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The Nigerian National Petroleum Corporation (NNPC) oil pipeline 

project has left its mark in form of environmental problems in 

some Masev Communities of Benue State. An extensive area of 

prime agricultural land has been affected. Spilled petroleum oil is 

certainly responsible for alterations of surface water physico-

chemical properties within the area. From five selected 

communities which had experienced oil spill, twenty four water 

samples were collected from surface water within oil spill sites. A 

similar exercise of surface water sample collection was carried out 

at three selected sites from three communities, unaffected by oil 

spill, within the same geographical area, Water chemical and 

physical property test was carried out in the Benue State Water 

Board Laboratory Makurdi for the affected and non-affected areas 

to assess the extent to which the surface water in the affected 

areas had been influenced by the project. The results of the tests 

were analyzed using some statistical methods. The result of the 

analysis showed that surface water in the affected areas were 

significantly contaminated by oil spillage from the NNPC oil 

pipeline and this, in turn had affected water resources, the 

agricultural productivity, and biodiversity within the 

communities. The laboratory test results were based on FEPA 

standards. It has been suggested that there is an utmost necessity 

to take some perfect steps either to control or to minimize the 

petroleum oil pollution in this area. 

 

 

Key words: Physico-chemical, surface water, contamination, 

NNPC pipeline, Masev communities, Benue, Nigeria 
  

 
INTRODUCTION 
 
Oil spills involve the unintentional release of dangerous 
hydrocarbons such as benzene and Polynuclear 
Aromatic Hydrocarbons (PAH) into the soil and water 
sources. These spillages affect vast stretches of land and 
waterways thus polluting not only crops but also marine 
life and the sources of water for domestic uses. As the 
spill occurs, it spreads into farmlands and water bodies. 
The toxic oil seeps into the grounds and is taken up by 
the roots of plants. Recent studies have shown that oil 
spills lower soil fertility and cause poor growth of plants 
(Pyagbara, 2007; Osuji and Nwoye,  2007;  Omeka et al.,  

 
2010; Uzoije and Agunwanba, 2011; Wikipedia, 2011). 
Contaminated sites by hazardous substances are major 
environmental concerns throughout the world, because 
most contaminants can persist for many years in soil and 
sediments, where they have the potential to have 
adverse effect on human health and the environment 
(EEMS Limited, 2010). 

Petroleum oil is not a single chemical but a collection of 
hundreds of widely different properties and toxicities and 
when mixed with water, it affects its physico-chemical 
properties (Holcomb, 1970). 
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Water quality is one important factor of an aquatic 
environment. Toxic pollutants in water refer to a whole 
array of chemicals which are leached into surface water 
or which are discharged directly into rivers. Contamination 
of aquatic environment by crude oil and petroleum 
products constitute an additional source of stress to 
aquatic organisms (Omoregie et al., 1997). 

Water pollutants can also include excessive amounts of 
heavy metals, radioactive isotopes, fecal coli form 
bacteria phosphorus, nitrogen, sodium and other useful 
(even necessary) elements as well as certain pathogenic 
bacteria and viruses (Botkin and Keller, 1998). 
The water environment experiences many dynamic 
changes induced by various natural events such as 
spillage of toxic chemicals that may have significant 
impact on aquatic life (Camougis, 1988). 
Many researchers have observed that adulteration of soil 
and water by oil leads to significant reduction in biomass. 
It could cause nutrient immobilization as the oil creates 
some conditions in soil, which make some vital nutrients 
unavailable to plants (Agbogidi, 2011). 

In Nigeria, oil and gas pipeline projects are known as 
possible sources of environmental degradation due to 
rising rates of vandalism and some physical causes. 
Petroleum oil pollution is a regular phenomena in the oil 
drilling sites as well as the areas through which oil 
transportation pipelines carry the crude oil either to the oil 
collecting stations (deports ) or to the oil refineries. 
Survey of literature reveals that very little and scattered 
information is available of oil pollution on soil and water 
environment within the study area (NNPC Deport 
Makurdi, 2011).  

