants. 
 
Key words, drilling waste, homogeneity of variance, spatial variation, correlations, means plots  
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CHAPTER ONE 

1.0 INTRODUCTION  

1.1 BACKGROUND OF THE STUDY  

Man has made great strides towards industrial development 

and civilization, which has without doubt improved the living 

conditions and comforts of human life. But, in the process, man 

has inadvertently upset the crucial environmental balance 

established by nature over a millennium. Human activities and 

consequent developments have brought about the spectre of 

an overwhelming degradation of all facets of the natural 

environment: physical, chemical, biological and social. This is 

adversely affecting the quantity of life (Sigh, 2006). 

Fortunately, awareness about environmental problems is 

growing worldwide and there is now global concern about the 

serious health risks involved and the need for preventive 

measures. Extensive effects are being made for an in depth 

study of the environmental hazards and devise ways and 

means to resolve these problems. (Mohammad and  Shashi, 

1995).  

Human are terrestrial animals depends on soil for life. Yet most 

of our thoughts of soils are in negative terms. Soil is an 
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essential component of the biosphere but must be nurtured 

and cultivated to bring it to highest potential. The over 

dependent world economy on the petroleum sector has led to 

increase in the activities of petroleum, industries. These 

activities centre on our ecosystem and consequently, the soil 

plays host and victim of the degradation and contamination 

associated with pollution from this sector. Man depends on soil 

uncontaminated by toxic elements to produce his food 

(Khitoliya, 2006). For terrestrial ecosystems, it is the point of 

entry of most materials into living matter. Soil is composed of 

finely divided rocks mixed with decayed vegetable and animal 

matters constituting the portion of the soil in which plants and 

animals grow. (Athar and Voharo, 1995). The elemental 

composition of soil is largely dependent on that of the rocks 

from which it is formed. Wide variations in the soil composition, 

therefore, occur in different parts of the world. Besides, it is 

affected by a number of factors, such as weathering, soil-

forming processes, climatic conditions, geochemical affinities, 

sewage sludge, waste treatment, discharge from factories, 

fertilizers, pH, acids deposition, redox potential, amount and 

kind of organic matter, mining activity aerial pollutants etc.  
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Soil has complex functions which are beneficial to man and 

other living organisms. It acts as a filter, buffer, storage and 

transformation system and thus protects the global ecosystem 

against the adverse effects of environmental pollutions. These 

functions can be preformed effectively only if the normal soil 

properties are preserved and the natural balance is not unduly 

disturbed. It is the main receptor and hard hit in all potential 

pollution that result from these operations of our oil and gas 

industries out its circle. 

However, among the adverse effects of the discharge from the 

petroleum (oil) prospecting of great concern is the effect or 

impact caused by various spent drilling mud (oil based, water 

based and synthetic based mud) and drilling waste on the 

immediate environment (Atlas and Bartha 1973).  

In oil and gas drilling operations, it requires the use of specific 

formulated fluids system often referred to as drilling mud. 

According to Bauder (2005), this drilling fluid is used to 

lubricate the drilling bit and stems, transport drilling cuttings or 

waste to the surface, and seal off porous geologic formations. 

And following completion of the well, it (waste drilling fluid) is 

often applied to cropland. The studies have addressed the 
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impact of drilling waste application on plant growth and soil 

properties. This indicates that the drilling waste impact on plant 

growth is largely negative due to high plant available trace 

metals and soluble salts. The impacts of drilling waste disposal 

on environment is physical, it has been established that a 

discharge of mud and drilling cuttings or waste dumped on the 

ground, will prevent plant grow (Murphy and Kehe, 1984) until 

other natural processes develop a new topsoil, but are not 

themselves toxic. In fresh water, bentonite clay which is the 

one of the mud additives from a viscous gel, which kill fish by 

preventing or inhibiting their action if they are not caught or 

trapped in discharge before dilution through dispersion 

(Moseley, 1983). 

The oil and gas industry as with all others has certain aspects 

that have negative environmental impacts. Example of global 

human disaster episodes caused by industrial pollution and 

accidents are follows: 

On the 21st of September 1921, the biggest chemical explosion 

in German history occurred at Oppan in a warehouse about 

fifty miles south of Frankfurt when workers used dynamite to 

pry loose 4,000 tons of caked ammonium nitrate fertilizers. The 
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blast killed five hundred and sixty one people and leveled 

houses four miles away. 

In a similar case in Texas city, U.S.A., the freighter “High flyer” 

loaded with ammonium fertilizer exploded in the harbour. The 

toll recorded five hundred and seventy-eight people dead and 

two thousand seriously injured. 

Also on October 1944 in Cleveland, Ohio U.S.A., a liquid natural 

gas tank belonging to the East Ohio gas company developed a 

structural weakness that led to a huge explosion. The blast and 

fire killed one hundred and thirty one people. 

In another context in London, England, December 5th to 9th 

1952, polluted air resulted from mixture of industrial and 

moisturized petroleum pollution killed four thousand people, 

Tchobanoglous (2000) and Stefoff (1994). 

Also, at love canal in Niagara Fall, 1977; there was incident of 

human poisoning and high birth defeats rated from pesticides 

and industrial chemicals buried underground twenty five years 

earlier. Over sixty million dollars were spent in clean-up 

(LaGrega, 2001). 

In another instance, in Mexico City, Nov. 19, 1984; liquefied 

gas tanks exploded at San Juan Ixhuatepec storage facility 
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operated by state owned petroleos Mexicanos. The resulting 

fire took four hundred and fifty-two lives and injured four 

thousand, two hundred and forty-eight in Mexico’s largest 

industrial disaster; one thousand people are still missing. 

In Bhopal, India December 14th, 1984; two thousand eight 

hundred people are died in the industrial city of Bhopal 

following accidental release of four tons poisonous methyl 

isocynate gas from union carbide’s pesticide plant due to faulty 

pump. Over fifty thousand people were affected and heated for 

various ailments. Claims running into several billions were 

instituted against Dupont Company by the victims (Asthana, 

2005) and Stefoff (1994). 

In a similar incident at Chernobyl in U.S.S.R., 26th April, 1986, 

nuclear plant explosion incident took place. Radiation falls-out 

contaminated total environment over a radius of thirty to sixty 

kilometers. Agricultural products, meat and fish were declared 

unfit. People were evacuated from vicinity of the plant (Stefoff, 

1994). 

At Onne, in Nigeria, 1988, accidental discharge of water 

containing high ammonia level into Okrika River from National 

Fertilizer Company Of Nigeria (NAFCON) a fertilizer company 
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near Port-Harcourt caused massive fish kill and socio-economic 

problems for surrounding villages. The villagers are claiming 

about three million Naira compensation from the company. 

Beside, on June, 1988 at Koko port in the former Bendel state, 

now Delta state, Nigeria, three thousand eight hundred and 

eighty tons of toxic wastes from Italy were found to have been 

illegally dumped at the fishing Koko port. The government of 

Nigeria ensured that the wastes were returned to Italy and 

promulgated Decree 42 of 1998 to forestall future re-

occurrence, (FEPA, 1991).  

 
1.2 STATEMENT OF PROBLEM  

Considerable bodies of researchers have done extensive work 

on impact of drilling waste application on plant growth and soil 

properties (Nelson et al., 1984; Miller et al., 1980; McFarland 

et al., 1992a, 1992b, 1994; Younken and Johnson, 1980). 

Previous research indicates that the drilling waste impact on 

plant growth is largely negative due to high plant available 

trace metals and soluble salts,. However, some researchers 

(Nelson and Mikesell., 1982) also found positive or no impact 

from drilling waste at low rates or drilling waste produced with 
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more bengign materials. Differences between studies have 

primarily resulted from the wide range of drilling waste 

components and rates used by various investigations. The fate 

of trace metals in soil following drilling waste application or 

disposal has also been investigated. Some researchers (Deeley 

and Centre, 1986) conducted fractionation studies that 

suggested trace metals would not be significantly released 

while others (Bates, 1988) found increases in plant available 

forms of trace metals and movement in a column study. 

This research is considered important because of the following 

reasons: 

i. No research has been done in this community about drilling 

waste. Hence, it will serve as an advisory background on 

the impact of drilling waste on soil quality.  

ii. The result will serve as a baseline material to students in 

this community and Niger Delta as whole for research work. 

iii. The Department of Petroleum Resources (DPR) and Federal 

Ministry of Environment (FME) will also benefit from the 

study since it will bring to light soil quality parameters 

whose concentrations exceed their intervention values.  
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Among the complaints received from the inhabitants (dwellers) 

of this community include:  

Poor agricultural yield, lost of farmland to oil spills, 

deforestation of sacred sites, threat to human and aquatic lives 

as well as water (river) pollution. On the side of the 

government, they also complained of unemployment among 

their work class (youth) in spite of prospecting for this resource 

of high economic value (oil) within their community. The 

various problems highlighted above can not be fully understand 

if detailed analysis of drilling waste is not carry out. It is within 

this background that this study is go to carry out to examine 

the impact done by drilling waste on the physiochemical 

properties of Opukushi soil. 

 
1.3 AIM AND OBJECTIVES 

The aim of this study is to investigate the effect of drilling 

waste on soil quality in Niger Delta area.  

This aim was achieved through the following objectives: 

i. Determination of variations in some physicochemical 

properties of soil of the affected area. 
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ii. Determination of the influences of the physicochemical 

variables of the soil. 

iii. Prediction of outcome of some key variables using 

linear model. 

iv. Determination of spatial variations in the 

physicochemical variables of the soil. 

v. Recommendations on alternative measures for drilling 

disposal.  

 

1.4 SCOPE OF STUDY 

This study intends to examine the effect of oil drilling waste on 

soil quality at Opukushi in Delta state. Analysis was limited to 

the following parameters: clay, sand, silt, bulk density, clay 

density, silt density, sand density, pore size, pH level, total 

organic carbon, sodium, potassium, heavy metal (Cr, Pb, Ba), 

poly-aromatic hydrocarbons (PAHs), Sulphate ( ), 

Phosphate ( ) and Nitrate (NO-
3).  

 

1.5 RESEARCH QUESTIONS 

This study attempted to find answers to the following research 

questions: 
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i. Do the physicochemical properties of soil of the affected 

area vary temporally? 

ii. Do the physicochemical variables show influences on 

one another? 

iii. Do some of the physicochemical variables have strong 

relationship? 

iv. Do the physicochemical variables vary spatially? 

  
1.6 LIMITATIONS OF STUDY 

Many problems were encountered at various stages and levels 

of this research. Some of them include the following: 

i. Transportation problem: The researcher-encountered 

problems involving from the study area, Opukushi to Warri, 

due to bad roads and long waits at motor parks. This 

indirectly affected the study in many ways. 

ii. Communication problem: There was communication 

problem between Opukushi and other areas in the state. 

Opukushi still lacks recent masks and is not yet connected 

to other GSM provider. This also affected communication in 

various respects.  
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iii. Paucity of data: Data from the study area were either 

scanty or inexistent. However, the research made efforts to 

collect primary data using various techniques for the study.  

iv. Lack of finance: The study involved analysis of many soil 

parameters. The cost of some of these parameters such as 

heavy metals was prohibitive for the researcher.  

