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ABSTRACT 

The efficiency of oil remediation of crude oil contaminated soils 

was analyzed in this work. Factors such as (a) volume of oil 

spilled, (b) volume of detergent used (c) weight of soil and (d) 

contact time between oil and soil were isolated for their effect 

on efficiency. 

The result shows that the efficiency of remediation by 

detergent leaching of soil is a function of the following 

parameters, volume of detergent used, weight of soil and 

contact time. As expected, plots of volume of crude oil against 

detergent has positive slopes while plots of crude oil against 

weight of soil and contact time has negative slopes. 
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CHAPTER ONE 
INTRODUCTION 
 
1.0 INCIDENCE OF OIL SPILLAGE  
 
 
Oil pollution has steadily been on the increase with the 

commensurate increase in oil use. It has received insignificant 

attention until recently when it becomes a worldwide problem. 

One of the first actions taken by any government was in 1959, 

as a result of incidents which occurred off the South Coast of 

England when oil was released from a tanker that had been 

loaded for Southampton water. A collision off the West Coast 

also released a considerable amount of oil. The oil from these 

spills, occurring in rapid succession, coated much of the shore 

of Southampton water and contamination was found to the 

west as far as Bournemouth and as Far East as Brighton and 

thus included some of the most important holiday beaches in 

the British Isles 1. 

Environmental degradation in the case of Niger Delta does arise 

normally as a result of oil spillage. Most of the pipelines being 

used by almost all the oil exploration and production companies 

were laid more than thirty years ago. Age and overuse are 
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catching up with most of them. So also are the pipelines of 

PPMC refined petroleum products. 

In order to prevent massive spillage and leakages, it becomes 

very important that arrangements should be made for 

necessary replacement and major repair works carried out on 

the oil pipelines. Continuous property and environmental 

degradation, which has increased in the last few years, will 

therefore abate 2 

On July 2, 1999, at Oleh in Isoko local government area in 

Delta State, there was an oil spill from a rusty high pressure 

flow line which destroyed nearby farms and its economic trees. 

Environmental Rights Action (ERA) recalled the following 

drilling of crude oil in 1991 by shell’s agent, Dentag Drilling 

Company, one of its underground pipe was punctured in the 

process by its agent and large quantity of chemical /crude oil 

spilled and, though shell admitted that the spill was not an act 

of sabotage, it did not pay any compensation to the people for 

the extensive damage done to the land, water and properties. 

The spill, the non-governmental organization (NGO) said 

damaged the Oleh ecology for months before any attempt was 

made at cleaning it3. 
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However people of the community have alleged that Shell 

officials have resorted to cutting down big trees whose roots 

were projected into the lake and were contaminated with crude 

oil. The effect of spills and SPDC’s unhealthy practice, ERA said 

has led to poverty, hunger, despondency and frustration of the 

people who were as well denied basic social amenities. 

The local authorities pressed the government of the day to do 

something about pollution, and in particular to tell the 

authorities concerned about the best way of removing the oil.  

As a result, the Warren Spring Laboratory of the then 

department of Scientific and Industrial Research, embarked on 

a program of cleaning up oil pollution (4). Here in Nigeria, there 

is also the “CLEAN NIGERIA ASSOCIATES” with member 

companies as NNPC, Shell, Mobil, Chevron, NAOC, Elf, Texaco, 

Ashland, Agip Energy, Pan Ocean and Dubri. 

Before a government of a country becomes really active in 

drawing up measures to deal with pollution of this kind, it 

would seem that an incident must occur on its very shores. The 

United State of America, though very conscious of the problem, 

took little positive action until the oil well incident at Santa 
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Barbara, California. Japan too was not particularly concerned 

until the wrecking of the tanker Juliana off Niigata in 1970. 

 

1.1  GOVRNMENTLEGISLATION/REGULATION  

    ON ENVIRONMENTAL POLLUTION AND    

    COMPLIANCE PROBLEM IN NIGERIA 

The colonial administration was not confronted with the 

problem of environmental pollution; it therefore did not focus 

its attention on legislation and or regulation to address the 

problem of environmental pollution. Its main preoccupation 

was the protection of workers in factories owned by the colonial 

masters5. 

Some of the earlier regulations were based on the patterns of 

similar legislation in the U. K. Sydney Webb influenced the 

practice of reflecting U.K. Labour regulations in the colonies 

when he became the Secretary of a State in England. Those 

regulations that were transported into the colonies, including 

Nigeria, are the labour Acts, the factories, the establishment in 

the work place of safety conditions such as lighting, Ventilation, 

noise abatement, provision of toilet and recreational facilities, 

medical facilities and payment of compensation to injured 

workers. 
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Crude oil exploration and production in Nigeria created 

environmental pollution awareness especially in the area of oil 

pollution. The federal Government embarked on the provision 

of regulations to control environmental pollution as Nigeria was 

gradually becoming industrialized. However, with the dumping 

of toxic waste at Koko in Warri, in June 1988, the federal 

government suddenly realized the danger of environmental 

pollution and took steps to establish the federal Environmental 

protection Agency, and charged it with the responsibility of 

protecting the Nigerian environment through various activities 

of the agency. 

 

1.2 SOME OIL POLLUTION CONTROL PROVISIONS  

       UNDER EXISTING LAWS IN NIGERIA 

 There are various provisions in the Nigeria statutes designed 

to prohibit or control the pollution of water, air and land. 

Sanctions in the form of fines, damages and imprisonment 

were also prescribed for contravention of these regulations. 

Much discretion and responsibility were left in the hands of 

government agencies due to the generalization of these 

regulations. Their officers were charged with the responsibility 
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of monitoring and enforcing compliance with laws governing 

environmental pollution.6 

 

1.3 NIGERIA STATUTES DEALING WITH OIL POLLUTION 

This includes the following: - 

- Petroleum Regulations 1967 

- Oil in Navigable Waters Acts No. 34 of 1968 and 

Regulations 1968 provide for the maintenance of oil 

record books; policing the ban on oil pollution, 

established procedures for detection, identification and 

prosecution of offenders. 

 

- Petroleum Act 1969; makes provision for the prevention 

of pollution of watercourses and the atmosphere during 

petroleum exploration and production. 

- Petroleum (Drilling and Production) Regulations 1969 

and 1973 compel operators to prevent pollution of 

inland water, rivers, watercourse, the territorial waters 

of Nigeria, or the high sea by oil, mud and petroleum 

pollutants. It also compels operators to leave the land 

surface of the area of operations in satisfactory 
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conditions from the point of view of land pollution and 

degradation.7 

- Petroleum Refining Regulations 1974 provides for the 

prevention of products and petroleum leakages from 

storage tanks, safe disposal of residues, sludges, rusts 

and other pollutions from refining operations. 

- Oil pipelines Act 1958 allows for payment of 

compensation by an operator i.e. holder of pipeline 

license to persons who suffer damage as a result of 

ancillary installations. 

- Other statutory regulations containing provisions for the 

control and prevention of oil pollution have been 

enacted. These include mineral oils safety Regulations 

1963, Petroleum Regulations 1967 and the oil terminal 

Dues Act 1969. The Associated Gas Re-Injection Act 

1969 provides penalties for gas flaring and encourage 

operators to re-inject gas into the soil 8. 
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CHAPTER TWO 

GENERAL OVERVIEW OF CRUDE OIL AND SOIL 

2.1 SOURCES OF OIL DISCHARGED INTO WATER 

Oil, almost since its first formation in geological time, must 

have been coming to the surface of the earth and entering the 

water. Some of these oil seeps took place on land. The asphalt 

lakes of Trinidad are an example of one such enormous seep, 

but one wonders whether the pillar of fire by night and the 

column of smoke by day, which led Moses and the Israelites to 

the Promised Land may not have been an oil seep burning in 

the desert9. Such oil has not always been regarded as pollution 

and there are early accounts of it being collected and used for 

various purposes. Marc polo, in his travels in the 13th century, 

refers to his as follows: 

“To the north lies Zorzania near the border of which there is a 

fountain of oil, which discharges so great a quantity of oil as to 

furnish loads for many camels’, on the other hand, in the last 

hundred years, which might well be called the Age of Oil, 

escapes of oil into the environment have increased in quantity 

and have become more objectionable: oil pollution has arrived. 
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In 1973, the world oil production was over 2, 800.000.000 tons 

and over the previous five years this was increasing at the rate 

of nearly 7.5 per cent per year. At every stage of its transport, 

refining and use, oil or oil products can escape and enter the 

environment. Oil wells can get out of control, and release 

quantities of oil, either onto the land or into the sea. Tankers 

conveying crude oil can have accidents, or can lose part of their 

cargo in tank washings and operational discharges, loading and 

unloading can produce many oil spills, storage tanks on shore 

can leak, refineries discharge their effluent into rivers and sea, 

and finally, the product can escape from pipelines, road 

vehicles or tankers in the process of transport, or from the final 

storage tank to the furnace. Even after use by burning for fuel, 

the resultant gases contain unburnt hydrocarbons discharged 

into the air from which they can be washed by the rain and 

back to the land, and so into the sea. Petrochemical plants 

discharge their effluent containing some residual hydrocarbon 

products into rivers or directly to sea, while ordinary domestic 

and industrial sewage always contain waste oil. These various 

areas can now be briefly considered in turn, with a view to 

drawing up a final estimate.10 
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2.2 NATURAL SEEPS 

The natural seeps referred to above still continue and there are 

many places around the world where oil seeps have been 

noticed. Those, which occur beneath the sea, are a direct 

source of pollution. Recently, made a long and thorough 

examination of all records of oil seeps and has made an 

estimate of the total amount. He gives a range within which the 

time figure must lie, from a minimum of 0.2 million metric tons 

up to a minimum of 6.0 million metric tons per year.11 

 

As oil has been discharged from fixtures in the sea bed in many 

parts of the world since early geological times, one would 

expect all marine life in the vicinity of these seeps to be 

noticeably different from that in similar parts of the ocean 

where seeps do not occur. Examination by marine biologists of 

the life in the sea there showed no distinguishable differences 

from that found in a similar habitat but removed from the area 

of oil pollution. Oil from these seeps, floating on the surface is 

carried by the wind onto the adjacent shore, but, due to 

natural defractation, the amount on the shore is relatively 

constant and does not accumulate.  
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2.3 OFF SHORE EXPLORATION AND PRODUCTION 

It is not easy to make accurate estimates of the amount of oil 

entering the sea from any of the operations, particularly form 

drilling and exploration off- shore. Estimates have been in the 

United States of America of the amount of oil lost around the 

United States in the course of these activities. And from this, 

assuming the U.S. off-shore production accounts for about 20 

per cent of off-shore oil on a worldwide basis, world losses, 

from source, must be between 60,000 and 100,000 tons.12 

 

2.4 OIL SPILLS FROM OIL WELLS 

The first wells were on land and many people will have heard, 

or have seen films of the effect known as a gusher in which the 

equipment at the top of the well fails, and the oil under 

pressure squints out in a great fountain. Fortunately, this 

occurrence is most infrequent. Figures from the United State 

suggest that some type of incident, which may result in the 

discharge of a small amount of oil, occurs approximately once 

for every thousand wells drilled, while a major out-of control 

situation only arises once every ten thousand wells drilled. The 

extension of oil fields to areas under water has increased the 
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problems of drilling and particularly now that oil wells are being 

drilled in exceedingly hazardous marine conditions such as 

those in the North Sea. Because of this, public concern has 

been aroused both to the possibility of an oil spill arising due to 

the weather conditions, and also that it might be much more 

difficult to stop the oil escaping when a spill occurs. The major 

spills from under water oil wells, which have been extensively 

reported, are three in America, two in Gulf of Mexico and the 

third one off the Californian Coast at Santa Barbara. In one of 

the cases IN THE gulf, the well went out of control and the 

whole platform caught fire, in the other case, oil was 

discharged without it catching fire. The method of dealing with 

both was to rill additional wells at an angle so that they 

intercepted the leak well deep in the ground to block the well 

shaft. 

