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ABSTRACT 

The study of crude oil pollution on the environment has been shown to have adverse effect on plant 

growth and these may range from morphological aberrations and reduction in biomass. The study used 

one research question in carrying out samples in affected site. The study was conducted in Elebele in 

Ogbia Local Government Area of Bayelsa State. 10g of dried and sieved soil samples were dissolved in 

20ml of distilled water and allowed to stand for 30min, the slurry was then filtered. The conductivity of 

the filtrate was then measured.10g of soil was weighed into a 500ml macro Kjeldahl flask, 20ml of 

distilled water added and the flask was swirled for a few minutes and allowed to stand for 30 minute. 

1.50g each of CuS04 and Na2SO4 and 30ml concentrated H2SO4 were added and mixed. 2g of dried soil 

samples were place in 250ml reagent bottle and 40ml of chloroform was measured and added into the 

bottles labeled 1 – 12. The bottles were tightly closed and shaken properly and left standing for 2 days to 

allow for complete extraction of the Petroleum Hydrocarbon (PH). The result from table 1 shows that the 

PH value was lower at 0-30cm this makes the upper surface more acidic then 30cm-45cm at the time the 

study was carried out. Also from the data collected on the control sites in table 1 it was observed that the 

study site was already on the slightly acidic level before contamination with the PH value of 5.35-5.51. 

Observation reveal that microbial metabolism might also be hindered in strongly acidic environment, 

which might reduce the hydrocarbon utilizing capacity of resistance strains of heterotrophic organisms 

that should be active in degrading the oil. Further findings reveal that there was high level of 

contamination of Total Petroleum Hydrocarbon (TPH) in the affected soils. High hydrocarbon content 

reduces soil fertility, hydrocarbon are also known to hinder root respiration thereby causing death to root 

cell and of mechanical grip. Finally, it would be recommended that oil companies should introduce quick 

response mechanisms toward oil spill actions in local communities to prevent damage of biological 

organisms. 
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INTRODUCTION 

A one dimensional flow model conversion, dispersions, biodegradation and sorption of an oil water 

solution revealed that under certain condition, sorption has no effect on the maximum oil 

concentration reached at any given distance from a spill. Chemical analysis of water percolate through, 

oil contaminated soil samples prepared in the laboratory and also through soil cores taken at various 

spill sites revealed that it would take an equivalent about 100 times and average of annual rainfall of 

46cm to reduce the water soluble components in the leachate to a level acceptable in drinking water. 

Analysis of core sample from spill sites at various locations indications indicated that biodegradation 

of crude oil is very slow in the anaerobic zone of the soil .It is concluded that some spill on land have 

the potential to pose long term threat to groundwater quality Okafor (1998).  

Bariweni (2014) stated that when oil is discharged into the environment, thin layers of the oil are 

formed over the surface of the environment which is a subjected to biological and chemical process. 
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These processes could tend to environmental degradation, which is a major cause for concern. The 

effect of any spill depends on the quality, mobility and environmental factors. Effect of oil spill on soil 

includes, reduced soil porosity due to clogging of soil particles. Other effects are decrease aeration, 

impaired soil biochemical process organic matter decomposition, symbiotic and non-symbiotic 

nitrogen fixation. Increase microbial activities, due to large quantity of oil present. Creation of 

anaerobic soil may cause insufficient oxygen. 

Soil fauna and flora are also affected due to decrease in soil aeration. Oil spill also interfaces with 

transportation and photosynthesis, which is the two main processes that affect, leaves Odu (1985). 

Edible crops like yam, cassava, melon and other plants are known to have been scotched to death after 

a spill incidence. Farmlands have been rendered unproductive and nearby streams and fish ponds were 

blanked by crude oil Powell (1985). 

The rapid disappearance of the oil was attributed to micro-biodegradation, volatilization of the heavy 

fraction and heavy rainfall during the raining season. Oil also causes the destruction of soil flora. In 

the Bomu oil spillage in 1970, it was reported that crude oil spilled over an area approximately 108 

hectares before it was controlled. The contamination was observed to be about 37 percent. However, 

after the initial high oil content of the soil following the blowout, the oil disappeared to a negligible 

level after 2 years, a nutritional survey carried out 18 years later reported that there was still high 

concentration of hydrocarbon in the area and the soil could not support plant life Okafor (1998)
. 

