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Environmental samples comprising soils and surface water were analyzed for hydrocarbon 

content using Gas Chromatographic method. The flame ionization detector confirmed the 

presence of Total Petroleum Hydrocarbons (TPH) and Polycyclic Aromatic Hydrocarbons 

(PAH) well above the Department of Petroleum Resources (DPR) target limits and on DPR 

scale, the hydrocarbon content in the study samples required intervention. This is evidenced 

by restiveness in the area due to environmental degradation resulting from layers of crude 

oil spill on farmlands and water supply sources, as this have grossly affected the means of 

livelihood of the community, led to food shortages and socio-cultural disharmony. Quick 

and sustained intervention is required to completely reclaim the affected environment (soils 

and water) to appease the affected communities with the hope of living in a clean 

environment. 

 

INTRODUCTION 

 

There are five major oil fields, 110 oil wells, five flow stations and network of 

interconnecting pipelines across the length and breadth of Ogoniland. Natural gas considered 

as wastes are continually flared 24 hours a day and seven days a week for many years in all 

flow stations. The 404mile
2
 land area has population density of 1250mile

2
, (DPR, 2007). Oil 

spill is almost a daily occurrence in the Nigeria Niger Delta, so that between 1979 – 1997, the 

Nigerian Petroleum Industry experienced 5334 cases of oil spillage resulting in the discharge 

of 2.8 million barrels of oil into the land, swamps, estuaries and coastal waters, (Feyide, 

1986). Sometimes petroleum spillage in the Delta is either given less coverage in the media, 

rated minor without or worse still not reported at all. There are also the issues of minimum 

post-spill containment, recovery and remediation responses (Jonathan.2004). In spite of the 

temporary suspension of oil exploration and exploitation in Ogoni for over a decade now, 

incessant crude oil spillages still occur, but this time it is associated with aging/faulty 

operational equipments for the existing oil industry infrastructure (pipelines etc). 

Oil spill may be considered minor if the quantity spilled is less than 25 barrels in inland 

waters or less than 250 barrels on land, offshore or coastal waters that are not usable and as 

such of no public health importance. It is medium if it is above 250 barrels or less in the 
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inland water or 250 to 2,500 barrels on land, offshore and coastal waters. It is however 

considered a major spill or a disaster if it in excess of 2500 barrels on land, offshore or coastal 

waters (DPR, 1991). According to the Department of Petroleum Resources (DPR), 1976 and 

1996 saw a total of 4647 oil spill incidences that resulted in the spill of approximately 

2,369,470 barrels of oil into the environment. Of this quantity, an estimated 1,820,410.5 

barrels (77%) were lost to the environment, while a total of 549,060 barrels of oil representing 

23.17% of the total was recovered.  

In Nigeria, corrosion accounts for fifty percent (50%) of all oil spills, twenty eight 

percent (28%) is attributed to sabotage and twenty one percent (21%) to oil production 

operations (DPR, 1999). And one percent (1%) of oil spills is due to drilling operations, 

inability to effectively control oil wells, failure of machines, and inadequate care in loading 

and unloading oil vessels (Nwilo et al, 2005). Sabotage and bunkering is a main stay in the 

region and from time to time they tend to damage oil pipelines in their efforts to collect oil 

from them causing fire disasters that often result to serious humanitarian losses. It is so 

because the affected communities feel exploited alongside the oil so that vandalization of oil 

operation installations now becomes a way of getting back to the oil industries and the 

government. The affected communities blame the government and oil industry for the 

deprivations resulting from environmental pollution due to oil operations and oil spills 

unattended to.  

Sabotage however accounts for more than 60% of all oil spills in Nigeria and oil spills 

due to corrosion have decreased since start of the programs to replace old oil pipelines with 

new ones (SPDC, 1996). The major causes of oil spill in Gokana include Pipelines/flowlines 

leakage/blowouts, blowouts from well-heads (due to poor maintenance and damage) and 

spills from flow stations. The consequences include pollution of vast land area, waterways, 

crops marine life, domestic water supply sources and the mangrove forests which are 

particularly vulnerable. The forests serve as temporary storage for the spilled oil as it the soils 

soak up the oil like sponges and re-introduce it into the environment at the return of wet 

periods. 