 

2.5 DISCHARGE FROM TANKERS 

One of the largest sources of oil is the regular or routine 

discharge of oil from tankers. To appreciate how this occurs, 

and why, despite the present high price of oil, tankers continue 

to discharge waste oil in this way. A brief account will be given 
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of the method of operating large crude oil tankers, and of the 

reasons for accidental spills. 

 

2.6 OPERATION DISCHARGE 

Consider a complete round trip of such a tanker, starting when 

it arrived at its unloading or discharging point. After unloading, 

a tanker is so high out of the water that its propeller might be 

only half covered, and the great expanse of the vessel’s side 

can catch the wind and make the vessel very difficult to handle, 

particularly in confined waters. As a result, as soon as the 

tanks are empty, a sufficient number of them are ballasted 

with water; between 25 and 50 per cent is usually enough. The 

tanker is then at a reasonable working level in the water and 

can return to the loading terminal to obtain another cargo. If 

nothing is done until the tanker gets to its loading point, when 

the ballast water is pumped out to be replaced by oil, a great 

deal of very oily waters will be discharged at the loading port 

authorities and so the dirty oily water in the tanker must 

somehow be replaced by clean water, which cans safely be 

discharged before a new cargo is taken. 
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2.7 TANKER ACCIDENTS 

In general terms, the major oil producers are not the major oil 

consumers, so a great deal of the crude oil has to be 

transported. 

With an increased number of tankers on the sea, there has, of 

course, been an increased number of accident. 1967, the first 

major tanker accident occurred, when over 10,000 tons of 

crude oil were lost from the Torrey Canton off the South-West 

coast of England.  This accident represented largest single loss 

of oil from any one ship, but the size of the involved has been 

exceeded by the Metula.13 

 

2.8 FATE OF THE SPILLED OIL 

The physical behaviour of oil in the environment is incompletely 

understood.  The thickness of an unconstrained oil slick 

depends on the characteristics of the oil and the temperature 

of the water.  Petroleum in seawater is altered chemical by 

evaporation, dissolution, microbial action, chemical cocidation 

and photochemical reactions, often collectively called 

WEATHERING.   
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According to the American Petroleum Institute, the main 

processes in roughly the order of occurrence after a spill at sea 

are:  Spreading-Evaporation-Dissolution/Emulsification-Auto-

Exudation-Microbial Degradation-Sinking and resurfacing after 

which the process repeats itself.  

How oil degrades is markedly influenced by light temperature, 

nutrients and inorganic substances, winds, tides, currents and 

waves.   

EXPECTED SHAPE OF 50,000-BARREL OIL SPILL AFTER 4 

HOURS.   

No Current          

    Spill                                         0 feet 

 

O Feet           200 feet 

2000 Feet 4000 Feet         4000 feet 

¼ Current          6000 Feet 

           8000 Feet 

½ Knot Current      10,000 Feet 

        12,000 Feet 

        14,000 Feet 

FIG.1: EXPECTED SHAPE OF 50,000-BARREL OIL SPILLED AFTER 4 HOURS14 
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2.9 DEGRADATION OF OIL SPILLED ON WATER 

* SPREADING:  This process thins the oil slick out to a few 

millimeter or less and is dependent on several parameters, 

among them, viscosity of the oil, surface tension of the oil and 

water, and time. 

 * EVAPORATION: Is the process by which the low molecules 

weight compounds of relatively low boiling points are volatilized 

into the atmosphere. The rate of this process is governed by 

the viscosity of the oil and weather conditions e.g. wind and 

sea state.  

*DISSOLUTION: Is the process by which low molecular 

weight compounds and polar compounds are lost by the oil to 

large volume of water under and around it. The process is 

affected by viscosity of the oil, he amount of oxidation the oil 

has undergone before, during and after the spill and weather 

conditions such as sea state. 

*EMULSIFICATION:  Is the process by which one liquid is 

dispersed into another immiscible liquid in droplets of optically 

measurable size. In the case of oil, the emulsion can be either 

an oil water emulsion or a water-in-oil emulsion. 
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*AUTOOXIDATION: Is the light catalyzed reaction by 

which hydrocarbons react with at atmospheric oxygen to form 

ketones, aldexhydes, alcohols, and carboxylic acids which are 

all polar compound and therefore can either dissolve in water 

or act as emulsifying agents detergents. 

*MICROBIAL DEGRADATION: Is a multi-faceted process 

certain bacterial organism; actrnomycetes, filamentous fungi 

and yeast utilize hydrocarbons and chemically oxidized 

hydrocarbons as food sources. 

*AEROBIC MICROBIAL OXIDATION: Most of the micro-

organisms that oxidize hydrocarbons require oxygen in either 

the free or dissolved form, when the oxidation of the oil occurs 

at air-water interface, there is usually sufficient oxygen to allow 

the maximum biological degradation to occur. However, areas 

of activity beneath the surface in the water column or in 

bottom muds are severely limited by the supply of oxygen. 

*SINKING: Evaporation, dissolution and oxidation of lighter 

hydrocarbons may cause the oil to increase its density. When 

this happens to a sufficient degree, the oil will sink to the 

bottom where anaerobic microbial oxidation will be the main 

process of degradation. 
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 *RESURFACING: If the density of the oil mass is reduced to 

a sufficient degree by anaerobic oxidation, the oil will float 

again and the process above will again occur until the oil has 

either completely disappeared or has reached some land mass.   

 

 FIG 2 TOTAL QUANTITY OF OIL RECOVERED ON YEARLY 

BASIS FOR PERIOD 1994-1998 (IN BARREL15) 
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FIG 3: TOTAL QUANTITY OF OIL LOST TO THE 

ENVIROMENT ON YEARLY BASIS FOR THE PERIOD 1994-

1998 (IN BARRELS) 

 

7000 
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3000 
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1000    
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2.10 DETECTION OF OIL SPILLS USING SATELLITE 

      REMOTE SENSING: 

For the purpose of effective oil spill management, Mark Little, 

indicates that oil spill can be detected for quick management 

both underground and at sea by remotely sensing them either 

from fixed or mobile platforms, or operated from aircraft or 

satellites. Oil and water respond differently at various electro-

3136 

4132 

1764 

2559 

6223 
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magnetic transmissions. The mobile sensors identify and 

measure transmission at sea and inaccessible locations with 

information gathered quickly and at a relatively short time. For 

descriptive purpose on the above, a complete remote sensing 

system includes sick looking radar, ultraviolet sensors, near 

and far infrared sensors and a flouresensor. 

The radar searches to the side, the UR and IR sensor search 

under the plane covering the area not picked up by the radar, 

while the flouresensor, a light transmitter can distinguish oil 

from other materials on the surface of the water. 

 

2.11TOOLS/EQUIPMENT 

Equipment and materials list for emergencies are grouped into: 

The investigation kit and initial response kit which comprises 

walkie talkie or radio telephone to communication, gas 

indicator to identify presence and extent frame proof torch, 

binoculars, camera protective clothing. 
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2.12    SPILL RESPONSE TECHNIQUES AND RECOVERY  

           EQUIPMENT      

Accident involving spills of toxic and hazardous materials can 

create potential crisis situations wherever they occur. Even a 

small spill may pose a serious danger to human life, your 

workplace and the environment. The need for immediate 

response and quick clean up is essential. 

The Clean Nigeria Association (CNA) stockpiles seven general 

type of oil spill response and equipment as follows: 

1) Fast Response Vessels (FRV), and inland boats. 

2) Offshore and inland containment boom 

3) Skimmers and pumps. 

4) Dispersant spraying system. 

5) Sorbents 

6) Vehicles 

7) Communications equipment. 

 

2.13   FAST RESPONSE AND INLAND BOATS 

These specially designed fast response vessels (FRV) are the 

backbone of CNA offshore capability and are first to arrive at 

the scene of a spill accident. The four FRVs in the CAN 
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equipment inventory are high-speed aluminum hull boats 48 

feet in overall length. Each FRV can carry up to 20 personnel, 

dispersant and spray system, a boom reel with 1,500 feet of 

compactable boom mounted on the strand and FRVIV are 

located in Warri. 

 

2.14 CONTAINMENT BOOMS 

-Offshore 6,000 feet on 4 reels 

-Harbour 6,000 feet on 4 reels 

-River 6,000      feet on 4 reels         

-Lake 6,000       feet on 4 reels 

-Pocket 3,000    feet on 4 reels 

-Anchor system 10 feet 4 reels 

 

2.15  SKIMMERS AND PUMPS 

The CAN skimmers range in size from the 11ton fast response 

units (FRU) to the skimpal 4000 series. The FRU consists of two 

skid-mounted tanks; pumps and skimmer for use with vessels 

of convenience in combating large prolonged spills. The smaller 

containment boom provides recovery compatibility in rivers, 

creeks and swampy areas as shallow as 6 inches. 
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2.16    DISPERSANT SPRAYING SYSTEMS 

The dispersant spraying system of the CNA stockpiles were 

designed and constructed for the 4 FRVS. These systems 

proportion and spray specially formulate chemicals on spill to 

disperse the oil into droplets within the water column. This 

dispersion accelerates the biodegradation of the oil in an 

environment- safe manner when used properly. Thus, when 

applied under the right condition, these chemicals immunize 

the impact oil can have on sensitive shoreline ecosystem   

 

2.17 SORBENTS 

Sorbents make up a large portion of the CNA stockpile. Sorbent 

materials attract and retain oil and reply water, making them 

very useful in cleansing oiled surfaces. 

 The CNA stockpiles a well-balanced range of sorbets for the 

following: 

1) Sheets for wiping. 

2) Pillows for absorbing puddles etc. 

3) Booms for final containment and recovery of oil sheen. 

4) Rolls for large oiled surfaces. 
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2.18 VEHICLES 

The CAN vehicles provided the inland transportation capability 

to almost any upland location in Nigeria; specially designed flat 

bed trucks fitted with cranes make lifting and transporting oil 

spill response equipment a self contained operation. 

Additionally, these vehicles transport personnel to the site and 

low purpose built generators and mobile command centers, 

thus providing electricity, light and communication at spill site. 

 

2.19 COMMUNICATION EQUIPMENT 

Communication plays a key role in the smooth operation and 

rapid response capability of CNA (Clean Nigeria Association) 

the bases are linked by HF-SSB and VHF radios, while on site 

communication facilitated by portable walkie. 

