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Abstract 

Crude oil provides the energy that drives the economy of most countries of 
the world today.  Since crude oil was first discovered in Nigeria in 1958, oil 
exploration has continued in the Niger-Delta.  This paper examined the 
effects of oil pollution on the environment. Oil pollution occurs when crude 
oil and its refined products are spilled into the environment by the activities 
of man.  The consequences of oil spills are more severe in aquatic 
ecosystem.  They interfere with functioning of various organ systems of 
plants and animals.  Apart from its effect on biodiversity of the imparted 
habitats, neighbouring communities are also denied of their sources of 
livelihood.  Regular maintenance, provision of security at oil facilities and 
early response to oil spillages may reduce the incidences and effect of oil 
pollution. 

 
The development of the world today is closely associated with and is driven by the 

discovering of crude oil which provides the basic energy needed in manufacturing, transport, 
agriculture and other sectors of the economy.  Oil as a source of energy was first discovered in 
commercial quantity in Oloibiri in Rivers State, Nigeria in 1958 by Shell.  Since then oil exploitation 
has continued in Nigeria especially in the Niger Delta.  The discovery and exportation of oil led to the 
oil boom period of the 1970s with oil contributing about 90% of export earning and 80% of the 
nation’s Gross Domestic Product (GDP).  (Adeyanju, 2004; Egberongbe, Nwilo and Badejo, 2006; 
Ibemesim, 2010). 
 
Oil Pollution 

Oil exploration, exploitation and use have several consequences for the environment.  Oil 
pollution is one of the major problems faced by coastal ecosystems.  Oil pollution can be described as 
the introduction by man directly or indirectly any hydrocarbon materials especially crude oil and its 
refined products into the environment.  (Adeyanju, 2004).   The Nigerian physical environment has 
been negatively impacted by the activities of oil companies. Oil pollution which arises mainly from 
oil spills has serious implication for biodiversity as most biotic habitats are either destroyed or altered 
making them unsuitable for habitation.  Oil spillage is categorized into four groups, minor, medium, 
major and disaster.  A minor spill takes place when the oil discharge is less than 25 barrels in inland 
waters or less than 250 barrels on land, offshore or coastal waters that does not pose a threat to the 
public health or welfare.  Medium spill is 250 barrels or less in the inland water or 250 to 2500 barrels 
on land, offshore and coastal water while the major spill is in excess of 2500 barrels on land, offshore 
or coastal waters.  Disaster refers to any uncontrolled well blowout, pipeline rupture or storage tank 
failure which poses an imminent threat to the public health or welfare (Egberongbe Nwilo and 
Badejo, 2006). The most serious oil spillage affects marine and coastal areas including the creeks and 
water distributaries.  The overall effects of oil on ecosystem health and biota are numerous.  Oil 
interferes with the functioning of various organs and systems of plants and animals.  It creates 
environmental conditions unfavourable for life.  For example, oil in the water surface forms a layer 
which prevents oxygen from dissolving in water.  Crude oil also contains toxic components which 
cause outright mortality of plants and animals as well as other sub lethal impacts (Zabbey, 2004; 
Agbogidi, Eruotor, and Akparobi, 2007; Bamidele, Agbogidi, 2007; Osuji, Erondu and Oguli, 2010). 
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Sources of Oil Pollution 

The major sources of oil pollution include drilling accidents, transportation accidents 
affecting tankers, leakages from refineries and storage tanks and leakages from pipelines.   Between 
1976 and 1997 there have been spillages releasing about 2.8million barrels of oil into the land, 
swamp, estuaries and coastal waters of Nigeria (Dublin-Green, Nwankwo and Irechukwu, 1998; 
Nwilo and Badejo, 2005). 
 

Majority of oil spills occurring in the Niger Delta are considered minor and are not reported.  
Some of the pronounced oil spillages recorded in the petroleum industry of the Niger Delta include 
Bomu-II blow out, 1970; Forcados terminal spillage, 1980; Funiwa-5 oil well blow out, 1988; 
Oyakana pipeline spillage, 1980; Okana pipeline spillage, 1985; Oshika pipeline spill, 1993 and the 
Goi Trans Niger pipeline oil spill, 2004 (Zabbey, 2004).  The table below shows some oil pollution 
incidences in Nigeria. 
 