Hence, an effort has been made to investigate factual 
information regarding petroleum oil pollution and its 
impact on water physico-chemical properties in some 
areas of some communities along the NNPC oil pipeline 
within the Masev area in Benue State in Nigeria. 

 
 
MATERIALS AND METHODS 

 
Study area 

 
The study area covered the communities within the 
stretch of NNPC oil pipeline from Shawa, (near Taraku) 
to Apir depot (near Makurdi). This is part of the Enugu - 
Makurdi section of the NNPC oil pipeline within the Port-
Harcourt region (Figures 1 and 2). The stretch of interest 
starts from Shawa, in the Gwer East Local Government 
Area and ends at Apir NNPC depot, about 12 km south of 
Makurdi. This stretch of about 48 km traverses the Ugee, 
Mbalom and Mbasombo council wards within the Masev 
area in Gwer Local Government Area (LGA) of Benue 
State (Figure 2). The Masev area is made up of the 
thirteen local council wards of Gwer LGA in Benue State. 
The project area is located within latitudes 7°15

1
N and 

7°39
1
N, and longitudes 8°13

1
E and   8°37

1
E.   The   area 

 
 
 
 
is part of the extensive Benue Trough, which stretches 
from Adamawa State in the North Eastern Nigeria 
through Taraba and Benue States, to Kogi State. Benue 
State is within the Southern Guinea Savanna region 
which is characterized by distinct wet and dry seasons. 
 
 
Sample collection 
 
Communities or locations for surface water samples 
collection within the pipeline project affected areas were 
carefully selected among those that had experienced oil-
spill within the Ugee, Mbalom and Mbasombo council 
wards. This was based on data collecting during our field 
reconnaissance survey. They are Tse Ugesa Mbalim in 
Ugee Local Council Ward (L.C.W.), Anshua Mbasada 
and Tse Ber Turan in Mbalom L.C.W. and Tse Agula 
Mbamar and Orwuatsaga Mbagbar in Mbasombo L.C.W. 
(Table 2). Surface water sample collection sites were 
also selected from the following communities within the 
same geographical region, but which had not 
experienced any oil spill, designated as non-affected area 
(NAA): Genyi Mbalim in Ugee L.C.W., Ayar in Mbalom 
L.C.W. and Tse Tsuwe Mbakor in Mbasombo L.C.W. 
From each of the five communities, which had 
experienced oil spill, twelve surface water samples were 
collected at points within oil spill sites. These were 
designated AW. Similarly, twelve surface water samples 
were obtained from the three control sites and designated 
CW. All the water samples were stored in labeled plastic 
bottles. Plates 1 and 2 below are photographs of two (2) 
of the five (5) oil spill sites within the Masev communities, 
from which water samples were collected. 

 
 
Laboratory analysis of water physico-chemical 
properties 
 
Data analysis in this study was by scientific and 
laboratory investigation to know the changes in surface 
water physico-chemical properties brought about by 
petroleum oil spill within the environments of the 
communities in the study area. Water test in this study 
was carried out in the Benue State Water Board 
Laboratory Makurd. Water chemical and physical 
property analysis was carried out for surface water 
samples from the affected and non-affected areas (AA 
and NAA) to assess the extent to which the surface water 
in the affected areas had been influenced by the project.  

 
 
Water quality analysis 

 
Some physical and chemical properties of water were 
selected for the physico-chemical properties 
investigations of the water samples from AA and NAA. 
The properties include temperature, colour,  oil  in  water, 
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Figure 1. Map of Nigeria showing the Downstream Pipeline System (DPS) and infrastructures, Benue State and the 
NNPC/PPMC geographic regions of operation. 