Similar findings were also carried out at the ELT Obagi oil well blowout. Okafor (1998) also reported 

the proliferation of microbes that decompose crude oil was low in the area due to poor drainage of the 

soil. As a result, the oil persisted in the soil for a long time. Though there was increment in the organic 

content of the soil polluted by oil, there was nitrogen deficiency due to poor aeration condition.  

The case of the Finima 5 oil well blowout was reported by Ekekwe (1981). He noted that, in some 

regions of the sangana where oil spill occurred, defoliation was observed on some Rhizophora 

mangroves seedlings, death of crabs and other aquatic animals. He also noted that removal of oil 

remains from the sediments will not be easily achieved with the various remediation options. In the 

impacted zone, the oil destroyed the prop roots which were noted to have been eaten by parasites 

(spheronia), which has affinity for hydrocarbon molecules. Also, 835 acres of mangrove was noted to 

have been destroyed. Oil spill usually has dual effect on micro-organism in the soil. The micro-

organisms could be increased or decreased depending on the type of micro-organisms in the area, the 

chemical composition of the spilled hydrocarbon and the environment factors prevalent in the area. 

Purpose of the Study 

The study looked at crude oil spillage and its effect on soil biodegradation. Specifically, the study intends 

to find out the effect of oil spillage on soil biodegradation. 

Research Question 

The researchers used the research question stated below as a guide for the study:. 

What is the effect of oil spillage on soil biodegradation? 

 

LITERATURE REVIEW 

Characteristics of Oil Spill Soils 
According to Bariweni (2013) Hydrocarbon contaminated soils are usually saturated and all the pore 

spaces are filled with water and oil. Therefore, there is insufficient aeration of the soil because of the 

displacement of air from the spaces between the soils particles by crude oil. Conductivity is usually 

higher in oil contaminated soil when compared to the unpolluted. This may be probably due the presence 

of ions from hydrocarbon introduced into the soil. When the conductivity of soil is high, it means that the 

salt content is high and vice versa. The pH values of impacted soils have been shown to lie within the 

acidic range. Acidification of soil depletes important nutrient elements such as potassium, calcium and 

magnesium. There is an increase in level of moisture in the surface and sub-surface soils. This may by 

associated with intense rainfall and flooding in the oil producing areas. High moisture content leads to the 

problem of wet ability and poor soil aeration. There is also an increase in the activity of anaerobic 
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microbes which increases the stress to living organisms and soil animals like earthworms, nematodes and 

as such reduces their population density.  

Crude oil pollution overloads the soil with excess carbon leading to increased microbial population which 

tends to deplete the soil of nutrients. Due to bio-emulsification in the system, soil water is no longer 

freely available for plant uptake and where available, would be rich in water – soluble constituents of 

petroleum oil, some of which are toxic to plant health. In the absence of good aeration and free soil water, 

temperature increases making soil environment much more unsuitable for biotic inhabitation. Above all 

this is the toxicity intensity of certain hydrocarbon compounds and other intermediates of hydrocarbon 

oxidation. The ultimate result of all these is mass death of soil insects, worms, amphibian, reptiles, etc as 

well as different species of other living animals (Bariweni, 2013). 

Remediation of Oil Spill Soils      
 

Contaminated soil can be mainly cleaned up by the use of bioremediation technology. Bioremediation can 

be defined as any process that uses micro-organisms, fungi, green plants or their enzymes to return the 

environment altered by contaminants to its original condition. Bioremediation may be employed to attack 

specific soil contaminations, such as oil spills which are broken down by multiple techniques such as the 

addition of nitrate and sulfate fertilizer to facilitate the decomposition of the oil by indigenous or 

exogenous bacterial. Bioremediation technology can be classified as in-situ or ex-situ. In site 

bioremediation involves treating the removal of contaminated materials to be treated elsewhere. Example 

of bioremediation technologies are bioventing, land –farming bioreactor compositing, bio-augmentation, 

bio-stimulation and rhizo-filtration. 
 

