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1. Introduction  

Delta state with a population of about 4.1 million people is a highly industrialized state in Nigeria. About 650 – 
700 thousand metric tons of wastes were deposited into various landfill sites in delta annually for the last 5 years. Many 
existing and abandoned landfills pose serious detrimental health impacts to the environment. Unfortunately, the quality of 
groundwater has been impaired by indiscriminate dumping of solid waste materials in landfill within municipality (Afzal 
.M., Elahe, A.P., 2008), with attended risk to the health of the people and damage to the environment .Industrial 
development and uncontrolled increase of rural-urban migration that leads to the growth of the urban population have 
resulted in an increase in the population of different types of waste ranging from industrial to municipal, which have 
adverse effects on human populace .This study evaluates the trace and elements (copper, lead, Cadmium, Manganese, iron) 
composition of water of ground water around two dumpsites (both active) in selected areas in Delta and the leaching 
potential of these elements from waste soils with a view to assessing the potential contamination of the groundwater 
resources near the dump sites. Recent day waste disposal systems and management are way more advanced than it was in 
the past decades as modern techniques and facilities are now being employed in the collection, dumping, recollection and 
recycling of waste (Chu L.M., Cheung K.C., Wong M.H., 1994). But still society still has to deal with the problem of excessive 
waste intake and less rate of recycling more and more dumpsites are created daily mostly in urban areas where the urban- 
rural migration is not controlled. Industrial, agricultural and municipal waste keep on accumulating leading more and 
more leachate infiltration in groundwater. 

Leachate is defined as any contaminated liquid that is generated from water percolating through a solid waste 
disposal site, accumulating contaminants, and moving into subsurface areas ultimately targeting groundwater. A second 
source of leachate arises from high moisture content of certain disposed wastes. As these wastes are compacted or 
chemically react, bound water is released as “leachate”. In the absence of confining barrier beneath or surrounding the 
dumpsite, this leachate can migrate and contaminate both groundwater and surface waters. The volume leachate 
generated depends on different variables such as storm-water runoff, rain-water runoff, volume of groundwater 

    ISSN 2278 – 0211 (Online) 

Okumoko Dokumo Pearce 
Lecturer, Department of Earth Sciences, 

Federal University of Petroleum Resources, Effurun, Nigeria 
Izeze Elijah Ovie 

Lecturer, Department of Earth Sciences, 
 Federal University of Petroleum Resources, Effurun, Nigeria 

Abstract:  
The status of the quality of groundwater in Osubi area of Delta State is reviewed in this paper. For this study 10 stations 
(wells) around abattoir dumpsite in Osubi, Delta state were chosen to collect and assess copper, lead, manganese, 
cadmium and iron contamination in groundwater using methods as pollution load index (PLI) and geo-accumulation 
index (I-geo). Cadmium and lead had the lowest concentration as they were not detected, whereas iron had the highest 
concentration ranging from not detected to 45.45mg/kg with 13.48492 as average, manganese ranging from 0.03 to 
0.77 with 0.192 s average and copper with 0.2 in only well 6. Methods as enrichment factor, Pearson’s correlation 
coefficient, one-way Anova, and cluster analysis was used to evaluate the relationships between the growing heavy metal 
concentration. Geo-accumulation index indicated that well 4, 5 and 6 were the most polluted with respect to manganese 
with values ranging from - 1.90689 at the least to 2.35989 at the most, iron with values ranging from -7.67243 at the 
least to 2.155711 at the most and copper, with value 5.058894 at the most. Enrichment factor results indicated that 
cupper in well 6 was the most enriched relative to iron with value as high as110.7492. The one-way Anova and cluster 
dedrogram indicated that most of the heavy were closely related in concentration and growth as only two clusters were 
represented. All methods used indicated that the study unpolluted to moderately polluted and polluted was 
anthropogenic and not geogenic. 
 