 
 
 
pH, Nitrates, Dissolved Oxygen, Chemical Oxygen 
Demand (COD), Biological Oxygen Demand (BOD) and 
the concentration of heavy metals including Copper, Zinc, 
Lead, Nickel, Iron, Mercury and total hydrocarbon 
content. 
For pH, the HANNA electronic pH meter was used.  
 
Sulphate 
 
The sulfaver 4 method (powder pillow) was adopted.  
 
Lead 
 
 Dithizone method was adopted using the stored program 
number for lead Pb (280) of HACH (2000).  
 
Oil in Water was determined by Colorimetric extraction 
method. The stored program number of oil in water (410) 
of HACH (2000) was used. Copper Porphyrin  method 

was adopted. The HACH program number (145) for 
copper was used. 
 
 
Hydrocarbon 
 
Total hydrocarbon was determined after extraction with n-
hexane and subsequent concentration of the extract by 
evaporation (Rump and Krist, 1992). The extracts were 
put in labeled vials and covered to allow it concentrate. 
The concentrated extracts were measured with 

spectrophotometer at a wavelength of 610µm and 
program number of 420, against a blank (HACH, 2000).  
 
 
Temperature  
 
The thermometer was immersed into the water sample at 
the site and the reading was recorded.  
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Figure 2. Sketch of Gwer L.G.A. indicating the Wards affected by the project Source: Gwer L.G.A. Health 
Department, Benue State.Scale: 1:106250. 

 
 
 
Turbidity 
 
The HACH program number (750) for Turbidity was used.  
 
Colour 
 
Direct reading spectrophotometer (DR/2000) from HACH 
Company was used.  
 
Mercury 
 
Mercury extractor system was adapted and the stored 
HACH program number (311) AnaLig/HgEX Mercury was 
used.  
 
Zink 
 
The stored HACH program number (780) for Zinc was 
used.  
 
Total iron in water  
 
The HACH program number  (250) for  Iron  in  the  water 

was used.  
 
Nickel 
 
1-(2-pyridylazo)-2-Naphtol (PAN) method (Agunwamba, 
2001) was adopted. Dissolved oxygen (DO) was 
determined titrimetrically using the Alerberg – Azide (Win 
Klers’) method as described in APHA (1992). Biological 
Oxygen (BOD).This parameter was determined in the 
same way as dissolved oxygen determination using 
Alterberg Azide method except that the raw water 
samples were incubated in BOD bottles for five days in 
the dark before dissolved oxygen determination was 
made. The BOD is then determined using the 
relationship:  
BOD (mg/l) =  DO before incubation – DO after 
incubation / (5/300) 
COD = 2 X BOD (Agunwamba, 2001) 
 
The water test results (Physico-Chemical Properties) in 
Table 1 were analyzed using t-test procedure with an 
alpha level of 0.05. These were carried out to compare 
the chemical  and  physical  characteristics  of  the  water  
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Plate 1. Oil Spill site at Anshua. 

 
 

 
 
Plate 2. Oil Spill site at Tse Agula. 

 
 
 
samples from AA and NAA for significant difference 
between them. 
 
 
RESULTS AND DISCUSSIONS 
 
The laboratory test results are presented in (Table 1). 
The results of the analysis by a t-test are presented in 
(Table 2). All the values of concentration of elements 
here are based on FEPA standards (FEPA, 1991). 

 
Effects of oil spill on the physico-chemical properties 
of water in the area 
 
The t-test results for concentration of elements in water 
samples (Table 2) shows significant differences in the 
concentration of all the elements in the life and control 
samples because in each case tstat> tcrit except in the 
cases of pH and dissolved oxygen in water which showed 
no   significant  difference  in  the  concentration  because  



Odoemena and Igomu          414 
 
 
 
