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ABSTRACT 

The assessment of heavy metals concentration levels of soil around an oilfield 

waste dumpsite was conducted. The objective of the study was to determine the 

concentration levels of some heavy metals, namely: Cd, Cr, Pb, Cu, Ni in the soil 

samples contaminated with crude oil around the oilfield waste dumpsite during 

the wet and dry seasons. This study is fundamental for understanding the 

chemical behaviour of heavy metals in the soil environment, which is the basis of 

risk assessment, decontamination and remediation of soils contaminated with 

heavy metals as a result of crude oil spillage. Samples were collected between 

October 2018 and May 2019 and digested using standard wet digestion methods. 

These samples were measured using atomic absorption spectrophotometry (AAS). 

The results revealed that lead (pb) recorded the highest values, while the lowest 

were found for cadmium (Cd) in all the samples during the dry season. Heavy 

metals concentration levels were generally lower during the wet season due to 

increased aeration and dilution from rainfall. The results also show that the total 

mean concentrations of the heavy metals decreased with depth in soil samples and 

distance from the dumpsite. A note worthy observation was that the 

concentrations of most of the heavy metals under investigation exceeded 

maximum permissible levels. 

Keywords: Heavy Metals; Dumpsite; Oilfield; Concentration; Permissible 

Levels. 

 

INTRODUCTION   

Pollution occurs when a change in environmental parameters negatively alters the quality of human 

life including effects on animals, micro-organisms and plants (Asemave et al., 2012). This is the 

presence of significance amounts of an extraneous material which may by solid, liquid or gas in a 

particular location (Idoko et al,.2012). The contamination of the environment by crude oil is 

therefore referred to as oil pollution and it is estimated that about 70% of oil pollution is as result of 

spillage (Cecil et al., 2008). In addition to crude oil spillage, the wastes that were generated during 

crude oil exploitation can further result to oil pollution if not properly disposed. In the case of 

Ejama-Ebubu, the oilfield wastes were disposed in an environmentally unfriendly manner (Figure 

1) and this has resulted into a serious environmental degradation in the area. This oil pollution 

contaminates the soil environment by releasing some significant quantity of hydrocarbon 

compounds (THC), total petroleum hydrocarbons (TPHS), Polycyclic aromatic hydrocarbons 

(PAHs), benzene, ethlybenzene, toluene and xylene (BETX). This contamination also releases to 

the soil environment some chemical elements which are components of the crude oil. These are 

poisonous or hazardous components of crude oil which are mainly heavy metals such as lead (Pb), 

cadmium (Cd), chromium (Cr), nickel (Ni) and copper (Cu) which vary depending on where the 

crude oil is sourced. The heavy metal concentration of Nigeria Bonny light is less than those heavy 

crudes from other countries in the world (Bowell et al., 2000). 
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Metals present in the crude oil include; copper , lead , Iron , magnesium, sodium, molybdenum, 

zinc, cadmium, vanadium, titanium, manganese, chromium, cobalt, antimony, uranium, aluminium, 

tin, barium, gallium, silver and arsenic. 

Some of the above listed ailments are associated with toxic metals such as Cd, Ni, Pb, Cr. and Cu 

which are often components of crude oil. They are the heavy metals that were investigated in this 

study. The total heavy metals content of the soil environment are commonly used to indicate the 

degree of contamination, but heavy metals concentration in solution mostly determine actual 

environmental exposure or risk. 

Human exposure to heavy metals occurs through three primary routes, that is, inhalation, ingestion 

and skin absorption. Exposure to heavy metals may cause blood and bone disorders, kidney 

damage, decreased mental capacity and neurological damage (Alloway et al., 1997). Lead is a 

particularly dangerous metal that has no biological role and negatively affects children in 

significant ways (Sobolev et al., 2008). The environmental problem with heavy metals is that they 

are unaffected during breakdown organic waste and have toxic effects on living organisms when 

they exceed a certain concentration. 

The high concentration of heavy metals in soils is reflected concentrations of metals in plants, 

water, animals and human bodies (Hafen et al,. 1996). 

This work was able to establish a basic understanding of the extent of contamination of heavy 

metals and generate baseline data on the concentration of heavy metals from an oilfield waste 

dumpsite on the soil environment of the area. The information obtained from this study will help to 

advocate for the preservation of the environment through environmentally sound oilfield waste 

management in Nigeria.  

 

MATERIALS AND METHODS 

The study area lies within latitude 40 381 N and longitude 7O 171 E. It has a tropical climate 

characterized by rainfall in the wet season April-October and drought in the dry season October – 

May. The area is a host of oilfield operations and activities for decades and has experienced series 

of crude oil spillage.                                      Soil samples were collected at various points on and 

around the oilfield wastes dumpsite between April and October, 2018. This was repeated in 

October – May 2019. Composite samples were taken to give a true representation of the area. The 

major soil types in the area were identified using a semi – detailed soil map of Niger Delta 

produced by – SPDC, 2000. Samples of soil were taken from the dumpsite and designated 

distances: 100m, 150m, and 200m from the dumpsite. The identified soil types were sampled using 

a Dutch soil anger to collect core samples at 0- 15cm and 15 – 30cm soil depths. For each soil 

series, 10 core samples, randomly taken were homogenized and a composite sample was taken. 