 

2.20 OIL SPILL ON LAND 

When oil spills on the ground, it will spread out and will almost 

inevitably sink through the surface if the ground is at all 

permeable. The amount it sinks will depend both on the type 

and the structure of the soil and on the volume and, in 
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particular, on the viscosity of the oil.16.  Therefore, a low 

viscosity oil will rapidly sink into a dry sandy soil which is 

highly porous, but it will spread much more slowly trough clay 

and a water- logged ground will resist penetration very much 

longer. 

However, in a case of this kind, a viscous oil will not sink in but 

will spread over the surface. In general, agriculture activities 

make oil porous for a depth of 10 to 20cm and oil will usually 

penetrate to this depth forming small underground pool where 

it meets damp or an impermeable layer. While this is occurring, 

the volatile components of the spilled oil will evaporate, 

depending on the type of oil and the temperature of the ground 

and of the air. The evaporation may well produce a local fire 

hazard. Oil which penetrates the sub-soil will move downwards 

slowly until it reaches water or an impermeable layer. When it 

reaches ground water level, will usually flow with the ground 

water and consequently a spill of oil can move a consideration 

distance below the ground. If the ground is figured, then the oil 

will move through the fixtures as well. The maximum depth of 

penetration can be estimated from the following formula. 
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(D=K x V) 

      A 

Where D = Maximum depth of penetration (m)  

 K= Constant depending on the retention capacity of oil 

soil and viscosity of oil. 

 V= Volume of infiltrating oil;(M3) 

 A= Area of infiltration at surface (M2) 17 

TABLE 1 TYPICAL K VALUES FOR SOILS18 

 

K       K      K   K 
Soil       Low Viscosity Kerosene, Gas oil More viscous 
                                                               oil such 
      Petroleum         as light 

    Products e.g. Products with      fuel oil 
    Gasoline     Similar viscosity 

          
  Stones,  
coarse  
gravel   400  200     100 
Gravel,  
coarse 
Sand   250   125    60 
 
Coarse sand, 
Medium sand 130   65    30 
   
Medium  
sand               80   40    20 
Fine sand   
 
Fine sand  50   25    10 
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The problem with movement of oil in the ground of this kind is 

not the presence of the oil but rather that it may slowly 

migrate in the direction of the water flow and can eventually 

reappear in springs resulting in contamination of the ground 

water. Alternatively, as in many places in the British Isles, 

water is extracted from layers in the round by means of deep 

bored wells so that major oil spill of a low viscosity oil has a 

high probability that it will eventually produce some degree of 

contamination of potable water in the neighborhood. Even 

slight trace may be sufficient to give an unpleasant taste and 

so be objectionable in drinking water, while the presence of oil 

in large quantities can affect the use of water for industrial and 

agricultural purposes.19 

In the event of an oil spill on land, immediate action should be 

taken to limit and stop the escape of oil and to prevent the 

spilled oil from spreading, in particular, all possible action 

should be taken to prevent oil spill on land from reaching a 

water course or entering sewers or drain 18. Bounds of earth or 

sand around the spill to close access to road drains and sewers 

should be put as possible, while inlets to drainage systems can 

be covered by using materials such as tarpaulins, blankets and 



 28

plastic sheets. If possible, any visible oil should be picked up by 

means of a gulley emitter or some other similar type of pump. 

 

Simple reservoirs made of holes dug in line with plastic sheet 

can be prepared to act as temporary storage. If indeed the 

water does sink deeply into the ground, and endangers 

underground water supplies, then much more elaborate and 

sophisticated remedial measures must be taken which involve 

pumping and the addition of further washing water.1It must be 

emphasized that when oil spills occur inland, dispersant or 

similar chemicals should not be used. As already stated, a 

dispersant only increases the surface area of the oil so that 

bacterial degradation can take place more rapidly. Although it 

is true that oil-de-grading bacteria are still found I soil and in 

inland water, nevertheless, in almost all of these cases, the 

water is not completely saturated with oxygen degradation 

requires a great deal of oxygen so that if a quantity of oil is in a 

restricted volume of water, the abstraction of oxygen needed 

to degrade it may be sufficient to reduce the oxygen level in 

the water below that which can support the natural wildlife. 

Many rivers are already rather short of oxygen due to the 
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discharge of industrial and sewage effluents, so that any 

increased oxygen loss s to be avoided. Similarly, in small 

areas, the chemical used as emulsifying agent usually has 

some small degree of toxicity and their presence for long 

period of time in lakes or ponds may well be sufficient to kill 

some kind of wildlife.20 

 

Oil spills on land require a prompt and immediate action, so 

that all the various authorities concerned can be informed and 

take the necessary steps to minimize the possible effects of 

pollution. The oil in industries working group of the institute of 

petroleum have considered this matter in the Unite Kingdom 

situation.21 
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TABLE 2: Showing the size of oil spills with respect to 

ecological zone I Nigeria between 1976and 1985 in the Delta 

Region. 

Minor oil spills 

(1-249 barrels)    (Land (m2)    sample (m2)     offshore   Total 

No of spills        457         446             120    1023 

Quantity spilled     7565     14317           21277 43179 

Middle oil spills 

(250-2499 Barrels) 

No of spills        596                   718    718 

Quantity spilled      17203             33139  49359   

Major oil spill (over2,500 barrels) 

No of spills      206               32           16    254 

Quantity spilled      76996           44775  13792423     19210130 

 

2.21 TRANSPORT OF SPILLED/LEAKED PETROLEUM IN  

         THE SUBSURFACE22 

When a significant quantity of liquid petroleum hydrocarbon is 

release into the subsurface (i.e. underground storage tank, 

piping etc), several migration pathways exist. Migration of 

liquid petroleum into the substance can be divided into three 

stages as follows: 

*Seepage through the unsaturated zone 

*Spreading over the water table (referred to as the pancake)  
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*Stability within the capillary zone. 

  

Once a significant volume of liquid hydrocarbons is released, 

the hydrocarbon migrates downward generally under the 

influence of gravity and subordinate capillary forces until it 

reaches the capillary fringe above the water table. In 

homogenous isotopic materials, seepage occurs with normal 

amounts of lateral spreading include the rate of release, the 

volume of release, and the presence of significant permeability 

contrasts, as would be anticipated in heterogeneous ant 

isotopic materials. For example, a large instantaneous release 

into the unsaturated zone will have higher degree of spreading 

in comparison to a continuous small release.22 

Residual saturation capacity of soil is generally about one third 

that of their water-holding capacity (Bosert et al; 1984). 

Immobilization of a certain mass of hydrocarbon is dependent 

upon soil porosity and physical characteristics of the product. 

The volume of liquid hydrocarbon can be estimated (American 

petroleum institute, 1972) as follows: 
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Vs= 0.2Vhs 
                P(RS)  
       

Where Vs =cubic of soil required to attain residual saturation;    

Vhs= volume of discharged hydrocarbon, in barrels 

(42gal=1barrel): 

P=soil porosity; and 

Rs= residual saturation capacity. 

The maximum depth of liquid hydrocarbon penetration into the 

unsaturated zone can be estimated. A non-rigorous approach is 

presented by Dretz (1770 and Dan (1967) as follows: 

D=Vs 
             A  

Where D= maximum depth of liquid hydrocarbon penetration 

into the unsaturated zone: 

Vrc=volume of infiltration  

R=soil retention capacity 

(Table 1-1); AND C= approximate correction factor based on 

product viscosity Co. 5 for gasoline to 2.0 for light fuel oil. 
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TABLE 3: TYPICAL OIL RETENTION CAPACITIES FOR 

KEROSENE IN UNSATURATED SOILS. 

Oil retention capacity 23 

Soil type      1/m3   glyds 

Stone/coarse sand   5                1 

Gravel, coarse sand   8          2 

Coarse sand, modern sand 15          3 

Medium sand, fine sand  25         5 

Fine sand, silt    40        8  

 

2.22 VOLATILIZATION 

The presence of petroleum vapors in the shallow sub-surface is 

an indication that there is (or was) product that has volatilized. 

The source of vapor can be a free-phase pool, product that is 

absorbed into soil particles, or product dissolved in the ground 

water. After the product has volatilized into the air phase, it 

moves by dispersion from areas of higher to lower 

concentration. Ultimately it may reach the surface. If the air in 

the soil is moving, the rate of transfer can be much greater (by 

the process of convection). 
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After vapor is dispersed through air in the soil pores, its fate 

may include escape to the atmosphere absorption by soil 

particles, destruction by biodegradation, or resolution into 

percolating rain water. I n highly permeable unsaturated 

settings, volatilization of light hydrocarbons (i.e. gasoline) can 

be major factor in soil remediation.24 

Several soil vapour monitoring techniques are currently being 

used to define areas of petroleum contamination. These 

procedures usually involve the collection of representative 

samples of the soil gas for analysis of indicator compounds. 

Maps marked with concentration contours of these indicator 

compounds can be used to identify potential source, to 

delineate the contaminated area. 

Indicator compounds are selected for each specific situation, 

and volatile components are used. For gasoline contamination, 

the compounds are usually benzene, toluene, ethylbenene, and 

total xylene. In the case of a fuel oil spill, the most commonly 

used, indicator of this naphthalene. 

Utilization of this mapping technique can be an effective tool 

when it is used in conjunction with a detailed subsurface 

investigation. The presence of confining layers, permeable 
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pathways, or previous spills may lead the investigator into 

erroneous conclusion. Accurate interpretation of oil gas survey 

data is a specialized discipline in the science of remediation. 

The volatility of some fuel products can be a great aid in 

remediation. Under favorable geological conditions, a system of 

vapour extraction wells can be a highly effective recovery 

technique. 

 

2.23 ADSORPTION   

The term adoption describes the process by which molecules 

(or cons) contained in a liquid or gaseous phase tend to 

concentrate on a solid phase surface. In soils, this process is 

exhibited when molecules of gas, free liquid produce, or 

contaminants dissolved in water are attached to the surface of 

an individual soil particle (often in the form of organic carbon). 

This surface attachment can be of three general types: 

Physical: Very weak, caused by Vander Waals forceds. 

Chemical: Much stronger, similar in strength to some chemical 

bonds, often requires significant effort to separate. 
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Exchange adsorption: Characterized by electrical attraction 

between the adsorbate and the surface. This type of adsorption 

is exemplified y ion exchange process.25 

 

2.24 SOIL REMEDIATION ALTERNATIVES 

In virtually every situation where the source of a petroleum 

spill occurs at or near the land surface, some quantity of 

product is retained in the soil as residual within the 

unsaturated zone above the water table. Most unsaturated 

(with water) soil are holding capacity. The amount of water 

that a soil can hold at saturation).In most cases, however, by 

the time remediation of the soil is implemented, the residual 

retained products is less than maximum. 

   

Removal (or destruction) of the spilled product from the 

unsaturated zones can be considered and designed similarly to 

that of an industrial process procedure. A bulk of material must 

be treated to estimate an unwanted contaminant. The method 

used regardless of the option chosen must meet certain 

criteria. 

Eliminated the problem caused by the products. 
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Accomplish the task within a reasonable time frame. 

Be economically acceptable. 

 

2.25 EXCAVATION, TREATMENT AND DISPOSAL 

Physical removal of the soil is an effective, but also most 

expensive procedure per cubic yard (excluding incineration) to 

remove contaminates from the source and the affected are. 