 

LIMITATION OF THE STUDY 

 

This work is limited to the laboratory measurements for hydrocarbon contents in soils 

and surface water bodies in the study area considering the Total Petroleum Hydrocarbon 

(TPH) and the Polycyclic Aromatic Hydrocarbons (PAH). It tried to make inferences on the 

extent of damage done to the studied environment in terms of – livelihoods, infrastructural 

damage and effect on the general quality of the environment.    

 

1- Study Area 

 

Gokana Local Government Area is located in the South-East Senatorial District of 

Rivers State and has both riverine and upland communities (see figure below).  
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Figure 1. map of Rivers State showing the study area. 

 

MATERIALS AND METHODS 

 

Soil and water sampling procedures were based on EPA Method 5035A, consisting the 

requirements and procedures applicable to the collection and preparation of soil samples for 

Total Petroleum Hydrocarbons (TPH) and Polycyclic Aromatic Hydrocarbons (PAH) 

analysis. Soil samples were collected using augers whereas water samples were collected by 

drop tubing and few drops of Pesticide grade acetone and hexane were added to preserve the 

samples. 

 

Laboratory Analysis – This was done using Extraction/Gas Chromatographic method that 

measures the concentration of extractible Aliphatic and Aromatic Petroleum Hydrocarbons in 

water and soil samples. The method also measures the individual concentrations of the 

targeted Polycyclic Aromatic Hydrocarbons (PAH) in water and soil samples. 

 

Operating Principles - Gas chromatographs are comprised of two major components: A 

column that separates individual constituents and a detector that measures the signal response 

of constituents. The column is a long, thin, coiled tube. An inert carrier gas (e.g., hydrogen, 

helium, nitrogen, or zero air) is used to transport constituents through the column. Because 

compounds with low molecular weights and high volatility travel through the column faster 

than heavier compounds with low volatility, the constituents of a sample separate along 

column. Separation of constituents is often difficult if two or more compounds exit in the 

column at the same time (i.e., coelute). The likelihood of compounds coeluting decreases with 

increasing column length. A detector is located at the end of the column. For hydrocarbon 

detection, the most applicable detectors are Photo Ionization Detector (PIDs) and Flame 

Ionization Detector (FIDs). The design of PIDs and FIDs is modified slightly for GC analysis, 

allowing for greater detection limits. The detector responses are displayed on either a chart 

recorder or a computer screen to form a chromatogram (i.e., the detector responses plotted 

against retention time for a sample). The integrated area under each response peak is 

proportional to the concentration of that constituent. Constituents are identified through a 

comparison of retention times with standards. 
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THE RESULT OF THE INVESTIGATION 

The result of the analysis is presented in tables and reflected in figures below. 

Table 1. Total Concentrations of TPH and PAH in samples 

SAMPLES TPH MG/KG PAH MG/KG 

BRS/ Biara soil 13949.42 7964.4 

BDS/Bodo soil 8279.35 4969.55 

BRW/Biara water 2218.84 1513.88 

BDW/ Bodo water 313.26 43.44 

 

 

 

 

 

 

 

 

 

Figure 2. Graph showing TPH and PAH Concentrations in samples. 

 

Table 1 above shows the value of TPH and PAH concentrations as is also  representated in 

figure1 above and TPH is higher than PAH in all samples. 

 

Comparing the Mean of The Stressors With DPR Standards 

 

 

 

 

 

 

 

 

 

 

Table 3. Mean of the PAH and DPR Standards 

 

SAMPLES PAH 

MG/KG 

DPR 

STANDARDS 

BRS 468.5365 1 

BDS 292.3265 1 

BRW 87.6129 0.1 

BDW 2.5512 0.1 

 

Table  2. Mean of the TPH and   DPR Standards 

SAMPLES TPH 

MG/KG 

DPR 

STANDARDS 

BRS 1652.7747 50 

BDS 985.6900 50 

BRW 272.6871 30 

BDW 48.5018 30 
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Figure 3. Mean of the TPH Plotted against DPR Standards 

 

Figure 4. Mean of the PAH Plotted against DPR Standards 

The graphs in figures 3 and 4 above show the level of hydrocarbon concentration in 

soils and water samples from the study area. The mean values from the statistical analysis are 

plotted against the DPR permissible limits for hydrocarbon concentration. The configuration 

shows that the levels of concentration of aliphatic and aromatic hydrocarbons are in excess 

compared to the DPR standards and excess concentration of these compounds.  