Bioremediation has a number of cost/efficiency advantages which can be employed in areas that are 

inaccessible without ground water and introducing the appropriate electron donor amendment or electron 

acceptor, as appropriately may significantly reduce contamination concentration after a lag tome allowing 

for acclimation. This is much less expensive than excavation followed by disposal elsewhere, incineration 

or other ex-situ treatment strategies. The underlying principle behind microbial biodegradation of oil 

polluted environments is the ability to exploit the metabolic activities of these microorganisms in their 

natural environments where their nutritional and physical requirements can be influenced Ogidi and 

Njoku (2017). Bioremediation process can be controlled/ monitored indirectly by measuring the oxidation 

reduction potential or redox in soil and ground water together with pH, temperature, oxygen content, 

electron acceptor/ donor concentrations and concentration of breakdown product e.g carbon dioxide. 

 

MATERIALS AND METHODS 

Area of the Study 

The study was conducted in Elebele in Ogbia Local Government Area of Bayelsa State. The district is 

heavily clothed with the evergreen forest of the tropics, depicting a typical equatorial ecology. Mangrove 

trees mixed raffia trees grows along the banks of the creeks at the southern extreme of Ogbia-Opuene, 

Akipelai and Oloibiri areas. The salt or the blackish water is very pronounced in the dry season, north of 

this is the fresh water swamp which is gradually matured into a typical rainforest zone along the Kolo 

creek. 

The land surface of Ogbia slopes gently in a north-south direction to the sea. This topographic 

configuration has evolved from the sedimentation patterns of the last 75,000 years (Ebiegberi, 1999). A 

close examination of the micro-relief of the region shows the plains as homoclinal (gently inclined) 

geomorphic structures trend westwards and south-westwards and are broken in many places by small 

hogback ridges and shallow basins. 

The climate of Ogbia falls within the equatorial climate of the Koppen’s system of classification. Weather 

condition over Ogbia is brought about by the moist tropical maritime air mass and the dry and dust laden 

tropical continental air mass .The former is prevalent during the rainy season and blows from the Atlantic 

Ocean while the latter originates from the high pressure belt of the Sahara Desert and blows over the state 

(Bayelsa) in dry season. The area therefore experience long rainy season from April to November and a 

short dry season from December to March. The mean annual rainfall ranges from 2,000 to 4,000 and 
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spreads over 8 to 10 months of the year between the months of March and November which September 

(August break). Result were presented in Tables and analyzed graphically using Histogram   

Conductivity 

10g of dried and sieved soil samples were dissolved in 20ml of distilled water and allowed to stand for 

30min. the slurry was then filtered. The conductivity of the filtrate was then measures. A steady readout 

from the conductivity meter, a Hanna digital conductivity meter was used. 

Nitrate (NO
-
3)   

The extracting solution was prepared by dissolving 100g of sodium acetate in 500ml of distilled water. 

30ml of concentrated Acetic acid was also added. This was then made up to 1 liter with distilled water. 5g 

of dried soil was weighed into shaking bottle 2g of activated carbon was also added, followed by 20ml of 

the extracting solution. The bottles were shaken for 20minutes and the contents were then filtered. 1 ml of 

the extract was transferred to a test tube 0.5ml, the nitrate reagent and 2ml of concentrated H2SO4 were 

added and mixed. The mixture was allow to stand for 30minutes to develop the Azo-dye colour were 

taken at 470nm with spectrophotometer. The amount of nitrate in the soil samples were evaluated from 

the standard curves of standard nitrate solutions.  

Chloride (Cl) 
The Chloride content of the soil was determined by titrimetric method. 100g of soil was weighed into a 

750ml reagent bottle and 500ml of distilled water added and shaken on the shaker for 30minutes. 

The suspension was then filtered. 50ml of the filtrate was transferred into a titration flask, 1 ml potassium 

chromate was added as an indicator. 

This was titrated with 0.1m AgNO3 (Basset 1978). Three titrations were made and the amount of chroride 

was calculated in ppm. 