Conventional construction equipment can be used. Excavation 

is commonly practiced during the removal of existing 

underground storage tanks. Often the necessary equipment is 

already on site or readily available. Once the soil is removed, 

several options are available for disposal.26 

 

2.26 DIRECT TRANSPORT TO ALICENSED LANDFILL 

If the soil meets critical accepted to the landfill which may be 

difficult at time, the soil can be disposed of there. Normally, 

soil are considered as long as the maximum concentration of 

volatile fuel is below 1000PPM, no inflammation Vapours are 

present, and no other constituent be considered hazardous is 

present.27 
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2.27 EXCAVATION AND AERATION AND DISPOSAL AT  

        LANDFILL 

If the concentration of fuel is initially too high to be accepted at 

a landfill, it may some-times be spread as a thin layer, usually 

less than 1ft in thickness, and filled to aerate it with 

conventional agriculture equipment. After sufficient volatile 

components have evaporated to reduce the concentration 

below acceptable levels, the soils are then transported to a 

landfill.28 

 

2.28 EXCAVATION, LAND FARMING AND REPLACEMENT 

Soils that are highly contaminated with semi-volatile or non-

volatile fuels may be treated on-site disposal. If climatic 

conditions are suitable, sufficient space is available, air 

emission regulations are flexible, and time is not a major 

factor, it may be possible to “landfarm” the soil. This procedure 

involves spreading the soil in a thin layer, applying moisture of 

necessary and allowing a combination of aeration and 

biodegradations to take place for removal of the hydrocarbon 

constituent. 
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2.29 MECHANICALLY-ENHANCED VOLATIZATION  

When on site treatment is necessary, but land farming is not 

possible, volatile hydrocarbons and fuel products may be the 

use of a mechanical aerator. Several variations of this process 

are available, including (1) rotary mechanical aeration which is 

accomplished by the sue of a pugmill or a rotary drum, which 

mixes the oil in a continual flow of clean air, (2) low 

temperature thermal air stripping is similar to mechanical 

aeration except that the soil is heated during or treatment. 

Usually, this process involves the use of crew anger or rotary 

drum, which continually mixes the soil in the presence of clean 

air. The contaminated air is often passed through an after 

burner or catalytic converter prior to discharge and (3) a 

pneumatic conveyor system which can also effectively remove 

volatile products.  This process involves using high-velocity air 

to convey pulverized air through a long duct.  Volatile product 

is transferred from the soil to the air while clean soil is 

retrieved at the end of the duct from cyclone.  Mass transfer of 

fuel can be improved by the use of pre-heated air.  Of the 

three processes discussed above, low temperature thermal 
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stripping has shown the most promising for practical cost-

effective soil restoration.29 

 

2.30  SOIL VENTING 

This spill technique was originally designed to control vapor-

phase hydrocarbon that had migrated into basements of 

buildings, storm sewers, and since been developed and used in 

recent years to remove volatile products from unsaturated soil. 

Soil venting products involves drawings air through the 

vadozone via vapor recovery wells or other attraction points.30 

The American petroleum institute speared a large pilots-score 

sturdy of soil venting in a moderately permeable fraction. The 

venting gemmating for this study was designed to maximize 

lateral flow and the migration of vapours in the soil. The pilot 

study demonstrated that venting was extremely effective in a 

moderately in reducing and controlling the concentration of 

hydrocarbons in the soils   over a large area of the vadose 

zone. 

Some contraptions are apparent to the effectiveness of soil 

venting. Example, spoil invading less volatile hydrocortisones 

may not be a candidate for soil venting technique without the 
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injection of steam or hot air to volatize these components. In 

areas of extremely low permeable. In Ares of extremely   Low 

Permeable, Such As Days, It May Not Be Possible To Draw Air 

Effectively Through the contaminated zone, even with multiple 

withdrawal points or drains.31 

 

2. 31 SOIL WASHING/EXTRACTION 

This generic term is used to describe a variety of processes 

that use a liquid-leaching medium to extract contaminants from 

soil. The same principles apply when the soil is treated in   the 

subsurface or excavated from above ground treatment. 

Normally water is used as the flushing medium and often a 

surfactant is added to enhanced performance. The 

effectiveness of this type of operation is dependent upon the 

capacity of the soil to retain the fuel product. Diesel fuel, 

kerosene, and gasoline are less tightly held than creosote or 

coal tar.32 
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2.32 TYPICAL PROCEDURES FOR SOIL LEACHING 

 Leaching in-place 

Field practice of this operation has been performed as both 

vertical flushing using surface regulation, which h is recovered 

by wells or drain pipes at depth, and also horizontal flushing by 

the use of injection and recovery wells. 

 The success of operation depends upon the nature of the, 

product, the type of soil matrix, the presence of other inorganic 

matter in the soil (i.e. free organic content or beanass), and 

the temperature of operation. 

Surfactants can be useful to reduce the surface tension 

between the flushing water and the product.  

However, the surfactants used should be either hydraulically 

fully recovered or easily biodegradable. Severed experiments 

using oil-field surfactants have been successfully used to 

remove petroleum products from laboratory samples of fresh 

water aquifer materials, however, the surfactants used were 

not biodegradable. The use of such materials in aquifer settings 

is not acceptable.33   
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Some naturally accuracy soil microbes develop enzymes that 

act as surfactants. This process appears to be that own 

Consumption, however, it can also be useful for planned 

remediation. 

 

LEACHING ABOVE GROUND 

Several mechanical systems have been developed to wash soil 

in above ground facilities. There “washing machines initialize 

pugmills or mother mixing equipment to blend soil and wash 

water (or special solvent) to extract the petroleum product. 

Water (with surfactants) is the most commonly used flushing 

agent. Product remaining after washing is relatively immobile 

under normal environmental conditions. 34  

 

Special solvents that are occasionally used have the physical 

property that they are soluble in water at normally temperature 

(200c), but are almost insoluble at higher temperature. These 

solvents can be mixed with water to extract petroleum 

products from pulverized soils.  
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After separation from the solids, the liquid is heated to 

separate into the water phase and the insoluble soil phase. The 

solvent is then separated from the product and recycled. The 

soil is dewatered by conventional means (such as vacuum filler, 

filler press or centrifuge) and used as fill material. 

 

2.33 MICROBIAL DEGRADATION 

Natural soils in the aevoble region almost always can use fuel 

type hydrocarbons and an energy source.  Can relatively easily 

be acclimated to utilize the compounds min their metabolic 

process. Petroleum product is reduced to biomass and carbon 

dioxide during this type of degradation. 

Degradation of hydrocarbon by biological means at any given 

site will be dependent upon  

  Indigenous soil microbial population 

 Hydrocarbon variety and concentration 

 Soil structure 

 Soil reaction  

 Nutrient Viability 

 Moisture content 

 Oxygen availability  
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Soil micro-organism reported to degrade hydrocarbon under 

favorable conditions include:- Psenomenas, Flavorbacterium, 

Achrombacter, Anthrobacter, Microcous, and Acinobater. Over 

200 species of soil microbes can assimilate hydrocarbon 

subaters.35 

The variety of hydrocarbon product and its concentration also 

have a great effect on the rate of bioactivity. Hydrocarbon with 

less than 10 carbon atoms tends to be relatively easily to 

biodegrade as long as the concentration is not high enough to 

be toxic to the organism. Benzene, xyene and toluene are 

examples of gosling components that are easily degraded. As 

the molecule size increase, the biodegradation rate tends to 

decrease at an almost disprotionate rate. Complex molecular 

structures such as branched paraffins, olefins, or cycle alliances 

are much more renitent to biodegradation.36 

 

2.34 CHARACTERISTICS OF CRUDE OIL. 

Crude oil is not a uniform substance it varies in appearance and 

characterizes, from oil field to oil field or even from well to well 

in the same oil field. 
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In general, the physical character tics of crude oil can from 

height mobile liquids of reddish brown colour with a large 

proportion of easily distillable fractions to highly viscous, 

semisolid black substance with very little distillable material 

before decomposition accrue. The specific gravity can be very 

from about o.80 up to 1.00. Crude oils are generally 

inflammable at ambient conditions and the odour can vary from 

an almost pleasant aromatic dour in the case of some light 

crude’s (sweet crudes) to the strongly unpleasant garlic smell 

usually associated with sulphur compounds 37  

 

 

2.35 CLASSIFICATION OF CRUDE OIL 

The scheme is based on the specific gravity of the fractions 

called key fraction No 1 and key fraction No 2 produced by 

crude. The crude is first distilled and atmospheric pressure 

during which the fraction distilling off between 250 and 275 is 

coated as key fraction No 1. Distillation is continued at which 

the fraction  
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distilling off between 275 and 300 is collected as key fraction 

No. 2 the specific gravity of both fractions is determined and 

the corresponding API gravity  

Computed from the rotation. 

 

S. G.   =     141.5 
              API +131.5S 
 

From the specific gravity and PAI values of the fractions, the 

crude petroleum is classified into one of the nine classes shown 

in table (2) below. 

 

TABLE 4:  CLASSIFICATION OF CRUDE OIL ACCORDING  

  TO THE U. S. BUREAU OF MINES.38 

       Class              Key Fraction No. 1     Key Fraction No. 2 

   S. G. 60/60 of API         60/60 of A
       

1    Paraffin (P)    0.825 40   0.876   30 

2.   Paraffin    0.8.25.40 0876-20-30 0.876-20-30 
     intermediate 

3.   Intermediate (IP) 0.825-0.860 33-40     0.976   30 
      paraffin 

4. Intermediate (I)  0.825-0.860 33-40   0.876-0.934 30
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5. Intermediate               0.825-0.860 40           0.934 20 
   Naphthionic (IN)    

6. Naphthionic                  0. 860 33      0.876-0.934 20-30 
    Intermediate (NI)   

7.  Naphthionic (N)         0. 860 33                     0.934 20 

8.  Paraffinic               0. 825 40                      0. 934 20 
     Naphthionic (PN) 

9.  Naphthionic Paraffin   0. 860 33        0.876 0.934 20-30 

       

2.36 CHARACTERISTICS OF NIGERIAN CRUDE OIL 

The mainstreams of Nigerian crude have low sulphur content 

and high API gravities.  As a result, they command a high 

demand and high price in the world market.  In general, 

Nigeria crude oil has low metal contents, low viscosities, low 

conradson carbon content high wax contents and relatively 

high acid number.  The classification of Nigerian crude based 

on the API gravities of the No.1 and No. 2 fractions is shown in 

Table 5 
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TABLE 5:  MAJOR CHARACTERISITCS OF THE NIGERIAN  

                 CRUDE OIL 

 

            Bonny  Bonny     Brass Qua Iboe  Escravos 

              Light  Medium      Light 

 

Specific gravity     0.841    0.901 0.8255  0.8103   0.8113 

API gravity (600F) 36.7   25.5  39.8 36.9    36    

Total Sulphur         0.13      0.13  0.8  0.1    0.15 

(WT%)           

Kinematic viscosity at    3.3   12.0  2.3  8.83     3.65 

1000F      

Nickel (PPM)       2.8     4.4 1.8  3.5       3.1 

Vanadium (PPM)    0.27    22.7 1.8  0.3       0.3 

 

 

 TABLE 6: NGIERIAN CRUDE OIL CLASSIFICATION  

(COKER 1982) 

Crude   API Gravities  Classification 

   No. Fraction   No. 2 Fraction 

 

Brass  36.9    28.1  Intermediate 

Escravos  35.4    24.3 Intemediate 

Forcadoes  33.5    2.73 Intermediate 

Qua Iboe  40.4    32.6 Paraffinic 

Bonny Light  42.8   34.5 Paraffinic 
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The different crude types mentioned in Table 3 above, is 

named after the company that operates the well or with the 

terminal of operation thus: 

Brass Light   = Agip Producing, Nigeria 

Focadoes    = Shell Producing, Nigeria (Non- 

existent) 

Qua Iboe    = Mobil Producing, Nigeria 

Escravos    = Chevron Oil 

Bonny Light/ Bonny Medium = Shell Producing39. 