The homogenized composite samples were air – dried, crushed and sieved using a 2mm sieve. The 

samples were kept in a polyethylene bag and labeled accordingly. The samples were stored in a 

refrigerator at 4o C prior to analysis to inactivate bacteria and prevent any change in volume that 

may be caused due to evaporation. 

LABORATORY ANALYSIS 

All reagents used were of analytical grade and from which standard solutions were prepared. Glass 

wares were thoroughly washed with detergent and rinsed with distilled water. 

SOIL SAMPLE ANALYSIS 

The digestion method by Hafen et al., 1996 was adopted for the extraction of trace metals in the 

study. The soil was crushed and 1g was accurately weighted and digested with 10ml of 1:1 

concentrated HNO3. The mixture was evaporated to near dryness on a hot plate and cooled and the 

procedure repeated with 1:1 concentrated HCI (15ml). The extracts were filtered with No 40 What  

man filter paper and then made up to 100ml with 2% HNO3. 
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DISCUSSION OF RESULT 

Tables 1 and 2 summarize the mean concentrations of heavy metals (Pb, Cd, Zn, Cr and Ni) in soils 

at various depths and distances away from the dumpsite in the wet and dry seasons. The 

concentrations of heavy metals were found to be higher in the dry season when compared with the 

wet season, which can be attributed to the leaching of the cations down the soil profile by rainfall 

(Kasprak et al., 2011).  

Heavy metal concentrations in soils were generally higher for lead and lowest for cadmium metal 

in the study area. The concentrations of all heavy metals at a depth of 0 -15cm (top soils) were 

higher than the concentrations of heavy metals found in a depth of 15-30cm (sub soils). It can be 

assumed that the subsoil is considerably less influenced by soil forming processes and 

anthropogenic supply than the top soil. The concentrations of heavy metals were decreased as the 

soil sampling distance from the dumpsite increased. 

The concentration values of the heavy metals in the soil within and around the dumpsite were 

above the permissible values for heavy metal in the environment (Gbaruko et al., 2007). Short term 

exposure to high levels of some of these heavy metals like lead can cause  a lot of health disorder 

even death (Ogunseitan et al., 2009). Lead is particularly dangerous to young children because it 

readily affects their nervous systems (Awokunmi et al., 2010).  

Although zinc is an essential trace metal, an excess of zinc intake in the human diet can lead to 

copper deficiency, growth disorders and other health complications. The inhalation of cadmium 

causes serve damage to the lungs and kidneys (Olafisoye et al., 2008). Most chromium compounds 

are irritating to the eyes, skin, and mucous membranes .Chronic exposure to chromium compounds 

can cause permanent eye injury. Although chromium toxicity in the environment is relatively rare, 

it still presents some risks to human health (Ademorati et al., 1996). The concentration levels of 

nickel in the soil around the dumpsite were above the critical value for most countries. This heavy 

metal can be damaging to human systems when in excess. 

 

CONCLUSION 

The study has shown that heavy metals pollution of soil is an issue of environments concern, 

especially when oilfield wastes are involved. The concentration levels of heavy metals were noted 

to be affected by change in season, depth of soil and sampling distance. The result from this study 

revealed the presence of significant concentrations of Cd, Cr, Zn, Pb and Ni in soils in the oilfield 

wastes dumpsite and residence in and around the area. Frequent monitoring of the quality of soil 

will be necessary to know the changes in chemistry of the environment and possibly initiate 

remedial on measures. Education and legislation on management of oilfield waste in all the 

oilfields should be intensified to forestall the effects of oilfield waste related problems. A modern 

oilfield waste disposal approach should be followed by the relevant authorities and appropriate 

waste disposal sites be chosen to avoid the injurious effects of indiscriminate disposal of oilfield 

wastes and residential buildings should be sited farther away from areas of pollution.  

 

  
         

FIGURE 1: Fly Tipping Of Oilfield Waste In Ejiama-Ebubu Ogoni 

Land, Niger Delta. 
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Table 1. Total elemental concentrations (mg/kg) of heavy metals in the soil surface (15 to 30 cm) 

(n-9) during the wet and dry seasons 

mg/kg Pb Cd Zn Cr Ni 

100 m from dump, (WS) 257.000.05 4.550.12 44.750.09 23.320.01 62.680.07 

100 m from dump, (DS) 288.351.20 4.610.01 46.460.03 24.600.01 69.550.06 

150 m from dump, (WS) 232.550.02 3.780.34 36.541.09 24.840.37 56.680.07 

150 m from dump, (DS) 245.000.09 4.560.01 40.151.13 21.200.01 60.050.04 

200 m from dump, (WS) 200.900.40 2.550.12 32.080.01 19.620.37 35.450.37 

200 m from dump, (DS) 214.000.01 2.830.76 35.590.01 19.110.01 46.810.53 

Dumpsite, (WS) 428.120.01 7.280.02 60.320.02 32.840.02 80.240.75 

Dumpsite, (DS) 569.070.11 9.630.07 73.211.03 37.160.01 82.700.06 

 