Table 1: Oil Pollution Incidences in Nigeria  
 
Year Location Qty spilled bbl Cause of spill Effect 
1979 Forcados 

terminal 
570,000 Accidental rupture of 

the bottom plate of 
storage tanks 

Fishing activities inhibited,  
mangrove destroyed 

1980 Funiwa oil 
well blow out 

421,000 Oil well blow out Death of fishes, crabs etc.  
Socio economic activities 
affected.  

1980 Oyakama 30,000  Over 25 hectares of land 
polluted. 

1981 Abudu 
pipeline 

5240 Pay loader destroyed 
pipeline 

Damage to agric products, 
water, soil and marine line. 

1983 Oshika 10,000 Pipeline rupture Fishes killed, water 
contaminated. 

1986 Funiwa oil 
blowout 

200,000 Oil well blow out About 350 hectares of 
mangrove polluted, fish killed. 

1994 Agoda/Brass 
oil pipeline 

N.A. Pipeline corrosion Over 10sq km of farmland 
polluted, ponds, lakes and 
stream contaminated. 

1998 Idoho 
(Mobil) 

401,000 Offshore discharge Over 10sq km of farmland 
polluted, ponds, lakes and 
stream contaminated. 

2003 Kwale oil 
well 
explosion 

N.A. Lack of maintenance 
of facilities suspected. 

Farmland polluted. 

2003 Kalabilema 
oil spill 
explosion 

N.A. Oil spill and explosion 
followed causes not 
yet ascertained. 

5 lives lost 

 
Source: Adeyanju, 2004. 
 
Causes of Oil Pollution 

The causes of oil pollution in Nigeria have been identified by several studies (Adeyanju, 
1999; Zabbey, 2004; Nwilo and Badejo, 2005; Egberongbe, Nwilo and Badejo, 2006). 
These causes have been classified into 

i. Use of outdated and ineffective technology 
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ii. Refilling of abatement technology and upgrading of old plants. 
iii. Social political causes e.g. sabotage, vandalism etc. 
iv. Civil crises such armed struggle / terrorism. 
v. Accidents such as equipment failure, corrosion and rupture of oil pipes, blow out etc. 
vi.  Natural disasters such as earthquakes, hurricanes and tornadoes may cause oil to  spill. 
 

According to these studies about 57% of oil pollution in Nigeria are caused by sabotage or 
vandalism. 
Petroleum Based Oil  
(i) Crude oil 

      Crude oil is a naturally occurring, flammable liquid consisting of a complex mixture of 
hydrocarbons of various molecular weights and other liquid organic compounds that occur in 
geologic formation beneath the earth’s surface.  The hydrocarbons in crude oil are mostly 
alkanes, cycloalkanes and various aromatic hydrocarbons while the other organic compounds 
contain nitrogen, oxygen, sulfur and trace amount of metals such as iron, nickel, copper and 
vanadium. Four different types of hydrocarbons molecules are found in crude oil.  They include 
paraffin, naphthenes, aromatics and asphaltics.  There relative percentage varies from one oil 
type to the other.   Crude oil varies in appearance depending on its composition.  It is usually 
black or dark brown although some may be yellowish, reddish or greenish.  Eighty four percent 
by volume of the hydrocarbons present in petroleum is converted to energy rich fuels such as 
gasoline, diesel, jet, heat and other fuel oils.  (Glasby 2006; Kvenvolden, 2006). 

 
(ii) Diesel fuel 

Diesel fuel in general is any liquid used in diesel engines.  Diesel fuel obtain from 
petroleum is called petrodiesel and is produced from the fractional distillation of crude oil 
between 2000C and 3500C at atmospheric pressure resulting in a mixture of carbon chains that 
typically contain between 8 and 21 carbon atoms per molecule (Collins 2007, Ayhan 2008). 
Petroleum derived diesel is composed of about 75% saturated hydrocarbons mainly paraffin and 
cycoparaffin and 25% aromatic hydrocarbon such as naphthalenes and alkyl benzene.  The 
average chemical formula for common diesel fuel is from C10H20 to C15H28. 