 

2.37  PERSISTENT OIL ON SEAWATER 

Persistent oil includes crude oil, residual oil, lubricating oil, tank 

bottom washing, tars and other similar substances. 

Properties of these oils vary.  Petroleum crude oil brownish-

green to black liquids containing carbon and hydrogen.  They 

are complex mixtures and contain thousands of individual 

compounds covering a wide spectrum, from light gases such as 

method to heavy compound like asphalt, which are solid from 

separation from oil.  Nearly 150 compounds have been 
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isolated.  The light crude contains up to 75% of gasoline, and 

the heaviest crude oil contains none. 

Various products are separated from crude oil at different 

temperatures usually in a distillation tower.  Below is a list of 

the products that are separated from crude oil: 

 

Product     Temperature of 

Light gasoline     240 

Heavy gasoline     335 

Kerosine      420 

Gas oil (Petrol)     500 

Light war-distillate    600 

Bottoms      800 

 

When oil persists on the sea surface for some time, various 

physical changes take place.  Among these are evaporation, 

spreading, emulsification, atmospheric oxidation and bacterial 

action. 
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2.38  EVAPORATION 

Crude oil lose some of its light compounds by evaporation, 

which depends on the vapour pressure at the oil and ambient 

temperature.  Large surface areas usually enhance 

evaporation; that faster the oil spread, the faster the 

evaporation.  Lubricating oil, tanks, tank botton washings, tars 

and fuel oil do not have volatile components, and evaporation 

is much less than that for crude oil. 

 

2.39 SPREADING 

Crude oil spread very fast on water surface, an oil film may be 

encountered, such film may contain 2 tones of oil per square 

MC, and are responsible for the familiar unsightly colours.  The 

spreading rate is influenced by viscosity, chemical composition, 

density and pour point of the oil.  The wind speed and current 

are also major factors in the rate of spread.  The pour point is 

very important in the spreading capacity of crude oil.40 
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2.40 EMULSIFICATION 

When crude oil spills at sea, it spreads at rapid rate, two type 

of emulsions form. i.e. oil-in-water emulsion, thus has water as 

the continuous phase, disperses at sea and effectively removes 

the oil, this type requires addition of surface active agents such 

as detergent.  The other is water-in-oil emulsion, it is formed 

natural at sea, varying in composition from 30% to 80% water, 

and they are extremely stable. 

  There are other physical processes, which affect the oil at 

sea.  These include dissolution, absorption and sinking41. 

 

2.41 EXPERIMENTAL DESIGN 

The various factors, which are likely to influence crude oil-soil-

detergents interaction, include the following. 

1.) Type of oil  

2.) Type of soil  

3.) Weight of soil  

4.) Volume of oil  

5.) Period of contact between soil + oil + detergent  

6.)  Volume of Detergent 
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2.42 TEST OF HYPOTHESIS 

Null Hypothesis: - the amount of oil extracted is a function of 

true efficiency + volume of oil spilled + weight of soil + volume 

of detergent + contact time. 

Alternative Hypothesis: the amount of oil extracted is not a 

function of true efficiency + volume of oil + weight of soil + 

volume of detergent + contact time. 
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CHAPTER THREE 

3.1 MATERIALS AND METHOD 

3.2 CRUDE OIL 

Crude oil used for this work was obtained from Port Harcourt 

Refinery Chemistry Laboratory.  The crude had been stabilized, 

graded and classified as Bonny Light.  The following 

characteristics are associated with the crude. 

Specific gravity (15oC) = 0.841 

Total Sulphur (wt%) = 0.13 

Kinamatic Viscosity at 100o (f) = 3.3 

Nickel (PPM) = 2.8 

Vanadium (PPM) = 0.27 

 

3.3 SOIL SAMPLE 

The soil sample used was excavated from FUTO Farm, 0.5 

metres deep FUTO soil laboratory classified these as sandy 

loams. 

3.4 DETERGENT. 

The detergent used was linear alky sulphonate (technical 

grade) purchased from the local bulk chemical market. 
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3.5 CHLOROFORM 

Chloroform for extraction was supplied by M & B as a general 

reagent.  This chloroform was purified by distillation and was 

stabilized by the addition of about 1% by weight of ethyl 

alcohol. 

 

3.6 EQUIPMENT 

The apparatus in the experimental include plastic buckets, 

beakers, pipettes, spatula, sensitive electronic balance, 

weighing balance, filter papers, bucna funnel, measuring 

cylinder, separating funnel, retort stand,  

UV-spectrophotometer. 

 

3.7 DETERMINATION OF MAXIMUM WAVELENGHT 

The wavelength of maximum absorption was determined by 

scan between 200nm and 400nm at 10nm internal.  0.05ml of 

stabilized crude oil taken in 200ml of spectrophotometer grade 

chloroform was scanned at 10nm interval. A plot of absorbance 

against wavelength is presented in fig. 2.   The associated table 

of valves is presented in fig. 3. 
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3.8 PREPARATION OF DETERGENT SOLUTION 

300ml of linear alkyl benzenesulphonate taken in 1000ml 

conical flask was treated with 600ml 2m sodium hydroxide 

solution and allowed to stand for two days.  The mixture was 

stirred periodically with a glass rod.  When a clear solution was 

obtained, the solution was analyzed for excess sodium 

hydroxide by litrating aliquots with standard HCL.  The result 

showed that the sodium hydroxide was not in excess. 

 

3.9  LEACHING EXPERIMENT 

A known weight of soil sample was collected and transferred 

into a 2-litre plastic container.  The soil sample in the container 

was flooded with a known volume of crude oil and allowed to 

stand for various periods of time, the oil-soaked soil was 

flooded with a known volume of detergent solution.  The 

detergent solution and oil were removed by flooding with one 

litre of water.  This litre of water was shaken and 200ml portion 

was removed. The 200ml oily effluents was taken in a 

separating funnel and extracted with 4 of 20ml aliquots of 

purified chloroform.  These aliquots were combine, diluted and 

assayed with UV spectrometer at 238nm. 
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CHAPTER FOUR 

4.0  RESULTS AND DISCUSSION 

PREPARATION OF STANDARD SOLUTION 

During the preparation, o.1g of crude oil was collected and 

50ml of Chloroform was added to the stock solution. From the 

stock, the following (ml) were collected and their various 

absorbance were determined at 238nm (λmax). 

2ml was collected from the stock solution and was diluted 

with100ml of chloroform, at 238nm its Absorbance was 

0.150nm, 4ml was collected from the stock solution and was 

diluted as above 10ml, at 238nm, its absorbance was 

O.300nm, 6ml was collected from the stock solution and was 

diluted as above, at 238nm, its absorbance was O.400nm, 8ml 

was collected from the stock solution and was diluted as above, 

at 238nm, its absorbance was O.500nm. 

 

4.1 CALC ULATIONS OF CONCENTRATION OF THE OIL. 

To get the actual unit of the concentration for 2ml/10ml we 

have  

O.lg/50ml         2g/1000ml           2000mg/1000ml 
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   2ml X 2000mg/1000ml =10ml x mg ?ml 

Xmgml = 2000mgX2ml 
1000ml        

              = 2 X2   = 4 = O.4 
    10       10             

    O.4mg/ml     
 
For 4mk/10ml, we have 
 
 4ml X 2000mg  = 10ml X mg/ml 

   1000ml          
 
Xmg/ml = 2000mg X 4ml 

       1000ml           = 4 X 2mg 
        10ml           10ml 

= 0.8mg/ml 
 
For 6ml/10ml, we have  

6ml X 2000mg/1000ml = 10ml/ X Xmg/ml 

Xmg/ml = 2000mg   X 6ml 
       1000ml      = 6 x2mg      = 
         10ml  10ml   1.2mg/ml 
      =1.2mg/ml 

 
For 8ml/10ml, we have 

8ml X 2000mg/1000ml = 10ml Xmg/ml 

Xmg/ml = 2000mg X 8ml 

1000ml          = 8 X2mg 
10ml            10ml   = 1. 6mg/ml 
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i.e 
Concentrationmg/100ml   Absorbance at 238nm 

0.4     0.150 

0.8     0.300 

1.2            0.400 

1.6     0.500 

 
 

4.2 TABLE OF VALUES FOR FACTORS 

TABLE 7.1:   - Variation of amount of oil spilled at constant 

contact time (1 day); mass of soil = 0.5kg, volume of 

detergent = 50ml 

Absorbance 
Volume of  
oil spilled 
(ml) 

 
1 

 
2 

 
3 

 
4 

 
Mean 

Vol. of oil 
extracted (ml) 

50 0.41 0.40 0.40 0.39 0.140 44 
100 0.269 0.271 0.270 0.270 0.270 86 
150 0.450 0.450 0.450 0.450 0.450 144 
200 0.580 0.580 0.581 0.581 0.580 186 

 

From the above result, the volume extracted is proportional to 

the volume spilled hence the efficiency of the detergent. A plot 

of volume of oil spilled against volume extracted gives a linear 

graph, hence the slope shows a linear relationship between 

volume of oil and the efficiency of the detergent. 
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TABLE 7.2: Variation of amount of oil spilled at constant 

contact --- time (1 day) mass of soil = 0.5kg, volume of 

detergent = 100ml 

Absorbance 

Volume of 

crude oil 

spilled (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

 

Volume of oil 

extracted (ml) 

50 0.142 0.140 0.141 0.141 0.141 46 

100 0.274 0.275 0.274 0.273 0.274 88 

150 0.459 0.460 o.461 0.460 0.460 146 

200 0.592 0.592 0.592 0.592 0.592 194 

 

From the above, A plot of volume spilled against volume 

extracted also gives a linear graph, 

TABLE 7.3: variation of volume of oil spilled at constant 

contact time (1day), mass of soil = 0.5kg, Volume of detergent 

= 150ml 

Absorbance 

volume of 
Crude 
spilled (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of 
oil extracted 
(ml) 

50 0.144 0.143 0.143 0.142 0.143 47 

100 0.275 0.274 0.273 0.274 0.274 92 

150 0.465 0.465 0.465 0.464 0.465 148 

200 0.593 0.593 0.593 0.593 0.593 195 
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From the above table, it shows that there is a linear 

relationship between the vol. of oil spilled and the vol 

extracted. It also shows that the detergent is effective in this 

clean –up process. 