 

1.7 EXPECTED CONTRIBUTION TO KNOWLEDGE 

The result of this research work will contribute to knowledge in 

the following ways; 

i.  The study will enable us to determine the accuracy of the 

future performance of soil quality in Niger Delta area.  

ii. It is expected that this research work will introduce new 

waste disposal technologies approach.  

iii. The study will assist the government to provide 

infrastructures to the study area. 

iv. The study will be use to predict the effect of drilling waste in 

Niger Delta oil field.  
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1.8  DEFINITION OF TERMS  

AAS:  Atomic Absorption Spectrophotometer  

ANOVA: Analysis of Variance 

BDL:  Below Detectable Limit  

CMC: Carboxylmethyl Cellulose  

CRD: Completely Random Design  

CRI:  Cutting Re – Injection  

DCSP: Drilling Cutting and Solids Pulverizer  

DPR:  Department of Petroleum Resources 

EPA:  Environmental Protection Agency  

FAO:  Food and Agricultural Organization  

FEPA: Federal Environmental Protection Agency  

IFPR: International Food Policy Research Institute 

MWD: Measurement While Drilling  

NAOC: Nigerian Agip Oil Company  

NPC:  National Population Commission  

OBM: Oil Based Mud  

PAH(S): Poly Aromatic Hydrocarbons / Poly-nuclear Aromatic  

Hydrocarbons   

PBM: Polymer Based-drilling Mud  

PHPA: Partially Hydrolyzed Polyacyl Amides  
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SHSAER: Shell Health Safety And Environment Report 

SOBM: Spent Oil Based Mud  

SPDC: Shell Petroleum Development Company  

TOC:  Total Organic Carbon  

UNEP: United Nation’s Environmental Program 

WBM: Water Based Mud  

WRI:  World Resources Institute  
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 CONCEPT OF LAND POLLUTION 

There is exist distinction between land and soil, Anthony 

(1980), He emphasized that land comprises all the conditions 

of the physical environment of which soil is one of them. Soil is 

defined as the loose (unconsolidated) mineral organic matter 

surface of the earth crust that is capable of supporting plant 

growth (Donahue 1990). That is to say that the term land 

pollution is ambiguous. It is defined simply as the despoliation 

of urban and rural land. 

Pollution of the land can be grouped under two categories: land 

that is contaminated and derelict land. Cairney (1993), 

differentiated contamination from pollution thus: 

“Contamination is the introduction or presence in the 

environment of alien substances or energy on which we do not 

wish or are unable to pass liable to cause damage or harm”. 

Contamination is therefore necessary but not sufficient 

condition for pollution. 

In the same vein, Nkwocha (2004) observed that the soil in a 

contaminated land contained some hazardous substances in 
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sufficient quantity to pollute it. Hence, contamination in this 

context means increasing the toxicity of soil through 

introduction of hazardous substance in it.  

On the other hand, a land is considered derelict but not all 

derelict land is contaminated.  

 

2.2 SOIL QUALITY  

The quality of soil has been associated with its productivity, 

capacity to sustain biological diversity, environmental quality 

as well as plant and animal health (Monteiro, 2005). The 

productive potential of a soil can be determined through 

assessing its fertility. It is the capacity of soil to produce crop 

on a sustained basis (Sarkar, 1998). The main aim of soil 

quality is to prevent the loss of the precious top soil from 

erosion and to maintain it in a fertile state for agricultural 

purposes. Human prosperity and well being depend largely on 

fertile land and quality soil (Asthana and Asthana, 1998).  

2.2.1 Soil Degradation  

International and non-governmental organizations such as 

World Bank, International Food Policy Research Institute 

(IFPRI), Food and Agricultural Organization (FAO) and the 



17 
 

World Resource Institute (WRI) regularly sound the alarm 

about the severity of soil degradation and nutrient depletion, 

especially in Africa agricultural lands. According to the United 

Nations environmental Program (UNEP), an estimated 500 

million hectares of land in (Africa) have been affected by soil 

degradation since about 1950, including as much as 65 percent 

of agricultural land.  

2.2.2 Degradation Defined  

It is important to consider what soil degradation entails. There 

are many definitions of soil degradation, but most of them refer 

to a loss in the productivity of soil. Thus, to measure soil 

degradation, it is not enough to establish changes in the 

condition of soil. It is also necessary to ascertain a casual link 

between those changes and decline in soils productivity 

(Donahue, 1990). According to Anthony (1980), “productivity is 

affected by many factors other than soil quality (such as 

rainfall, labour and technology), while changes in soil may not 

always lead to a decline in quality”. Hence it is not always easy 

to ascertain this casual link between changes in soil and decline 

in soil quality.  
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2.3 SOIL QUALITY PARAMETERS  

There are hosts of parameters relevant to soil quality at 

different level. However, the most significant parameters of 

concern to soil quality that are related to drilling waste are: 

textural class, bulk density, infiltration rate, porosity, nutrient 

status, organic matter content, Pie aitch (pH), heavy metals, 

polynuclear aromatic hydrocarbons (PAHs) etc.   

2.3.1 Textural Class 

Texture is an important soil characteristic. This is because its 

importance can be reflected in water intake rate (absorption), 

water storage in soil, the ease of tilling the soil, the amount of 

aeration (vital to root growth) and will eventually influence soil 

fertility (Donahue, 1990). Textural names are given to soil 

based upon the relative proportions of each of the soil 

separates (Particle size groups) sand, silt and clay. Hence soils 

that are predominantly clay are called clay (textural class): 

these with high silt content are silt (textural class) and those 

with a high sand percentage are sand (textural class).  

2.3.2 Bulk Density  

This is the density for a volume of soil as it exists naturally. It 

includes any air space and organic materials in the soil volume. 
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It can be used to estimate the differences in compaction of a 

given soil such as might after tillage with heavy equipment on 

wet clay soil. It also calculates total water storage per soil 

volume (Kiely, 1998). It can be mathematically expressed 

thus:  

  Pb =  

Where, 

 Pb = bulk density on the dry density of soil, 

 Md = dry mass of soil volume (dried at 1050C for  

  more than sixteen hours) 

Vt = total volume (original undried), Uzoigwe,  

(2004) 

2.3.3 Porosity and Infiltration Rate 

Pore spaces (voids) in a soil consist of that portion of the solid 

volume not occupied by solids, either mineral or organic. Soil 

particles have irregular shapes and thus leave the spaces or 

pores between them very irregular in size, shape and direction. 

For instance, sand have large and continuous pores. While in 

contrast, clays although contain more total pore space 
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(because of the minute size of each clay particle) have very 

small pores which transmit water slowly (Donahue, 1990).  

According to Kiely (1998), it is the volume proportion of pore 

space,  

 Q = ( +   

  = 1 −  

Where, 

 Va = volume of air  

 Vw = volume of water 

 VS = volume of solids  

 Pb = Bulk density 

 Pm = particle density  

Infiltration rate on the other hand is the rate at which water 

moves into the soil under gravity and capillary forces. It also 

varies with soil type and decreases exponentially with time 

during a rain event (Kiely, 1008). 

2.3.4 Nutrient Status 

This is the total available forms of soil in respect to all the 

essential elements. At present, sixteen (16) chemical elements 

are known to be essential for the growth of crop plants. These 

plants nutrients are hydrogen, carbon and oxygen from air and 
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water, potassium, sulphure, calcium, iron, magnesium, boron, 

copper, manganese, zinc, molybdenum, chlorine from soil, and 

nitrogen from both air and soil, (Anthony, 1980).  

Soil is the source of thirteen nutrients and the conditions 

making them available to plant are of fundamental important to 

plant growth. According to Sarkar (1998), the relationship 

between actual soil nutrient content and it estimated content 

under natural (unfarmed) condition is etymologically referred 

to as nutrient status. Hence the relative nutrient status of a soil 

is the ration expressed as a percentage between the existing 

nutrient content under natural condition.  

2.3.5 Pie Aitch (pH) 

The term pH is from French word pouvoir hydrogen or 

“hydrogen power”. It is an indicator of soil acidity or basicity 

and is measured in pH units. Its scale goes from 0 to 14 with 

pH7 as the neutral point. At pH7 hydrogen ion concentration 

(H+) equals the hydroxyl ion concentration (OH-). From 0 to 7 

the soil is increasingly more acidic while from pH7 to 14 the soil 

is increasingly more alkaline (basic). It is defined as the 

negative logarithm of the hydrogen ion (H+) concentration in 

solution. 
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That is: 

 pH = -Log[H+] (Donahue, 1990; Kiely, 1998) 

2.3.6. Heavy Metal  

The term “heavy metal” is widely used and recognized, 

although not easily defined, it is commonly adopted as a group 

name for metal and metalloids which are associated with 

pollution and toxicity but includes some elements which are 

essential for living organism and plants at low concentration 

(Conway, 1978). In a study on the effects of heavy metals, 

Davy et al (1973) found out that heavy metals can have toxic 

effects even at low concentrations. They are classified based on 

atomic density greater than 6g almost all heavy metals used in 

today’s consumer goods or industrial production of chemicals 

have half life between 50 to 500 years (Ademoroti, 1986) 

result, they have the ability to bioaccumulate in the 

environment and in man. These heavy metals such as 

cadmium, zinc, chromium, lead, copper, arsenic, barium etc. 

accumulate by adsorption in the soil to which sludge or other 

industrial effluent containing them is often applied and remain 

for centuries. These metals may adsorbed by plants grown in 
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contaminated soil, then be accumulated in animal eating those 

plants, perhaps reaching chronic toxic levels (Donahue, 1990). 

Nonetheless, Bhatia (2003) highlighted that these metals (Ni, 

Cd, Cr, and Hg)are most likely to cause phytotoxicity (toxicity 

to plants) problems when applied to agricultural lands from 

industrial sludge containing them.  

2.3.7 Total Organic Carbon/Matter 

Soil organic matter consists of decomposing plants and animals 

residues. It is the nitrogen reservoir, it furnishes large portions 

of the soil phosphorous and sulphure; it loosens up the soil to 

provide better aeration and water movement (Donahue, 1990). 

According to Onweremadu (2006), organic matter is composed 

of about half carbon with lesser amounts of oxygen and 

hydrogen plus small quantities of nitrogen, phosphorous, 

sulphure and many other elements.  

2.3.8  Poly – Nuclear Aromatic Hydrocarbons (PAHs) 

Poly-nuclear aromatic hydrocarbon (PAHs) are organic 

chemicals which posses two or more benzene rings fused 

together. Asthana (2005) highlighted that more than hundred 

of compounds containing PAHs have been identified of which 

eleven (11) of them are carcinogenic to the environment. 
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Polynuclear aromatic hydrocarbons are lipophilic compounds 

with low solubility in water and are also recalcitrant in nature. 

More so, Gould et al (1992) observed that they are made up of 

a number of fused aromatic rings (2 – 6 rings) making them 

not easily biodegradable. 

 

2.4 SOURCE OF DRILLING FLUIDS  

As early as the third century BC, the Chinese where using 

drilling fluids in the form of water, to help permeate the ground 

when drilling for hydrocarbons. The term “mud” was coined 

when at spindletop in the US, drillers ran a herd of cattle 

through a watered down field and used the resulting mud to 

lubricate the drilling stem and drilling bit. Now the technology 

and chemistry of drilling fluids have become much more 

complex, the concept has remained the same. Drilling fluids are 

essential to drilling success, both maximizing recovery and 

minimizing the amount of time it takes to achieve first oil.  