Diesel is much denser than gasoline and provides more energy per unit volume than 
gasoline.  It has moderate solubility and volatility.  The short term hazards of the lighter more 
volatile compounds such as toluene, ethyl benzene and xylenes in diesel include toxicity to 
aquatic life especially in confined areas.  Long term effects of these compounds include 
contamination of ground water. Diesel spills could result in potential acute toxicity to some 
forms of aquatic life (Hincks, 2004). 

 
(iii) Gasoline 

Gasoline also called petrol consists mostly of aliphatic hydrocarbons obtained by the 
fractional distillation of petroleum.  The gasoline produced directly from crude oil does not 
meet the specifications for modern engine therefore it is enhanced with ISO-octane or the 
aromatic hydrocarbons toluene and benzene to increase its octane rating.  A typical gasoline 
consists of hydrocarbons with between 4 and 12 carbon atoms per molecule.  Gasoline is more 
volatile than diesel and kerosene not only because of its constituents but because of the 
additives that are put into it. Many of the non-aliphatic hydrocarbons naturally present in 
gasoline as well as many anti-knocking additives pose a threat to public health and the 
environment through leakages. (Collins, 2007). 

 
Properties of Petroleum-Based Oil 

Petroleum based oil describes a broad range of natural hydrocarbon-based substances and 
refined petroleum products each having a different physical and chemical composition.  As a result,  
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each type of crude oil and refined product has distinct properties that affect the way oil spreads and 
breaks down and the hazard it may pose to the environment.  For example light refined products such 
as gasoline and kerosene spread on water surfaces and penetrate porous soils quickly.  Also refined 
products have high fire and toxic hazards although they evaporate quickly and leave little residue. 
The rate at which an oil spill spreads will determine its effect on the environment.  Most oil tends to 
spread horizontally into a smooth and slippery surface called slick on top of the water.  Factors which 
affect the ability of an oil spill to spread include surface tension, specific gravity and viscosity (Fay, 
1969; Wedepohl, Lurjeharms and Meeciwis, 2000; Tkalich, Huda and Gin, 2003). 
(i) Surface tension is the measure of attraction between the surface molecules of a liquid.  The 

higher the oils surface tension, the move likely a spill will remain in place.  If the surface 
tension of the oil is low, the oil will spread without help from wind and water currents.  
Because increase in temperature can reduce a liquid surface tension, oil is more likely to 
spread in warmer water than in very cold waters. 
 

(ii) Specific gravity is the density of a substance compared to the density of water.  Since most 
oils are lighter than water, they lie flat on top of it.  However, the specific gravity of an oil 
spill increases if the lighter substance within the oil evaporates. 

(ii) Viscosity is the measure of a liquids resistance to flow.  The higher the viscosity of the oil, 
the greater the tendency to stay in one place.  

 
Factors that Determine the Fate of Spilled Oil 

The behavior and environmental effect of spilled oil vary depending on the type and amount 
of oil spilled and several natural factors or processes.  In general, lighter refined gasoline products 
such as diesel and gasoline are more likely to mix in the water and are more toxic to aquatic life but 
tend to evaporate quickly and do not persist long in the environment.  However crude oil remains in 
the water surface for a longer time but is of less immediate toxicity (Egberongbe, Nwilo and Badejo, 
2006). 
Natural processes which determine the severity of an oil spill in an aquatic environment include 
weathering, evaporation, oxidation, biodegradation and emulsification. Their occurrence may reduce 
or increase the harm done to the environment by oil spills. 
(i) Weathering is a series of chemical and physical changes that cause spilled oil to break down 

and become heavier than water. Wind, waves and current may result in natural dispersions, 
breaking a slick into droplets which are then distributed throughout the water.  These droplets 
may also result in the creation of a secondary slick or thin film on the surface of the water 
(Abowei and Njobuenwu, 2008). 