 

Table 2. Total element concentrations (mg/kg) of heavy metals in the soil surface (0 to 15cm) (n-9) 

during the wet and dry seasons 

mg/kg Pb Cd Zn Cr Ni 

100 m from dump, (WS) 263.000.03 4.620.12 48.980.12 22.540.01 61.220.01 

100 m from dump, (DS) 300.351.01 4.790.01 50.220.02 26.980.05 70.880.03 

150 m from dump, (WS) 248.550.06 3.920.34 47.350.01 30.23001 58.680.01 

150 m from dump, (DS) 291.000.03 4.600.01 50.520.01 27.640.02 62.030.02 

200 m from dump, (WS) 226.900.23 2.790.12 31.540.03 22.980.03 35.150.01 

200 m from dump, (DS) 233.000.11 2.990.76 45.370.04 29.220.01 47.510.03 

Dumpsite, (WS) 502.120.12 7.820.02 66.900.01 32.650.02 84.240.12 

Dumpsite, (DS) 630.070.01 9.990.07 54.660.01 46.580.02 85.430.02 

 

 

REFERENCES 

ADEMORATI C.M.A Pollution by heavy metal. Environ Chem. And Toxic. 1st ed.; Foludex Press, 

pp. 171-172, 1996. 

 

ALLOWAY B.J., AYRES D.C. Chemical principles of environmental Pollution. 2nd ed., Chapman 

and Hall, pp. 53-395, 1997. 

 

ASEMAVE K., UBWA S.T., ANHANGE B.A., GBAAMEDE A.G. Comparative evaluation of 

some metals in palm oil. Inter. J. of Mod. Chem. 1, (2) 28, 2012. 

 

ASUQUO F. E., EWA-OBOHO I., Asuquo E.F., Udoh P.J. Fish species used as biomarkers for 

heavy metals and hydrocarbon contaminations, Cross River, Nigeria. Environmentalist. 24, 

29, 2004. 

 

AWOKUNMI E.E., ASAOLU S.S., IPINMOROTI K.O. Effects of leaching on heavy metals 

concentrations of soil in some dumpsites. Afric. J. Of Environ. Sci. and Tech. 4, (8), 495, 

2010. 

 

BOWELL R.J., REES S.B., PARSHLEY J.V Geochemical predications of  metal leaching and 

acid generation: geologic control and baseline assessment. Geological Soc. Of Nev. 

Symposium Proceedings, pp. 799-823, 2000. 



73 
 

 

International Journal of Advancement in Development Studies, Volume 16, Number 1, 2021 

 

CECIL K.M. BRUBAKAR C.J., ADLER C.M., DIET RICH K.N.., ALTAYE M. Decreased brain 

volume in adults with childhood lead exposure. Plos. Med. 5, (5), 112, 2008. 

GBARUKO B.C., FRIDAY O.U. Bioaccumulation of heavy metals in some fauna and flora. Int. J. 

Environ. Sci. Tech. 4, (2), 197, 2007. 

 

HAFEN M.R., BRINKMANN R. Analysis of lead in soils adjacent to an interstate highway in 

Tampa, Florida. Environ. Geochem. And Health. 18, (4), 171, 1996. Heavy Metals 

Contamination of Water… 1439 

 

IDOKO M.O., OLOGUNORISA E.T., OKOYA A.A. Temporal variability of heavy metals 

concentrations in rural groundwater of Benue state, middle belt, Nigeria. J. Sust. Dev. 5, (2) 

1, 2012. 

 

JARUP L. Health effects of cadmium exposure: a review of the literature and risk estimate. Scand. 

J. Work Env. Hea. 24, 11, 1988. 

 

KASPRAK K.S., UNDERMAN JNR F.W., SALNIKOW K. Nickel carcinogenesis. Mutat. Res. 

533, 67, 2003. 

 

OGUNSEITAN O.A., SCHOENUG J.M., SAPHORES J.D., SHAPIRO A.A. The electronics 

revolution: from e-wonderland to e-wasteland. Science. 326, (5953), 670, 2009. 

 

SHELL PETROLEUM DEVELOPMENT COMPANY, 2000. 

 

SOBOLEV D., BEGONIA M.F. Effects of heavy metal contamination upon soil microbes: Lead 

induced changes in general and identifying microbial communities as evidenced by molecular 

markers. Int. J. Environ. Res. Public Health. 2, 450, 2008. 

 

THE CENTRE FOR INTERNATIONAL LAW International transport for lead and cadmium via 

trade An international concern? Intergov. Forum on Chemical Safety. Six sessions, Agenda 

Item 8, 1, 2008. 1438 Olafisoye O.B., et., et al. ADEFEMI O.S., IBIGBAMI O.A., 

AWOKUNMI E.E. 

 

 
IRDI-2021-010/I.S.Udofia/ irdijournal@yahoo.com/7-06-2021/ IRDI/*****1169 