Table 1. Physico-chemical characteristics of Masev water samples. 
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AW1A 29.5 64.0 5.80 825.0 550.0 1.44 2.20 0.016 0.080 0.30 0.003 30.0 0.5 222.0 444.0 
AW1B 29.5 56.0 5.90 824.0 550.5 1.26 2.14 0.014 0.070 0.28 0.003 32.6 0.2 218.0 436.0 
AW1C 29.5 60.0 8.85 824.0 550.0 1.38 2.20 0.015 0.080 0.29 0.003 31.5 0.3 219.0 440.0 
AW2A 29.5 42.0 5.90 825.0 550.0 1.36 2.10 0.014 0.050 0.24 0.001 24.6 0.2 216.0 432.0 
AW2B 29.5 44.0 6.00 825.5 550.0 1.34 2.16 0.014 0.060 0.26 0.002 26.4 0.2 212.0 424.0 
AW2C 30.0 43.0 6.00 825.0 550.5 1.35 2.14 0.014 0.065 0.25 0.001 25.5 0.3 213.0 428.0 
AW3A 30.0 16.0 6.80 600.0 451.0 1.20 1.86 0.012 0.040 0.22 0.001 22.8 0.3 230.0 460.0 
AW3B 29.5 18.0 6.60 650.5 50.6 1.22 1.78 0.012 0.060 0.24 0.001 20.6 0.3 232.0 464.0 
AW4A 29.5 22.0 6.40 750.0 550.0 1.40 2.16 0.014 0.060 0.20 0.002 26.4 0.2 198.0 396.0 
AW4B 30.0 20.0 6.20 700.2 550.5 1.32 2.08 0.012 0.040 0.22 0.002 24.8 0.2 200.0 400.0 
AW5A 30.0 10.0 7.10 814.0 500.0 1.16 2.00 0.008 0.030 0.18 0.001 23.6 0.5 196.0 392.0 
AW5B 30.0 8.00 6.90 814.5 52.5 1.08 2.14 0.006 0.050 0.22 0.001 28.0 0.3 216.0 432.0 
MEAN 29.71 33.58 6.54 773.14 454.63 1.29 2.08 0.01 0.06 0.24 0.00 26.40 0.29 214.33 429 
VARIANCE 0.07 406.81 0.72 6385.21 36370.07 0.01 0.02 0.00 0.00 0.00 0.00 12.82 0.01 133.88 538.55 
CW1A 29.0 1.00 7.10 30.0 246.0 0.84 1.64 0.002 0.014 0.14 0.000 18.4 2.3 74.0 148.0 
CW1B 29.0 1.00 7.00 30.5 243.0 0.74 1.42 0.001 0.012 0.16 0.000 18.0 2.5 72.0 144.0 
CW1C 29.0 1.00 7.10 30.0 244.0 0.80 1.55 0.002 0.013 0.15 0.000 18.2 2.4 73.0 146.0 
CW1D 29.0 1.00 7.00 30.5 245.0 0.79 1.50 0.001 0.014 0.14 0.000 18.1 2.3 72.5 145.5 
CW2A 29.0 1.00 6.60 21.0 142.0 0.76 1.26 0.000 0.010 0.16 0.000 17.8 2.4 71.0 142.0 
CW2B 29.0 1.00 6.80 21.5 143.0 0.72 1.16 0.001 0.016 0.14 0.000 18.0 2.6 70.0 140.0 
CW2C 30.0 1.00 6.70 21.3 142.8 0.77 1.20 0.002 0.017 0.15 0.000 17.3 2.2 71.1 141.5 
CW2D 29.5 1.00 6.75 21.4 144.5 0.75 1.19 0.001 0.014 0.16 0.000 17.5 2.4 70.5 141.8 