Table 7.4: Variation of volume of oil at constant time (1 day) 

mass of soil = 0.5kg volume of detergent = 200ml 

Absorbance  

volume of 

crude spilled 

(ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of 

extracted 

crude (ml) 

50 0.145 0.145 0.145 0.145 0.145 48 

100 0.300 0.300 0.300 0.300 0.300 96 

150 0.466 0.465 0.466 0.467 0.466 149 

200 0.594 0.594 0.594 0.594 0.594 196 

 

The result above also depicts the same as the former that is 

tables 7.1 – 7.4 shows the same trend. 
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Table 7.5:  Variation of volume of detergent at constant time  

(1day), mass of soil = 0.5kg, volume of oil spilled -50ml 

volume of 

detergent 

used (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of 

extracted 

crude 

50 0.141 0.140 0.139 0.140 0.140 44 

100 0.141 0.141 0.141 0.141 0.141 46 

150 0.144 0.143 0.143 0.142 0.143 47 

200 0.145 0.145 0.146 0.144 0.145 48 

 

The result above shows that the more the detergent, the more 

the amount of oil extracted. 

Table 7: 6:  Variation of volume of detergent at constant time 

(1 day) mass of soil = 0.5kg, volume of oil spilled = 100ml. 

Absorbance 

volume 

Of 

detergent 

(ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

extracted (ml) 

50 0.250 0.250 0.250 0.250 0.250 80 

100 0.270 0.270 0.270 0.270 0.270 86 

150 0.281 0.279 0.280 0.280 0.280 92 

200 0.299 0.300 0.301 0.300 0.300 96 
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The above result also shows that the higher the volume of 

detergent, the higher the volume of oil extracted. 

Table 7: 7:  variation of Volume of detergent at constant time 

(1 day), mass of soil= 0.5kg, volume of oil spilled= 150ml, 

Absorbance 

Vol. Of  

detergent 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Vol.of oil 

extracted 

50 0.400 0.400 0.400 0.400 0.400 136 

100 0.430 0.430 0.430 0.430 0.430 142 

150 0.460 0.460 0.460 0.460 0.460 146 

200 0.466 0.466 0.466 0.466 0.466 148 

 

The above result also shows the same as the former. The graph 

of volume of detergent against oil extracted gives a straight-

line graph; hence there is a linear relationship between volume 

of detergent and amount of oil extracted. 
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 Table 7.8: Variation of volume of detergent of constant time 

(1 day), mass of soil =0.5kg, volume of oil spilled =200ml. 

Absorbance (nm)  

The same as the table7.7 

 

TABLE 7.9:  Variation of contact time for 0.5kg of soil, volume 

of oil =50ml, amount of detergent =50ml 

                  Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 

extracted (ml) 

2 hrs 0.145 0.145 0.145 0.145 0.145 48 

6 hrs 0.140 0.140 0.140 0.140 0.140 44 

1 day 0.131 0.131 0.131 0.131 0.131 40 

5 days 0.080 0.080 0.080 0.080 0.080 24 

volume of 

detergent 

used (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

 

volume of oil 

extracted (ml) 

50 0.579 0.580 0.581 0.580 0.580 186 

100 0.590 0.590 0.590 0.590 0.590 190 

150 0.592 0.592 0.592 0.592 0.592 194 

200 0.595 0.595 0.595 0.595 0.595 198 
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Table 7.10:- Variation of contact time for 0.5kg of soil, volume 

of oil =100ml, volume of detergent= 100ml 

                    Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Vol. of oil 

extracted 

2 hrs 0.301 0.300 0.299 0.300 0.300 96 

6hrs 0.279 0.280 0.281 0.281 0.280 92 

1 day 0.274 0.274 0.274 0.274 0.274 88 

5 day 0.231 0.230 0.229 0.230 0.230 72 

 

 

Table 7:11 =- Variation of contact time for 0.5kg of soil, 

volume of oil =150ml, 

Volume of detergent = 150ml, 

                          Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

extracted 

(ml) 

2 hrs 0.467 0.466 0.465 0.466 0.466 148 

6 hrs 0.460 0.459 0.460 0.460 0.460 146 

1 day 0.430 0.431 0.429 0.430 0.430 142 

5 days 0.410 0.410 0.410 0.410 0.410 130 
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Table 7:12; Variation of contact time for 0.5kg of soil, volume 

of oil = 200ml, volume of detergent = 200ml. 

                      Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume  of 

oil extracted 

(ml) 

2 hrs 0.595 0.595 0.595 0.595 0.595 198 

6hrs 0.592 0.592 0.592 0.592 0.592 194 

1 day 0.590 0.590 0.590 0.590 0.590 190 

5 days 0.560 0.561 0.560 0.559 0.560 180 

 

The above tables (5.9-5.12) (results) show that as the contact 

time increase, the absorbance decreases and the volume of oil 

extracted also decreases. The longer the oil stays, the more it 

spreads and sinks 

From the analysis, the last values appear anomalous; should 

be retained or rejected?  Hence the need for Q Test, in the Q 

test the absolute value of the difference between the 

questionable result and its nearest neighbor is divided by  
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the spread w of the entire set to give the quantity Qexp. I.e 

Qexp = (xn-xq) W      

For table 5.9, xq = 24, xn =40, 

For table 5.10; Q exp =   88-72    = 16   = 0.67 
           96- 72      24 

 

For table 5.11; Q exp = 142-130   =  12  =  0.67 
                            148- 130  =  18 

 

For table 5.12; Q exp =  190 - 180   =10    =  0.56 
                            198 - 180       18   
 

For four measurements, Q critical at the 90% confidence level 

is 0.765, because 0.67 and 0.67 and 0.56 < 0.765, the last 

value must be retained. 

Table 7.13: Variation of weight of soil for 2hrs, volume of oil = 

50ml, volume of detergent= 50ml 

Absorbance (nm) 

Weight of 
soil (kg) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 
Extracted 
(ml) 

0.5 0.145 0.145 0.145 0.145 0.145 48 

1.0 0.141 0.140 0.139 0.140 0.140 44 

2.0 0.129 0.130 0.130 0.131 0.130 40 

3.0 0.119 0.120 0.121 0.120. 0.120 36 
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Table 7:14: variation of weight of soil for 2hrs, volume of oil  

                    = 100ml, volume of detergent = 100ml 

Absorbance (nm) 

Weight of 
soil (kg) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 
Extracted 
(ml) 

0.5 0.300 0.300 0.300 0.300 0.300 96 

1.0 0.281 0.281 0.281 0.281 0.281 92 

2.0 0.270 0.270 0.270 0.270 0.270 86 

3.0 0.250 0.249 0.251 0.250 0.250 80 

 

TABLE 7.15; Variation of weight of soil for 2hrs, volume of oil  

                    = 150ml, volume of detergent = 150 

   Absorbance (nm) 

Weight of 

soil (kg) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 

Extracted 

(ml) 

0.5 0.467 0.466 0.466 0.465 0.466 148 

1.0 0.461 0.460 0.459 0.460 0.460 146 

2.0 0.431 0.430 0.429 0.430 0.430 142 

30.0 0.400 0.400 0.400 0.400 0.400 136 
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Table: 7.16; Variation of volume of oil for 1 day, weight of soil 

                    = 1kg, volume of detergent = 50ml 

Absorbance (nm) 
volume of 

oil (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 

Extracted (ml) 

50 0.270 0.270 0.270 0.270 0.270 40 

100 0.270 0.270 0.270 0.269 0.270 86 

150 0.479 0.481 0.481 0.480 0.480 142 

200 0.570 0.570 0.570 0.570 0.570 186 

 

 
Table 7:17; Variation of volume of oil for 1 day, weight of soil  

                   = 1kg, volume of detergent = 100ml 

Absorbance (nm) 
. 
Volume of 

oil spilled 

(ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

extracted (ml) 

50 0.141 0.140 0.139 0.140 0.140 44 

100 0.281 0.280 0.280 0.279 0.280 90 

150 0.460 0.459 0.460 0.461 0.460 146 

200 0.575 0.575 0.575 0.5755 0.575 188 

 
 
Tables 5.13 and 5.14w 5.15 shows that increase in the weight 

of the soil sample, decreases the volume of oil extracted 
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Comparing tables 5.16 and 5.17 with 5.1 and 5.2, we see that 

the former maker & use of 1kg of soil while the later makes use 

of ½ kg of soil, hence from their result, in 5.1 and 5.2 more oil 

was extracted while lesser oil was extracted in tables 5.16 and 

5.17. Hence the need to consider the amt of soil involved in the 

spill before cleans up 

 
Table 7.18:- Variation of volume of oil for 1 day, weight of soil 

= 1kg, volume of detergent   = 150ml 

Absorbance (nm) 
 

volume of 

oil spilled 

(ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

Extracted (ml) 

50 0.146 0.145 0.145 0.144 0.145 48 

100 0.289 0.290 0.291 0.290 0.290 94 

150 0.460 0.460 0.460 0.460 0.460 146 

200 0.591 0.592 0.592 0.593 0.592 194 
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Table 7.19:  Variation of volume of oil for 1 day, weight of soil  

                    =1Kg, volume of detergent = 200ml 

Absorbance (nm) 

volume of 

oil spilled 

(ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

Extracted (ml)  

50 0.145 0.146 0.144 0.145 0.145 48 

100 0.300 0.300 0.300 0.300 0.300 96 

150 0.466 0.466 0.466 0.466 0.466 148 

200 0.594 0.594 0.595 0.493 0.594 195 

 

 
Table 7.20; Variation of volume of detergent for 1 day, weight  

                   of soil = 1kg, volume of oil spilled =50ml 

Absorbance (nm) 

Volume of 

detergent 

(ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 

Extracted  

(ml) 

50 0.131 0.130 0.130 0.129 0.130 40 

100 0.140 0.141 0.140 0.139 0.140 44 

150 0.143 0.143 0.143 0.143 0.143 46 

200 0.146 0.146 0.146 0.146 0.146 49 

 

Comparing tables 7.18 and 7.19 with tables 7.3 and 7.4, it was 

found that the difference is in the weight of Soil, and the lesser 
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weight extracted more oil than the greater weight.  This is 

because there greater weight has more surfaces for spreading 

and too deep for sinking; hence it may not be easy to wash. 

Tables 7.20-7.23, shows that the higher the detergent, the 

more oil extracted when compared with tables 7.5-7.8, which 

has ½ kg Soil while the former has 1kg, it also depicts that the 

later tables, i.e 7.5-7.8 extracted more oil. 