Keywords: Osubi, enrichment factor, cluster analysis, correlation, Anova 
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entering(encroaching) the waste containing zone, moisture content and absorbent capacity of waste materials, 
topography, rate of waste deposition, amount of rainfall, rate of recollection for recycling, temperature, etc. factors that 
affect the rate of leachate infiltration in groundwater are proximity of water table to surface, porosity and permeability of 
underlying rock. Furthermore, the impact of leachate in an environ is highly dependent on the age of the dumpsite, 
consequently older dumpsite is more stabilized and may generate lower concentrations of organics as they are degradable, 
leaving just very toxic cations of heavy metals, anions. Leachate on their own contains a host of toxic and carcinogenic 
chemicals, which may cause harm to both human and the environment (Lee G.F., Jones-Lee .R.A, 1996). Contaminated 
groundwater by leachate can adversely affect industrial and agricultural activities that depend on well water. For certain 
industries, contaminated water may affect product quality, decrease equipment life time, or require pre-treatment of the 
water supply, all of which cause additional financial expenditures. The use of contaminated water for irrigation activities 
can decrease soil productivity, contaminate crops, and possibly move toxic pollutant up the food chain as animal and 
human crops grown in an area irrigated with contaminated water. 
 

 
Figure 1: Map of Delta State Nigeria, Produced Using Arc-GIS  

Software of ESRI. Copyright of Gamers 2017 
 

 
 Figure 2: Generalized Pattern of Leachate Generation Farquhar Gj. (1989)  

Leachate: Production and Characterization. Canadian Journal of Civil Engineering 
 
2. Study Area 
 
 2.1. Osubi 

Osubi is a town close to Warri in Okpe Local Government Area of Delta state, southern Nigeria. The population is 
approximately over 8000 people Osubi lies between coordinates 5°35′50″N and 5°49′10″E. Warri Airport (also known as 
Osubi Airstrip) is located in Osubi. There is a rapid infrastructural development (Oboh I.P., Egun N.K., Olowo U.C., 
Nwaokolo J.I., 2018) mostly around the airport region due to the closeness and prominence to the Niger Delta oil-
producing area of Nigeria. 
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Figure 3: GPS View of Osubi Showing Sampling Points from  

Both Wings of Abbatoir Dumpsite 
 
2.2. GPS Location of Sampling Points 

 
Point Longitude Degree Latitude Degree 

Osubi 1 5⁰34’34.8528” 5⁰48’4.6872” 
Osubi 2 5⁰34’36.9588” 5⁰48’5.022” 
Osubi 3 5⁰34’36.0012” 5⁰48’3.69” 
Osubi 4 5⁰34’36.5268” 5⁰48’7.3692” 
Osubi 5 5⁰35’14.6112” 5⁰48’47.25” 
Osubi 6 5⁰35’10.2768” 5⁰48’37.0188” 
Osubi 7 5⁰35’8.826” 5⁰48’37.3428” 
Osubi 8 5⁰35’9.3841” 5⁰48’39.4992” 
Osubi 9 5⁰35’9.5928” 5⁰48’46.7388” 

Osubi 10 5⁰35’5.19” 5⁰48’51.7932” 
Table 1: GPS Location of Sampling Points 

      
Class I geo Value Quality 

0 I geo ≤ 0 Uncontaminated 
1 0<Igeo <1 Uncontaminated to moderately contaminated 
2 1< Igeo<2 Moderately contaminated 
3 2< Igeo<3 Moderately to heavily contaminated 
4 3< Igeo<4 Heavily contaminated 
5 4< Igeo<5 Heavily to extremely contaminated 
6 5< Igeo Extremely contaminated 

Table 2: Geo - Accumulation Index Proposed by (Muller.G., 1969) 
  
2.2.1. Enrichment Factor 

 Enrichment factor (EF) is popularly used to determine whether the sources of the metals are geogenic and/or 
anthropogenic as well as to assess the degree of metal contamination, EF values from 1 to 10 indicate geogenic sources 
(natural source), while those 
 

<2 Minimal enrichment 
2-5 Moderate enrichment 
5-20 Significant enrichment 

20-40 Very highly enriched 
>40 Extremely highly enriched 

Table 3: Enrichment Factor by (Sutherland R.A., 2000) 
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3. Results and Discussions 
 

 Cu Pb Mn Cd Fe 
Osubi 1 0 0 0.04 0 0.14 
Osubi 2 0 0 0.03 0 0 
Osubi 3 0 0 0.03 0 0.28 
Osubi 4 0 0 0.65 0 10.33 
Osubi 5 0 0 0.77 0 45.45 
Osubi 6 0.2 0 0.2 0 3.07 
Osubi 7 0 0 0.04 0 0.69 
Osubi 8 0 0 0.03 0 0.05 
Osubi 9 0 0 0.05 0 0.33 