 
(ii) Evaporation occurs when the lighter substances within the oil mixture becomes vapours and 

leaves the surface of the water leaving behind a heavier component of the oil which may 
undergo further weathering or sink to the bottom of the aquatic body.  Spills from refined 
products such as kerosene and gasoline contain a high proportion of flammable components 
known as light ends which evaporates completely within a few hours.  This reduces the toxic 
effects on the environment.  Evaporation of heavier oils leaves a thicker more viscous residue 
which may have serious physical and chemical impacts on the environment.  The effects of 
wind, waves and current increase both evaporation and natural dispersion (Mackay, Shiu, 
Hossain, Stiver, McCurdy and Peterson, 1980). 

 
(iii) Oxidation is the process whereby oxygen combines with oil to produce water soluble 

compounds.  This usually occurs when oil comes in contact with water, especially at the 
edges of oil slicks.  Thick slicks may only partially be oxidised forming tarballs. These dense 
slickly black spheres may linger in the environment and collect in sediments of slow moving  
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steams or lakes or wash up on the shore lines long after a spill (Egberongbe, Nwilo and 
Badejo, 2006). 
 

(iv) Biodegradation occurs when certain microorganisms such as bacteria feed on oil 
consequently reducing the spill.  To significantly reduce the oil, a wide range of micro-
organisms and presence of nutrients such as nitrogen and phosphorus are required to 
encourage the growth and reproduction of microbes.  Warmth also enhances biodegradation 
(Atlas 1981 and Lee and Levy, 1989). 

 
(v) Emulsification is the formation of mixtures of small droplets of oil and water called 

emulsions usually by wave actions. Oil and water emulsions cause oil to sink and disappear 
from the surface which gives the false impression that the spill is gone and there is no more 
threat. They are also hamper weathering and clean up operations (Mackay, Shiu, Hossain, 
Stiver, McCurdy and Peterson, 1982). 

 
Oil Pollution in Fresh Water Habitats 

Oil spills into fresh water bodies are less publicized than spills into the ocean even though 
fresh water oil spills are more frequent and often more destructive to the environment.  Fresh water 
bodies are highly sensitive to oil spills and are important to human health and the environment 
because they are often used for drinking water and frequently serve as nesting grounds and food 
sources for various fresh water organisms (Mackay, Shiu, Hossain, Stiver, McCurdy and Peterson, 
1987). 

All types of fresh water organisms are susceptible to the deadly effect of spilled oil.  This 
includes mammals, aquatic birds, fishes, insects, microbes and vegetations.  In addition to the effects 
of spilled oil on fresh water microbes, invertebrates and algae, it tends to spread up the food chain and 
eventually affect other species that depend on each other for sustenance (Abowei and Njobuenwu, 
2008). 

 
Freshwater is divided into two types standing water such as lakes, marshes and swamps, and 

flowing water such as rivers and streams.  The effect of an oil spill on freshwater habitats varies 
according to the rate of water flow and the habitats specific characteristics.  Standing water such as 
marshes or swamps with little water movement are more likely to incur more severe impacts than 
flowing water because spilled oil tends to ‘poop’ in the water and can remain there for long periods of 
time.  In calm water conditions, the affected habitat may take years to restore (Njobuenwu, 2004). 
The variety of life in and around lakes has different sensitivities to oil spills (Burk, 1979). 
(i) The bottom of standing water bodies which are often muddy serve as homes to many 

invertebrates and emergent plants.  This habitat is poisoned when oil sink to the bottom. 
(ii) On the surface of the water, water bugs that skim the water surface and floating plants such as 

water lilies are threatened by oil slicks that spread across the surface. 
(iii) In the open water, oil can be toxic to the animals, frogs, reptiles, fish and water fowl that make 

the water their home.  Oiling of plants and grasses that are rooted or float in the water also 
occurs harming both the plants and the animals. 

(iv) In the shoreline habitat of lakes and other bodies of standing water, cat-tails and other weeds 
and grasses provide many important functions for life in and around the water. This serve as 
food sources and nesting grounds for many types of animals, which may be poisoned during a 
spill (Vandermeulen and Ross, 1995). 

 
Flowing water is less impacted by oil spills than standing water because the current provide a 

natural cleaning mechanism.  Although the effects of oil spills on rivers habitat may be less severe or 
last for a shorter amount of time than standing waters, the sensitivity of river and stream habitats is 
similar to that of standing water with a few special features (Njobuenwu, 2004).  Oil spilled into most  
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rivers often collects along the banks where the oil clings to plants and grasses.  The animals that 
ingest contaminated plants may also be affected.  Rocks found in and around floating water serve as 
home for mosses which are an important basic element in a fresh water habitat food chain (Lopes, 
Rosa-Osman and Piedade, 2009). 