In marine water, the acceptable limit for aliphatic hydrocarbons is 30mg/l while the 

concentration value in Biara water sample (BRW) is 272.6871mg/l and Bodo water sample 

(BDW) is 48.5018mg/l. In soils, the acceptable limit for aliphatic hydrocarbons is 50mg/kg.  

Biara Soil (BRS) is 1652.7747 and Bodo Soil (BDS) is 985.69. This level of concentration 

shows that both the soil and marine water is in excess of aliphatic hydrocarbons. For the 

aromatics, the acceptable limit for marine water is 0.1mg/l and that of soil/sediments is 

1mg/kg. The result of the analysis shows that Biara Water (BRW) is 87.6129 and Bodo Water 

(BDW) is 2.5512. For soil, Biara Soil (BRS) is 468.5365 and Bodo Soil (BDS) is 292.3265 

which make it in excess concentration of aromatic hydrocarbons.  

The result of the analysis shows that there is higher hydrocarbons concentration in 

samples from Biara than those of Bodo, yet there are more oil spill incidences and spilled 

quantity in Bodo than in Biara. But the oil spills in Bodo being up 10 to 15 years in the 
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environment appear to have been dispersed greatly by the natural agents – the hydrocarbons 

degrading organisms. Hence the higher hydrocarbon concentration in Biara is because of 

possible recent oil spill incidence. The concentrations on either side are higher than the DPR 

target limits, although they are still within the intervention limits. This implies that the entire 

environment can be restored to its original state with proper remedial measures.  

 

ECOLOGICAL EFFECTS OF OIL SPILL 

 

The effects considered under this include contamination of agricultural farmlands, 

water, de-vegetation, health problems and loss of aquatic lives as it is with abandoned with oil 

spills sites. Osuji (2001), had conceived this fact in an earlier work that soil alsos acts as a 

reservoir for residual pollution, releasing contaminants into groundwater or air over extended 

periods of time, often after the original source of pollution has been mitigated. Wide range of 

problems were observed in the study area including loss of vegetation, fires outbreaks, and 

loss of biodiversity, food shortage, job losses, corrosion of roofing sheets, groundwater 

pollution, forced migration and increase in internally displaced person (environmental 

refugees), loss of cultural values, desecration of things or places of high spiritual value and 

youth restiveness as a result of social disharmony. 

 

Food Shortage - The traditional subsistence micro economic activities are all gone in the 

event of oil spills especially as it is unattended. Communities who are predominantly farmers 

relying on fishing and farming are left jobless due to the combined effects of oil spill and acid 

rain (resulting from gas flaring). While acid rain is known to cause soil fertility and 

productivity problems there is also the problem of poor fish catch due to disturbances, as most 

fishes have migrated into deeper waters. The local communities equally are not equipped with 

suitable capabilities and facilities to make catches under the prevailing circumstances, tend to 

rely on imported food such as the popular icefish having lost their place as the food basket of 

the Niger Delta. The surface water resources are not left out, this is because samples from 

streams and rivers in the area show marked pollution by hydrocarbons. This has alienated the 

traditionalists from their ancestral marine gods and the water resources rather than being the 

source of life have become sources of misery, disease and death.   

 

Means of Livelihood - Layers of oil in the mangrove forest in Bodo have coated the 

breathing roots of these plants killing off parts of the mangrove forest and animals and marine 

life that depend on it. This mangrove forest which serves as habitats for fish and mollusks as 

well as raw materials for the community have been lost to the ravages by oil pollution. This 

rendered the most of the inhabitants jobless since the highest employer of labor – farming has 

been made unsustainable.  

 

Roofing sheets – Life span of zinc roofing sheets have reduced drastically due to the 

oxidation of zinc by acid rain as such roofing sheets tend to corrode. Unfortunately the 

alternative roofing sheets in popular use in the study area being asbestos expensive also have 

some strings (health hazards) attached. 