Osubi 10 0 0 0.08 0 0 
WHO 2011 2.0 0.01 0.10 0.003 0.1 

NSDWQ 2007 1.0 0.01 0.20 0.003 0.3 
Max value 0.2 0 0.77 0 45.45 

Minimum value 0 0 0.03 0 0 
mean 0.02 0 0.192 0 6.034 

Standard deviation 0.06 0 0.26487 0 13.48492 
Table 4: Atomic Absorption Spectrophotometer Analysis Results for Heavy Metal Concentration in Water Samples 

 
Locations Cu Pb Mn Cd Fe 

Osubi 1 ND ND -1.90689 ND -6.187 
Osubi 2 ND ND -2.32193 ND ND 
Osubi 3 ND ND -2.32193 ND -5.187 
Osubi 4 ND ND 2.115477 ND 0.018271 
Osubi 5 ND ND 2.359896 ND 2.155711 
Osubi 6 5.058894 ND 0.415037 ND -1.73226 
Osubi 7 ND ND -1.90689 ND -3.88583 
Osubi 8 ND ND -2.32193 ND -7.67243 
Osubi 9 ND ND -1.58496 ND -4.94996 

Osubi 10 ND ND -0.90689 ND ND 
Table 5:  Geo-Accumulation Index 

 
Location Cu Pb Mn Cd Fe PLI 
OSUBI 1 ND ND 0.266667 ND 0.013725 0.060499 
OSUBI 2 ND ND 0.2 ND ND 0.2 
OSUBI 3 ND ND 0.2 ND 0.027451 0.074096 
OSUBI 4 ND ND 4.333333 ND 1.012745 0.344897 
OSUBI 5 ND ND 5.133333 ND 4.455882 4.782628 
OSUBI 6 33.33333 ND 1.333333 ND 0.30098 2.373841 
OSUBI 7 ND ND 0.266667 ND 0.067647 0.13431 
OSUBI 8 ND ND 0.2 ND 0.004902 0.031311 
OSUBI 9 ND ND 0.333333 ND 0.032353 0.103848 

OSUBI 10 ND ND 0.533333 ND ND 0.533333 
Table 6: Contamination Factor Pollution Load Index 

 
Location Cu Pb Mn Cd 
OSUBI 1 ND ND 19.42857 ND 
OSUBI 2 ND ND ND ND 
OSUBI 3 ND ND 7.285714 ND 
OSUBI 4 ND ND 4.2788 ND 
OSUBI 5 ND ND 1.152035 ND 
OSUBI 6 110.7492 ND 4.429967 ND 
OSUBI 7 ND ND 3.942029 ND 
OSUBI 8 ND ND 40.8 ND 
OSUBI 9 ND ND 10.30303 ND 

OSUBI 10 ND ND ND ND 
Table 7: Results Enrichment Factor Relative to Iron 
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4. Discussions and Interpretation 
 
4.1. Cupper (CU) 

Copper concentration in the study areas ranges from less than 0.01 – 0.2 mg/kg with a mean value of 0.02 mg/kg. 
The (World health organization , 2008) for this parameter is 2.0 mg/kg and (NSDWQ, 2007) value of 1.0mg/kg therefore, 
the concentration of cupper is lower than the permissible limit of the stipulated standards but also has significant health 
impact because it can cause anemia, liver and kidney damage, and stomach and intestinal irritation to human and livestock 
.The copper present in the water sample at the second wing of the dump (OSUBI 6) shows maximum concentration 
(0.2mg/kg). The main sources of pollution are metallic waste disposal at the dump. 
 

 
Figure 4: Histogram Showing Concentration of  

Copper at All Locations 
 
4.2. Iron (Fe) 

Iron concentration in the study areas ranges from less than 0.01 – 45.45 mg/kg with a mean value of 6.034 mg/kg. 
The (World health organization , 2008) for this parameter is 0.1 mg/kg and (NSDWQ, 2007) value of 0.3 mg/kg therefore, 
the concentration of iron is higher than the permissible limit of the stipulated standards and presents significant health 
problems as iron concentration at (OSUBI 4) reached up to 10.33 mg/kg and 45.45 mg/kg at (OSUBI 5). The main sources 
of pollution are metallic waste disposal at the dump. 
 