CW3A 29.0 1.00 7.00 21.7 143.0 0.74 1.42 0.001 0.012 0.16 0.000 18.0 2.5 72.0 144.0 
CW3B 29.5 1.00 6.80 21.5 145.2 0.76 1.30 0.001 0.015 0.14 0.000 17.8 2.3 71.5 143.4 
CW3C 30.0 1.00 7.20 21.9 144.8 0.75 1.40 0.001 0.014 0.15 0.000 17.9 2.4 70.8 142.7 
CW3D 29.0 1.00 7.10 21.6 144.6 0.74 1.39 0.001 0.013 0.16 0.000 17.7 2.3 71.8 143.1 
MEAN 29.25 1.00 6.93 24.41 177.33 0.76 1.37 0.00 0.01 0.15 0.00 17.89 2.38 71.68 143.54 
VARIANCE 0.16 0.00 0.04 18.68 2462.68 0.00 0.02 0.00 0.00 0.00 0.00 0.09 0.01 1.26 5.30 
TSTATISTICS 3.34 5.60 -1.56 32.41 4.87 16.17 12.19 13.35 9.49 8.45 7.00 8.20 -46.61 42.51 42.38 
DF 19 11 12 11 12 13 22 12 11 12 11 11 22 11 11 
TCRITICAL 1.73 1.79 1.78 1.79 1.78 1.77 1.72 1.78 1.79 1.78 1.79 1.79 1.72 1.79 1.79 

 
 
Key: AW - Affected water samples; CW - Control water samples; AW1 - Affected water samples at Anshua; AW2 -Affected water samples at Tse Agula; AW3 -Affected water samples at Tse Ugesa; AW4 -

Affected water samples at Tse Ber Turan; AW5 -Affected water samples at Tse Orwuatsaga; CW1 - Control water Samples at Genyi; CW2 - Control water Samples at Ayar; CW3 - Control water Samples 

at Tse Tsuwe; A, B, C and D are points within the same locality; tcrit – t critical; df – degree of freedom; tstat – t statstics. 
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Table 2. Summary of the Concentration of Elements in water from the Control and the Oil-spill Affected Water Samples 
 
 Water Variables Affected Unaffected t-Test  Significance 

  Mean Variance Mean Variance t-stat df t-crit  

Temperature (°C) 29.71 0.07 29.25 0.16 3.34 19 1.73 SD 
Oil in Water (mg/l) 33.58 406.81 1 0 5.60 11 1.79 SD 
pH  6.54 0.72 6.93 0.04 -1.56 12 1.78 NSD 
Suspended Solids (mg/l) 773.14 6385.21 24.41 18.68 32.41 11 1.79 SD 
Colour (pt colour) 454.63 36370.07 177.33 2462.68 4.87 12 1.78 SD 
Copper (mg/l) 1.29 0.01 -0.76 0 16.17 13 1.77 SD 
Zinc (mg/l) 2.08 0.02 1.37 0.02 12.19 22 1.72 SD 
Lead (mg/l) 0.01 0 0 0 13.35 12 1.78 SD 
Nickel (mg/l) 0.06 0 0.01 0 9.49 11 1.79 SD 
Iron (mg/l) 0.24 0 0.15 0 8.45 13 1.78 SD 
Mercury (mg/l) 0 0 0 0 7.00 11 1.79 SD 
Sulphate (mg/l) 26.4 12.82 17.89 0.09 8.20 11 1.79 SD 
Dissolved Oxygen (mg/l) 0.29 0.01 2.38 0.01 -46.61 22 1.72 NSD 
BOD (mg/l) 214.33 133.88 71.68 1.26 42.51 11 1.79 SD 
COD (mg/l) 429 538.55 143.54 5.3 42.38 11 1.79 SD 

 
BOD – Biological Oxygen Demand    Alpha Level: 0.05   
COD – Chemical Oxygen Demand 