                                 (A-B) X M X 70,900 

Cl (mg) = 

       ml samples 

 

Where            A =  ml of AgNO2 

  B = Blank titre   

  M = Molarity of Ag 

 

Total Kjedahlj nitrogen (TKN) 

10g of soil was weighed into a 500ml macro Kjeldahl flask, 20ml of distilled water added and the flask 

was swirled for a few minutes and allowed to stand for 30 minute. 1.50g each of CuS04 and Na2SO4 and 

30ml concentrated H2SO4 were added and mixed. The flask was slowly heated until frothing ceased, 

thereafter the mixture was heated strongly to boiling for 5 hours. The mixture was allowed to cool and 

100ml of distilled was added to the flask. The digest was later transferred into another flask. The sandy 

residue was washed with 50ml of boric acid indicator and added into a conical flask which was placed 

under a condenser of the distillation apparatus. The new kjeldahl flask and the digest were attached to the 

distillation unit. 150ml, 10m of NaOH was distilled until 150ml distillate was collected. The amount of 

Total Nitrogen (N) was determined by titrating the distillate with 0.01m H2SO4. Also a black titration was 

done to obtain the blank titre.  

% N = ml H2SO4 (sample) – ml H2SO4 (Bl)  X  M  X  14    X   50  X   100 

      100    10        10 

 

% N = ml H2SO4 (S) – ml H2SO4 (Bl)  X  M  X   14    X   50  X   100 

      100    10        10 

Where:  M = molarity H2SO4 

  14 = Atomic weight of Nitrogen 

  50 = From procedure 

  10  = From procedure 

  100 = Percentage 
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  10s  = Weight of Sample 

Total hydrocarbon content (THC) 

The Total extractable hydrocarbon content was determined by spectrophotometer meth 10g of solid was 

weighed into an extract flask and 10ml of n-Hexane added. The suspension was shaken for 30min and 

filtered the spectrophotometer was set at 420nm, absorbance of the titrate was then determined. A 

calibration curve was prepared with Bonny light Crude oil. The amount of THC in the soil was 

determined using this graph by extrapolation. 

Total Organic Carbon (TOC) 

10ml of 1.0m K2Cr4O7 was added to a flask containing 1gm of soil and then swirled gently to disperse the 

soil. 20ml of concentrated H2SO4 was added rapidly using a burette, the flask was swirled more 

vigorously for 1 minute and allowed to stand for 30 minutes on a white tile. At the end of this period, 

100ml of distilled water was added. 3-4 drops of ferroin indicator (0.025M0 were added and titrated with 

0.5m ferrous sulphate (FeSO4). The amount of organic carbon was calculated from the titre values 

(Walkley, et al 1965). 

Determination of total petroleum hydrocarbon (TPH) 

2g of dried soil samples were place in 250ml reagent bottle and 40ml of chloroform was measured and 

added into the bottles labeled 1 – 12. The bottles were tightly closed and shaken properly and left 

standing for 2 days to allow for complete extraction of the petroleum hydrocarbon. 

On the 4
th
 day, each sample was decanted, the clear supernatant was transferred into 50m volumetric flask 

and made up to the mark with fresh chloroform. The UV/VIS spectrophotometer calibrated with Bonnix 

light crude oil in chloroform, and using chloroform as blank with The TPH values were obtained by 

extrapolation from the standard curve.  

 
RESULT 

Presentation of results of some Physico-chemical parameter from three sites are presented on Table 1 

 

Table 1: Showing soil samples collected at Elebele (A) 
Dept cm Moist. 

% 

P H C o n d . 

(us/cm) 

N o 3 C a M g   N a K F e   T O C TKN T P H C E C P S A Text THC 

0 - 1 5 2 9 . 8 3 4.31 7 5 . 7 6 2.66 16.16 3 . 9 8 14.22 3.26 1.52 14.55 4.13 19.67 37.62 193µ M.S 5.81 

1 5 - 3 0 3 0 . 4 3 4.40 5 9 . 4 5 1.42 18.55 5 . 6 6 14.21 4.79 0.88 15.22 4.43 19.92 43.21 165µ F . S 4.88 

3 0 - 4 5 2 5 . 1 3 5.39 4 2 . 4 4 1.21 18.72 5 . 9 0 11.26 5.33 0.30 4 . 7 3 4.20 15.44 41.21 165µ F . S 5.72 

C o n t l . 2 9 . 0 2 5.44 5 1 . 5 3 8.24 34.60 11.12 12.33 8.37 0.68 5 . 5 5 5.88 0 . 0 5 66.42 9 8 µ Silty 1.87 
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Figure 1: Showing the value of Total Oganic carbon (Figure TOC) in polluted and controlled sites. 