 
Figure 5: Histogram Showing Concentration of Iron at All Locations 

 
4.3. Manganese (Mn) 

Manganese concentration in the study areas ranges from less than 0.013– 0.77 mg/kg with a mean value of 0.192 
mg/kg. The (World health organization, 2008) for this parameter range from 0.1-0.2 mg/kg and (NSDWQ, 2007) value of 
0.2 mg/kg therefore, the concentration of manganese is higher than the permissible limit of the stipulated standards at 
some locations and less at some locations. Significant health problems associated with high manganese concentration 
could surface at (OSUBI 4) which reached up to 0.65 mg/kg and 0.77 mg/kg at (OSUBI 5). The main sources of pollution 
are metallic waste disposal at the dump. 
 

 
Figure 6: Histogram Showing Concentration of Manganese at All Locations 
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5. Geo-Accumulation Index Interpretation 
 

 
Figure 7: Histogram Showing the Geo-Accumulation Index of 

Heavy Metals at All Locations 
 
5.1. Pollution Load Index and Contamination Index Interpretation 
 

 
Figure 8: Histogram Showing the Contamination Factor of 

Heavy Metals at All Locations 
 

 
Figure 9: Histogram Showing the Enrichment of Heavy Metals 

Relative to Concentration of Iron at All Locations 
 

 
Figure 10: Histogram Comparing the Mean Concentration of 

Heavy Metals to W.H.O and Nsdwq Standards 
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6. Statistical Analysis 
 
6.1. Pearson’s Correlation Coefficient 

 
Table 8: Result of Pearson’s Correlation Coefficient 

 

 
Table 9: Summary and Result S of One-Way Anova 

 
Case  Squared Euclidean Distance  

 1:copper 2:lead 3:manganese 4:cadmium 5:iron 
1:copper .000 .040 1.030 .040 2181.334 

2:lead .040 .000 1.070 .000 2182.522 
3:manganese 1.030 1.070 .000 1.070 2098.823 
4:cadmium .040 .000 1.070 .000 2182.522 

5:iron 2181.334 2182.522 2098.823 2182.522 .000 
Table 10: Proximity Matrix of Metals with One Another 

 
This cluster analysis was done using the spss software, the results is presented as the proximity matrix table and 

cluster dendrogram in this report, they are both to even more show relationships between the metal concentrations. For 
the proximity matrix table, metals which were very closely related in concentration had smaller values, with the smallest 
being 0.040 in the lead-copper, cadmium-copper, copper-lead, and copper-cadmium matrixes. And the highest being 
2182.522 in the iron-copper, copper-iron, iron-lead, lead-iron, and the iron-cadmium, cadmium-iron matrixes. Manganese-
iron, iron-manganese had a value of 2098.823, the manganese-lead, lead-manganese and the manganese-cadmium, 
cadmium-manganese had same value of 1.070. while the copper-manganese, manganese-copper had a value of 1.030. The 
cluster dendrogram in this research is an agglomerative (bottom to top) hierarchal clustering where metals are grouped 
into closely related metals in concentration. Basically two main clusters as the concentration levels of iron is appreciably 
distinct from the concentration of the other metals which group to form a cluster, although the dendrogram also shows the 
proximity of the metal concentrations to one another. The concentration of manganese is closest to that of iron, and copper 
after that with lead and cadmium farthest from iron which forms its own cluster. 
 

 
Figure 10: Dendrogram Showing Heavy Metal Clusters 
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7. Conclusion 
In this report considered which factors have an effect on amount values of the elements contained in groundwater 

along Osubi road in Warri, Nigeria. Results of analysis done on this samples show that the concentration of most the metals 
examined were below W.H.O and NSDWQ permissible limits except for iron which has a high peak of 45.45mg/kg. The 
Pearson’s correlation coefficient showed a positive correlation between iron and manganese which indicates increasing 
concentration at the same pace as the dumpsite is still very active. Results of the enrichment factor revealed although 
minute, copper was on the fastest growing metal as was absent in the previous years. 
 
8. Recommendation 

Based on the conclusions made from this research, the following recommendations have been made: 
 Adequate disposal facilities should be made available by government authorities and agencies to residential 

/industrial areas to aid proper refuse collection and effective disposal. 
 Public enlightenment of the populations on the adverse effects of heavy metal high concentration to humans and 

plants. 
 Though heavy metal loading of the study area is still within permissible limits. Monitoring and further 

investigations should be conducted periodically to assess the level of heavy metals in the marine environment of 
the Western Region in order to assess health risk of the communities. 
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