 

Tables 7.21: Variation of volume of detergent for 1 day,  

                  weight of Soil = 1kg, volume of oil spilled = 100ml  

Absorbance (nm) 

volume of 

detergent 

used (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

Extracted (ml) 

 

50 0.270 0.270 0.270 0.270 0.270 86 

100 0.280 0.280 0.280 0.280 0.280 90 

150 0.291 0.290 0.289 0.290 0.290 94 

200 0.300 0.301 0.300 0.299 0.300 96 
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Tables 7.22: Variation of volume of detergent for 1 day,  

           weight of Soil = 1kg, volume of oil spilled = 150ml 

Absorbance (nm) 

volume of 

detergent 

used (ml) 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 

Extracted  

(ml) 

50 0.430 0.430 0.430 0.430 0.430 142 

100 0.441 0.440 0.440 0.39 0.440 144 

150 0.451 0.459 0.460 0.460 0.460 146 

200 0.465 0.466 0.466 0.466 0.466 148 

 
 

Tables 7.23: Variation of volume of detergent for 1 day, 

weight of Soil = 1kg, volume of oil spilled = 200ml 

Absorbance (nm) 
Volume of 
detergent 
(ml) 

 
1 

 
2 

 
3 

 
4 

 
Mean 

volume  of oil 
Extracted 
(ml) 

50 0.580 0/579 0.580 0.581 0.580 186 
100 0.585 0.585 0.585 0.585 0.585 188 
150 0.590 0.590 0.590 0.590 0.590 193 
200 0.594 0.593 0.592 0.593 0.593 195 

 

 

 



 75

Tables 7.24: Variation of contact time for 1kg of Soil, volume 

                    of oil spilled = 50ml, volume of detergent = 50ml 

Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

Extracted (ml) 

 

2 hrs 0.150 0.150 0.150 0.150 0.150 46 

6 hrs 0.130 0.129 0.131 0.130 0.130 42 

1 day 0.129 0.125 0.126 0.125 0.125 39 

5 days 0.060 0.060 0.060 0.060 0.060 20 

 
Tables 7.24-7.25 shows that the longer the time, the lesser the 

Soil extracted    When compared with tables 7.9-7.12, lesser oil 

is being extracted due to increase in the weight of Soil. 

The same is applicable to tables 7.26 and 7.27 and 7.28 and 

7.29 where we have 2kg of Soil and 3kg of Soil respectively. 

Tables 7.25: Variation of contact time for 1kg of Soil, volume 

               of oil spilled = 100ml, Volume of detergent = 100ml 

Absorbance (nm) 

Contact 
time 

 
1 

 
2 

 
3 

 
4 

 
Mean 

volume  of oil 
Extracted (ml) 
 

2 hrs 0.290 0.290 0.290 0.290 0.290 94 

6 hrs 0.281 0.280 0.280 0.279 0.280 90 

1 day 0.270 0.270 0.270 0.270 0.270 86 

5 days 0.220 0.220 0.220 0.220 0.220 70 
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Tables 7.26: Variation of contact time for 2kg of soil, volume  

                     of oil = 50ml,, volume of detergent = 50ml 

Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

volume of oil 

Extracted  

(ml) 

2 hrs 0.140 0.140 0.140 0.140 0.140 44 

6 hrs 0.130 0.130 0.130 0.130 0.130 40 

1 day 0.120 0.120 0.120 0.120 0.120 37 

5 days 0.055 0.055 0.055 0.055 0.055 18 

 

Tables 7.27: Variation of contact time for 2kg of soil, volume  

               of oil spilled = 100ml,, volume of detergent = 100ml 

    Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Vol.of oil 

Extracted 

(ml) 

2 hrs 0.281 0.281 0.281 0.281 0.281 92 

6 hrs 0.280 0.279 0.280 0.281 0.280 89 

1 day 0.250 0.249 0.250 0.251 0.250 80 

5 days 0.215 0.215 0.215 0.215 0.215 68 
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The test for the last volume of 5 days was calculated and there 

result i.e exp was found to be less than the 90% confidence 

level for four measurements so they are accepted. 

Tables 7.28:  Variation of contact time for 3kg of soil, volume 

of oil spilled= 50ml,, volume of detergent = 50ml 

Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of 
oil 
Extracted 
(ml) 

2 hrs 0.131 0.129 0.130 0.130 0.130 40 

6 hrs 0.125 0.126 0.126 0.127 0.126 38 

1 day 0.110 0.110 0.110 0.110 0.110 34 

5 days 0.035 0.035 0.035 0.035 0.035 14 

 

Tables 7.29: Variation of contact time for 3kg of soil, volume  

               of oil  spilled= 100ml,, volume of detergent = 100ml 

Absorbance (nm) 

Contact 

time 

 

1 

 

2 

 

3 

 

4 

 

Mean 

Volume of oil 

Extracted (ml) 

2 hrs 0.280 0.280 0.280 0.280 0.280 90 

6 hrs 0.270 0.269 0.271 0.270 0.270 86 

1 day 0.245 0.245 0.245 0.245 0.245 73 

5 days 0.205 0.205 0.205 0.205 0.205 65 
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STATISTICAL ANALYSIS 
 

Statistical tests are carried out in this analysis in order to make 

the right judgment as to the probable accuracy of the results 

and to show the contribution to efficiency of extraction of the 

following factors. 

(a) Initial volume spilled (b) amount of detergent used for 

extraction  

(c) Contact time (d) weight of soil treated. 

 
 

MEAN (x) 
 
This is obtained by dividing the sum of the results of replicate 
measurements by the number of measurements in the set 
50==xi 

    N 
This type of mean is identified in this study where x is the 

mean of all the replicate absorbance and N = 4 

 

Expression of Precision 

Precision being the agreement between two or more 

measurements that have been made in exactly the same way it 

can be expressed as. 
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1. Standard Derivation (s):- This is mathematically 

expressed as  

   S = N(X!- x)2 
            i=1 
             N-1 

This Equation applies to small sets of data, as in this study.  It 

says to find the deviation of the x’s from the mean x, they are 

squared, summed and the sum is divided by the degree of 

freedom (N-1) and then the square root is gotten.  

Given that the efficiency is F.  The response R (which is the 

amount of oil extracted in a given set of data) is a function of 

1. True efficiency, plus Terms relating to such parameters as 

(a) initial volume oil (b) amount of detergent, (c) contact time 

and (d) weight of soil. 

 That is R = F +ai + aiD  + ait + aiwt + eij 

 Where eij = error term; but when there is no 

experimental error eij = o.  ai represents the variances 

(influences) of the terms number (a) to (d). 

4.3 ANALYSIS OF VARIANCE (ANOVA) 

ANOVA is based on a comparison of the amount of variation in 

each of the treatments. 
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In order to determine the influence of each factor on the 

efficiency of extraction, the values represents in the labels 7.1-

7.16 are subjected to an analysis of variance (ANOVA).  It is of 

interest of this study to establish the contribution to the 

efficiency of these factors on the extraction. 

 

MEAN 

In this study, there is Sample mean represented as r=4, and 

population mean represented 

 As n=16 for each factor treatment. 

For the purpose of the ANOVA, the following were computed. 

(a) Total sum of squares of variable TSS = xij
2  - (xij)

2   
            n 
 where n = Population mean 
 

 
(b) Treatment Sum of Squares  TRSS  = r2-r()2 

 
(c) Error Sum of Squares  ESS = TSS- TRSS 
 
 
For the purpose of computing the ANOVA, the following are 

computed. 

 
1. Treatment mean square  TRMS = TRSS 
                r-1 
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2. Error mean square  EMS = ESS 
        n-1 
 
  :. F = TRMS  
    EMS 
 

The null hypothesis is rejected (and the alternative accepted) if 

our calculated F value is greater than the value found form the 

table.  Otherwise the null hypothesis is accepted. 

Table 8: ANOVA TABLE 

Source of Variation    D-F  SS  MS         F. Value 
Between Samples    r-1 TRSS   TRSS = TRMS  
         r-1 
(Treatment) 
    
Within Samples   n-r    ESS           ESS = EMS   TRMS       
      n-r    EMS    
 (Error) 
       
Total   n-1 TSS 
 
Table8.1; variation of detergent used against oil extracted. 

Vol. Detergent/    50  100  150  200 

Vol. oil  
50   44  46  47  48 
100   80  86  92  96 
150   136  142  146  148 
200   186  190  194  198 
x   446  464  479     498=       1879 
        111.5  116  119.75  1225=                  469.75 
x2        61428  65776    69625    72625=            269457 
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X = 117.4 
     
 
TSS = xij

2   - (xij)
2   

        n 
 
= 442 + 462 + 472…….+1982 = (1897)2 

 

= 269457 – 220665 

 =48792 

 

TRSS = r 2 - r()2 

= 4(111.52 + 1162 + 119.752 + 122.52 – 4 (117.4)2) 

= 4(55234.6 – 55131 

= 4(104) = 416 

ESS = TSS – TRSS = 48792 – 416 

F test = TRMS 
    EMS 
 
 
= TRMS = TRSS = 416 = 138.7 
    r-1        3 
 
EMS = ESS = 48376 = 4031 
            n-r  12 
 
  F test = 138.7 = 0.034 
         4031 
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But At 5% and 3, 12 df, the theatrical 

F is 3.49 

The calculated F < the theatrical F. 

Substituting into the ANOVA TABLE, 

 

Source of Variation DF Sum of Squares Mean sum of   F. Value  
           SS  Squares MS  
Between Samples 3  416      138.7    
(Treatment)          
                        0.034 
 
Within Samples 12      48376       4031   
(Error) 
Total    15      4879 2 
 
 
TABLE8.2; VARIATION OF WEIGHT OF SOIL AGAINST VOLUME 
                  OF OIL EXTRACTED. 
 
  Vol. of Soil   0.5   1   2  3 

Vol.  of Oil  

50   48  44  40  36 
100   96  92  86  80 
150   148  146  142  136 
200   194  192  19sss0  184 
 
x   486  474  458  436=1854 
 
X           121.5   118.5 114.5 109= 463.5 

x2   71060 68580 65260  60048 
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 X = 1854 = 115.9 
          16 
 
TSS = xij

2   - (xij)2   
         N 
  
 = 482 + 442 + 402……….+1842 – (1854)2 

                      16 
 = 264948 – 214832 

  = 50116 

TRSS = rij
2 - r (X) 2 

 

 = 4(121.52 +118.52 + 114.52 +1092 – 4(1159)2) 
 
 = 4(64.51) = 258.04 
 

ESS = TSS = TRSS = 50116 – 258.04 = 49857.96 
 
F test = TRMS 

    EMS 
 

 
TRMS = TRSS  = 258.04 86.01 

   r-1         3 
EMS = ESS = 49857.96 = 4154.83 

   n-r       12 
 

F test = 86.01 = 0.021 
  4154.83 
 

But at 5% and 3, 12 df, the theatrical F is 3.49 

The calculated F is < the theatrical F. 
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Substituting into the ANOVA TABLE  

 

Source of Variation DF       Sum of Squares Mean sum of  F. Value   
                                            (SS)     Squares MS      
 

    
Between Samples   3       258.04   86.01    
(Treatment) 
                                                                              0.021 
Within Samples  12       49857.96        4154.83   
                      
(Error) 
Total     15       50116 
 
 

TABLE8.3; VARIATION OF CONTACT TIME AGAINST MEAN  

                  VOLUME OF OIL EXTRACTED 

 
Contact time/ 2hrs  6hrs  1 day  5 days 

Vol.  of Oil  

50   48  44  40  24 
100   96  92  88  72 
150   148  146  142  130 
200   198  194  190  180 
 
x   490  476  460  406=1832 
X   122.5 119  115  101.5= 458 
X2   72628 69352 65608    55060=262648 
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X = 1832 = 114.5 
    16 
 

TSS = xij
2   - (xij)2   

         n 
  

= 482 + 442 + 402 +……….+1802 – (1832)2 

              16 
= 2262648 – 209764 

 

= 52884 

 

 
TRSS = rX2 - r (X) 2 

 

  = 4(122.52 + 1192 + 1152 + 101.5 – 4(114.5)2) 
 
  = 4(52694.5 – 52441) 
 