 
2.5 DEFINITION OF DRILLING MUD 

The term drilling fluids refers to all fluids (including air, gas, 

water, mud and oil) used during the drilling operations in order 

to continuously remove the underground cuttings from the 
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bottom of the well and to lubricate and cool the drilling bit on 

the other hand (Iheaturu, 2005). Inherently, drilling mud are 

specially formulated fluids use to cool and lubricate the drilling 

bit, control well pressure, stabilize the hole and to carry the 

drilling cuttings and waste to the surface for treatment and 

disposal. Drilling mud therefore, refers to suspension of solids 

in water or oil or droplet of one of those liquid dispersed into 

the other. These drilling cuttings are either disposed off to land 

or sea where this is allowed and acceptable, and the new 

technology is to re-injected into the subsurface. (SHSAER, 

1997). 

 
2.6 FUNCTION OF DRILLING FLUID (MUD) 

During the drilling operation of oil and gas, drilling fluid and 

cuttings and other waste materials generated in the process 

must be properly disposed. The drilling fluid, which consists of 

diverse chemical components, is used in the drilling operation 

in order to achieve specific purpose at a given site. It is 

pumped and recirculated through the well to serve several 

drilling operations purposes. The drilling cuttings from the well 

are inert fragments of rock and fine solid penetrated while 
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drilling a well and brought to the surface by drilling fluid (Neff, 

1987). 

Historically, the first purpose of drilling mud was to serve as a 

vehicle for the removal of cuttings from well, but now, its 

divers applications has makes the assignment of specific 

functions difficult (Darley, 1988). According to Bauder and 

Barbarick (2005) drilling fluid (mud) is found in oil and gas 

operations where it is used to lubricate the drilling bit and 

stem, transport formation cuttings waste to the surface and 

seal off porous geological formations. 

In rotary drilling, the principal functions performed by the 

drilling fluid are to: 

i. Carry cuttings or waste from beneath the bit, transport 

them up the annulus and permit their separation at the 

surface. 

ii. Cool, lubricate and clean the drilling bit. 

iii. Reduce friction between the drilling string and the sides 

of the well. 

iv. Maintain the stability of uncased sections of the well. 
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v. Prevent the inflow of fluids oil, gas or water from a thin, 

low permeability filter cake which seals pores and other 

openings in formations penetrated by the bit. 

vi. Finally, assist in the collection and interpretation of 

information available from underground, drilling 

cuttings, cores and electrical logs called measurement 

while drilling (MWD). 

Among the uses attached or this substance (drilling mud) are 

some negative requirements which are of environmental 

concern and is stated thus: “Not injure drilling personnel nor be 

damaging or offensive to the environment”, (Darley, 1988). 

Despite what these requirements stated, today drilling mud is 

mixed with a lot of additives to enhance its performance not 

minding the effect of such additive on the environment.  

 

2.7 CIRCULATORY SYSTEM OF DRILLING FLUID (MUD)  

This is the drilling fluid cycle, which begins from the drilling rig 

mud pump and goes round to the reservoir passing through all 

the circulating equipment. The mud circulating equipment 

include the following: the mud pump, the discharge line, the 

standpipe, the rotary hose, the swivel, the Kelly (or the top 
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drive), the drilling pipe, the drilling collars, the drilling bit, the 

annulus, the return line, the shale shaker, the desilter, the 

desander, the mud pits or tanks and the section line (Ron 

Baker, 1994). 

2.7.1 Mud Pump 

This is a large high pressure – reciprocating pump use to 

circulate the mud on a drilling rig.  

2.7.2 Discharge Line 

This simply connects the standpipe to the mud pump. 

2.7.3. Annulus 

This is the space between the tubing and the casing or tubing 

and wellbore. The drilling fluid flows through the annulus from 

the drilling bit nozzle to the mud return line.  

2.7.4. Return Line  

This connects the annulus to the shale shaker.   

2.7.5 Shale Shaker  

This is a vibrating screen used to remove cuttings or waste 

from the circulating fluid (mud) in rotary drilling operation. 

Shale shaker contain the following: Desilter, Desander, 

Degasser.  



29 
 

 Desilter: This is a centrifugal device used for removing very 

fine particles or silt from the drilling mud. It removes solids 

down to 30 microns. 

 Desander: This is a centrifugal device for removing sand 

from drilling fluid. It removes down to 75 microns.  

 Degasser: This is a device use to remove gas from drilling 

fluid. The effect of this gas inside the mud is that, it makes 

the mud much lighter or less dense. 

2.7.6 Mud Pits or Tanks  

This is where the mud feed from large particles is stored and 

further purified before re-injecting it into the system. It is 

divided into two: Active tanks and Reserve tanks. 

 Active: This is a mud tank that holds drilling mud that is, 

being circulated into a well during drilling. 

 Reserve tanks: This collects mud coming from the shale 

shaker. It is usually very large in size.  

2.7.7 Section Line  

This is the line that supplies the mud pump. Mud is sucked 

through it from the mud pits via the pump to the discharge 

line.  
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2.8  COMPOSITION OF DRILLING MUD 

Drilling mud is classified according to the nature of the 

continuous phase.  And within each broad classification are 

division based on composition or chemistry of the fluid or the 

dispersed phase. The composition and quality of drilling mud 

depends largely on its behavior in actual drilling, the diversity 

of geological conditions and the presence of a suitable raw 

material. Its ability to withstand various operational and 

environmental conditions is built into the fluid by the addition 

and mixing of some additives to enhance fluid performance.  

Drilling mud systems could be generally classified into Water–

Based Mud (WBM) and Oil–Based Mud (OBM). According to API 

waste survey (1985), WBM are preferred because they are oil 

free mud system and hence more environmentally friendly. 

According to Luigi (1979), water-based mud is a colloidal 

suspension of clay in water with some chemical additives 

commonly used all over the world. Mention was also made of 

the mud utilized by NAOC which is basically of three kinds: 

i. Bentonitic mud: Fresh water plus bentonite (6 to 10%) 

ii. Lignosulfonate mud: Fresh water plus bentonite (8 to 

10%) plus lignosulfonate (0.7 to 1%).  
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iii. Chromo-lignine mud: Fresh water plus bentonite (7 to 

10%) plus lignosulfonate (1 to 2%) plus chromo-lignine 

(0.51 to 1%) plus caustic soda (0.3 to 0.5%). 

On the other hand, OBM are used for drilling through unstable 

clay formations and directional drilling (slant-wise and 

horizontal drilling). The earth and cuttings or waste produced 

during drilling are invariably contaminated with oil from drilling 

fluids when OBM are used. Considering the recalcitrant and 

toxic nature of diesel oil-based mud and to some extent, 

mineral OBM (which are derived from petroleum), the synthetic 

drilling mud system was developed (Munco et al, 1997). The 

synthetic based mud system or fluids as well as a range of 

hydrocarbons consisting of linear alpha, polyalpha and isomeric 

olefins and n-paraffin’s (Baroid, 1993).  

Generally, the synthetic based mud systems are modified 

vegetable oil (ester based). They have been promoted by the 

manufactures as being readily biodegradable (aerobically and 

anaerobically). They have been known to be much more 

biodegradable than numeral-oil based mud (Steber et al, 1995; 

Baroid, 1993). Nonetheless, Iheaturu (2005) observed that 



32 
 

every drilling mud is composed of the following a continuous, 

which may be water, oil, polymer or gas, clay and a 

discontinuous phase, which is the additives used to enhance 

mud performance during drilling. 

Based on these compositions, he then classified drilling mud 

into three types; WBM with water as its continuous phase as 

well as emulsion of oil in water type; OBM with crude oil, 

mineral oil and isomerizes olefins (Pseudo-oil based mud) as its 

continuous phase; and polymer-based drilling mud (PBM) with 

partially hydrolyzed polyacylamides, cellulose derivatives and 

gums as continuous phase. 

Diesel, kerosene or crude oil are used as carrier for other 

components in the OBM systems. This mud system is known to 

contain high proportion of Polynuclear Aromatic Hydrocarbons 

(PAHs) which are carcinogenic and recalcitrant in nature. 

Structural PAHs are made up of a number of fused aromatic 

rings (2 – 6 rings) making them not easily biodegradable 

(Gould et al, 1992, Munro et al, 1997).  

Mention has already been made of one or more manufactured 

chemical additives used to improve mud properties and to each 

of these, a level of toxicity can be assigned (Sneed, 1980), the 
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additives used for the enhancement of mud performance 

according to Iheaturu (2005) are: 

i. Weighting agent: Barites (BaSO4), bentonite, calcium 

carbonate (CaCO3), asbestos, fibbers, lead compounds 

(gelana), iron oxides, ilmerite, siderite, celestite, and 

dolomite are used because of their high specific gravity in 

other to provide density or weight of drilling mud.  

ii. Dispersant (thinners): These are chemicals that alter the 

relationships between the viscosity and percentage of solids 

in the mud so as to increase pump ability of a mud. It acts 

as a deflocculant that prevent agglomeration of clay 

particles. Inorganic thinners in use include the compounds 

of phosphates while organic lignosulfonates.  

iii. Emulsifiers: These are used to create a consistent or 

heterogeneous mixture of two dissimilar liquids (such as oil 

and water). They are mostly detergents and include 

lignosulfonates, changed and non-changed surfactants.  

iv. Fluids loss reducers also referred to as filtration control 

agents. They are mostly polymer (carboxymethyl cellulose 

(CMC), sodium carboxymethyl cellulose and pre-gelatinize 

starch.   
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v. Flocculants: These are sometimes added chemical to 

increase the gel strength of a mud, salt (or brime), 

hydrated lime, gypsum and sodium tetraphosphate may be 

used to cause colloidal particle of a suspension to group 

into bunches causing solids to settle out.  

vi. Bactericides: In the case of PMB, these are used to reduce 

the attachment of bacteria on the polymer. Examples are 

paraformaldehye, caustic soda, lime and starch 

preservatives. 

vii. Corrosive inhibitors: These include hydrated lime, 

amine salts, and sodium chromate.  

viii. Sulfate active agents (surfactants): These fluids are 

used to reduce the interfacial tension between contacting 

surface (water/oil, water/solid, and water/air). They may 

sometimes be emulsifiers, de-emulsifiers, and flocculants or 

deflocculants depending on the surface involved. 

ix. Shale control inhibitors: Gypsum, sodium silicate, lignite, 

lignosulfonates as well as polymers. Lime and salt (sodium, 

calcium and potassium) are products used to control caving 

by swelling of hydrated shale.  
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x. Foaming agent’s acts as surfactants (surface active 

agents) and foam in presence of water. They permit drilling 

by forcing formation water out with air or gas thereby 

speeding drilling operation. 

xi. Calcium removers: Caustic soda, soda ash, bicarbonate of 

soda and certain polyphosphate are used to prevent and 

overcome the contaminating effects of anhydrite, gypsum 

or cement. 

xii. Viscosifiers: These are based on non toxic modified 

polymers (partially hydrolyzed polyacrylamides – PHPA), 

biopolymers, carboxymethyl cellulose (CMC). 

These categorizations of drilling mud additives are not all 

inclusive. However, it serves as a helpful guide to recall the 

principal functions of additives commonly used in drilling mud 

formation.  

 

2.9 SPENT WASTE DISPOSAL OPTION(S)   

Madufor (1996) observed that oil companies have adopted 

spent waste disposal alternative which depend on the following 

criteria: 

i. Nature of drilling mud 
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ii. Mud and solid control 

iii. Depth of drilling hole  

iv. Recyclability of mud  

v. Spent mud compatibility with oil  

vi. Mud biodegrability. 