 
 
tstat< tcrit. All the result discussion here was based on 
FEPA standards. The mean concentrations of dissolved 
oxygen in the oil spill affected water samples (0.29 mg/l) 
were significantly lower than that from the control 
samples (2.39 mg/l). Besides the values for the oil spill 
affected samples were less than 1 mg/l which is the 
universally accepted level for aquatic life (Akpofure et al., 
2000). The mean concentrations of COD for the oil spill 
affected samples showed a significant increase (429 mg/l 
as against 143.54 mg/l). This could be due to oil pollution 
because the limiting value of COD of water generally 
specified by international authorities is 250 mg/l (Punmia 
et al., 2007; Edema, 2012). Biological Oxygen Demand 
(BOD). BOD is the measure of oxygen required to oxidize 
the organic matter present in the sample through the 
action of microorganism contained in a sample of water. 
It is the most widely used parameter of organic pollution 
applied to both waste and surface water. Similar to COD, 
the BOD concentration in the oil spill affected water 
samples was significantly higher than those in the control 
samples (214.33 mg/l as against 71.68 mg/l). This 
significant rise in BOD is likely due to oil pollution as 
suggested by Punmia et al., (2007) and Edema, (2012). 
 
 
Heavy metals 
 
There was an increase in the concentration of the 
following heavy metals in the oil spill affected samples: 
zinc, copper, lead, nickel and iron (Table 2). Heavy 
metals are normally constituents of oil (Osuji and 
Onojake, 2004). Chronic exposure to chromium, lead and 
other metals associated with petroleum can be 
carcinogenic and can cause congenital disorders in man 
and other animals (Edema, 2006; Edema, 2012; 
Wikipedia, 2011). The mean concentration of sulphate in 

water was higher in the oil spill affected water samples as 
shown in (Table 2) (26.4mg/l for the affected water and 
17.89mg/l for the unaffected water). The Sulphate ions 
occur naturally in most water supplies and hence they are 
present in oil-polluted water. The higher concentration of 
sulphate in the oil spill affected samples is likely to be 
due to oil pollution (Punmia et al., 2007, Edema, 2012). 
The most important physical characteristic of water is its 
total solid contents, consisting of floating matter in 
suspension, colloidal matter and matter in solution. Other 
physical characteristics are smell or odour, colour and 
temperature. The increase in the mean concentration of 
suspended solids (773.14 mg/l for the oil spill affected 
water samples as against 24.41 mg/l for the unaffected 
water samples) noticed in the oil spill affected samples 
could be an indication of increase in contamination. 
Similarly, the enhancement of colouration in the oil spill 
affected water samples (454.63 pt as against 177.33pt) is 
a likely indication of contamination from oil pollution 
(Punmia et al., 2007; Joel and Amajuoyi, 2009).There 
was a significant rise in the mean concentration of oil in 
water in the oil spill affected water samples (33.58 mg/l 
for the affected water samples as against 1.0 mg/l for the 
unaffected water samples). Obviously, this was evidence 
that the oil spill affected samples were polluted by oil 
(Joel and Amajuoyi, 2009). 
 
 
Conclusion 
 
The result of the assessment of the effects of the NNPC 
oil pipeline on the physico-chemical properties of surface 
water in the Masev communities shows that oil pollution 
from the oil pipeline  had  the  following   effects   on  the 
surface water environment of the affected communities: 
Surface water from   the   oil   spill   affected   areas   was  
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polluted by petroleum products from oil spills. The values 
for oil in water, suspended solids, water colour, 
sulphates, biological oxygen demand and chemical 
oxygen demand were elevated in the water samples from 
the oil spill affected areas. These are signs of water 
pollution. Similarly, the concentrations of heavy metals 
(zinc, copper, lead, nickel and iron) in water were higher 
in the samples from the oil spill affected areas. This is 
also likely due to oil contamination. The level of 
contamination of the surface water from the affected 
areas is such that the water is no more suitable for 
drinking and for aquatic life. The affected communities, 
thus, had to go to neighboring communities to look for 
alternative sources of water and water resources. In 
addition, their fishing life was brought to a standstill. This 
affected the economic life of the people too. So, it is 
utmost necessary to take some perfect steps either to 
control or to minimize the effects of oil pollution resulting 
from oil spill in this stretch of the NNPC oil pipeline. 
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