  =4 x 253.5  = 1014 
 
ESS = TSS – TRSS = 52884 – 1014  

                 = 51870 

Ftest  TRMS 
    EMS 
 
TRMS = TRSS = 1014 = 338 
   r-1     3 
 
EMS = ESS = 51870 = 4322.5 
    n-r    12 
 
Ftest =   338  = 0.078 
   4322.5 
 
F test < F theoretical 
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Substituting into the ANOVA TABLE 
 
Source of Variation     DF Sum of Squares Mean sum of    F. Value  
           SS  Squares MS  
Between Samples  3      1014      338    
(Treatment) 
 
Within Samples  12      51870   4322.5             0.078 
(Error) 
Total    15      52884 
 
 
TABLE8.4; VARIATION OF INITIAL VOLUME SPILLED AGAINST  

                 MEAN VOLUME EXTRACTED 

Initial vol. Spilled     50    100  150       200 

Vol.  Of Detergents 

50    44   86  144   186 
100    46   88  146   194 
150    47   92  148   195 
200    48   96  149   196 

     x       185   362 587   771= 1905     
       

X    46.3   90.5    146.5  192.6= 476.2    
           
                    

   x2    8565   32820 86157  148673=276215  
 
 
 
 
X = 19052 = 119.1 
    16 

TSS = xij
2   - (xij)2   
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         n 
 
TSS = 442+862+1442+1862+ 1962-(1905)2 
                      16 
       = 276215 - 226814 
 
      = 49401 
 
TRSS = rX2 - r (X) 2 

  = 4(46.32+90.52+146.82+192.62-4(119.1)2) 
 
  = 4(68978.94 – 56739.24) 
 
  = 4(12239.7) = 48959 
 
ESS = TSS - TRSS = 49401 – 48959 

     = 442 

 
TRMS = TRSS = 48959 = 16319.7 
      r-1            3 
 
EMS  = ESS = 442 = 36.85 
      n-r   12 
 
F text = 16319.7 = 443 
            36.83 
 
F calculated > F theoretical at 5% for 3, 12    
            
TABLES 9.1; Calibration data for determining the slope and 

intercept of variation of volume of oil using the least square 

method. 

  Let x = volume of oil extracted. 

        y = volume of oil spilled 
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From table 7.1, 

xi  yi  xi
2  yi2  xi yi 

44  50  1936  2500  2200 

86  100  7396  1000  8600 

144 150  20736  22500  21600 

186 200  34596  40000  37200 

460 500  64664  75000  69600 

 

Considering Sxx, Syy and Sxy 

i.e  Sxx =  xi
2  - (xi)

2/N………………….(1) 

Syy =  yi
2 – (yi)

2/N……………………..(2) 

Sxy =  xiyi - xiyi/N…………………..(3) 

 
Therefore, substituting into equations (1), (2) and (3) 

 
Sxx =  xi

2 – (xi)
2/N = 64664- (460)2  = 11764 

                         4 
 

Syy = yi
2 - (yi)

2/N = 7500-(500)2 = 12500 
                           4 
 

Sxy = xiyi - xiyi/N = 69600 – 500 x 460 = 12100 
                             4 
 

To calculate the slope, we have; 

M = Sxy/Sxx where M = Slope 
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Therefore, m = 12100 = 1.0286 = 1.03 
                        11764  
 

To calculate the intercept, we have;  

B = ў - mX = 500 – 1.03 x 460 = 6.55 
4 4 

 
Thus the equation for the least square line is  

      Y = 1.03 x + 6.55 
       
      y = x + 7 
 

Where y = volume of oil spilled 

          x =volume of oil extracted 

TABLE 9.2; Calibration data for determining the slope and  

        intercept of Variation of volume of detergents. Using the  

        least square method. 

Let   x = volume oil extracted 

y = volume of detergent used 

From Table 7.5      

  xi yi  xi
2  yi2  xi yi 

      44 50  1936  2500  2200 

      86 100  7396  10000 8600 

      146 150  21316 22500 21900 

      198 200  39204 40000 39600 

      474 500  69852 75000 72300 
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 = 474 = 119 
     4 
 
ў = 500 = 125 
     4 
 
Substituting the above data with equations: (1), (2) and (3) 

above, we have 

 
Sxx    =  xi -  (xi)2/N  = 69852 – (474)2 = 13683 
                   4 
 
Syy   =  yi  - (yi)

2/N  = 75000-(500)2 = 12500 
                                   4 

 

   Sxy =  xiyi - xiyi/N  =  723000 -  474 x 500 = 13050 
                       4 
 

To calculate the slope, we have; 

      M = Sxy/Sxx =  13050 = 0.95 = 1 
                13683 
 

To calculate the intercept, we have; 

    B =   ў   -  mX =  125 – 0.95 x 119 =11.95 = 12 

Thus  the equation for the least square line  is, 

     Y  = 0.95x  +  11.95 

      Y  =    x  +  12 

Where Y  = volume of detergents used 

     X  = volume of oil extracted 
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TABLE 9.3; Calibration data for determining the slope and  

                  intercept of variation of contact time using the  

                  least square method. 

Let  x volume of oil extracted 

       y = contact time (hrs) 

 

 xi  yi  xi
2  yi2  xi yi 

 48  2 hrs 2304  4  96 

 44  6 hrs 1936  36  204 

 40  24 hrs 1600  576  960 

 24  120 hrs 576  1440  2880 

 156  152 hrs 6416  2056  42000 

 

 X = 156 = 39 
     4 
     

 ў = 152 = 38  
     4 

 Substituting the above data in equations (1), (2) and (3), 

we have, 

 Sxx =  xi - (xi)
2/N   = 6416 – (156)2 = 332 

                     4 
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 Syy   =  yi  - (yi)
2/N   = 2056  -  (152)2   = 3720 

                      4 
 

 

Sxy =  xiyi - xiyi/N = 4200  -  512  x  156 =   -1728 
              4 
 
 
To calculate the slope, we have: M = Sxy/ Sxx= -1728= -5.21 
                                  332 
 
For intercept, 

B = ў – mx = 38 – (-5.21) x 39 

       = 38 + 203.19  

    = 241 

Thus, the equation for the least square line is 

  y = -5x + 241 

Where, y = contact time 

  x = volume of oil extracted. 

 

TABLE 9.4; Calibration data for determining the slope and  

                 intercept of variation of weight of soil using the  

                 least square method. 

Let   x = volume of oil extracted 

       y = weight of soil 
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 xi  yi  xi
2  yi2  xi yi 

 48  0.5  2304  0.25  24 

 44  1.0  1936  1.00  44 

 40  2.0  1600  4.00  80 

 36  3.0  1296  9.00  108 

 168  6.5  7136  14.25 256 

 

 X = 168 = 42 

      4 
 

 ў = 6.5 = 1.63 = 1.6 
     4 
 

Substituting the above data in equations (1), (2) and (3), we 

have 

Sxx = xi - (xi)
2/N = 7136 – (168)2 = 80 

             4 
 
Syy   = yi  - (yi)

2/N  =  14.25 – (6.5)2 = 3.6875 
                     4 
 
Sxy =  xiyi - xiyi/N  =  256 – 168 x 6.5 = 17 
                     4 
 
For the slope, 

M   = Sxy/ Sxx = -17 = -10.2 
      80 
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For the intercept 

 B  =  ў - mX  =  1.6 –(-0.2) x 42 = 10 

 

Thus the equation for the least square line is 

 y  = -0.2x  + 10 

Where 

 y = weight of soil 

 x = volume of oil extracted. 
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Graph of variation of volume of detergent against volume of oil extracted 
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Graph of Variation of weight of Soil 
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Variation of contact time against volume of oil at constant weight of 
soil (0.5kg)
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CHAPTER FIVE 
 
SUMMARY OFFINDINGS/CONCLUSION/RECOMMENDATION 

5.0 SUMMARY OF FINDING 

1. When oil is spilled on the soil, it will spread out and will 

almost inevitably sink through the surface. 

2. The amount it sinks will depend both on the type, volume 

and the structure of the soil and on the volume of the oil. 

3. Contact time between soil and oil is a very good factor to 

consider at the contingency planning stage to clean up the 

soil.  This is because the spill when left for a long time 

may slowly migrate in the direction of the ground water 

flow and can eventually reappear in springs resulting in 

the contamination of the surface water. 

4. Surfactant is necessary in these techniques, though water 

was used to wash the soil after spill as control experiment 

but when surfactant was added, it enhances its (H20) 

performance by reducing the surface tension between the 

flushing water and the oil. 

5. The effectiveness of this work is dependent upon the 

capacity of the soil to retain the oil, i.e the volume of the 

soil, it is also dependent on the volume of detergent used 
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for the extraction, and the contact time between soil and 

as oil but not dependent on the volume of oil spilled. 

1. From the from the plot of the result gotten it is found that 

the volume of oil spilled and the volume of detergents 

used have linear relationship with the volume of oil 

extracted and they also have positive slope while contact 

time and weight of soil increase with decrease in volume 

of oil extracted and they have negative slope. 

 

5.1 CONCLUSION 

From the F test statistical Analysis at 5% level of significance 

and 3, 12 degree of freedom, then calculated F is less than the 

theoretical F for influence of (a) contact time, (b) weight of 

soil, (c) amt. Of detergent used, hence the null hypothesis is 

accepted and the alternative rejected  

 
 For influence of initial   amount of oil spilled, the calculated F 

is greater than the theoretical F, hence the null hypothesis is 

rejected and the alternative hypothesis accepted. 
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The above conclusion showed that initial volume of oil spilled is 

not significant hence oil extracted is a function of true 

efficiency + contact time, + weight of soil + amount of 

detergent used. 

:. R = F+ aid  + ait + aiwt + eij 

Where 

R= amounts of oil extracted 

F= time efficiency 

aid = volume of detergent used 

ait -= contact time between oil and soil 

aiwt  = weight of soil  

where there is no experimental error, eij = O 

the error term was taken care of by carrying out replicate 

values and using the mean values for the calculation. 

 

5.3 RECOMMENDATION 

Following an assessment of the likely impact of an oil spill on 

land, attention should be given at the contingency planning 

stage to identifying areas to be protected, their order of priority 

and the techniques to be used. 
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Most of the pipeline being used by almost all the exploration 

and production oil companies were laid more than 40 years 

ago, Age and over use are catching up with most of them; so 

also are the pipeline of ppmc used to transport refined 

petroleum product.  In order to prevent massive spillage and 

leakages, it is very important that arrangements should be 

made for necessary replacements and major repair works 

carried out on the oil pipelines. 

Government Legislation/Regulations on environmental pollution 

and compliance problem in Nigeria should be observed and 

obeyed by all the oil companies in Nigeria so as to ensure good 

prevention and management of oil spillage. 

This work should be studied further by considering the 

following 

 Since from my findings, the amount of oil extracted is a 

function of true efficiency plus amount of detergent used, 

plus contact time (Oil-soil), plus weight of soil. Hence 

there is need for further study to the value of true 

efficiency. 
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 Comparing the effect of industrial liquid detergent and 

commercial powdered detergent e.g Omo 

 Varying the concentration of the detergent 

 Using different types of soil to determine their retention 

capacity. 

 Effect of contact time between the detergent and the 

spilled la 
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