Some of the waste disposal alternatives include: 

2.9.1 The CRI Process 

This refers to as cuttings re-injection process and it involves 

the removal of oil based cuttings from shakers, the dilution of 

the cuttings with water and grinding of the cuttings with a 

pump. The slurry is then injected into the annulus for final 

disposal (Brandit, 1996 and SPDC, 1996).  

2.9.2 Waste Disposal On Land 

On land locations, cuttings are collected in waste pits or special 

tanks. These tanks are used to transport and store waste to 

suitable dumpsites (usually acquired by the company), while 

the top hole cuttings are generally compatible with the 

environment and are used for civil works. To minimize the 

quantity of cuttings for handling, the inert top hole cuttings are 

segregated from subsequent hole cuttings (UNIPORT, 1998) for 
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hole drilled with oil-based mud and inhibited mud systems, the 

primary technique for the disposal of waste from subsequent 

hole section is by re-injection or thermal desorption. The 

residue from thermal desorption is disposed of by land farming, 

land filling or back filling (SPDC, 1996). 

2.9.3 Slag Waste Mix Conversion Technology 

Blast furnace slag has been found to be an agent for solidifying 

both water-based and oil-based mud at the rig site, so that 

solidification method for reducing or eliminating offsite disposal 

is developed (Brandit, 1996). All site drilling wastes such as 

drilling cuttings, drilling fluids, cement, un-used or left over 

cement blends and other wastes is solidified by directly mixing 

slag into a high strength impermeable mud concrete which is 

buried or used for road construction purposes.  

2.9.4 Drilling Cuttings And Solids Pulverizer (DCSP) 

The oil companies have also adopted the DCSP approach in 

disposal of drilling waste and hazardous materials (UNIPORT, 

1998), this approach was made possible by WESTECH HMD, 

USA which developed the “Drilling cuttings and solids 

pulverizer, DCSP”. The Westch DCSP reduces the volume and 

the handling difficulties associated with the disposal of 
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materials generated during offshore exploration. The process 

involves reducing solids and cuttings or waste to smooth slurry 

(fine silt size particles) and mixing the liquid stream into three 

slurries to obtain a fluid whose rheological properties are 

somewhat manageable and can be handled via piping and 

pumps (EPA, 2000).  

2.9.5 Re-use of slurries For casing  

Another popular option is the re-use of the slurry for casing 

jobs in place of valuable drilling waste. The slurry is mixed into 

the mud prior to pulling out of the hole following the “Wiper 

hip”. It is also used to fill the casing prior to pumping the 

cement.  

2.9.6. Disposal To shore side Facility 

If down hole re-injection or casing operations are not viable 

options, then the companies adopt disposal to shore side 

facility. Where the cuttings and spent waste are mixed together 

into a homogenous liquid, then mixture is pumped off to work 

boats or into barges (Wills, 2000).  
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2.10  FATE / BIODEGRADABILITY OF HYDROCARBON   

 COMPONENT OF DRILLING WASTE 

Studies have shown the existence of micro-organisms in soil 

band aquatic ecosystems with the capability of degrading 

hydrocarbons and related pollutants utilizing them as energy 

source thereby decontaminating the environment (Ijah and 

Anitai, 1988).  

These micro-organisms vary in their hydrocarbon degrading 

ability. Though a process of selective adaptation, they have 

become exposed and adapted to specific hydrocarbon types. 

Some can utilize aliphatic hydrocarbons (hexane) or mixture of 

aliphatic hydrocarbons (Kerosene and Diesel) and aromatic 

hydrocarbons such as benzene and toluene. Steber et al 

(1995), observed that fatty acid and alcohol-based ester oil 

exhibit excellent anaerobic degradation to the gaseous final 

end products of the methanogenic degradation pathway, 

methane and carbon-dioxide. 

Nevertheless, LaGrega (2001), observed that the resistance of 

aromatic hydrocarbon to microbial attack is ascribed to its 

condensed polycyclic nature and the presence of carbon-12 

olefin which are recalcitrant to biodegradation.  
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According to Steber (1995), mineral oil, dialkyl ethers, alpha-

olefins, polyalphaolefins liner alkyl benzenes and an actetyl-

derivative were not or slowly degraded.  
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CHAPTER THREE 

3.0 RESEARCH METHODOLOGY  

3.1 STUDY AREA 

3.1.1 Location and Site: The soil understudy is Opukushi 

drilling waste dump-site in Delta State Nigeria. The 

geographical location is at latitude 050 31’N and longitude 050 

44’E, in Warri South–West Local Government Area of Delta 

State.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1. Map of the Niger Delta showing the study area. 

Source: SPDC Nigeria, 2000. 

SAMPLING LOCATION 
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3.1.2 Geology: The study area lies on the Opukushi Deltaic 

Plain. The thickness of the deposit of the bed varies throughout 

the plain. It is heated at the edge of the mangrove swamp 

bordered by sedimentary rock of the coastal plain formation.  

However, the deltaic plain is well sorted into: 

Course - Textured at top bed  

Medium - Textured at top bed  

Slipping  - Middle set bed 

Fine   - Textured clay material bottom set bed 

The terrain is not flat and low –lying, the soil is generally sandy 

and salty with some clay layers. 

3.1.3 Climate: The area has the distinct climate region which 

is governed by the position of the inter-tropical convergence 

zone (ITCZ) a zone of instability at the inter-face of the dry 

tropic land and moisture tropical maritime air masses. Wet 

season rainfall as recorded spanned from March to October 

while dry season period low rainfall covered the month of 

November to February. Season variation of humidity is high but 

period of low humidity occurs in December – February. 

The temperature is high between December – March (Dry 

season) while minimum is recorded during the rainy season. 
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3.1.4 Vegetation and Land Use: The soil is fairly wide, dark 

in appearance and is flanked by red – mangrove – rhizophora, 

scattered palm trees, raffia palm and other economical 

medicinal and food crops around and within the area.  

3.1.5 Occupation: The major occupation of the inhabitants 

are farming, crops such as yam (water yam), cocoa yam, 

cassava and plantain etc are grown and fishing in a small scale.  

 

3.2 RESEARCH DESIGN 

An organization is the important step in realizing a project. For 

a good research, a plan of the steps has to be designed. Hence, 

this research was systematically designed to observing 

gathering, analyzing and interpreting data obtained from soil 

samples of impacted sites. 

In this research, a completely random design (CRD) was 

adopted in sample collection due to the nature of the study 

area terrain (not plain). Three independent random samples of 

experimental units were collected from each site: A, B and C as 

follows:  

 Site A: Freshly impacted 

 Site B: Site with after six months deposit  

 Site C: Control (about 300m from site B) 
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Each of these samples is a composite sample consisting of zero 

to one meter (0 -15m) depth of the sampled soils. The samples 

were collected around 11.00am in the morning of mid August.  

 

3.3 SOURCES OF DATA  

Different types of data that are directly or indirectly related to 

the research were carried out and collected from different 

sources. They are categorized into two: the primary data and 

the secondary data.  

3.3.1 The Secondary Data 

These secondary data are based on data obtained from various 

accounting and record keeping agencies as: 

i. National Population Commission (NPC) 

ii. Federal Ministry of Environment (FME) 

iii. Ministry of Lands Delta State  

iv. Department of Environmental Technology (FUTO) 

v. University of Port-Harcourt Library  

vi. Federal University of Technology Owerri, Library.  

Other sources of secondary data include published materials 

obtained from text books, scientific journals, monographs, 

seminar proceedings, technical reports and many others. 
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3.3.2 The Primary Data 

These include soil samples from Opukushi field dumpsite (A 

and B). It also incorporates another sample taken close to the 

drilling waste dumpsite (an area within the same ecological 

zone) to serve as a control.  
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Plate 3.1: Examining drilling waste from the well Bore 
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Plate 3.2: Drilling activities on the site 
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Plate 3.3: Examining the different types of drilling bits 

on project site 
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3.4 LABORATORY ANALYSIS  

The instruments used in analyzing the soil for the respective 

parameters and their procedures are as follows:  

3.4.1 Particle Size Distribution  

APPARATUS: 

 Multi-mix machines with baffled milkshake cups. 

 1 liter capacity glass cylinder  

 Special hydrometer for measuring density of soil 

suspension with bouyoueos scale in g/Liter.  

 Thermometer 

 2mm sieve  

REAGENT:  

Sodium hexamata – phosphate dispersing agent.  

PROCEDURES: 

 51g of air dried soil was weighed into 5000ml dispensing 

cup. 

 The cup was filled within 5cm of the top of the dispensing 

cup with distilled water. 

 20mL of dispensing solution was added and allowed to 

soak for about 15 minutes. 
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 The baffle was inserted into the cup and the stirrer blade 

lowered into the suspension and the content was stirred 

for 10 minutes. 

 The suspension in the cylinder was made up to 1130 ML 

with the hydrometer in the suspension. 

 The hydrometer was removed and the cylinder was 

covered with hand and inverted several times. 

 The cylinder was placed on flat surface and  time was 

recorded. 

 After half minute, the hydrometer was slowly and carefully 

placed in the suspension. 

 The hydrometer reading was taken after 40 seconds and 

the temperature was recorded. 

 After 2 hours replace the hydrometer inside the 

suspension and take the reading also record the 

temperature. 

 The temperatures were corrected by adding 0.3 for every 

degree centigrade that it is below the calibration 

temperature.  

Also subtract 2.00 for the added dispersing agent.  
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CALCULATION:  

Let H1 and H2 be the hydrometer reading and T1 and T2 be the 

temperature at 40 seconds and 2 hours respectively. Let T0 be 

the calibration temperature of the hydrometer.  

% (Silt) = [H1 + 0.3 (T1 – T0) – 2.0] x 100
50  

% (Clay) = [H2 + 0.2 (T1 – T0) – 2.0] x 100
50 

% (Sand) = [100 - % (Silt + Clay)]  

3.4.2 Bulk Density  

APPARATUS: 

 Burette  

 Weighing balance  

PROCEDURES:  

 5g of the air drilled sample was weighed out W1.  

 A know volume of drilled water was measured into the 

burette stand with a retort stand and the volume was 

recorded as X1. 

 The soil sample was transferred into the burette and the 

new volume of water displaced noted as X2. 
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CALCULATION: 

The bulk density was calculated as  5 −   

The particle density was calculated as follows,  

Particle size x Bulk density/100 

The plasticity and stickiness of the samples were carried by 

physical feeling of the texture of the soil samples.  

3.4.3 Infiltration / Drainage 

APPARATUS: 

The following apparatus was used for the analysis of infiltration 

and drainage rates of the soil samples.  

 Measuring cylinders  

 Cotton wools  

 Funnels  

PROCEDURES: 

 The funnels were packed with the soil samples in such a 

way that to avoid air traps within the soil pore space. 

 The funnels were placed in the graduated measuring 

cylinders.  

 The same volume of water was passed through the soil 

samples in the funnel. 
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 The funnels were placed in the measuring cylinders and 

allow standing.  

 Infiltration and drainage was monitored over a period of 

time.  

The pore sizes were determined by measuring the volume of 

air trapped within the pores of the soil samples.  