 

DISCUSSION  

The degree of acidity and /or alkalinity is considered a master variable that nearly affect all soil 

properties-chemicals, physical and biological. While some organisms are unaffected by a rather broad 

range of values, others may exhibit considerable intolerance to even minor variations in PH. The result 

from Table 1 shows that the PH value is lower at 0-30cm this makes the upper surface more acidic then 

30cm-45cm at the time the study was carried out. Also from the data collected on the control sites in table 

1 it was observed that the study site was already on the slightly acidic level before contamination with the 

PH value of 5.35-5.51 if petroleum contamination drops the PH level below 5, as is the case in table 1 the 

soil would have high concentrations of soluble aluminum and manganese, which would be toxic and 

ultimately discourage plant growth Duffus (1980) and Manatian (1994)  
Microbial metabolism might also be hindered in strongly acidic environment, which might reduce the 

hydrocarbon utilizing capacity of resistance strains of heterotrophic organisms that should be active in 

degrading the oil Williams et al (1986). Hence, from the PH obtained on the study areas in table 1 (PH 

range of 4.21-4.45) at 0-30cm depth this value may put a constraint on the remediation process of the 

affected areas. The PH can be raised to desirable levels to enhance metabolic activities and remediation 

processes on the sites; this may be done by application of lime (calcium and magnesium compounds) on 

affected soils. Other factors being equal, it is known that carbon mineralization and organic matter 

breakdown are most rapid in neutral to slightly alkaline soils Alexander. 

Table 1 also records high moisture content, according to Manaham (1994) high moisture content affects 

soil metabolic activities especially with regards to oxygen availability. High moisture content hinders 

gaseous diffusion. As the spilled oil penetrates the soil and subsequently binds the soil particles of the 

affected environment, it will increase the stress to both surface and subterranean biota, some of which 

may eventually die of asphyxiation, as correlate strongly to soil grain size and texture. In addition, it has 

proven to be related with other soil properties such as moisture content and PH, which determines field 

productivity. It was also observed that there was a significant decrease in Ca
+
, Mg

2+
, K

+
, CEC, in oil 

affected soils as well as significant increase in Na
+
 content, electrical conductivity, hydrocarbon content 

of the oil-spill affected soils when compared with the non-oil spill affected soils. 

 However  result from table 5 and 6 from the third sample site show that the soil has low moisture content 

and a low PH level of 5.88-6.22 at 0-45cm this PH range can support some plant growth , it was observed 

that the oil spill in the third site has taken a longer period of one year and it is believed that natural 

Otele & Ogidi …..  Int. J.  Innovative Environ. Studies Res. 6(2):17-23, 2018 



23 
 

remediation process of Evaporation, Microorganism that have ability to feed on spilled oil etc have acted 

on the soil hence the soil is regaining its nutrients as we can see in table 5 and 6 above when compare 

with the control site the Ca
+
,Mg

+
,Na

+
 and K

+
 value is not far from that of the control site, therefore time 

can also said to be a determining factor of the Physico-chemical parameters of oil spill soil depending on 

the magnitude of the still. 

 

CONCLUSION AND RECOMMENDATION 

From the study, it was observed that total occupancy of the soil interstitial pores by oil, in the absent of 

soil aeration reactions [organic and inorganic], proceeding requiring air are  halted and the generation of 

organic nutrient required by the plant are ruled out, this renders the soil unproductive by destroying the 

soil fertility .Not only is the quality of soil  affected, but also plant and living being that rely on these 

plants resulting from the direct release on land and through percolation and run-off into ground and 

surface water. Research also shows that oil spill is caused by Human error, sabotage etc. 

Further findings reveal that there was high level of contamination of total petroleum hydrocarbon (TPH) 

in the affected soils. High hydrocarbon content reduces soil fertility, hydrocarbon are also known to 

hinder root respiration thereby causing death to root cell and of mechanical grip. 

Finally, it would be recommended that oil companies should introduce quick response mechanisms 

toward oil spill actions in local communities to prevent damage of biological organisms. 
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