  
Demographic shifts - The persons displaced as result of oil operations and the attendant 

pollution tend to wander about in search of livelihoods instead of contributing their quota in 

the GDP of their local community. This leads to economic displacements and they feel 

debased squating in shanties in the suburbs of neighboring towns deprived of the basic 

necessities of live.  
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Cultural Values and Spirituality - Oil spills and Gas flares are blamed for the socio- cultural 

disharmony among the people as they argue it has led to the extinction of plants of medicinal 

value and the plants and herbs that have multiple utility. They also claim that their ancestral 

gods equally displaced due to interference by the industries and pollution of the mangrove 

forests which they claim are habitat to those gods. The Nigerian oil exploration licensee is 

obliged to conserve such sacred grooves, shrines and forests that are of immense value to oil 

exploration host communities.  

 

Youth restiveness/social disharmony – the blame game brought distrust among parties 

giving room to disharmony between youths and their leaders. The youths feel abandoned by 

their leaders in times of disasters – oil spills and the attendant problems took matters into their 

hands as to get back to the oil companies (who had destroyed their environments viz-a-viz 

their livelihood) through sabotage, oil bunkering and hostage taking for ransom. The plates 

below are snapshots of some of the observable effects of oil spill in the study area. 

 

 

Plates 1-4 . Oil spill on Bodo Farmlands 

Plates 1-4 above show farmlands lost to oil spills through fires, devegetation, loss of soil 

quality and loss of biodiversity. 
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Plates 5-9. Oil spill on Bodo River 

 

Plates 10-13. Oil spill on Biara Surface water 

Plates 5-13 above show oil spilled in Bodo west and Biara community river. These 

water sources serve as source of water supply to the entire community. Through direct 

interview, it was revealed that this spills in Bodo River occurred over a decade now. It was 
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also observed that fishing activities have been stayed since then as the oil coating on the 

surface make the water appear lifeless and useless.  

 

Summary and conclusion - This work may submit that neglect and pervasive poverty are the 

root cause of the observable environmental problems as a result of crude oil exploration in 

this region. These problems include sabotage and oil bunkering, youth restiveness, hostage 

taking, soil and water contamination by hydrocarbons. These littoral communities are 

predominantly farmers and fishers, relying on mangroves and the aquatic resources as 

governments rely on taxes. The effect is economic displacement as both the people and the 

country lose a lot of revenue from foreign investments due to insecurity as well as our natural 

heritage which are lost to environmental pollution from such a cherished resource.  

Considering that the then Federal Environmental Protection Agency Act (Decree No. 58 of 

1988) was vested with the authority to issue standards for water, air, and land qualities; and 

that the now Federal Ministry of Environment has the responsibilities of monitoring industrial 

operational practices to ensure compliance.  The Department of Petroleum Resources (DPR) 

also set Environmental Guidelines and Standards for the Petroleum Industry in Nigeria (1991) 

and the specific standards set are in line with that of EU or the US. The Federal Ministry of 

Environment is legally vested with the responsibility of protecting and sustaining the Nigerian 

environment through formulation and implementation of regulatory frameworks. The 

National Policy on the Environment (1989) comprises one of the instruments developed by 

the agency to carry out its tasks of ensuring that Oil companies operating in Nigeria fulfilled 

the following obligations: 

(a) Adopt all practicable precautions including the provision of up-to-date equipment to 

prevent pollution, and must take prompt steps to control it when it occurs. 

(b) They must maintain all installations in good condition in order to prevent the risk it posed 

to surface, trees, crops, buildings, structures and other properties. 

(c) Oil companies are also required to comply with all local planning laws; they may not enter 

on any area held to be sacred or destroy any thing which is an object of veneration; and they 

must allow local inhabitants to have access, at their own risk, to roads constructed in their 

operating areas. 

This is excellent by all standards but if it is implemented in space and time there 

would not be such amount of oil in the communities as the tables and plates indicated and the 

court case at Hague would not have been instituted. It is lack of implementation that should be 

blamed for the neglect, poverty and environmental problems observed in the study area and 

that being the case, proper implementation of policies made in that line will bring a turn 

around.   
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