3.4.4 Determination Of pH 

APPARATUS: 

 pH meter and litmus paper 

REAGENTS:  

 Buffer solution of 4.0, 7.0 and 9.0 

GLASS WARES: 

 50 ML beakers  

 Glass rods 

 50 ML measuring cylinders  

PROCEDURES:  

 20g of air drilled and sieved soil was weighed into 50ML 

beaker. 

 20ML of distilled water was added to the soil sample 
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 The mixture was allowed to stand for 30 minutes 

 The pH was taken using pH meter. 

3.4.5 Total Organic Carbon  

APPARATUS: 

 Analytical weighing balance 

 Magnetic stirrer and bulb-lamp. 

GLASS WARES: 

 500 ML erlenmeyer flask 

 50 ML burette 

 50 ML measuring cylinder  

 10 ML pipette  

 25 ML pipette 

PROCEDURES:  

 A teaspoon of a representative sample of soil was taken 

and grinded to pass through 0.5mm sieve. 

 100mg of the soil sample was weighed into a 500ML 

erlenmeyer flask. 

 10ML of 1N K2Cr2O7 was pipette into the flask and swirl 

gently to disperse the soil.  
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 20ml conc. H2SO4 was rapidly added into the flask and the 

flask was immediately swirled until soil and reagents are 

mixed.  

 The flask was allowed to stand on a sheet of asbestos for 

about 30 minutes. 

 300ML distilled water and 25mL of 0.5N FeSO4 was added. 

 The suspension was titrated with standard KMnO4 from a 

burette, at the end point of the titration colour changes 

from deep – green to purple red. 

 A blank titration was made in the same manner without 

soil. 

CALCULATION:  

Let X be the meq. of carbon in the soil sample, Y and Z be the 

meq. of K2Cr2O7 and FeSO4 added respectively. 

Let T and B be the volume of KMnO4 used up in the titration of 

soil sample and blank respectively and N be the normality of 

KMnO4.  

 X = N (T – B)  

 W(gm) Soil contain N (T – B) x 3mg carbon  

 100gm soil contain N (T – B) x 3  x 100
1000   
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 % carbon in the soil = N (T – B) x 3
10  

The method has a recovery factor of 77% 

True % of organic carbon in the soil = 

N(T – B) / 10w x 3 x 100/77 = N(T – B)/W x 0.390 

The organic matter is calculated by multiplying % organic 

matter by 1:724. 

3.4.6 Determination Of Sodium and Potassium  

APPARATUS:  

The apparatus used is a flame photometer with suitable filters 

for Na and Ka. 

GLASS WARES: 

 50ML volumetric flask 

 Graduated 10 pipettes  

REAGENTS:  

 100ppm Na (prepared by dissolving 0.254g dried NaCl in 

water and diluting to 1 litre. 

 100ppm K (Prepared by dissolving 0.191g dried KCl in 

water and  diluting to 1 liter) 

 1ML NH4OAC, prepared by diluting 228ML of glacial acetic 

acid (99.5%) with water to a volume of 2 liters and 
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adding 276ML of Conc. NH4OH and water to obtain a 

volume of about 3950ML, the pH was adjusted with 

NH4OH or acetic to 7 the solution was make up to 4 liters. 

PROCEDURES:  

 0, 4, 10, 14 and 20ppm standard for Na was prepared by 

pipetting 0, 2, 5, 7 and 10ML of 100ppm stock solution of 

the element into 50ML volumetric flasks and diluting the 

solution to 50ML with NH4OAC solution. 

 10ML of NH4OAC extract collected from the extraction 

above was diluted to 50ML with NH4OAC solution. 

 The sodium filter in the instrument. 

 The instrument was calibrated by setting the meter needle 

to zero by aspirating 0ppm and by setting the meter 

needle to 100% emission by aspirating the highest 

concentration of standard. 

 Aspirate the rest of the standard one by one and record 

the emission readings. Prepare calibration curve by 

plotting emission readings (Y-axis Vs Conc. Standard in X-

axis). 
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 Aspirate the NH4OAC extract (undiluted) and the diluted 

one in the flame photometer and determine concentration 

of Na in the extract from the meter reading and 

calibration curve.  

CALCULATION: 

Let the concentration of Na in the diluted NH4OAC extract by 

Cppm concentration of Na in the undiluted NH4OAC  

= 50 x 10   

Amount of sodium in the 350 ML undiluted extract  

= 50 x (C/10) x 350mg 

= 50 x (C/10) x (350/1000) mg 

= 50 x C x 350/10 x 100 x 23 

The quantity of exchangeable Na present in 20g soil  

100g soil contains C x 50 x 350 x 100 / 10 x 1000 x 23 x 20. 

The procedure for the determination of exchangeable K are 

similar to that of exchangeable Na except that the filter 

corresponding to the element need to be used.  
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3.4.7 Determination Of Heavy Metals (Ba, Pb, As, Cr) 

APPARATUS: 

The apparatus used is an Atomic Absorption 

Spectrophotometer with suitable lamps for Pb, Cr, As and Ba. 

GLASS WARES: 

 50ML volumetric flask 

AGENTS:  

 Commercially prepared 1000ppm standards for the 

respective heavy metals. 

PROCEDURES:  

 0, 4, 10, 14 and 20ppm standard for each of the heavy 

metals were prepared by pipetting 0, 2, 5, 7 and 10mL of 

1000ppm stock standard solution of the heavy metals 

into 500mL volumetric flasks.  

 The appropriate lamps for each heavy metal were fixed in 

the equipment. 

 The instrument was calibrated by aspirating the prepared 

standards into the AAS for each of the heavy metal using 

the appropriate lamps. 
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 The instrument automatically take the absorbance of 

each concentration of the heavy metal and use it to 

prepare calibration curve by plotting absorbance readings 

(Y-axis) Vs Conc. Of the standard in (X-axis). This was 

done for all the metals. 

 The extract from the digested soil samples were then 

aspirated into the AAS to determine the heavy metals 

concentration. The equipment automatically determines 

the concentration of heavy metals in the extract utilizing 

the calibration curve.  

3.4.8 Analysis For Polyaromatic Hydrocarbons (PAHs) 

Sample preparation:  

 10g of the soil samples were measured out into a beaker. 

 20mL of analytical grade n-pentane was added to the 

samples measuring cylinder. 

 The mixture was shaken vigorously for 15 minutes and 

allowed to settle. 

 The mixture after settling filtered using analytical grade 

filter paper. 
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Cleaning Of The Extract  

 The extract was cleaned using a column chromatography. 

 The column was pack with chromatography grade silica 

gel.  

 The column was separated using a glass wool. 

 The extract was poured through the column in other to 

clean the biogenic in the sample. 

 The elute was collected and concentrated by allowing the 

extract to stand on the laboratory temperature for few 

hours and the sample was ready for GC analysis.  

Gas Chromatography Analysis Of The Extract 

 A flame ionization gas chromatography was used for the 

PAH analysis. 

 All the GC parameters, oven temperature, detector 

temperature, carrier, fuel and make up gases were all 

brought to the set points. 

 The carrier gas used was nitrogen and the fuel gases 

used were hydrogen and compressed air.  

 The GC has a split/spilt less injector. 
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 1mL of the extract was injected into the GC and the 

analysis was allowed to run for 35 minutes. 

 The GC was calibrated using an external PAH standards.  

 Using the various retention times of individual PAH 

fraction and the calibration curves of the external 

standard used for the calibration of the GC, the 

hydrocarbon fraction was quantified using the 

chromatograph.  

3.4.9 Determination Of Phosphorus  

Total reactive phosphorus (TRP) in the soil samples were 

measured spectrophotometrically in the laboratory following 

the formation of phosphomolybdic acid. Standard curves were 

prepared using standard phosphate solution. A solution of the 

soil samples and distilled water was prepared using the ration 

of 50/50 and the solution was filtered into a 50mL beaker. The 

absorbencies of the filtrate were taken at a wavelength of 

690nm using a Shimadzu UV/visible spectrophotometer. And 

the concentration of phosphate in the soil sample was 

determined using the standard curve.  
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3.4.10 Determination Of Nitrate and Nitrite  

Nitrate is the soil samples were determined by APHA 4500 P-D 

method in which in the presence of Conc. Hydrochloric acid and 

N-(1-naphthyl)-ethylenediamine dihydrochloride and 

sulphanilamide reacts with nitrates to give a pink colour 

proportional to nitrite concentration. Nitrate was determined by 

difference after reduction in Cd – Cu column and quantification 

of the total resulting nitrite using UV/visible 

spectrophotometer.  

3.4.11 Determination Of Sulphate 

Sulphate was determined spectrophotometrically by measuring 

the turbidity developed when barium chloride solution are 

added to the sea water sample respectively. Sulphate was 

measure at 450nm wavelength.   

 

3.5 STATISTICAL ANALYSIS 

To assess the effect of drilling waste on soil quality of Opukushi 

community, a descriptive statistics were explored with the use 

of means, standard error, range and graphical representations. 

The interrelationship (influences) of the physicochemical 

variables were explored using the Pearson product moment 
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correlation coefficient (r). The test of homogeneity of means of 

the variables measured across the sampling locations was 

conducted with the one-way analysis of variance (ANOVA), 

while further structure detection was made with means plots. 

There was significant spatial inequality [F(16.05) > Fcrit(3.93)] at P 

< 0.05 and P < 0.01 in sampling sites.  

 

3.6 LINEAR REGRESSION  

Used to model the value  of a dependent scale variable based 

on its linear relationship to one or more predictors. 
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CHAPTER FOUR 

4.0 RESULTS AND ANALYSIS  

4.1 VARIATION IN PHYSICAL AND CHEMICAL PARAMETERS  

Wide variations were observed in some physical and chemical 

parameters (Appendix 1). They include pore size which varied 

between 26.20 and 38.90 (33.20  1.80)%, Lead which varied 

between 19.00 and 50.18 (30.01  4.17)mg/kg; Chromium which 

varied between 15.20 and 35.25 (26.00  2.73)mg/kg, Barium 

which varied between 63.15 and 140.10 (98.50  9.23)mg/kg, and 

the polynuclear aromatic  hydrocarbons (PAHs) which varied 

between negligible  and 290.12 (125.00  38.80)mg/kg (Table 4.1), 

Sulphate also varied between 14.45 and 26.18 (18.80  

1.60)mg/kg, while nitrate varied between 11.10 and 22.10 (15.23  

1.54)mg/kg.  