 
Effects of Petroleum on Plants 

The mode in which petroleum acts on plants is complex and involves both contact (direct) 
toxicity and indirect effects mediated by the interactions of petroleum hydrocarbons with abiotic and 
microbial components of the habitat.  The low boiling fractions of petroleum exhibit a high degree of 
contact toxicity to the tender portions of plant shoots and roots but have little effects on the woody 
parts of trees and shoots.  Contact toxicity occurs primarily by the solvent effect of low boiling 
hydrocarbons in lipid membrane structures of the cells (Osuji, Erondu and Oguli, 2010). 

 
The indirect effects of petroleum pollution on plants include oxygen deprivation of plants 

roots because of the exhaustion of oxygen by hydrocarbon degrading micro-organisms. Such 
anaerobic conditions may bring about microbial generation of phytotoxic compounds such as 
Hydrogen sulphide. Oil degrading organisms also compete with plants for mineral nutrients 
(Vartepetian, 1978).  Crude oil in the soil reduces sediment porosity and gaseous exchange that result 
in negative effect on the physiological functions of plants (Amadi, Abbey and Nma, 1997).  Oil 
pollution adversely affects the availability of mineral nitrogen by encouraging the rapid growth of soil 
micro-organisms which immobilize soil mineral nitrogen and this may cause yellowing of leaves. 
 

Petroleum hydrocarbons induce stress in salt-extracting plants such as the red mangroves by 
disrupting the ability of the roots to exclude ions from sea or brackish waters. Chloride ion exclusion 
in the roots of mangrove seedlings is disrupted by exposure to diesel fuel and toluene (Teas, 1979).  
Some studies indicated that oil pollution have negative impact on plant survival and biomass 
production (Adoki and Orugbani 2007).   

 
Odu, Esurusuoso, Nwoboshi and Ogunwale, 1985), observed after an oil blowout that the 

crops in a Nigerian agricultural soil recovered differentially, tuberous crops like yams and cassava 
were most adversely affected, even in lightly contaminated areas and only minimal regrowth occurred 
after six months.  Mango trees and rhizomatous plantain and banana trees appeared to be most 
adaptable and after an initial defoliation recovered quickly in moderately contaminated areas whereas 
palm trees did not become re-established for quite some time.  Defoliation and mortality of mangrove 
trees have been observed in swamps affected by oil spills.  Seedlings of red mangroves have been 
reportedly killed while the pneumatophores or lenticels in the prop roots are completely smothered by 
oil resulting in oxygen deprivation (Osuji, Erondu, and Oguli, 2010). 

According to Ibesemin (2010), the degree of oil impact on plant depends on various factors 
such as the type and amount of oil, the extent of oil coverage, the plant species, the season of the spill 
and the habitat composition.  These impacts range from reduction in population and growth rate or 
abnormal growth and regrowth to plant mortality. 
 
Conclusion 

Oil pollution resulting from crude oil and its refined products do a lot of damages to the 
environment.  Most oil spills are caused by sabotage, human error and equipment failure.  While oil 
pollution can affect both land and water, the ability to spread is faster in water; therefore the damage 
to aquatic ecosystem is more extensive.  The response to oil spillage in aquatic environment need to 
be quick to prevent death of aquatic plants and animals. 
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Recommendation 

Although oil pollution cannot be completely prevented, its frequency and effects on the 
environment can be minimized by the following measures. 
1. Provision of security along all major pipelines carrying crude oil or its refined products. 
2. Regular maintenance of all oil facilities and equipment. 
3. Old and outdated equipment and tools should be replaced with modern and more efficient ones. 
4. Oil bearing communities should be made stakeholders and their views and fears taken into 

consideration. 
5. Frequent enlightenment campaign on the danger of sabotaging oil facilities. 
6. Compensation should be paid to victims of oil pollution that do not result from sabotage. 
7. Responses to oil spills should be immediate and the clean up exercise should be thorough. 
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