However, narrow variations were also observed in clay (10.20 – 

13.20, mean = 11.84  0.40%), silt (70.00 – 78.40, mean = 73.70 

 1.22%), sand (11.10 – 17.00, mean = 22.77  0.10%), clay 

density (0.24 – 2.20, mean = 0.90  0.30g/l), silt density (0.43 – 

1.96, mean = 1.44  0.30g/l) and sand density (0.25 – 0.68, mean 

= 0.50  0.10g/l). pH varied from 5.00 – 5.80, (5.30  0.11), TOC 

varied from 3.30 – 4.90, (3.90  0.21%), Na from 0.84 – 1.42 (1.11 

 0.10 meqK, K from 0.06 – 1.60, (1.04  0.24 meqk) and 

phosphate from 9.45 – 18.40, (12.84  1.25mg/kg).  
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Table 4.1: Descriptive statistics of the physical and 

chemical parameters  

Parameters  Minimum  Maximum  Range  Mean  SE  

Clay %  10.20 13.20 3.00 11.84 0.40 

Silt %  70.00 78.40 8.40 73.70 1.23 

Sand % 11.10 17.00 5.90 14.50 0.82 

Bulk density g/l  2.40 3.12 0.72 2.77 0.10 

Clay density g/l 0.24 2.20 1.96 0.90 0.30 

Silt density g/l 0.43 1.96 1.53 1.44 0.30 

Sand density g/l 0.25 0.68 0.43 0.50 0.10 

Pore size % 26.20 38.90 12.70 33.20 1.80 

pH  5.00 5.80 0.80 5.30 0.11 

TOC % 3.30 4.90 1.60 3.90 0.21 

Na megk 0.84 1.42 0.58 1.11 0.10 

K megk 0.06 1.60 1.54 1.04 0.24 

Pb mg/kg 19.00 50.18 31.18 30.01 4.17 

Cr mg/kg 15.20 35.20 20.05 26.00 2.73 

Ba mg/kg 63.15 140.10 76.95 98.50 9.23 

PAHa mg/kg 0.00 290.12 290.12 125.90 38.80 

SO4
2- mg/kg 14.45 26.18 11.73 18.80 1.60 

PO4
3- mg/kg 9.45 18.40 8.95 12.84 1.25 

NO3
- mg/kg 11.10 22.10 11.00 15.23 1.54 

SE = Standard error  
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4.2 SPATIAL VARIATION IN PHYSICAL AND CHEMICAL 

PARAMETERS  

Spatial variations were observed in the physical and chemical 

parameters measured. For textural classifications, clay 

composition was highest in sampling site B (13.1%), while 

least value were recorded in site A (10.3%), silt composition 

was highest in sampling site A (78.2), while least value 

(70.1%) was recorded in site B and sand composition was 

highest in sampling site B (21.3%), while the least was 

recorded in site A (11.1) (Fig. 4.1). 

The highest bulk density and clay density (3.1g/l and 2.8g/l) 

respectively were recorded in site B, while least value were 

both recorded in site A (2.47 g/l and 0.25 g/l) (Fig. 4.2). 

Silt and sand density were highest in sites C and B, (1.95% 

and 0.66% respectively) and least value were recorded in sites 

B and A (0.46% and 0.26% respectively) (fig. 4.3). 

Fig. 4.4 shows that pore size was highest at site A (38.5%) and 

least value was recorded at site B (26.4%).  

pH, TOC and Na concentrations were highest in sites C (1.23), 

A (4.7%), and B (1.23 meqk) and least in sites A and B 

(5.1%), C (3.47) and A (0.9 meqk) respectively (fig. 4.5).  
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Maximum mean of Pb and Cr contents were recorded in 

sampling site A (46.03mg/kg) and B (30.21mg/kg) 

respectively, while minimum values were recorded in site C 

(19.31mg/kg and 15.32mg/kg) (fig. 4.6). 

Ba and PAHs concentrations were highest in site A 

(125.49mg/kg) and site B (266.23mg/kg), while the least in 

site C (64.82mg/kg)and (0.00mg/kg) respectively (fig. 4.7).  

Maximum SO4
2-, PO4

3- and NO3
- concentrations were all 

recorded in site C (24.86mg/kg), (17.76mg/kg) and 

(21.28mg/kg) respectively, while minimum values were also 

recorded in site A (15.2mg/kg), (10.25mg/kg) and 

(11.87mg/kg) respectively. 

The test of homogeneity of variance in means of the physical 

and chemical parameters revealed significant spatial inequality 

[F(16.05) > Fcrit (3.93) at P < 0.05 across the sampling sites 

(Appendix 2)  
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Descriptive Graphs 
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Regression 

 

 

Fig. 4.9. Regression plot between pH and PAHs 
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Fig. 4.10. Regression plot between phosphate and PAHs 
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Fig. 4.11. Regression plot between nitrate  and PAHs 
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The variability of pH decreases with increasing concentrations 

of polynuclear aromatic hydrocarbons (PAHs) (fig. 4.9). 

Regression plot between pH and PAHs. R square, in model 

summary table is the coefficient of determination, shows that 

the model explained more than half of the variation in pH. 

 

4.3 RELATIONSHIP BETWEEN THE PHYSICAL AND 

CHEMICAL PARAMETERS  

Several parameters correlated with one another (Table 4.2). At 

P < 0.01, clay correlated positively with sand (r = 0.988), bulk 

density (r = 0.964), sand density (r = 0.951) and K                

(r = 0.928). Silt correlated with pore size (r = 0.908), TOC      

(r = 0.908) and Pb (r = 0.856). Sand correlated with sand 

density (r = 0.922) and K (r = 0.953). Bulk density correlated 

with clay density (r = 0.863), sand density (r = 0.922) and K   

(r = 0.953). Clay correlated with sand density (r = 0.931). Silt 

density correlated with pore size (r = 0.946). pH correlated 

with Ba (r = 0.858), SO4
2- (r = 0.890), PO4

3- (r = 0.960) and 

NO3
- (r = 0.917). TOC correlated with Pb (r = 0.940). Na 

correlated with K (r = 0.829). SO4
2- correlated with PO4

3-        
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(r = 0.965) and NO3
- (r = 0.974). PO4

3- correlated with NO3
-   

(r = 0.955).  

However, negative correlations were also observed between 

clay and silt, pore size, TOC and Pb, between silt and sand, 

bulk density and sand density, between sand and pore size, 

TOC and Pb, between bulk density and silt density and pore 

size, between clay density and silt density and pore size, 

between silt density and sand density and PAHs, between sand 

density and pore size between pH and Cr, between TOC and K, 

between K and Pb, between Cr and SO4
2-, PO4

3- and NO3
-, 

between Ba and SO4
2-, PO4

3- and NO3
- at P < 0.01. 

Several other positive correlations were observed at P < 0.05. 

They include clay and clay density (r = 0.793), Na (r = 0.767), 

silt and silt density (r = 0.725), sand and bulk density (r = 

0.944) and clay density (r = 0.748) and Na (r = 0.784), bulk 

density and Na (r = 0.764), sand density and Na (r = 0.713) 

and PAHs (r = 0.673), pore size and TOC (r = 0.697), TOC and 

Ba (r = 0.676), Pb and Cr (r = 0.720), Cr and PAHs (r = 

0.737). 

Negative correlations were also observed at P < 0.05 between 

clay and silt density, between silt and clay density, Na, 
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between sand and silt density, between bulk density and TOC 

and Pb, between sand density and TOC, between pore size and 

K and PAHs, between pH and PAHs, between TOC and Na, 

between Na and Pb, between Pb and SO4
2- and NO3

-, between 

PAHs and SO4
2- and PO4

3- and NO3
-.  
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Table 4.2: Correlation matrix of the physical and chemical parameters  
Parameters  Clay  Silt  Sand  Bulk ρ Clay ρ Silt ρ  Sand ρ Pore 

size  

pH TOC Na K Pb Cr Ba PAHs SO4
2- PO4

3- NO3
- 

Silt  -0.995**                   

Sand  0.988** -0.999**                  

Bulk ρ 0.964** -0.953** 0.944*                 

Clay ρ 0.793* -0.765* 0.748* 0.863**                

Silt ρ -0.756* 0.725* -0.707* -0.839** -0.995**               

Sand ρ 0.951** -0.934** 0.922** 0.979** 0.931** -0.912**              

Pore size  -0.926** 0.908** -0.896** -0.954** -0.962** 0.946** -0.989**             

pH  0.171 -0.206 0.223 0.009 -0.442 0.491 -0.118 0.205            

TOC -0.884** 0.908** -0.916** -0.764* -0.500 0.443 -0.730* 0.697* -0.443           

Na 0.767* -0.784* 0.784* 0.764* 0.525 -0.471 0.713* -0.661 0.152 -0.763*          

K 0.928** -0.947 0.953** 0.859** 0.531 -0.484 0.791 -0.737* 0.455 -0.944** 0.829**         

Pb -0.844** 0.856** -0.859** -0.711* -0.359 0.298 -0.647 0.588 -0.610 0.94088 -0.770* -0.950**        

Cr -0.277 0.318 -0.336 -0.112 0.358 -0.406 0.012 -0.096 -0.927** 0.543 -0.381 -0.584 0.720*       

Ba -0.473 0.506 -0.519 -0.314 0.145 -0.196 -0.200 0.122 0.858** 0.676* -0.530 -0.732 0.843** 0.973**      

PAHs 0.431 -0.390 0.369 0.565 0.891 -0.910** 0.673* -0.735* -0.769* -0.073 0.194 0.093 0.096 0.737* 0.568     

SO4
2- 0.243 -0.297 0.323 0.101 -0.371 0.428 -0.030 0.120 0.890** -0.566 0.462 0.577 -0.689* -0.957** -0.911** -0.737*    

PO4
3- 0.185 -0.242 0.269 0.034 -0.431 0.485 -0.103 0.184 0.960** -0.501 0.281 0.511 -0.682 -0.952** -0.887** -0.776* 0.965**   

NO3
- 0.224 -0.266 0.286 0.073 -0.409 0.453 -0.061 0.149 0.917** -0.519 0.379 0.552 -0.682* -0.989** -0.947** -0.776* 0.974** 0.955**  

 

* = Significant at P < 0.05, ** = Significant at P< 0.01, ρ = Density
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4.4 DISCUSSION  

Many factors enter into the constitution of a quality soil for 

growing plants. Soil serves as the physical medium for plant 

support by root anchorage. The physical properties of 

structure, texture, water infiltration and storage capacity, air 

permeability and bulk density of the soil govern the 

development and effectiveness of that root system (Khitoliza, 

2004). 

These properties determine the quality of the soil as a reservoir 

of moisture and its capacity to supply continuously a sufficient 

level of oxygen to plant root (Donahue, 1990). The physical 

analyses of the different sites showed it to be of a rough 

texture varying in depth from loamy to silty loam, therefore 

easy to till.  

There is strong evidence that, there are differences in the 

physical and chemical parameters in the sites. A test of 

homogeneity of variations in means of the physical and 

chemical parameters revealed significant  spatial inequality 

[F(16.05) > Fcrit (3.93)] at P < 0.05. 

Ekundayo and Fagbami (1996) reported that low bulk density 

increases water infiltration and root penetration resulting in 
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reduced surface flooding, adequate aeration and ground water 

pollution. 

According to Donahue (1990), both the primary nutrients 

(nitrogen, phosphorus and potassium) the secondary nutrients 

(sulphur etc) are available or more available at pH (as 

indicated in the sites), two elements can combine to form 

insoluble compounds which reduces nutrient solubility 

(especially phosphate) and thereby cause it to be unavailable 

to plants.  

It is well known fact that most trace elements exist naturally in 

soil. To this effect, some metals were found to be native of 

Niger Delta soil while their increased concentrations were as a 

result of the land treatment (land spreading) of drilling waste. 

According to Reis (1996), heavy metals encountered during 

drilling activities are related to a variety of environmental 

concerns depending on the metal and its concentration. He also 

emphasized that at low concentrations, some metals are 

essential to healthy cellular activity while at higher 

concentration, they can be very toxic to the environment. 

However, all the heavy metals of concern for this research 

were found in appreciable concentration when compared with 
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the control, the organic matter content of the sites are low by 

reason of low concentration of total organic carbon (TOC). This 

suggests low chelating activities of some drilling waste 

products including phosphates. 

Ekundayo and Fagbani (1996) reported that at high level of 

organic matter (lower than 20mg/kg) was found to be 

unconductive for heavy metal chelation, and decreased 

exchange capacities. 

Observations show that an increase in pH results to a decrease 

in the concentration of these trace metals in all the sites. More 

so, it was observed that regardless of equal concentrations of 

pH in site A and B, the rate of decrease in concentration of 

these trace metals was at increase in site B.  

This decrement in concentration could be attributed to age of 

the site which might have given room to interaction of natural 

and other atmospheric process within the site. Polyaromatic 

hydrocarbon content was high, suggesting that they are 

structurally made up of fused aromatic rings (2 – 6 rings) 

which thereby make them not easily biodegradation (Munro et 

al, 1977). 
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CHAPTER FIVE 

5.0 SUMMARY OF FINDINGS, CONCLUSION AND 

RECOMMENDATIONS 

5.1 SUMMARY OF FINDINGS  

The following constitute the major findings in this research. 

i. There is significant different between the mean of soil 

quality indicators in soil impacted with drilling waste 

and those unimpacted with the waste. 

ii. There are enough nutrients to improve the quality of 

the soil as a result of drilling waste deposit but due to 

reduce pH outside the range of 5.5 and 6.5 these 

nutrients were unavailable for plants growth.  

iii. The concentration of lead and other heavy metals in soil 

impacted with mud is high enough to retard plant 

growth. 

iv. The concentrations of poly aromatic hydrocarbon 

(PAHs) in the affected dumpsites were considerably 

high.  

v. Land spreading of drilling waste results in emission of 

volatile organic compounds which reacts with other 
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atmospheric pollutants to form smog and block the 

stomata of plants within the area where they fell. 

 

5.2 CONCLUSION  

Land treatment of drilling waste has been in practice 

within the Niger Delta region for a considerable period of time, 

however it has been limited in application and only recently 

have plans formulated to monitor its effect on soil. In past, lack 

of knowledge of the long-term effect of use of spent drilling 

waste for land treatment has also affected its use.  

However, Opukushi waste dump sites revealed narrow 

variations in clay, silt, sand, pH, phosphate, TOC and trace 

metals contents during the sampling period. 

Wild variations were also observed in pore size, Pb, Cr, Ba 

and PAHs. With the development of new technology and the 

rising cost of fertilizer, there is new outlook in the field of land 

treatment of drilling waste. 

Hence, it would be worthwhile to extend this experiment to: 

i. Microbiological testing of soil impacted with waste 

ii. Fate of drilling waste on soil 

iii. Effect of drilling waste on water quality.  
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5.3 RECOMMENDATIONS 

Based on the above findings, it is therefore recommended 

that the following precautions and safeguards be taken in land 

application of drilling waste, particularly in the Niger Delta 

region: 

i. Wherever drilling waste is to be applied on agricultural 

land, the standards and strict regulations should be 

followed from the beginning and if necessary, these 

standards should be revised after long-term monitoring 

of the activities.  

ii. Oil workers and agricultural workers who have to use 

drilling waste (mud) as part of their work should be 

well-informed and required to minimize their contact 

with it. They should not be allowed to work barefoot 

and sanitary facilities for washing should also be 

subjected to periodic medical check-ups in order to 

detect any long-term effect of exposure and in 

protection of their health, personal hygiene should be 

protected.  

iii. Oil industries should be encouraged or, if necessary, 

pressured to recycle part of its drilling waste and to 
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treat the rest to acceptable standards so as to minimize 

pollution.  

iv. Land treatment of drilling waste employed in 

agricultural land should be land farming which is an 

enhanced version of land spreading in which additional 

processing of the soil is conducted after the initial 

tilling.  

In general, one must conclude that under strict controls, as 

mentioned above, drilling waste reuse on agricultural land will 

certainly continue gaining importance, as the limited soil 

fertility of the region become unable to meet the requirements 

of all the competing demands. Hence, treatments should be 

carried out in the site to annual negative effect of heavy 

metals, PAHs and soil acidity on the soil quality indicators of the 

sites. 
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Appendix 1: Descriptive Statistics 

 

 N Range Minimum Maximum Mean 

 Statistic Statistic Statistic Statistic Statistic Std. Error 

Clay 9 3.00 10.20 13.20 11.8444 .39655 

Silt 9 8.40 70.00 78.40 73.7000 1.21735 

Sand 9 5.90 11.10 17.00 14.4556 .82397 

BulkDensity 9 .72 2.40 3.12 2.7689 .08926 

ClayDensity 9 1.96 .24 2.20 .8878 .29881 

SiltDensity 9 1.53 .43 1.96 1.4422 .24668 

SandDensity 9 .43 .25 .68 .4478 .05847 

PoreSize 9 12.70 26.20 38.90 33.2000 1.79490 

pH 9 .80 5.00 5.80 5.3000 .10672 

TOC 9 1.60 3.30 4.90 3.8800 .20469 

Na 9 .58 .84 1.42 1.1056 .06327 

K 9 1.54 .06 1.60 1.0378 .24043 

Pb 9 31.18 19.00 50.18 30.0111 4.16715 

Cr 9 20.05 15.20 35.25 25.9500 2.72798 

Ba 9 76.95 63.15 140.10 98.4767 9.23120 

PAHs 9 290.12 .00 290.12 125.8467 38.79711 

Sulphate 9 11.73 14.45 26.18 18.7644 1.55056 

Phosphate 9 8.95 9.45 18.40 12.8411 1.25213 

Nitrate 9 11.00 11.10 22.10 15.2278 1.53899 

Valid N (listwise) 9      
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Appendix 2: Test of Homogeneity of variance in means (spatial) 

 
Anova: Single Factor 

    
       SUMMARY 

     Groups Count Sum Average Variance 

  Column 1 57 1435.83 25.19 1908.827 

  Column 2 57 114 2 0.678571 

  
       
       ANOVA 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 15326.62 1 15326.62 16.05297 0.000111 3.925834 

Within Groups 106932.3 112 954.7527 

   
       Total 122258.9 113         
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Appendix 3: Variables Entered/Removedb 

 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PAHsa . Enter 

a. All requested variables entered. 

b. Dependent Variable: pH 

Model Summaryb 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 .769a .591 .533 .21887 

a. Predictors: (Constant), PAHs 

b. Dependent Variable: pH 

ANOVAb 

Model Sum of Squares df Mean Square F Sig. 

1 Regression .485 1 .485 10.117 .015a 

Residual .335 7 .048   

Total .820 8    

a. Predictors: (Constant), PAHs 

b. Dependent Variable: pH 

Coefficientsa 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 5.566 .111  50.141 .000 

PAHs -.002 .001 -.769 -3.181 .015 

a. Dependent Variable: pH 

Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value 4.9526 5.5661 5.3000 .24614 9 

Std. Predicted Value -1.411 1.081 .000 1.000 9 

Standard Error of Predicted 
Value 

.073 .131 .101 .022 9 

Adjusted Predicted Value 4.9259 5.5890 5.2820 .25009 9 

Residual -.35449 .23387 .00000 .20474 9 

Std. Residual -1.620 1.069 .000 .935 9 

Stud. Residual -1.724 1.240 .037 1.036 9 

Deleted Residual -.40157 .31487 .01797 .25168 9 

Stud. Deleted Residual -2.104 1.299 .006 1.132 9 

Mahal. Distance .002 1.992 .889 .702 9 

Cook's Distance .021 .266 .114 .105 9 

Centered Leverage Value .000 .249 .111 .088 9 

a. Dependent Variable: pH 
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Appendix 4: Variables Entered/Removedb 
 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PAHsa . Enter 

a. All requested variables entered. 

b. Dependent Variable: Phosphate 
 

Model Summaryb 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 .776a .602 .545 2.53334 

a. Predictors: (Constant), PAHs 

b. Dependent Variable: Phosphate 

ANOVAb 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 67.959 1 67.959 10.589 .014a 

Residual 44.925 7 6.418   

Total 112.883 8    

a. Predictors: (Constant), PAHs 

b. Dependent Variable: Phosphate 
 

Coefficientsa 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 15.992 1.285  12.447 .000 

PAHs -.025 .008 -.776 -3.254 .014 

a. Dependent Variable: Phosphate 

 
Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value 8.7275 15.9925 12.8411 2.91459 9 

Std. Predicted Value -1.411 1.081 .000 1.000 9 

Standard Error of Predicted 
Value 

.846 1.520 1.171 .249 9 

Adjusted Predicted Value 7.8932 15.7474 12.5863 2.99216 9 

Residual -4.03634 2.40752 .00000 2.36972 9 

Std. Residual -1.593 .950 .000 .935 9 

Stud. Residual -1.696 1.103 .045 1.032 9 

Deleted Residual -4.57240 3.24134 .25482 2.89571 9 

Stud. Deleted Residual -2.045 1.123 -.006 1.115 9 

Mahal. Distance .002 1.992 .889 .702 9 

Cook's Distance .006 .211 .111 .077 9 

Centered Leverage Value .000 .249 .111 .088 9 

a. Dependent Variable: Phosphate 
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Appendix 5: Variables Entered/Removedb 
 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 PAHsa . Enter 

a. All requested variables entered. 

b. Dependent Variable: Nitrate 
 

Model Summaryb 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 .776a .602 .545 3.11550 

a. Predictors: (Constant), PAHs 

b. Dependent Variable: Nitrate 

ANOVAb 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 102.586 1 102.586 10.569 .014a 

Residual 67.944 7 9.706   

Total 170.531 8    

a. Predictors: (Constant), PAHs 

b. Dependent Variable: Nitrate 

Coefficientsa 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 19.100 1.580  12.087 .000 

PAHs -.031 .009 -.776 -3.251 .014 

a. Dependent Variable: Nitrate 

Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value 10.1737 19.0996 15.2278 3.58096 9 

Std. Predicted Value -1.411 1.081 .000 1.000 9 

Standard Error of Predicted 
Value 

1.040 1.870 1.440 .306 9 

Adjusted Predicted Value 9.6073 18.6424 14.9215 3.64199 9 

Residual -4.29997 3.00035 .00000 2.91428 9 

Std. Residual -1.380 .963 .000 .935 9 

Stud. Residual -1.464 1.117 .044 1.028 9 

Deleted Residual -4.83904 4.03949 .30624 3.52848 9 

Stud. Deleted Residual -1.627 1.141 .003 1.069 9 

Mahal. Distance .002 1.992 .889 .702 9 

Cook's Distance .042 .216 .104 .053 9 

Centered Leverage Value .000 .249 .111 .088 9 

a. Dependent Variable: Nitrate 
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Appendix 6a: Result for Physical Parameters  

S/N PARAMETERS  SITE A  (0-1M) SITE B  (0-1M) SITE C  (0-1M) 

  1ST  2ND  3RD  ( ) S.D 1ST  2ND 3RD ( ) S.D 1ST  2ND 3RD ( ) S.D 

1 CLAY (%) 10.5 10.4 10.2 10.3 0.12 13.0 13.2 13.0 13.1 0.09 12.1 12.2 12.0 12.1 0.08 

2 SILT (%) 78.4 78.2 78.4 78.2 0.16 70.0 70.2 70.1 70.1 0.08 72.5 72.5 73.0 72.7 0.24 

3 SAND (%) 11.1 11.4 11.4 11.1 0.05 17.0 16.6 16.9 21.3 0.08 15.4 15.3 15.0 15.3 0.08 

4 BULK DENSITY (g/l) 2.5 2.4 2.5 2.47 0.05 3.12 3.10 3.00 3.1 0.05 2.7 2.8 2.8 2.8 0.05 

5 CLAY DENSITY (g/l) 0.26 0.25 0.24 0.25 0.01 2.02 2.02 2.20 2.08 0.08 0.33 0.34 0.33 0.33 0.005 

6 SILT DENSITY (g/l) 1.96 1.85 1.94 1.92 0.05 0.43 0.46 0.48 0.46 0.02 1.96 1.95 1.95 1.95 0.005 

7 SAND DENSITY (g/l) 0.28 0.25 0.26 0.26 0.01 0.67 0.68 0.64 0.66 0.02 0.42 0.40 0.43 0.42 0.01 

8 INFILTRATION RATE High High  High  - - High  High  High  - - High  High  High  - - 

9 PLASTICITY/STICKNESS  NP/NS NP/NS NP/NS - - NP/NS NP/NS NP/NS - - NP/NS NP/NS NP/NS - - 

10 PORE SIZE (%) 38.6 38.0 38.9 38.5 0.37 26.4 26.5 26.2 26.4 0.12 34.9 34.5 34.8 34.7 0.17 

 

SOURCE: FIELD SURVEY; 2010 
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Appendix 6b: Result for Chemical Parameters  

S/N PARAMETER S SITE A  (0-1M) SITE B  (0-1M) SITE C  (0-1M) 

  1ST  2ND  3RD  ( ) S.D 1ST  2ND 3RD ( ) S.D 1ST  2ND 3RD ( ) S.D 

1 pH 5.20 5.00 5.10 5.10 0.08 5.10 5.20 5.00 5.10 0.08 5.80 5.80 5.40 5.70 0.19 

2 TOC% 4.90 4.50 4.60 4.7 0.17 3.80 3.41 3.30 3.50 0.21 3.41 3.50 3.50 3.47 0.04 

3 Na(meqK) 0.94 0.84 0.92 0.9 0.04 1.21 1.18 1.30 1.23 0.05 1.06 1.08 1.42 1.19 0.17 

4 K(meqK) 0.06 0.08 0.10 0.08 0.02 1.60 1.54 1.42 1.52 0.07 1.42 1.52 1.60 1.51 0.07 

5 Pb (mg/kg) 42.80 45.12 50.18 46.03 3.08 28.54 22.12 23.40 24.69 2.77 19.64 19.30 19.0 19.31 0.26 

6 Cr (mg/kg) 30.32 31.40 35.25 32.3 2.12 28.32 30.2 32.1 30.21 1.54 15.46 15.20 15.30 15.32 0.11 

7 Ba (mg/kg) 116.25 120.11 140.1 125.49 10.45 98.56 106.4 110.4 105.12 4.92 68.14 63.15 63.18 64.82 2.35 

8 As (mg/kg) BDL BDL BDL - - BDL BDL BDL - - BDL BDL BDL - - 

9 PAH(s) (mg/kg) 113.59 100.08 120.25 111.31 8.39 258.58 250.00 290.12 266.23 17.25 0.00 0.00 0.00 0.00 0.00 

10 SO42- (mg/kg) 15.00 14.45 16.14 15.20 0.70 16.45 16.00 16.26 16.24 0.18 24.40 24.00 26.18 24.86 0.95 

11 PO43- (mg/kg) 10.12 9.45 11.18 10.25 0.71 11.18 10.15 10.21 10.51 0.47 18.18 18.40 16.70 17.76 0.75 

12 NO3- (mg/kg)  12.20 12.32 11.10 11.87 0.55 13.21 13.20 11.18 12.53 0.95 20.42 21.32 22.10 21.28 0.69 

 
SOURCE: FIELD SURVEY; 2010 



104 
 

APPENDIX 7: PROGC/SYSTEM/PAH.STR FOR FRESHLY 
    IMPACTED SITE 

 
Window :   Online Channel 1 
File Description  Date     Name  
Sample Strip:  13:50 Thu Jul 04 2010  C:\PROGC\SYSTEM\PAH.STR 
Method:   13:11 Tue Jun 04 2010  C:\PROGC\METHODS\PAH 
Calib File:   10:05 Tue Jun 04 2010  C:\PROGC\METHODS\PAH 
Raw Data:   14:20 Thu Jun 04 2010  C:\PROGC\RAWDATA\POO.78 
Results:   14:20 Thu Jul 04 2010  C:\PROGC\RESULTS\RPO.78 
 
 
Mode:    Manual  
Response Factors:  Replace  
Batch Name:   P078 
Internal Std Amount: 0.0000000 
Scale:   1.0000000 
Sample Amount:   6.0000000 
Sample Name:   FREASHELY IMPACTED SITE 
Comment:  
 
 
Peak Name Type RT(Mins) Height Area Base Con:mg/kg 
1 Solvent BB 2.500 10.28 450.6 5.42 580.4 
 Acenanphthene  - 3.332 - - - - 
2 Acenaphthylene BB 4.140 50.16 2862.2 5.31 18.30 
3 Anthracene  BB 9.668 50.20 2850.1 5.42 16.40 
 1,2-Benzanthracene - 10.667 - - - - 
4 Benzo (a) pyrane BB 12.789 50.20 2780.4 5.42 30.20 
5 Benzo (b) fluoranthene BB 13.290 50.30 2840.5 5.32 28.60 
6 Benzo (g,h,i) perylene BB 15.850 40.30 2830.5 5.50 28.12 
7 Benzo (k) fluoranthene  BB 16.585 40.50 2760.4 5.70 20.42 
8 Chrysene  BB 19.667 48.12 3800.4 5.20 40.02 
9 Dibenz (a,h)anthracene BB 19.919 60.30 2842.5 5.30 30.08 
10 Fluoranthene  BB 23.248 50.50 2872.4 5.40 21.26 
11 Fluorene  Bb 23.331 40.60 2364.5 5.60 25.18 
 Indene (1,2,3-cd)pyrene    - 24.694 - - - - 
 Naphthalene - 30.493 - - - - 
 Phenanthrene - 30.852 - - - - 
 Pyrene  - 32.506 - - - - 
 
Totals: 

    
258.58 
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APPENDIX 8: CHROMATOGRAPH FOR FRESHLY IMPACTED SITE 
 
Run Time: Unknown 
 
 
 
 
 
 
 
 
 
GC Control  
GC Control Off 
 
 
Autoinjector Control 

Autoinjector Control Off 
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APPENDIX 9: PROGC/SYSTEM/PAH.STR FOR SITE AFTER SIX  
MONTHS IMPACT  

 
Window :   Online Channel 1 
File Description  Date     Name  
Sample Strip:  12:30 Thu Jul 04 2010  C:\PROGC\SYSTEM\PAH.STR 
Method:   13:11 Tue Jun 04 2010  C:\PROGC\METHODS\PAH 
Calib File:   10:05 Tue Jun 04 2010  C:\PROGC\METHODS\PAH 
Raw Data:   13:10 Thu Jun 04 2010  C:\PROGC\RAWDATA\POO.78 
Results:   13:10 Thu Jul 04 2010  C:\PROGC\RESULTS\RPO.78 
 
 
Mode:    Manual  
Response Factors:  Replace  
Batch Name:   P078 
Internal Std Amount: 0.0000000 
Scale:   1.0000000 
Sample Amount:   6.0000000 
Sample Name:   SITE AFTER SIX MONTH IMPACTS  
Comment:  
 
 
Peak Name Type RT(Mins) Height Area Base Con:mg/kg 
1 Solvent BB 2.500 10.28 450.6 5.42 580.4 
 Acenanphthene  - 3.332 - - - - 
2 Acenaphthylene BB 4.140 50.16 2862.2 5.31 10.21 
 Anthracene  - 9.668 - - - - 
 1,2-Benzanthracene - 10.667 - - - - 
3 Benzo (a) pyrane BB 12.789 50.20 2780.4 5.42 35.20 
 Benzo (b) fluoranthene - 13.290 - - - - 
4 Benzo (g,h,i) perylene BB 15.850 40.30 2830.5 5.50 28.12 
 Benzo (k) fluoranthene  - 16.585 - - - - 
5 Chrysene  BB 19.667 48.12 380.4 5.20 40.08 
 Dibenz (a,h)anthracene - 19.919 - - - - 
 Fluoranthene  - 23.248 - - - - 
 Fluorene  - 23.331 - - - - 
 Indene (1,2,3-cd)pyrene    - 24.694 - - - - 
 Naphthalene - 30.493 - - - - 
 Phenanthrene - 30.852 - - - - 
 Pyrene  - 32.506 - - - - 
 
Totals: 

    
113.59 
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APPENDIX 10: CHROMATOGRAPH FOR SITE AFTER SIX MONTH IMPACTS. 
 
Online Channel 1 

 Run Time: Unknown 

 
 
 
 
 
 
 
 
Scale : 1.0000000  Sample Amount : 1.0000000 

Comment:   

 

 

GC Control  
GC Control Off 
 
 
Autoinjector Control 

Autoinjector Control Off 
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APPENDIX 11: PROGC/SYSTEM/PAH.STR FOR CONTROL SITE   
 
Window :   Online Channel 1 
File Description  Date     Name  
Sample Strip:  12:30 Thu Jul 04 2010  C:\PROGC\SYSTEM\PAH.STR 
Method:   13:11 Tue Jun 04 2010  C:\PROGC\METHODS\PAH 
Calib File:   10:05 Tue Jun 04 2010  C:\PROGC\METHODS\PAH 
Raw Data:   13:10 Thu Jun 04 2010  C:\PROGC\RAWDATA\POO.78 
Results:   13:10 Thu Jul 04 2010  C:\PROGC\RESULTS\RPO.78 
 
 
Mode:    Manual  
Response Factors:  Replace  
Batch Name:   P078 
Internal Std Amount: 0.0000000 
Scale:   1.0000000 
Sample Amount:   6.0000000 
Sample Name:   Control Site  
Comment:  
 
 
Peak Name Type RT(Mins) Height Area Base Con:mg/kg 
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1 Solvent BB 2.500 10.28 450.6 5.42 580.4 
 Acenanphthene  - 3.332 - - - - 
 Acenaphthylene - 4.140 - - - - 
 Anthracene  - 9.668 - - - - 
 1,2-Benzanthracene - 10.667 - - - - 
 Benzo (a) pyrane - 12.789 - - - - 
 Benzo (b) fluoranthene - 13.290 - - - - 
 Benzo (g,h,i) perylene - 15.850 - - - - 
 Benzo (k) fluoranthene  - 16.585 - - - - 
 Chrysene  - 19.667 - - - - 
 Dibenz (a,h)anthracene - 19.919 - - - - 
 Fluoranthene  - 23.248 - - - - 
 Fluorene  - 23.331 - - - - 
 Indene (1,2,3-cd)pyrene    - 24.694 - - - - 
 Naphthalene - 30.493 - - - - 
 Phenanthrene - 30.852 - - - - 
 Pyrene  - 32.506 - - - - 
 
Totals: 

    
0.000 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 12: CHROMATOGRAPH FOR CONTROL SITE 
 

Trace Overly 

        Offset Normalised    Multiplied by 

         By RT By Response 

   No No No  1.000 
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